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Nanoscale bioactive glasses have been gaining attention due to their superior
osteoconductivity. The combination of bioactive glass nanoparticles with
polymeric systems enables the production of nanocomposites with potential
to be used in a series of orthopedic applications, including tissue engineering
and regenerative.

This research has been done to study characteristic and biocompatible
evaluation of a nano bio composite ceramic. In this regard synthesis of this S646
bioactive glass has been considered afterwards, the bioglass S646/chitosan/
carbon nanotube is synthesized with different amounts of S646 bioactive
glass by sol-gel method. The synthesized nanoparticles and nanocomposites
are characterized by Field Emission Scanning Electron Microscope, X-ray
Powder Diffraction, and Fourier-Transform Infrared Spectroscopy to evaluate
crystal structure, microstructure and morphology. The results indicated that,
the synthesized bioglass S646/chitosan/carbon nantube nanocomposite has
average particle size of about 41-49 nm and percentages of crystallinity about
64-86% for all samples. The result of FT-IR analyses showed the purity in the
structure of bioglass of S646 and nano composite.The outcomes revealed that,
with increasing the amount of S646 bioactive glass the shape of the particles
changed from spherical and the particle size was reduced owing to the
increase in amorphous phase in the material which reduced the crystallinity
and crystal size of nanocomposite particles. The result of MTT assay indicated
nontoxicity and also increasing the percentage of bioactive glass increased
cell viability.
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INTRODUCTION

Bone regeneration is a complex cascade
of biological events controlled by numerous
molecules that affords signals at local injury
sites allowing progenitors and inflammatory
cells to transfer and generate healing processes.
Conventional tissue engineering strategies use
combination of cells, biodegradable scaffolds and
systemic administration of bioactive molecules
to support natural routes of tissue regeneration
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and development [1-3]. Several approaches for
controlled biomolecule delivery from scaffolds
have been established in bone tissue engineering.
One of the most common methods to complete
control and localized release of biomolecules is
to combine them within biomaterials during the
phase of scaffold fabrication [4].

Bone is a special connective tissue that supplies
structural funding for the body organs and is an
emergency reservoir of calcium in the alteration
phase because of a disease, or some pathological
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processes through life [1, 2]. Bio-ceramic is one
of the serious substitutes for renewing bone
weakness, which may either have the role of
providing maintenance, filling hollow spaces or
improving the biological action of in situ bone
tissue [3, 4]. The inherent characteristics such as
biocompatibility, bioinert and durability of these
materials permit them to act as a chief selection in
engineering orthopedic or orthodontic implants
[2, 5]. Bio-ceramics are necessary separations of
biomaterials, which are employed in a variability
of clinical applications, including dental materials,
spinal cord repair, orthopedic applications, and
drug delivery in the form of powder, coating, and
bulk [5-7]. Contrary to metal alloys, there are
known biocompatible ceramics and glasses with
outstanding biological properties that generate a
strong chemical bond with tissue in a short time[6]
and display the appropriate biological answer
in the junction of bone and tissue and thus have
widespread applicationsin medicine [7,8]. However,
due to their unsuitable physical properties, their
demand is challenged with problems in sections
under mechanical load [9]. However, there are
some problems of these approaches which limit
their extensive usage, such as prolonged surgical
time and supporter site morbidity for auto graft and
adverse immune comeback and pathogen disease
transmission for allograft. These difficulties have
directed researchers to the growth of bone substitute
materials [8-10].Chemically, chitosan is a linear
amino polysaccharide, composed of glucosamine
and N-acetyl glucosamine units linked by b (1-4)
glycosidic bonds formed by N-deacetylation of
chitin (its parent polymer). Chitin, the second
most abundant biopolymer is mostly found in
exoskeletons of crustaceans and cell walls of
fungi [11].Chitosan is a polycationic polymer
featuring free acetamide groups and hydroxyl
functions linked to the glucopyranose rings that are
susceptible toreact through nucleophilicattack [12].
A wide range of chitosan functionalization can be
achieved through selective modification of the free
amino groups [13,14]. According to the chemical
carcinogenesis research information system [15],
chitosan has no mutagenic results, which creates
it a nominee for biomedical application. Chitosan
is a biodegradable, biocompatible and bio adhesive
polysaccharide. It has been shown to be soft tissue
compatible and non-toxic in usable concentrations
and widely used in pharmaceutical research and in
industry as a transporter for drug delivery and as
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biomedical material [12].

