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ABSTRACT:
The aim of this work was to produce a novel guided tissue/bone (GTR/GBR) regeneration membrane. To reach this
aim, nanocomposite membranes were synthesized by combination of chitosan (CHT), poly ethylene glycol (PEG), and
45S bioactive glass nanoparticles (BG-NPs) (0.5, 1, 1.5, 2, 2.5, and 3 wt%) by the solvent casting method. BG-NPs
were synthesized by sol-gel technique, and then characterized by using Transmission electron microscopy (TEM), Xray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). Nanocomposite membranes were
characterized in terms of FTIR, in mechanical tests, in in-vitro biodegradation test and biological tests. BG-NPs
characterization results showed the amorphous structure and nano size scale of glass. FTIR demonstrated a proper
interaction between the CHT and BG-NPs. SEM image showed good distribution of BG-NPs in chitosan matrix and
porous structure that may facilitate cell adhesion. CHT/PEG membranes containing 2 wt% BG-NPs illustrated the
highest elastic modulus among the samples prepared. However, raising BG-NPs amount in the nanocomposites
depicted a decline in the elongation at break and tensile strength of the samples. According to the results of
mechanical tests, the optimum CHT/PEG/2wt% BG-NPs nanocomposite was selected for biodegradation test by
immersing the specimens in phosphate buffer saline (PBS) for 30 days. The biodegradation rate was considerably
increased by adding BG-NPs to the matrix. Cytotoxicity test was carried out using human fibroblasts cells.
CHT/PEG/2wt% BG-NPs nanocomposite membrane showed no cytotoxicity and it promoted more alkaline
phosphatase (ALP) secretion than CHT/PEG membrane. The results demonstrated that CHT/PEG/ 2wt% BG-NPs
nanocomposite membrane could be used as a good candidate for GTR/GBR regeneration.
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[I] NTRODUCTION
Information from the National Institute of Dental
and Craniofacial Research (NIDCR, National

Institutes of Health, United States) has declared
that roughly 90% of grown-up populations more
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than 70 years old introduce at the least a modest
level of periodontal diseases [1-3]. Microorganism
and calculus agglomeration on the bacterial
biofilm resulted in an inflammatory disorder of
the periodontal tissues that called periodontal
diseases. Periodontal diseases lead to the
destruction of the periodontal tissues and,
eventually, tooth loss [3, 4]. Prevalently accessible
therapies are not considerably satisfactory in
clinical cases. Recently, the new advances in the
development of guided tissue regeneration/guided
bone regeneration (GTR/GBR) membranes for
periodontal repair has been gained more attention.
The first cells that migrate rapidly to the damaged
zone, epithelial cells, results in preventing bone
formation. So, GTR/GBR technique applies a
barrier membrane to prevent rapid epithelial cells
migration and make a region for bone
regeneration. This procedure facilitates the
reconstruction of missing and deteriorated tissue,
as it enhances cell repopulation of the periodontal
ligament and neighboring alveolar bone,
permitting the required time for osteoblast
proliferation and bone regeneration [5, 6].
GTR/GBR
membranes
should
exhibit
biocompatibility with the host tissues without
inflammatory responses. The membranes should
have adequate maintained strength to prevent their
collapse in surgical region and fulfill their barrier
function. According to GTR/GBR membranes
degradation properties, they are divided into two
categories: nonresorbable and resorbable [3, 4 and
7-12]. In order to fulfill the mentioned properties,
one proper way is to combine the synthetic and
natural biodegradable polymers as a composite
membrane. However, in recent studies in order to
improve their weak mechanical properties and
insufficient capacity of bone regeneration, they
were blended with bioactive materials like
tricalcium
phosphate,
calcium
carbonate,
hydroxyapatite and bioactive glasses [13].
Chitin and chitosan has been interested in medical
and pharmaceutical fields such as tissue
engineering and drug delivery systems due to
broad range of biological properties. Chitin is

Abbas Haghighat, et al.

