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1. Abstract

Bioactive glass, a biologically useful material that provides a strong bond 
with vital tissues of the body such as bone tissue and teeth, has attracted 
the attention of doctors and researchers.
nanofiber network of a bioactive glass/carboxymethyl cellulose/β-
cyclodextrin (BAG/CMC/β-CD) nanoceramic is fabricated by 
electrospinning for application as a bone replacement graft material.The 
diameter of this as-prepared nanofiber is 10nm. Nanocomposites and 
nanofiber have been characterized by Fourier transform infrared (FT-
IR) spectroscopy, Powder X- ray diffraction (XRD), Scanning Electron 
Microscopic images (SEM), Energy dispersive X-ray (EDX) analysis and 
Transmission electron microscopy (TEM).

2. Keywords: 
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3. Introduction

Bioactive glasses have higher dissolution rate than conventional glasses 
thus faster degradation in body fluid (BF)[1,2]. This property has led to 
their use as hard tissue implants for bone tissue engineering [3]. Sol-gel 
glasses possess higher porosity, apatite-forming ability, and increased 
surface area compared to the melt-quenched glasses, which have the 
advantage of higher mechanical properties [4,5]. Bone consists mainly 
of mineralized tissue in the form of hydroxyapatite, Ca10 (PO4)6(OH)2 
[6]. Degradation of BAG takes place via hydrogen exchange in BF and 
leads to the alkalinity of the environment and the formation of Si(OH)4 

[7]. This process leads to the formation of a gel on the bone as a matrix 
for hydroxyapatite and improves bone tissue repair[7,8]. In addition, 
raising the pH of the solution causes the use of bioactive glass as an 
antibacterial agent [9]. Sol-gel processing is currently method to achieve 
BAG with higher bioactivity[10]. Water insolubale β-cyclodextrin (β-
CD) is a polysaccharide derived from starch, which is of special interest 
in biomedicine due to its high tendency to form complexes with many 
molecules [11, 12]. Esfanjani et. al used nanoalumina/cyclodextrin as an 
absorbent of toxic metals and showed that the synthesized nanocomposite 
has high stability and efficiency[13]. On the other hand, The β-cyclodextrin/
surfactant interaction is an important factor in drug delivery[14], food and 
agricultural industries [15].

Carboxymethyl cellulose (CMC) is one of the derivatives of cellulose 
(carboxylation of OH groups on cellulose), which is widely used in 
the food, pharmaceutical and biomedicine areas due to its excellent 
properties[16]. According to the results of several research groups, the 
great tendency of CMC to be complex with other molecules due to the 
presence of carboxymethyl group solves the problem of its insolubility 
in aqueous medium[17]. Naderi et.al investigated the effects of CMC/β-
cyclodextrin/chitosan(CMC/β-CD/CS) as nanocarrier for methotrexate 
drug delivery[18]. They showed the maximum drug release in CMC/β-
CD/CS hydrogel were obtained 92.7 at pH 7.4. The studies illustrated 
that nanocomposite could be used for novel methotrexate drug delivery 
systems.

Nanofibers can be generated from different  polymers  and hence have 
many possible commercial and medical applications such as in tissue 
engineering[19, 20],  drug delivery [21] and cancer diagnosis[22].
Electrospinning is the most commonly used method to generate nanofibers 
because of the ability to generate ultrathin fibers with controllable 
diameters, compositions, and orientations. The production of artificial 
fibers using electrostatic forces was first reported by Formahals in 1934 and 
then completed by other researchers by removing its limitations [23,24].  
In this paper, we present the synthesis of BAG/CMC/ β-CD nanoceramic 
via sol-gel method. The characterization results will be discussed. By 
controlling pH, temperature and stirring rate in the reaction as well as the 
speed of exiting the nanoceramic solution in the electrospinning process, 
biocompatible nanofibers with the ability to be implanted in the body 
were synthesized.

4. Experimental

4.1. Materials and Methods
Polyvinyl alcohol(PVA, C2H4O) n, tetraethylorthosilicate(C8H20O4Si), 
calcium nitrate (Ca(NO3)2·xH2O), sodium nitrate (NaNO3), ammonium 
dihydrogen phosphate (NH4(H2PO4)), β-cyclodextrin (C8H15NaO8) and 
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carboxymethylcellulose ([C6H10O5]-n) was purchased from Merck.
The formation of the nano ceramics and nano fibers was identified 
and confirmed using Fourier transform infrared spectroscopy (FTIR) 
(Spectrum two, Perkinelmer) in the range of 4000–400 cm-1.Transmission 
electron microscopy (TEM) (Zeiss-EM10C-100 KV , Germany) was used 
to study the size and shape of bioactive glass nanostructures. To study the 
structure and phase present in the prepared bioactive glass/CMC/β-CD 
nano fibers, X-Ray diffraction (XRD) technique (X’ pertpro, Panalystical, 
at the wavelength of λ=1.54 A° with Cu-Kα radiation (30 kV, 30 mA) in 
the 2θ range from 5° to 80°) was utilized.

