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ABSTRACT

ypothesis: Bone injuries are considered to be one of the challenges of medical
Hscience, which involves heavy finances for treatment in the world every year.
The use of various types of electrospun nanofibrous structures consisting of
biopolymers along with bioceramics is very important in the application of bone
tissue engineering. Polyhydroxybutyrate is known as a biocompatible polymer with
high mechanical strength. Needless to say, properties such as its low hydrophilicity
have led to its combination with other hydrophilic polymers such as polyethylene
glycol. In the applications of bone tissue engineering, bioceramics, such as bioactive
glass, are usually used to increase the bioactive property, which is very important in
the stages of bone growth and repair.
Methods: The purpose of this study is to design and evaluate a nanocomposite
scaffold consisting of two polymers, polyhydroxybutyrate and polyethylene glycol,
containing bioactive glass prepared by electrospinning for bone tissue engineering.
For this purpose, different percentages of bioactive glass from 5 to 12.5% (by wt)
were added to the electrospinning solution of polyhydroxy butyrate and polyethylene
glycol. The produced samples were characterized and compared in terms of functional
poly(ethylene glycol), bioactivity test.
Findings: Scanning electron microscope images show successful electrospinning,
without interruption or any damage to the nanofiber surface. The presence of
electrospinning, bioactive glass nanoparticles can be proven by energy dispersive X-ray test. By
Sene Hissue adding the bioactive glass component to the polymer solution, the average diameter
of the produced nanofibers is increased and the value of hydrophilicity is decreased.
Based on the obtained results of nanofiber diameter and hydrophilicity, 5% (by wt)
of bioactive glass was decided as the optimal percentage. In the bioactivity test, the
increase in bioactivity with the formation of hydroxyapatite phase on the surface of
nanocomposite samples can be proven.
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Characterization

PHB: Polyhydroxybutyrate
PEG: Polyethylene glycol
BG: Bioactive glass

CF: Chloroform

DMEF: Dimethylformamide
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Table 1. Sample description of electrospun nanofiber scaffolds.

Sample Concentration (wt%)
Sample code
no. BG PEG | PHB
1 PHB 0

’ PHB-PEG 0
3 PHB-PEG/BG5 5
4 PHB-PEG/BG7.5 | 75
5 PHB-PEG/BGI0 | 1

6 PHB-PEG/BG12.5 | 125 5
BG, Bioactive glass; PEG, poly(ethylene glycol); PHB, polyhydroxybutyrate.

L L W W O
© O O v v O

ﬁjhﬁj )\ oslaiul L: eJJ&A\.:.@_'? ;_aL:S\).,L, )\ J.la_; O Jmage J J._JJL.GJ

BG Powder
/ e )
Stirring
{
|

PHB-PEG/BG

Ultrasonic < ——

-_—a =
25°C-30 min ‘ i J

= - =

PHB-PEG/BG

solution
Electrospinning
Polymer
solution
Taylor cone
Metering ppoo 0 tage Collector

pump

P Ka

4..;.:..;6‘)‘.3 (djg:‘,'g JL;D&) Q‘ﬁfﬁj}.@éﬁ ‘)\ Jg.\:,.h QMWJJJJS}‘ LSLAC"’“""J"’ Lﬁ"Ll))‘j 4.;.@_7 L};—\Jﬁ )\ &LN —\Ji_.;

NS EY TGy

Fig. 1. Schematic view of the fabrication and characterization of electrospun scaffolds made of polyhydroxybutyrate (PHB)-

poly(ethylene glycol) (PEG) incorporated by bioactive glass.
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Fig. 2. SEM images and related histograms of electrospun scaffolds.
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Fig. 3. Average nanofiber diameter of electrospun scaffolds
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Table 2. EDX analysis, weight percentage of elements in electrospun scaffolds.

Sample code P (wt%) Ca (wt%) O (wt%) C (wWt%)
PHB 0 0 19.10 80.90
PHB-PEG 0 0 19.76 80.24
PHB-PEG/BG5 0.24 0.03 41.01 58.73
PHB-PEG/BG7.5 0.27 0.02 41.07 58.64
PHB-PEG/BG10 0.54 0.03 40.02 59.41
PHB-PEG/BGI12.5 0.34 0.03 40.42 59.21
S Gl 5 03 DX oy el sanSul o) Ky, b dbass aicd S Sos VoSl e clachle 5l
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Fig. 4. EDX-Map of electrospun scaffolds incorporated by bioactive glass (C, O, Ca and P elements).
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Fig. 6. FTIR results of electrospun scaffolds incorporated by

bioactive glass.
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Fig. 5. FTIR results of bioactive glass, poly(ethylene glycol)
and polyhydroxybutyrate.

S35l (K S a sl Jlalay o ol ail (2alS Sl s
Ll by 0 Qyj'ijcﬁw.bwj‘ﬁ):
5 hale Glaes S s Sln AR ekl Oge5]
FTIR s 0 JS3 .03 sslizd s 5 OUISE land bl
FTIR 55 # S5 5 PHB 5 PEG Jlbca i dls
o5l il slaltie shls PHB-PEG _iJ 5U sladyos
L FTIR b a5 b das oo 0L 1) by ald



(9SS i) (111592 (a5 9) 350 ok 0 uds g 29,035 g 1S ks dsaseiino

*
[ |
* * *
| || I |
100 7 * *
80
o)
&
% 60 -
g 75
f=}
S 401
8
<
= 20
0 . ,
N (€ S %\\m S\\° olo
& g & &
QQ\ Q@o G\Q) on\ O\Q’
L < &

ol e 5 SN (Slan 1 Tl S5 Ol eles asly -V I
.(¥P-value < +/+0)
Fig. 7. Water contact angles on the surface of electrospun

scaffolds (* P-value < 0.05).
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Fig. 8. SEM images (20000 magnification) of the PHB-PEG/BG5% electrospun scaffold before and after treated in simulated body

fluid (SBF) for 21 days with related EDX analysis.
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