detected mainly in the shells of crustaceans such
as shrimp and crabs, the cell walls of fungi and the
cuticles of insects. Chitin is well-known as a
second most ample natural biopolymer. Chitin is
partially deacetylated to fabricate chitosan. In
chitosan, the deacetylated amino groups have
positive charge, which makes it as a hydrophilic
material and reacts easily with a diversity of
negatively charged moieties [14]. It has strongly
considered due to some excellent properties
including
bioactivity,
biocompatibility,
biodegradability and immunogenicity, as well as
antibacterial, antifungal and wound-healing
activity. When CHT membranes are used in
hydrated surroundings, it becomes flexible and as
a result facilitates its handling during the
implantation process. CHT hydrophilic surface
with positive charge amino groups is suitable for
cell growth, cell adhesion, proliferation, and
differentiation. Because of mentioned advantages,
CHT is desirable for GTR membranes production
[15-19].
However,
to
overcome
CHT
disadvantages like high brittleness and poor
workability, it has been combined with other
flexible polymers such as PEG. Special features of
PEG like low toxicity and immunogenicity modify
biological properties of sophisticated tailored
membranes [14, 20, and 21].
Joana et al. [4] combined CHT with BG-NPs in
order to make a GTR/GBR membrane, by solvent
casting method. The results showed that BG-NPs
addition to CHT membranes reduced the
mechanical properties, but improved the
bioactivity behavior. Cell culture tests displayed
that CHT/BG-NP nanocomposite membranes
induced cell metabolic activity and mineralization.
BGs used at the region of bone defects can
straightly bond to the surrounding tissues by
chemical linkage. BG-NPs with high surface area
can facilitate bone and tooth defects healing, as
well as blood clotting formation. The sol–gel
method has been used as an ideal process to
synthesize these nanoparticles with large surface
area [22, 23]. The aim of this study was to prepare
a novel CHT/BG-NPs nanocomposite membrane
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through comparing the mechanical properties of
samples containing different amounts of BG-NPs
that has not fabricated and assessed yet. To
evaluate other properties of the sample with best
mechanical
properties,
degradation
and
cytotoxicity tests were fulfilled.
[II] MATERIALS AND METHODS
2.1. 45SBG-NPs synthesis
BG nanoparticles (45SBG) were synthesized by
the sol-gel technique. Initially, 15.6 ml
tetraethoxysilane (TEOS; Merck), and 50 ml
ethanol (as a dispersant) with 2N hydrochloric
acid (2.5 ml) and 15 ml deionized water were
stirred at room temperature for 30 min. The
volume ratio of ethanol to TEOS was three. Then,
0.5 ml triethyl phosphate (TEP; Merck) was added
and stirred for 20 min. Finally, 19.8 g calcium
nitrate tetrahydrate (Merck) was added to the
solution and stirred for one hour. The solution was
poured into a Teflon container for aging and
heated at 60 ̊C for 52 h and then dried for 48 h at
130 ̊C. The dried gel was calcined for 1 h at 600
̊C.
2.2. Fabrication of Membranes
Chitosan (CHT) (Mw 100,000-300,000) and
polyethyleneglycole (PEG 400, HO (C2H4O)n H,
M=380-420 g/mol) were purchased from ACROS
and Merck, respectively. Pure CHT membranes
were prepared by dissolution of 4% (w/v) CHT in
a solution of 2 vol. % acid acetic. Different
amounts of PEG were added to the previous
solution in order to reach a proper concentration
of it according to the desired flexibility of the
prepared membranes. The proportion of
CHT/PEG was considered 5/5, 6/4, 7/3, 8/2.
Subsequently, the stirred solution was casted into
petri dishes and vacuum dried (24h, 37 ̊C). In
order to complete solvent evaporation, the
samples were incubated at 37 ̊C for 48 h and then
neutralized with a solution of 0.4% (w/v) NaOH.
Nanocomposite membranes were prepared with
the optimum amount of PEG determined from
mechanical assessment of previous samples. In the
beginning, CHT/PEG solution was prepared with
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the same method described in previous section.
Then, 0.5, 1, 1.5, 2, 2.5, and 3% (w/v) BG-NPs
were added to the solution.
2.3. Characterization: Transmission electron
microscopy (TEM) (CM120-Philips), X-ray
diffraction (XRD) technique (D8-ADVANCE
Bru¨ker system with a Cu Ka (λ=0.15406 nm)
using Ni filtered), Scanning electron microscopy
(SEM) (ZEISS, Germany), Fourier transform
infrared spectroscopy (FT Infrared Spectroscope,
JASCO, FT/IR-6300 (400-4000 cm-1), Japan)
were utilized to characterize the BG-NPs and
membranes.
2.4. Mechanical behavior of the samples
The tensile strength, elastic modulus and