Reference Title

(25)

(26)
(27)

(28)

(29)

(30)
(31)

Effects of parameters on nanofiber diameter determined 
from electrospinning model
Bioactive glass fiber fabrication via a combination of 
sol-gel process with electro-spinning technique
Electrospinning and Electrospun Nanofibers: Methods, 
Materials, and Applications

Preparation and Characterization of Carboxymethyl 
Cellulose-Based Bioactive Composite Films Modified 
with Fungal Melanin and Carvacrol

Incorporation of inorganic bioceramics into electrospun 
scaffolds for tissue engineering applications: A review

Bioceramic fibrous scaffolds built with calcium 
silicate/hydroxyapatite nanofibers showing advantages 
for bone regeneration
Synthesis and characterization of electrospun cerium-
doped bioactive glass/chitosan/polyethylene oxide 
composite scaffolds for tissue engineering applications

The morphology of the surface of the nano bioceramics and nano fibers 
were performed by the scanning electron microscopy (SEM; VEGA/ 
TESCAN, Czech) equipped with EDS (Rantek, America). Electrospinning, 
a viable technique to produce nanofibers, was carried out by ES 1000.

4.2. Preparation of Bio Active Glass/Carboxymethyl Cellulose (BAG/
CMC) nanobioceramic  
The bioceramic BAG/CMC was prepared by using the sol-gel 
method[32-34] via dispersing carboxymethyl cellulose (Mw =250,000) 
(1 g) in deionized water and stirring for 1h at 80ºC and pH 2. 20ml of 
tetraethylorthosilicate (TESO) was added to the solution and stirred at 
room temperature. After 1h, 8.75g calcium nitrate, 6.75 g sodium nitrate 
and 1.2g ammonium dihydrogen phosphate were added the solution, 
subsequently and stirred for 1h. After ultrasound sonication processing, 
the obtained gel dried in oven at 100ºC. 

4.3. Preparation of Bio Active Glass/ β-Cyclodextrin (BAG/ β-CD 
nano bioceramic
β-Cyclodextrin(2g) was dispersed in deionized water and stirred for 1h 

at 80ºC and pH 2. As the previous step, 20ml of tetraethylorthosilicate 
(TEOS) was added to the solution and stirred at room temperature. After 
1h, 8.75g calcium nitrate, 6.75 g sodium nitrate and 1.2g ammonium 
dihydrogen phosphate were added the solution, subsequently and stirred 
for 1h. Finally, the obtained gel dried in oven at 100ºC.

4.4. Preparation of Bio Active Glass/ Carboxymethyl Cellulose/β-
Cyclodextrin (BAG/CMC/ β-CD nano bioceramic
For synthesis of BAG/CMC/β-CD, β-Cyclodextrin (2g) and 
Carboxymethyl Cellulose (2g) were dispersed in deionized water and all 
the steps to prepare the nano bioceramic are the same as the previous 
description.

4.5. Preparation of Bio Active Glass/ Carboxymethyl Cellulose/β-
Cyclodextrin (BAG/CMC/β-CD nano fiber
Each of the prepared nano bioceramic solutions was placed in 5ml 
syringes. Then the syringes were applied for electrospinning process. The 
electrospinning process involves the application of a strong electrostatic 
field to a capillary connected with a reservoir containing a nano ceramic 
solution [27]. It consists of a syringe with a metal capillary (diameter 2 
mm) and a pressure supply on the piston of the syringe.

The electrospinning settings are as follows:

The distance between the tip of the capillary and the counter electrode 
was typically of the order of 11-12 cm, the applied voltages were in the 
range from 3.2 kV to 7.7 kV. The speed of exiting the solution from the 
syringe was selected 0.4 ml/h. Nano fibers were formed on aluminum 
foil. The nanofibers were exposed to steam for 24 hours and then kept in 
an incubator.