The first reported bioactive glass (BG) was
formed by Professor Larry Hench in 1969 with the
composition of 45 wt.% SiO,, 24.5 wt.% Na,O, 24.5
wt.% CaO and 6 wt.% P O, (Cooper 2006). This
discovery was also the beginning of the second
generation of biomaterials that had the ability to
bond with host tissues [4, 16]. The most amazing
feature about the BG was finding the ability to
development very strong interfacial bonds with
adjoining tissues. Moreover, BG has the highest
bioactivity in vivo index (IB>8) among all bio
ceramics [6, 17].

In spite of its astounding biocompatibility and
bone bonding capability, BG has limited demands
asa scaffold material due to its poor mechanical
properties [7,9].The most amazing feature about
the BG finding was its ability to improve very strong
interfacial bonds with surrounding tissues [10].
Moreover, BG has the highest in vivo bioactivity
index among all bio ceramics [6]. In spite of its
surprising biocompatibility and the bone bonding
capability, BG has limited requests as a scaffold
material due to its poor mechanical properties [7,
10]. The mixture of the bioactive glass particles
with chitosan affords its special properties such
as augmentation of bioactivity and mechanical
properties. The carbon nanotube (CNTs) is one type
of nanomaterials with potential tissue engineering
(TE) applications [6,18]. It has been used for the
regeneration of different tissues including bone and
cartilage [19-21]. However, the insufficient porosity
and toughness are known as their important
drawbacks for tissue engineering applications
which are necessary for vascularization and cellular
ingrowth [22] and load-bearing circumstances [23,
24], respectively. The carbon nanotube has been
used as a supplementary component owing to
its unique mechanical and bioactivity properties
[25,26]. Nevertheless, when using CNTs as a second
component in either ceramic, polymer or metal
composite, the distribution of carbon nanotube
and carbon nanotube/matrix interaction factor is a
serious issue because the uniform dispersion leads
to real load transfer to the nanotube system and has
an effect on the properties of the final composite
[18, 27]. The other significant factor is wettability of
CNTs [19,28] because they are intrinsically highly
hydrophobic and chemically inert in nature which
may compromise the effectiveness of CNTs-matrix
interactions. Thus, surface modification (e.g. using
surfactant) is suggested to achieve effective CNTs-
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matrix interaction [29-31].

Serg et al in 2020 investigated on the review
of bioactive glass/natural polymer composites.This
review presented the state of the art and upcoming
perspectives of collagen, gelatin, silk fibroin,
hyaluronic acid, chitosan, alginate, and cellulose
matrices combined with BG particles to improve
composites such as scaffolds, injectable fillers,
membranes, hydrogels, and coatings. Highlighting
is dedicated to the biological potentialities of these
hybrid systems, which stared rather promising
toward a wide spectrum of requests [32].
Moreover, Shrestha et al.,,reported the Engineered
cellular microenvironments from functionalized
multiwalled carbon nanotubes integrating Zein/
Chitosan @Polyurethane for bone cell regeneration.
They enhanced functional connectivity between
cells and scaffolds. Also, Zein/Chitosan and
fMWCNTs have synergistic effects to support
osteogenic differentiation [33].

To our best knowledge, the CNT-reinforced
bioglass S646/chitosan containing various amounts
of s646 bioactive glass has not been reported in the
literature. To this end, the novelty of this report
is to prepare the bioactive glass S646 and then
preparation of bio glass S646/chitosan CNTs nano
composite via adding different amounts of bio glass
S646 as the second phase. Then, the morphological
and microstructure properties and cell viability of
nano composites are being investigated.

EXPERIMENTAL ACTIVITIES
Synthesis of bioactive glass of S646 and bioactive
glasses of S646/ chitosan/CNT nanocomposites