elongation at break of the membranes were
determined by using a mechanical testing machine
(Electromechanical Universal Testing Machine,
K-21046, Walter+bai, Switzerland). All the
samples were cut into rectangle in shape with the
size of 10 mm×40 mm. The strain rate of
membranes was 5 mm/min. The mechanical test
of each sample was assessed in triple. The test was
fulfilled at room temperature.
2.5. Biodegradation assessment
Biodegradation test was performed in phosphatebuffered saline (PBS), pH 7.4, for 3, 7, 14 and 30
days. The membranes with dimensions of 10
mm×10 mm were weighted and then immersed in
PBS solution. After that, they were incubated at
37 ̊C. At each time point membranes were
removed from the solution and washed with
distilled water. Then, they were dried and
weighted. SEM was used for evaluating changes
in the surface morphologies of the membranes
during in vitro degradation. FTIR analysis was
evaluated the functional groups of membranes
before and after their immersion in PBS solution.
2.6. Cell culture tests
Osteosarcoma MG-63 cell line, cell bank code
C555, was purchased from the Pasteur Institute of
Iran (Tehran). Cells were cultured at 37 ̊C, 5%
CO2 in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/ streptomycin
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(P/S). To reach confluence, the cells were
passaged. Cells at the third passage were applied
for the tests. Prepared membranes were sterilized
by UV light and 70% ethanol solution according
to standard techniques [24, 25]. After that, cells
were detached from bottom of the flasks with
trypsin-ethylenediaminetetraaceticacid (EDTA),
counted, and seeded onto the sterile membranes.
To determine the viability and attachment of the
cells, membranes were placed in a six-multiwell
plate and then seeded at a cell density of 2.0 × 104
cells/cm2, in a complete culture medium. The cells
were permitted to attach for 2 h to the underlying
substrate, then 3 ml of culture medium was added
carefully as well.
Polystyrene culture plates were used as control.
After 24, 48 and 72 h incubation, specimens were
washed with PBS solution for three times to
eliminate non-adherent cells.
In order to specify the viability of cells that still
adhering to substrates, MTT (3-(4, 5dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide) analysis was performed. The MTT
solution was added to culture plates. The
supernatant was removed after 3 h incubation at
37 ̊C, and formazan crystals were dissolved by
dimethyl sulfoxide (DMSO) solution under
shaking. At the end, ELISA reader at 540 nm was
used to quantify the optical density of the
formazan solution. The viable cells that attached
to the substrates can be quantified by absorbance
measurement. Tests were repeated three times for
each sample and the optical density average was
calculated. ANOVA was applied in order to
statistical analysis of the results.
The post hoc multiple comparisons were
performed using Tukey’s test. A p value less than
0.05 was considered statistically significant.
Alkaline phosphatase secretion was measured to
evaluate the osteoblastic functional activity.
Firstly, the membranes were cut into proper
dimensions. Then the cell-seeded membranes
were washed twice with PBS solution and 1 ml of
deionized water was added to lyse the cells.
Thereafter, cell-membrane complexes were passed
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through a cyclic freezing/thawing process and
centrifuged. The supernatant was added to a pnitrophenyl phosphate solution, as a substrate, and
the mixtures were incubated at 37 ̊C for 1 h. The
p-nitrophenol produced by an enzymatic reaction
was quantified by using ELISA reader at a
wavelength of 450 nm [14, 26, and 27].
[III] RESULTS
3.1. Characterization
BG-NPs have amorphous structure and their
particle size was obtained mainly around 100 nm
(Figures 1 and 2).
It can be observed a uniform structure of chitosan
with almost uniform distribution of BG-NPs in the
SEM images of the prepared nanocomposites
(Figure 3). Furthermore, they showed porous
structure. The porous structure and good
distribution of the nanopowders in the polymer
matrix could be suitable for attachment and
proliferation of bone cells on the nanocomposite
surface.
TEM image of CHT/BG-NPs membrane was also
demonstrated the BG-NPs presence and
distribution in the polymer matrix (Figure 4).
According to this image, specified nanoparticle
size was about 67.5 nm, so this image proved the
nanocomposite membrane fabrication.
FTIR spectra of the pure BG-NPs was showed in
figure (5a). An absorption broad peak in 10401100 cm-1 is related to Si-O-Si asymmetric