5. Results and Discussions

The Infrared Absorption Spectra (FT-IR) was used to characterize nano 
bioceramics and nano fibers. The FTIR spectra of BAG/CMC, BAG/β-
CD and BAG/CMC/β-CD nano composites were shown in Fig 2. The 
peak at 3431.34cm-1 is due to OH stretching vibration. The peaks at 
1635.47 and 1382.48 cm-1 indicated the existence of C-O and P-O groups 
in the structure. The symmetric stretching vibration bands of Si-O were 
observed at 1051.63, 8336.40 and 829.60 cm-1 [35]. Also, the band at 
575.48 cm-1 indicated PO4

-3. Table 1 summarized the characterization 
bands in BAG/β-CD FT-IR spectra.
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Characterization bond Wavenumber

O-H stretching vibration

CH2

SiO4 stretching

Si-O-Si

3429.15 cm-1

2436.47 cm-1

1051.25, 831.09 cm-1

574.57

Table 1. FT-IR characterization data of BAG/β-CD

In FT-IR spectrum of BAG/CMC/β-CD (Fig 3c), the absorption band of 
OH shifted to lower wavelengths (3429.79 cm-1) compared to the peak of 
OH in BAG/CMC (3431.34 cm-1). While C-O and P-O peaks shifted to 
higher wavelengths (1639.17 cm-1 and 1383.02 cm-1). These shifts along 
with the shifts observed at 1080.03 cm-1, 826.80 and 470.87 peaks related 
to Si-O-Si stretching and bending bands clearly indicate the interaction 
between the bio active glass and the biomolecules.

Fig.3 FT-IR of a) BAG/CMC, b) BAG/ β-CD, c) BAG/CMC/ β-CD nano 
ceramics and d) BAG/CMC/ β-CD nano fiber

In nano fiber, the stretching vibration of OH and CO observed at 3411.7 
cm-1 and 1634.29 cm-1, respectively. The bands at 871.93 cm-1 and 477.20 
cm-1 related to Si-O-Si. The X-ray Diffraction (XRD) pattern of nano 
ceramics and nano fiber were shown in fig.4.The 2θ scanning range was 
set between 8° and 80°. It is noteworthy that the main peak appeared 
around 2θ=29° determined the size of nano ceramics and nano fiber[34]. 
This peak is related nano active glass. The CMC exhibits a very small 
crystallinity (Figure a). The crystalline size of the BAG/CMC nano 
ceramic was calculated by the Scherrer equation as follows:
D = Kλ/β1/2cosθ

Fig.4 XRD of a) BAG/CMC,

Where D is the average crystal size, K is a constant (here chosen as 1), λ is 
the wavelength of X-ray radiation (1.54056 A), β1/2 is the half width of the 
diffraction peak, and θ (◦) is Bragg’s angle. The result of D value, using 
2θ=29.45°, was calculated at 23 nm. As can be seen, the XRD pattern of 
BAG/β-CD (figure 4b) shown peaks at 2θ=29.8°, 32°, 39° and, 48°. The 
size of the nano ceramic was estimated 20nm.
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Fig.4 XRD of  b) BAG/ β-CD

The XRD pattern of BAG/CMC/β-CD (figure 4c) shown 3 peaks at 
2θ=29°, 39° and, 49°. While in the XRD of nano fiber, only the broad 
peak at 2θ=20° with the nano fiber size 7nm was seen.

Fig.4 XRD of c) BAG/CMC/ β-CD nano ceramics and d) BAG/CMC/ 
β-CD nano fiber

Scanning Electron Microscopic images (SEM) from the surface of the 
synthesized nano ceramics and nano fiber showed that the nano ceramics 
are formed in mass structure while nano fibers are formed in strand 
structure with a diameter of 10nm. As can be seen in figure 5, studying the 
surface morphology of nano fiber with magnification of 200nm proved 
the existence of nanofiber without crosslinking [19, 36]. As a results, 
obtained nanofiber structure is very important for medical applications.

Fig. 5 SEM images of a) BAG/CMC, b) BAG/ β-CD, c) BAG/CMC/ 
β-CD nano ceramics and d) BAG/CMC/ β-CD nano fiber

Energy dispersive X-ray (EDX) analysis was used for the elemental 
analysis of nano ceramics and nano fiber. Table summarized the 
EDX data of BAG/CMC nano ceramics and nano fiber data. The size 
and morphology of nano fiber was studied by transmission electron 
microscopy (TEM); Fig.6 showed TEM of BAG/CMC/ β-CD nano fiber. 
The figures confirmed the formation of nano fiber with 10 nm diameter. 
The results of the field emission electron microscope show the formation 
of continuous and uniform structures of bioactive glass nanocomposites, 
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which have no grains and have a relatively uniform diameter. This result 
confirms that the concentrations used have sufficient viscosity and also 
the prepared nanofibers have been prepared with a suitable diameter of 
about 10 nm [37,19].