For synthesis of bioactive glasses of S646/
chitosan/CNT nanocomposites, two sols of
bioactive glass and chitosan were prepared. The sol
of bioactive glass of S646 was prepared by hydrolysis
of 56 ml tetraethoxysilane (TEOS,98%,Merck) in
350 ml of the distilled water and 350 ml ethanol
(98%, Merck) at room temperature and then the
pH adjusted at 2 by nitric acid (96%, Merck) with
continuous stirring for 1 h. Then, 24.5 g hydrated
calcium nitrate (97%, Merck) was added to the
above solution and continued the stirring until the
dissolving. After that, 21.07 g NaNO, (97%, Merck)
was added to the above mixture (the previous
mixture was named solution A) and then, 10 g
ethylene glycol(99%, Merck) and 3.43 g ammonium
dehydrogenase phosphate were added to 400 ml
the distilled water (this mixture was named solution
B). Furthermore, solution (B) was gradually added
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to solution (A) with continuous stirring overnight.
The obtained sol was dried at 60°C temperature for
12 h until it became uniform and transparent gel.
The obtained gels were centrifuged and washed
with ethanol four times and then dried at 100 °C
for 48 h, and subsequently grinded with mortar
and pestle.

CNTs prepared by the Chengdu Institute of
Organic Chemistry, Chinese Academy of Sciences.
The suspensions of 0.05 g chitosan with 100 ml of
acetic acid 3% were mixed and vigorously stirred at
25°C for 30 min. After that 0.0005 g CNT was slowly
added to the solution and stirred until it became
uniform. Then, different amounts of S646 bioactive
glass (0.0045, 0.0075, 0.01 g) were vigorously added
to the solution and stirred at 25°C for 12 h and
dried at 100 °C for 48 h.To study and evaluate the
thermal behavior of a S646 bioactive glass powder
and to estimate the calcination temperature as well
as the crystallinity and the simulated particle size
of S646 glass, the simultaneous thermal analysis
(STA,) NETZSCH STA 449 F1, Germany) was
performed. Phase identification was carried out by
X-ray diffraction (XRD, PW1800, Philips) using
nickel-filtered Cu Ka radiation in the range of 20
= 10°-80° with a scanning speed of 5° min’.The
crystallite size was determined by the Scherrer
method. The equation was calculated as below:

t=0.89\/Pcos 0 (1)

Where t is the crystallite size (in nm), A is the
wavelength of X-ray diffraction (in nm), P is the
full width at half-maximum, and © is the Bragg
diffraction angle. (Lindfors 2010; Kolk 2012).The
crystallinity degree of the hydroxyapatite phase
was calculated using X-ray diffraction patterns
according to equation 2:

Xc :1_(V112/300_I300) )

Where, X_is the degree of crystallinity of the
powder and V. -is the intensity of the cavity
between the diffraction peaks (112) and (300)
(34, 35].

Fourier transform infrared spectroscopy (FT-
IR, Perkin Elmer Spectrum 100) was conducted
by the universal attenuated total reflection (UATR)
method. Microstructures and morphology of
powders were identified by transmission electron
microscopy (Philips-Zeiss) and scanning electron
microscopy (SEM, PHENOM).

Cell proliferation and viability analysis
In the next step, the proliferation and survival
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of 1929 cells on the surface of the samples were
evaluated by MTT assay. To prepare the samples,
a common protocol for this test was used. In this
way, 5 mg of each of the samples was mixed in the
medium and incubated at 37 ° C for 72 h. These
samples were filtered to prevent contamination.
After extracting the cells desired in the culture plate,
the number of wells were considered as controls
and some were considered as the test samples. After
the desired time, the culture medium was discarded
and a certain volume of solution was spilled on
the cells and then, the cells were incubated in this
solution. At this time, the MTT ring was broken,
breaking the ring created crystalline purple color.
The amount of this color was directly related
to the living cells. Next, the supernatant was
discarded and the cells were washed. At the end,
the absorbance of the solution was calculated by
the spectrophotometer.

The following formula was then used to
determine the survival rate:

o 0Ds

Cell Viability% = ——-

ODs and ODc are optical density sample and
optical density control, respectively.

Statistical analysis

Experiments were performed in three
replications, and the results were reported as the
average + standard deviation. The statistical study
of the quantitative data was performed using one-
way ANOVA analysis.

RESULTS AND DISCUSSIONz
Thermal analysis (STA) of S646 bioactive glass

The results of the TG / DTA test performed on
a S646 dry gel (before stabilization or calcination)
in the range of 25-1000 ° C designated a few
occurrences (Fig. 1). In the temperature range of
25- 200 °C, an endothermic reaction was ensued
which related to the exit of moisture and the
liquids in the dry gel. At temperatures of 200-
645 °C, several endothermic and exothermic

reactions were recognized to the degradation of
organic elements such as silanol groups or the
onset of nitrate decomposition reactions [7]. The
thermal decomposition of nitrates was a phase
reaction that, happened thermodynamically at
temperatures below 550 ° C. The major part of
organic detoxification and consequent weight loss
occurred at 545-645 °C.With regard to the TGA
curve, after the thermal decomposition of the
nitrates, the mass changes in the specimens became
constant and stable. Then, an exothermic peak was
observed at temperature of about 800 °C which
can be attributed to the crystallization process of
the glass [7,16]. The weight variation curve with
temperature can be divided into three regions
which are shown in Table 1.