stretching vibration (s, asym). A weak peak in the
range of 793-814 cm-1 is depending on Si-O-Si
symmetric stretching vibration (s, sym). The peak
with span of 3442 cm-1 is related to OH different
group’s vibration. The low-intensity peak in 565
cm-1 is corresponded to P-O molecule bending
vibration and represents the phosphate entering as
a network former in the BGs. An absorption peak
around the 1634 cm-1 is related to water
absorption on the surface of the silanol groups (SiOH) and the weak peak in the range of 640-670
cm-1 is attributed to Ca-O molecule [28-30].
Chitosan FTIR spectra was demonstrated in figure
(5b). The band at 1605.5 cm-1 is the specific
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absorption peak of the CHT, which is allocated to
the amino group stretching vibration of CHT and
1325.82 cm-1 attributed to vibration of C-H.
Further peak at 3461.6 cm-1 is owing to amine NH
symmetric vibration. The peak of 2874.38 cm-1 is
corresponded to generic C-H vibration. The peaks
in the range of 890.952 and 1157.08 cm-1 related
to saccharide structure of chitosan. The stretching
vibration of C-O is observed at 1027.87 cm-1
broad peak [31]. FTIR spectra of CHT/BG
nanocomposite membrane was depicted in figure
(5c). BG-NPs and CHT peaks were found in
CHT/BG membrane spectra. Therefore, it was
confirmed the proper blending of the components
to form nanocomposites
3.2. Mechanical assessment
The elongation at break results of different
proportions of CHT/PEG (5/5, 6/4, 7/3, and 8/2)
were demonstrated in table 1 and figure 6.
Membranes with proper flexibility are essential
for surgical manipulating in GTR/GBR
techniques. From the elongation results it was
confirmed that CHT/PEG with 5/5 ratio was
suitable for preparing the membranes. Higher
PEG content caused excessive flexibility of the
membranes that they could collapse simply.
Therefore, this proportion was used to fabricate
the nanocomposite membranes. The mechanical
properties of the CHT/PEG and CHT/PEG/BGNP nanocomposite membranes with different
amounts of BGs (0.5, 1, 1.5, 2, 2.5, and 3 Wt %)
were showed in table 2 and figure 7. As can be
seen, the elastic modulus of membranes was
considerably increased by adding the BG-NPs to
the polymer matrix (figure 6a). In the other hand,
the addition of BG-NPs reduced the tensile
strength and elongation at break of the
nanocomposite membrane (figures 7b and 7c).
CHT/PEG membrane containing 2 wt% BG-NPs
showed the highest modulus of elasticity
(1832.5±12.26 MPa). In addition, tensile strength
and elongation at break of it were measured
41.72±0.18 MPa and 11.21±0.42 %, respectively.
According to these results, CHT/PEG membrane
containing 2 wt% BG-NPs illustrated the best
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mechanical properties. Greater amounts of BGs in
the nanocomposite membranes caused fragile and
inappropriate constructs formation. Lower
amounts of BGs may deteriorate the biological
activity of the membranes and as a result less
interaction with bone forming cell.
3.3. Biodegradation assessment
The results of biodegradation evaluation in PBS
solution were exhibited in figure 8. As can be
seen, the pure and nanocomposite membranes
showed considerable degradation rate after 30
days. Morphological and functional groups
changes of membranes were also confirmed the
degradation of membranes (Figures 9 and 10).
Due to presence of particles and voids in the
nanocomposite membranes, they were degraded
more than pure CHT/PEG membrane. Membranes
containing more than 2 wt% BG-NPs
demonstrated rapid degradation in the PBS
solution. These could be related to the nonuniformity of the chitosan matrix caused by high
amounts of BGs. Therefore, CHT/PEG/2 wt%
BG-NPs membrane was selected as the best
sample in this regard.
3.4. Cell culture tests
MTT assay of CHT/PEG/2wt% BG-NPs and
CHT/PEG membranes after 24, 48 and 72 h was
displayed in figure 11. According to these results,
more than 97% of cells survived and showed no
cytotoxicity in comparison with control sample
and they could serve as an appropriate matrix for
cell adhesion to them. So, these membranes could
be used as GTR/GBR films. ALP is considered to
be one of the main ingredients of the bone tissue
vesicles due to its role in the calcium phosphatecontaining apatite formation. As well as, ALP is a
fame early stage symptom of osteogenic
differentiation
[38].
The
ALP
activity
measurements results were illustrated in figure 12.
The cells showed significantly higher levels of
ALP on membranes. In addition, the presence of
BG-NPs enhanced the ALP secretion of the cells
on CHT/PEG/2wt% BG-NPs nanocomposite
membrane compared to that on pure CHT
membrane.