Fig. 6 TEM of BAG/CMC/β-CD nano fiber
 
6. Conclusion

The remarkable and biodegradable nature of the nanofibers is highly 
advantageous in widespread applications, significantly in the biomedical 
field and nanobiotechnology. This paper showed that bioactive glass/
carboxymethyl cellulose/nanofiber/β-cyclodextrin (BAG/CMC/β-CD) 
are easily synthesized via electro spinning method and characterized by 
FT-IR, XRD, TEM, SEM and EDX techniques. Our results show that 
synthesized nano fibers are promising candidates as implants and can be 
used as efficient materials for the drug delivery and tissue engineering.
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BAG/CMC/ β-CD nano fiber BAG/CMC/ β-CD nano ceramic BAG/ β-CD BAG/CMC

S;     38.94%,

O;    33.18%;

Na;   8.72%,

N;     5.31%,

Ca;   3.06%

P     2.99%

O;     37.39%

Na;   26.99%

S;    12.11%

Si;     9.12%

N;     7.67%

Ca;    5.32%

P       1.40%

O;       39.71%

Ca;      25.56%

P;       24.51%

Na;        2.77      

Si;        2.77%

N;         3.95%

S         0.73%

O;          39.18%

Na;        37.67%

S;           8.74%

N;           8.41%

Si;            3.98%

Ca;           1.05%

P;             0.61%
Table.1 EDX data of nano ceramics and nano fiber
7. Acknowledgements

The authors are very thankful to Isamic Azad University, Pishva-Varamin 
Branch for its support in the project. We are also grateful to Dr Fereshteh 
Fathi for their sincere help in interpret data and spectra.

References

1.	 Taşar C, Ercan B. Fabrication and biological properties of magnetic 
bioactive glass nanoparticles. Ceramics International. 2022.

2.	 Jain S, Gujjala R, Azeem PA, Ojha S, Samudrala RK. A review on 
mechanical and In-vitro studies of polymer reinforced bioactive glass-

scaffolds and their fabrication techniques. Ceramics International. 
2021.

3.	 Ghomi F, Daliri M, Godarzi V, Hemati M. A novel investigation on 
the characterization of bioactive glass cement and chitosan-gelatin 
membrane for jawbone tissue engineering. Journal of Nanoanalysis. 
2021; 8(4): 292-301.

4.	 Oudadesse H, Najem S, Mosbahi S, Rocton N, Refifi J, El Feki H, 
et al. Development of hybrid scaffold: Bioactive glass nanoparticles/
chitosan for tissue engineering applications. Journal of Biomedical 
Materials Research Part A. 2021; 109(5): 590-9.

5.	 Taye MB. Biomedical applications of ion-doped bioactive glass: a 
review. Applied Nanoscience. 2022: 1-16.

http://journalofclinicalcases.com
https://open.metu.edu.tr/handle/11511/101467
https://open.metu.edu.tr/handle/11511/101467
https://www.researchgate.net/publication/356459113_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactive_glass-_scaffolds_and_their_fabrication_techniques_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactiv
https://www.researchgate.net/publication/356459113_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactive_glass-_scaffolds_and_their_fabrication_techniques_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactiv
https://www.researchgate.net/publication/356459113_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactive_glass-_scaffolds_and_their_fabrication_techniques_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactiv
https://www.researchgate.net/publication/356459113_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactive_glass-_scaffolds_and_their_fabrication_techniques_A_review_on_mechanical_and_In-vitro_studies_of_polymer_reinforced_bioactiv
https://jnanoanalysis.tms.iau.ir/article_690109.html
https://jnanoanalysis.tms.iau.ir/article_690109.html
https://jnanoanalysis.tms.iau.ir/article_690109.html
https://jnanoanalysis.tms.iau.ir/article_690109.html
https://pubmed.ncbi.nlm.nih.gov/32588539/
https://pubmed.ncbi.nlm.nih.gov/32588539/
https://pubmed.ncbi.nlm.nih.gov/32588539/
https://pubmed.ncbi.nlm.nih.gov/32588539/
https://ui.adsabs.harvard.edu/abs/2022ApNan..12.3797T/abstract
https://ui.adsabs.harvard.edu/abs/2022ApNan..12.3797T/abstract


Journal of Clinical Cases

Research

Page 06journalofclinicalcases.com Volume 5 Issue 2

6.	 Panda S, Biswas CK, Paul S. A comprehensive review on the 
preparation and application of calcium hydroxyapatite: A special 
focus on atomic doping methods for bone tissue engineering. 
Ceramics International. 2021; 47(20): 28122-44.

7.	 Fu Q, Rahaman MN, Fu H, Liu X. Silicate, borosilicate, and borate 
bioactive glass scaffolds with controllable degradation rate for 
bone tissue engineering applications. I. Preparation and in vitro 
degradation. Journal of biomedical materials research part A. 2010; 
95(1): 164-71.

8.	 FATHI MH, MORTAZAVI V, DOUSTMOHAMMADI A. Bioactive 
Glass Nanopowder for theTreatment of Oral Bone Defects. 2007.

9.	 Das MP, Pandey G, Neppolian B, Das J. Design of poly-l-glutamic 
acid embedded mesoporous bioactive glass nanospheres for pH-
stimulated chemotherapeutic drug delivery and antibacterial 
susceptibility. Colloids and Surfaces B: Biointerfaces. 2021; 202: 
111700.