One of the steps to be taken into account in
the bioactive action of bioactive glass was the
formation of Si-OH groups of surface that were
actually apatite germination sites [1]. Also, the sol-
gel synthesized glass integrally contained hydroxyl
groups in its own network. At around 645 ° C,
almost all nitrates were removed from the glass
network. Therefore, the temperature of 655 °C was
chosen as the appropriate stabilization temperature
for the biologically active glass. The selection of
high temperatures led to glass crystallization and
thus the production of ceramic glass.

Fig. (2) shows the XRD patterns of the S646
bioactive glass. Based on the X-ray diffraction
pattern, it represented a broad shorter form that
expressed the amorphous structure of the nano
powder synthesized. Although, the high degree
of amorphous was detectable from this pattern,
the peaks belonged to the crystalline phases were
visible at an angle of 22 ° C that was related to
the effects of crystalline phases of silicate (JCPDS
85033).

X-ray diffraction pattern of chitosan /carbon
nanotube composite samples is shown in Fig. 3.

It was understood that all the peaks identified in
the diffraction pattern were related to the structure
of nano tube carbon (CNT, JCPDS No. 06-0696)

Table 1: The weight loss of gel with increasing temperature.

Weight loss
Stage 3 Stage 2 Stage 1 Sampl
800-1000 °C 200-700 25-200°C ample
r
1.5% 37.3% 1.2% BG-100%

a. X-ray diffraction analysis:
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Fig. 3: X-ray diffraction pattern of chitosan /carbon nanotube
composite.

with a crystal structure. In the interpretation of the
diffraction pattern, it could be presented that, this
structure was well crystal lined.

The X-ray diffraction patterns of S646 bio glass/
chitosan/CNT nanocomposites are shown in Figs.
4-6.

As can be seen from the synthetic diffraction
pattern of the synthesized nanocomposites, the
synthetic nanosized particles are distinguishable
from the synthesized composite dispersion pattern.
The presence of glass in the material structure has
led to the expansion of the diffraction pattern of the
materials. Carbon nanotubes is involved in creating
the crystal structure and the peak at approximately
10 degrees belong to chitosan. Table 2 shows the
particle size values for the samples. By increasing
the amount of bioactive glass from 0.0045 to 0.01 g,
the peak intensity and particle size was decreased
Owing to the presence of amorphous phase,
crystallinity and crystal size were reduced.

Infrared spectroscopy analysis (FI-IR)
Fig. 7 shows Infrared spectroscopy analysis
of bioactive glass of S646. The graph shows seven
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bioactive glass of S646
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Fig. 4: X-ray diffraction pattern of S646 bio glass/ chitosan/CNT
nanocomposite with 0.0045 bio glass

Intensity

obvious bands, the bands at wavenumbers of 464
and 803 cm™ are related to Si-O-Si bending
vibrations and the band at 510 cm™ is correlated
to phosphate group (PO4*)[10].

The band at 1100 cm™! was related to (PO)
and, the band appeared at 966 cm™ is related to
SiO, stretching vibration [34]. The last band at
3452 cm™ is assigned to O-H [9]. Fig. 8 shows the
FT-IR spectrum of a chitosan / carbon nanotube
composite sample. The peak with the wave number
of 3353 cm™ was related to the hydroxyl group of
chitosan and the peak appeared at 1019 cm™ was
associated with the vibration of the C-O-C bond in
chitosan. The peak with the wave number of 1400
cm! also indicated the vibration of the C-N bond
in chitosan [11].

Structural changes at fluoride apatite-bioactive
glass S646 nano-composite samples with different
S646 bio glass percentages were investigated by FT-
IR, which could be observed in Figs.9-11.

The peak at wave number of 900 cm'was related
to v1 vibration and the peak at wave number of
464 cm'was related to v2 vibration and the wide
peak at wave number of 1019 cm'was related to
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Table 2: Comparison of particle size and crystallite percentage of composites.