791

Novel Chitosan/Polyethylene Glycol/Bioactive glass Nanocomposite membrane for Guided Tissue/Bone Regeneration

[Table-1].

CHT/PEG

Elastic
modulus
(Mpa)
1257.7±17.22

Tensile
strength
(Mpa)
48.05±0.3

Elongation
at break
(%)
23.54±0.23

2

CHT/PEG/0.5 Wt% BG-NPs

1366.89±20.73

46.4±0.32

19.77±0.14

3

CHT/PEG/1 Wt% BG-NPs

1572.51±14.12

45.24±0.18

17.30±0.15

4

CHT/PEG/1.5 Wt% BG-NPs

1687.6±13.72

43.04±0.23

14.86±0.13

5

CHT/PEG/2 Wt% BG-NPs

1832.5±12.26

41.72±0.18

11.21±0.42

6

CHT/PEG/2.5 Wt% BG-NPs

1622.66±32.27

40.28±0.21

7.10±0.23

7

CHT/PEG/3 Wt% BG-NPs

1495.65±7.92

37.05±0.2

5.3±0.11

No

Membranes

1

Table: 1. Mechanical properties of the CHT/PEG and CHT/PEG/BG-NPs nanocomposite membranes with different
compositions of BGs (0.5, 1, 1.5, 2, 2.5 and 3 Wt %).
[Table- 2].
No
1
2
3
4
5

Membranes
CHT
CHT/PEG (5/5)
CHT/PEG (6/4)
CHT/PEG (7/3)
CHT/PEG (8/2)

Elongation at break (%)
6.19±0.21
7.20±0.4
8.90±0.21
9.59±0.12
11.07±0.23

Table: 2. Elongation at break results of different proportions of CHT/PEG (5/5, 6/4, 7/3, and 8/2) membranes

[IV] DISCUSSION
Stress concentration spots due to the nBGs
addition to the polymeric matrix could reduce
tensile strength and elongation at break of the
nanocomposite
membranes
[32].
This
phenomenon was usually seen in the polymeric
composites reinforced with inorganic components.
Whereas, the nBGs are the rigid inorganic
materials,
when
the
CHT/PEG/BG-NPs
membranes were stretched, the nBGs could
rupture the CHT polymer without deformation
ability and followed by the reduction of
elongation at break. The pure membranes
indicated the high elongation at break that this
behavior was usually observed in the ductile
thermoplastic polymers.
In the study, Joana Mota et al [4], were
synthesized pure CHT and nanocomposite
membrane of CHT/0.3 wt% BGs and assessed
their physicochemical and mechanical properties.
But, they did not evaluate the effect of various
amounts of BGs in the nanocomposite
Abbas Haghighat, et al.