10.	 Farooq I, Imran Z, Farooq U, Leghari A, Ali H. Bioactive glass: a 
material for the future. World J Dent. 2012; 3(2): 199-201.

11.	 Kim JS, Choi YJ, Woo MR, Cheon S, Ji SH, Im D, et al. New 
potential application of hydroxypropyl-β-cyclodextrin in solid 
self-nanoemulsifying drug delivery system and solid dispersion. 
Carbohydrate Polymers. 2021; 271: 118433.

12.	 Crini G, Aleya L. Cyclodextrin applications in pharmacy, biology, 
medicine, and environment. Springer; 2021. p. 1-4.

13.	 Esfanjani L, Farhadyar N, Shahbazi H, Fathi F. Development 
of a method for cadmium ion removal from the water using nano 
γ-alumina/β-cyclodextrin. Toxicology Reports. 2021; 8: 1877-82.

14.	 Grządka E. Adsorption and electrokinetic properties in the system: 
Beta-cyclodextrin/alumina in the presence of ionic and non-
ionic surfactants. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects. 2015; 481: 261-8.

15.	 Kolarič L, Šimko P. Application of β-cyclodextrin in the production 
of low-cholesterol milk and dairy products. Trends in Food Science 
& Technology. 2022; 119: 13-22.

16.	 Rahman M, Hasan M, Nitai AS, Nam S, Karmakar AK, Ahsan M, 
et al. Recent developments of carboxymethyl cellulose. Polymers. 
2021; 13(8): 1345.

17.	 Singh K, Kumar A, Mishra P, Gupta SP. Binding aspects of 
carboxymethyl cellulose onto polymeric surface from its aqueous 
solutions. Journal of Dispersion Science and Technology. 2021; 
42(12): 1733-46.

18.	 Naderi Z, Azizian J, Moniri E, Farhadyar N. Synthesis and 
characterization of carboxymethyl cellulose/β-cyclodextrin/chitosan 
hydrogels and investigating the effect of magnetic nanoparticles 
(Fe3O4) on a novel carrier for a controlled release of methotrexate 
as drug delivery. Journal of Inorganic and Organometallic Polymers 
and Materials. 2020; 30(4): 1339-51.

19.	 Zarei M, Samimi A, Khorram M, Abdi MM, Golestaneh SI. 
Fabrication and characterization of conductive polypyrrole/chitosan/
collagen electrospun nanofiber scaffold for tissue engineering 
application. International Journal of Biological Macromolecules. 
2021; 168: 175-86.

20.	 Gu BK, Kim MS, Kang CM, Kim J-I, Park SJ, Kim C-H. Fabrication of 
conductive polymer-based nanofiber scaffolds for tissue engineering 
applications. Journal of Nanoscience and Nanotechnology. 2014; 
14(10): 7621-6.

21.	 Madhukiran D, Jha A, Kumar M, Ajmal G, Bonde GV, Mishra B. 
Electrospun nanofiber-based drug delivery platform: advances in 
diabetic foot ulcer management. Expert Opinion on Drug Delivery. 
2021; 18(1): 25-42.

22.	 Luo H, Jie T, Zheng L, Huang C, Chen G, Cui W. Electrospun 
Nanofibers for Cancer Therapy. Bio-Nanomedicine for Cancer 
Therapy. 2021: 163-90.

23.	 Subbiah T, Bhat GS, Tock RW, Parameswaran S, Ramkumar SS. 
Electrospinning of nanofibers. Journal of applied polymer science. 
2005; 96(2): 557-69.

24.	 Kim HW, Song JH, Kim HE. Bioactive glass nanofiber–collagen 
nanocomposite as a novel bone regeneration matrix. Journal of 
Biomedical Materials Research Part A: An Official Journal of The 
Society for Biomaterials, The Japanese Society for Biomaterials, and 
The Australian Society for Biomaterials and the Korean Society for 
Biomaterials. 2006; 79(3): 698-705.

25.	 Thompson C, Chase GG, Yarin A, Reneker D. Effects of parameters 
on nanofiber diameter determined from electrospinning model. 
Polymer. 2007;48(23):6913-22.

26.	 Nagrath M, Alhalawani A, Yazdi AR, Towler MR. Bioactive glass 
fiber fabrication via a combination of sol-gel process with electro-
spinning technique. Materials Science and Engineering: C. 2019; 
101: 521-38.

27.	 Xue J, Wu T, Dai Y, Xia Y. Electrospinning and electrospun 
nanofibers: Methods, materials, and applications. Chemical reviews. 
2019; 119(8): 5298-415.