Sample

Particle size

Crystallite percentage

S646 bio glass 48nm
chitosan/CNT nanocomposite 47 nm
5646 bio glass 0.0045/ chitosan/CNT 46 nm
nanocomposite
5646 bio glass0.0075/ chitosan/CNT 44nm
nanocomposite
$646 bio glass0.01/ chitosan/CNT 41nm
nanocomposite

86%
71%
67%
65%

64%
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Fig. 5: X-ray diffraction pattern of S646 bio glass/ chitosan/CNT
nanocomposite with 0.0075 bio glass
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Fig. 6: X-ray diffraction pattern of S646 bio glass/ chitosan/CNT
nanocomposite with 0.01 bio glass
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Fig. 7: Infrared spectroscopy analysis of bioactive glass of S646

C-O-C group in chitosan [1,11,35] .Finally, sharp
peaks were located at 611 cm™!, which belonged to
the v4 vibration of PO,> group. Additionally, with
increasing the percentage of S646 bio glass phase,
a strong and broad absorption band of the glass
phase appeared at 980-1200 cm * which was related
to the tensile vibrations of the Si-O-Si group and
was gradually narrowed and focused to 987 cm
[10].The peak in the wave number of 1400 cm™ also
indicated the vibration of the C-N bond in chitosan
[13, 36]. The peaks in the wave number of 3270-
3350 cm™ were related to the hydroxyl group of
nanocomposites [35].
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Morphological properties of nanopowders and
nanocomposites by field emission scanning electron
microscopy (FESEM)

Fig. 12a illustrated the FE-SEM images of
synthesized S646 particles. It can be clearly
demonstrated that, nanoparticles had spherical
morphology with some agglomeration, which was
due to the intrinsic nature of nanoparticles and their
particle size ranges were from 40 to 25 nm. Scanning
field emission microscopy images of the chitosan/
CNT in Fig. 12b shows the almost spherical structure
of these synthesized particles with different particle
sizes from about 49nm to 41nm.

J. Nanoanalysis., 9(3): 182-192, Summer 2022
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Fig. 14: MTT results of control sample and S646 bio glass / chitosan / CNT nanocomposites with different amounts of bio glass

Field emission scanning images of S646
bio glass / chitosan/CNT nanocomposites with
different percentages of S646 bioactive glass are
shown in Fig. 13. As it is shown the spherical shape
of these synthesized particles have different particle
sizes in three samples from about 41nm to 46nm,
which confirmed the XRD results. Sample C with
the highest amount of glass had the most complex
morphology, which indicated the accumulation
of glass particles with decreasing the amount of
glass, the glass distribution and morphology, was
changed. Therefore, the shape of the particles
changed from a spherical state with the presence
of glass in the composite and the particle size
was reduced. By increasing the glass phase due to
increasing the amorphous phase in the material,
the crystallinity and the crystal size were reduced.

MTT Results

The results of the MTT test that were obtained
after 3 days are presented in Fig. 14.

Regarding the shape, it can be seen that, by
increasing the time of cell placement with the
extract in all three main samples, the viability
percentages was slightly increased from 80% to 82%
by increasing the percentages of nano bioactive
glass S646 from 0.0045 to 0.01 gr which could be
evidence of increased cell growth in the presence of
nanoparticles and nanocomposites and their lack
of cytotoxicity. It also showed that S646 bio glass
was a biocompatible material which promoted cell
growth and proliferation and used as a scaffold for
bone and has a beneficial effect on cell growth.

CONCLUSION

Nanobioactive glass S646 and S646 bio glass /
chitosan/CNT nanocomposites has been prepared
by modified sol-gel method. XRD results show a
broad, shorter form that expressed the amorphous

J. Nanoanalysis., 9(3): 182-192, Summer 2022

structure of the S646 bio glass nano powder
synthesized and the crystalline phases of silicate
(JCPDS 85033). Also, the crystallinity of the nano
composites, decreased from 86% to 64%, by
increasing the percentages of nanobioactive glass
$646 from 0.0045 t0 0.01 grand the average diameter
of the crystals increased from 4lnm to 49 nm.
Result of FT-IR analyses showed the purity in the
structure of this nanoparticle and nano composite.
The result of MTT assay indicated nontoxicity and
with Increasing of the amount of S646 bio glass
cell viability and scaffold biocompatibility was
increased.
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