membranes. This research put forward us to
prepare a suitable CHT/PEG membrane with ideal
amount of BG-NPs.
The SEM pictures of the degraded membranes
illustrated that pores size was grown by the
passage of time and more particles were exposed
on the nanocomposite membranes surface. Indeed,
the degradation of accumulated nBGs created
these pores. The dissolution of accumulated
nanopowders created larger pores than the pores
formed by the degradation of the pure CHT.
Finally, the walls between the pores were removed
and degraded. The porosities became higher by
the passage of time, the contact surface of the
membranes with PBS solution increased and the
rate of polymer hydrolysis was raised.
A biomaterial in order to use in bone regeneration
applications must firstly bond to bone and then
degrade slowly so that the implant mechanical
properties do not alter considerably to support the
regeneration process [33-35]. nBGs presence in
the polymer could create an alkaline environment
792
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and is followed by the rapid transition of protons
in solution. Furthermore, the nBG modify the
surface properties of composite membranes via

increase of hydrophilicity and water absorption by
the hydrophobic polymeric matrix, and enhances
the hydrolysis rate [36, 37].

Fig: 1. XRD pattern of 45SBG nanopowders.

Fig: 2. TEM image of 45SBG nanopowders.

Fig: 3. SEM images of (a, b) CHT/PEG membranes and (c, d) CHT/PEG/ 2%wt BG-NPs nanocomposite membrane.
Abbas Haghighat, et al.
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Fig: 4. TEM image of CHT/PEG/ 2%wt BG-NPs nanocomposite membrane.

Abbas Haghighat, et al.
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Fig: 5. FTIR spectra of (a) 45SBG nanoparticles, (b) CHT polymer and (c) CHT/PEG/2%wt BG-NPs nanocomposite
membrane

Fig: 6. Elongation at break of membranes with different proportions of CHT/PEG (5/5, 6/4, 7/3, and 8/2).

Abbas Haghighat, et al.
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Fig: 7. Mechanical properties (a) elastic modulus (b) tensile strength and (c) elongation of CHT/PEG membranes and
CHT/PEG/BG-NPs nanocomposite membranes with different amounts of BG-NPs (0.5, 1, 1.5, 2, 2.5 and 3 wt %).

Fig: 8. Weight loss amounts of CHT/PEG and CHT/PEG/2%Wt BG-NPs nanocomposite membranes in the PBS
solution after 30 days.
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Fig: 9. SEM images of the membranes morphological changes after 30 days immersion in PBS solution at 37 ̊C, (a, b)
CHT/PEG membranes and (c, d) CHT/PEG/2%wt BG-NPs nanocomposite membrane.

Fig: 10. FTIR spectra of (a) CHT/PEG membrane and (b) CHT/PEG/2%Wt BG-NPs nanocomposite membrane after
immersion in PBS solution at 37 ̊C.

Abbas Haghighat, et al.
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Fig: 11. MTT assay results. The absorbance values are proportional to the number of viable cells. The negative control
(control-) is the Polystyrene culture plates. All the samples showed no statistical differences with each other (p>0.05).

Fig: 12. Comparison of the ALP activities expressed by the cells on the nanocomposite and the CHT/PEG
membranes, after culturing for 7 days. The data are presented with respect to the tissue culture plastic at day 7.
Oneway ANOVA followed by Bonferroni analysis for n=5. A significant difference between CHT/PEG/2 wt% BGNPs and both CHT/PEG and control was observed (p < 0.05).

[V] CONCLUSION
According to the results of mechanical tests, the
optimum membrane was CHT/PEG/2wt% BGNPs nanocomposite. CHT/PEG/2wt% BG-NPs
nanocomposite membrane showed no cytotoxicity
and it promoted more alkaline phosphatase (ALP)
secretion than CHT/PEG membrane. The results
demonstrated that CHT/PEG/ 2wt% BG-NPs
nanocomposite membrane could be used as a good
candidate for GTR/GBR regeneration.
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