28.	 Łopusiewicz Ł, Kwiatkowski P, Drozłowska E, Trocer P, Kostek M, 
Sliwinski M. Polak-Sliwi nska, M.; Kowalczyk, E.; Sienkiewicz, 
M. Preparation and Characterization of Carboxymethyl Cellulose-
Based Bioactive Composite Films Modified with Fungal Melanin 
and Carvacrol. Polymers 2021, 13, 499. s Note: MDPI stays neutral 
with regard to jurisdictional claims in published …; 2021.

29.	 Bahremandi-Toloue E, Mohammadalizadeh Z, Mukherjee S, Karbasi 
S. Incorporation of inorganic bioceramics into electrospun scaffolds 
for tissue engineering applications: A review. Ceramics International. 
2021.

30.	 Zheng T, Guo L, Du Z, Leng H, Cai Q, Yang X. Bioceramic fibrous 
scaffolds built with calcium silicate/hydroxyapatite nanofibers 
showing advantages for bone regeneration. Ceramics International. 
2021; 47(13): 18920-30.

31.	 Saatchi A, Arani AR, Moghanian A, Mozafari M. Synthesis and 
characterization of electrospun cerium-doped bioactive glass/
chitosan/polyethylene oxide composite scaffolds for tissue 
engineering applications. Ceramics International. 2021; 47(1): 260-
71.

32.	 Luz GM, Mano JF. Preparation and characterization of bioactive 
glass nanoparticles prepared by sol–gel for biomedical applications. 
Nanotechnology. 2011; 22(49): 494014.

http://journalofclinicalcases.com
https://journals.scholarsportal.info/details/02728842/v47i0020/28122_acrotpdmfbte.xml&sub=all
https://journals.scholarsportal.info/details/02728842/v47i0020/28122_acrotpdmfbte.xml&sub=all
https://journals.scholarsportal.info/details/02728842/v47i0020/28122_acrotpdmfbte.xml&sub=all
https://journals.scholarsportal.info/details/02728842/v47i0020/28122_acrotpdmfbte.xml&sub=all
https://pubmed.ncbi.nlm.nih.gov/20544804/
https://pubmed.ncbi.nlm.nih.gov/20544804/
https://pubmed.ncbi.nlm.nih.gov/20544804/
https://pubmed.ncbi.nlm.nih.gov/20544804/
https://pubmed.ncbi.nlm.nih.gov/20544804/
https://www.researchgate.net/publication/284212473_Bioactive_Glass_Nanopowder_for_theTreatment_of_Oral_Bone_Defects
https://www.researchgate.net/publication/284212473_Bioactive_Glass_Nanopowder_for_theTreatment_of_Oral_Bone_Defects
https://pubmed.ncbi.nlm.nih.gov/33756297/
https://pubmed.ncbi.nlm.nih.gov/33756297/
https://pubmed.ncbi.nlm.nih.gov/33756297/
https://pubmed.ncbi.nlm.nih.gov/33756297/
https://pubmed.ncbi.nlm.nih.gov/33756297/
https://www.wjoud.com/doi/WJOUD/pdf/10.5005/jp-journals-10015-1156
https://www.wjoud.com/doi/WJOUD/pdf/10.5005/jp-journals-10015-1156
https://pubmed.ncbi.nlm.nih.gov/34364573/
https://pubmed.ncbi.nlm.nih.gov/34364573/
https://pubmed.ncbi.nlm.nih.gov/34364573/
https://pubmed.ncbi.nlm.nih.gov/34364573/
https://www.sigmaaldrich.com/IN/en/product/sigma/c4555?gclid=Cj0KCQjwho-lBhC_ARIsAMpgMocw1TshhYnUI4sykmmBwIZC5xp8berwFZrLfbwvDM7zA-QInDnGgXEaAhmvEALw_wcB&gclsrc=aw.ds
https://www.sigmaaldrich.com/IN/en/product/sigma/c4555?gclid=Cj0KCQjwho-lBhC_ARIsAMpgMocw1TshhYnUI4sykmmBwIZC5xp8berwFZrLfbwvDM7zA-QInDnGgXEaAhmvEALw_wcB&gclsrc=aw.ds
https://pubmed.ncbi.nlm.nih.gov/34900603/
https://pubmed.ncbi.nlm.nih.gov/34900603/
https://pubmed.ncbi.nlm.nih.gov/34900603/
https://www.sciencedirect.com/science/article/abs/pii/S0927775715300170
https://www.sciencedirect.com/science/article/abs/pii/S0927775715300170
https://www.sciencedirect.com/science/article/abs/pii/S0927775715300170
https://www.sciencedirect.com/science/article/abs/pii/S0927775715300170
https://www.sciencedirect.com/science/article/abs/pii/S0924224421006361
https://www.sciencedirect.com/science/article/abs/pii/S0924224421006361
https://www.sciencedirect.com/science/article/abs/pii/S0924224421006361
https://www.mdpi.com/2073-4360/13/8/1345
https://www.mdpi.com/2073-4360/13/8/1345
https://www.mdpi.com/2073-4360/13/8/1345
https://www.researchgate.net/publication/342522813_Binding_aspects_of_carboxymethyl_cellulose_onto_polymeric_surface_from_its_aqueous_solutions
https://www.researchgate.net/publication/342522813_Binding_aspects_of_carboxymethyl_cellulose_onto_polymeric_surface_from_its_aqueous_solutions
https://www.researchgate.net/publication/342522813_Binding_aspects_of_carboxymethyl_cellulose_onto_polymeric_surface_from_its_aqueous_solutions
https://www.researchgate.net/publication/342522813_Binding_aspects_of_carboxymethyl_cellulose_onto_polymeric_surface_from_its_aqueous_solutions
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://www.semanticscholar.org/paper/Synthesis-and-Characterization-of-Carboxymethyl-and-Naderi-Azizian/ff9780ae897d12aeccee7cca62b1266c7064d7f2
https://pubmed.ncbi.nlm.nih.gov/33309657/
https://pubmed.ncbi.nlm.nih.gov/33309657/
https://pubmed.ncbi.nlm.nih.gov/33309657/
https://pubmed.ncbi.nlm.nih.gov/33309657/
https://pubmed.ncbi.nlm.nih.gov/33309657/
https://pubmed.ncbi.nlm.nih.gov/25942837/
https://pubmed.ncbi.nlm.nih.gov/25942837/
https://pubmed.ncbi.nlm.nih.gov/25942837/
https://pubmed.ncbi.nlm.nih.gov/25942837/
https://pubmed.ncbi.nlm.nih.gov/32924638/
https://pubmed.ncbi.nlm.nih.gov/32924638/
https://pubmed.ncbi.nlm.nih.gov/32924638/
https://pubmed.ncbi.nlm.nih.gov/32924638/
https://pubmed.ncbi.nlm.nih.gov/33543460/
https://pubmed.ncbi.nlm.nih.gov/33543460/
https://pubmed.ncbi.nlm.nih.gov/33543460/
https://onlinelibrary.wiley.com/doi/full/10.1002/app.21481
https://onlinelibrary.wiley.com/doi/full/10.1002/app.21481
https://onlinelibrary.wiley.com/doi/full/10.1002/app.21481
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://pubmed.ncbi.nlm.nih.gov/16850456/
https://www.researchgate.net/publication/222815841_Effects_of_parameters_on_nanofiber_diameter_determined_from_electrospinning_model
https://www.researchgate.net/publication/222815841_Effects_of_parameters_on_nanofiber_diameter_determined_from_electrospinning_model
https://www.researchgate.net/publication/222815841_Effects_of_parameters_on_nanofiber_diameter_determined_from_electrospinning_model
https://pubmed.ncbi.nlm.nih.gov/31029347/
https://pubmed.ncbi.nlm.nih.gov/31029347/
https://pubmed.ncbi.nlm.nih.gov/31029347/
https://pubmed.ncbi.nlm.nih.gov/31029347/
https://pubs.acs.org/doi/10.1021/acs.chemrev.8b00593
https://pubs.acs.org/doi/10.1021/acs.chemrev.8b00593
https://pubs.acs.org/doi/10.1021/acs.chemrev.8b00593
https://www.mdpi.com/2073-4360/13/4/499
https://www.mdpi.com/2073-4360/13/4/499
https://www.mdpi.com/2073-4360/13/4/499
https://www.mdpi.com/2073-4360/13/4/499
https://www.mdpi.com/2073-4360/13/4/499
https://www.mdpi.com/2073-4360/13/4/499
https://research.monash.edu/en/publications/incorporation-of-inorganic-bioceramics-into-electrospun-scaffolds
https://research.monash.edu/en/publications/incorporation-of-inorganic-bioceramics-into-electrospun-scaffolds
https://research.monash.edu/en/publications/incorporation-of-inorganic-bioceramics-into-electrospun-scaffolds
https://research.monash.edu/en/publications/incorporation-of-inorganic-bioceramics-into-electrospun-scaffolds
https://oa.mg/work/10.1016/j.ceramint.2021.03.234
https://oa.mg/work/10.1016/j.ceramint.2021.03.234
https://oa.mg/work/10.1016/j.ceramint.2021.03.234
https://oa.mg/work/10.1016/j.ceramint.2021.03.234
https://www.researchgate.net/publication/343854241_Synthesis_and_characterization_of_electrospun_cerium-doped_bioactive_glasschitosanpolyethylene_oxide_composite_scaffolds_for_tissue_engineering_applications
https://www.researchgate.net/publication/343854241_Synthesis_and_characterization_of_electrospun_cerium-doped_bioactive_glasschitosanpolyethylene_oxide_composite_scaffolds_for_tissue_engineering_applications
https://www.researchgate.net/publication/343854241_Synthesis_and_characterization_of_electrospun_cerium-doped_bioactive_glasschitosanpolyethylene_oxide_composite_scaffolds_for_tissue_engineering_applications
https://www.researchgate.net/publication/343854241_Synthesis_and_characterization_of_electrospun_cerium-doped_bioactive_glasschitosanpolyethylene_oxide_composite_scaffolds_for_tissue_engineering_applications
https://www.researchgate.net/publication/343854241_Synthesis_and_characterization_of_electrospun_cerium-doped_bioactive_glasschitosanpolyethylene_oxide_composite_scaffolds_for_tissue_engineering_applications
https://iopscience.iop.org/article/10.1088/0957-4484/22/49/494014
https://iopscience.iop.org/article/10.1088/0957-4484/22/49/494014
https://iopscience.iop.org/article/10.1088/0957-4484/22/49/494014


Journal of Clinical Cases

Research

Page 06journalofclinicalcases.com Volume 5 Issue 2

33.	 Maximov M, Maximov O-C, Craciun L, Ficai D, Ficai A, Andronescu 
E. Bioactive Glass—An Extensive Study of the Preparation and 
Coating Methods. Coatings. 2021; 11(11): 1386.

34.	 De Oliveira AAR, De Souza DA, Dias LLS, De Carvalho SM, 
Mansur HS, de Magalhães Pereira M. Synthesis, characterization 
and cytocompatibility of spherical bioactive glass nanoparticles for 
potential hard tissue engineering applications. Biomedical Materials. 
2013; 8(2): 025011.

35.	 Chen X, Guo C, Zhao N. Preparation and characterization of the sol–
gel nano-bioactive glasses modified by the coupling agent gamma-
aminopropyltriethoxysilane. Applied surface science. 2008; 255(2): 
466-8.

36.	 Huang C, Chen R, Ke Q, Morsi Y, Zhang K, Mo X. Electrospun 
collagen–chitosan–TPU nanofibrous scaffolds for tissue engineered 
tubular grafts. Colloids and Surfaces B: Biointerfaces. 2011; 82(2): 
307-15.

37.	 Welle A, Kröger M, Döring M, Niederer K, Pindel E, Chronakis 
IS. Electrospun aliphatic polycarbonates as tailored tissue scaffold 
materials. Biomaterials. 2007; 28(13): 2211-9.

http://journalofclinicalcases.com
https://www.mdpi.com/2079-6412/11/11/1386
https://www.mdpi.com/2079-6412/11/11/1386
https://www.mdpi.com/2079-6412/11/11/1386
https://pubmed.ncbi.nlm.nih.gov/23502808/
https://pubmed.ncbi.nlm.nih.gov/23502808/
https://pubmed.ncbi.nlm.nih.gov/23502808/
https://pubmed.ncbi.nlm.nih.gov/23502808/
https://pubmed.ncbi.nlm.nih.gov/23502808/
https://inis.iaea.org/Search/search.aspx?orig_q=RN:40084338
https://inis.iaea.org/Search/search.aspx?orig_q=RN:40084338
https://inis.iaea.org/Search/search.aspx?orig_q=RN:40084338
https://inis.iaea.org/Search/search.aspx?orig_q=RN:40084338
https://pubmed.ncbi.nlm.nih.gov/20888196/
https://pubmed.ncbi.nlm.nih.gov/20888196/
https://pubmed.ncbi.nlm.nih.gov/20888196/
https://pubmed.ncbi.nlm.nih.gov/20888196/
https://pubmed.ncbi.nlm.nih.gov/17275083/
https://pubmed.ncbi.nlm.nih.gov/17275083/
https://pubmed.ncbi.nlm.nih.gov/17275083/

	Bioactive Glass For Synthesis Nanofiber As A Bone Replacement Graft Material
	1. Abstract 
	2. Keywords: 
	3. Introduction
	4. Experimental
	4.1. Materials and Methods
	4.2. Preparation of Bio Active Glass/Carboxymethyl Cellulose (BAG/CMC) nanobioceramic  
	4.3. Preparation of Bio Active Glass/ β-Cyclodextrin (BAG/ β-CD nano bioceramic
	4.4. Preparation of Bio Active Glass/ Carboxymethyl Cellulose/β-Cyclodextrin (BAG/CMC/ β-CD nano bio
	4.5. Preparation of Bio Active Glass/ Carboxymethyl Cellulose/β-Cyclodextrin (BAG/CMC/β-CD nano fibe
	The electrospinning settings are as follows: 

	5. Results and Discussions
	6. Conclusion
	7. Acknowledgements
	References

