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ABSTRACT

Scaffolds are 3D template for regenerating the damaged tissues. Polymer scaffolds offer flexibility, mechanical strength, and
specific surface interaction sites for cell adhesion. The increasing rate of accidents in recent years has led to a rise in the demand for
artificial substrates like scaffolds. In this work, the effort has been made to prepare electrospun polymer nanofibers for biomedical
applications. Nanofibers are of more interest in this field because the architecture of the fibers at the nanoscale mimics the
extracellular matrix (ECM). Poly(g-caprolactone) (PCL) is a semi-crystalline, hydrophobic polyester while polyethylene glycol
(PEG) is a hydrophilic polyether. The PCL/PEG blend nanofibers of various ratios were successfully prepared by electrospinning.
The pure and blend nanofibers were characterized by Fourier-transform infrared (FTIR) spectroscopy, differential scanning
calorimetry (DSC), and scanning electron microscopy (SEM). It was observed from the FTIR and DSC studies that both PCL
and PEG phases coexist. The SEM results displayed the changes in the morphology with the addition of PEG.
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1. INTRODUCTION

Nanofibers are of interest due to its unique properties such as
lightweight, higher aspect ratio, larger surface area, and porous structure
which directly contribute to numerous applications in diversified fields
such as sensors, filtration, biomedical protective clothing, and energy
devices. Above all, the nanofibers have a crucial cellular activity
and distinct surface properties which mimic extracellular matrix
(ECM) which, in turn, makes it a desirable candidate exclusively for
biomedical application. The properties of nanofibers are further tailor-
made to enhance their functionality by incorporating two or more
polymers. The resultant nanofiber blends should possess better cell
adhesion and cellular functions as compared with their monophasic
fibers [1]. Electrospinning is one of the simple and straight-forward
techniques used for forming nanofibers from polymer solutions.

Biopolymers are of natural or synthetic origin and can either be
biodegradable or non-biodegradable. Biopolymers are sustainable and
hence are of importance in many applications. Poly(e-caprolactone)
(PCL) is a synthetic biopolymer synthesized from ring-opening
polymerization of e-caprolactone, which is semi-crystalline, aliphatic
polyester, biodegradable, and hydrophobic [2]. PCL scaffolds offer
a suitable environment for cell growth [3]. Polyethylene glycol
(PEG) is a crystalline thermoplastic polymer which is water soluble
and is hydrophilic in nature. For tissue engineering applications,
hydrophilicity and surface roughness of the scaffolds are a peculiar
property for cell activity, and hence, the PEG is blended with PCL to
impart good wettability to the substrate for proper cell contact. The
properties such as biocompatibility, biodegradability, non-toxic nature,
porous structure, and mechanical strength are pertinent for any material
to be used in biomedical application. Cell attachment, proliferation,
and surface morphology property of a scaffold are exclusive for tissue
engineering applications [4].
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In the present study, the effort has been made to prepare pure PCL
and PCL/PEG-based blend nanofibers for biomedical applications.
The structure, morphology, and biocompatibility of the nanofibers are
studied.

2. EXPERIMENTAL

2.1. Materials

PCL and PEG in pellets form, acetone and ethanol, were procured from
Sigma-Aldrich, India.

2.2. Sample preparation

2.2.1. Preparation electrospun nanofibers

The individual polymer solutions, PCL in acetone and PEG in ethanol
were prepared at 12 wt% and 20 wt% using a magnetic stirrer at
500-750 rpm. Acetone was used to prepare blend solutions at different
ratios, namely, PCL/PEG: 90/10, 80/20, and 70/30, respectively, and
stirred for 4 h. The prepared solution was filled in a 10 ml syringe with
a fine needle and was electrospun. The electrospinning conditions were
as follows: Tip to collector distance was 810 cm, relative humidity
was 60—75%, high voltage was 15-19 kV, and the flow rate varied from
0.5 to 1 ml/h.
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Figure 1: Scanning electron microscopy micrographs of electros

2.3. Characterization

2.3.1. Fourier-transform infrared (FTIR) spectroscopy

The infrared spectroscopy analysis was performed using PerkinElmer
FTIR spectrometer. FTIR measurements of pure and blend specimens
were collected in the range of 400-4000 cm ' with a resolution of
4 cm'. The functional groups of the respective samples were identified
using their characteristic peak values.

2.3.2. Scanning electron microscope (SEM)
The surface morphology and diameter of the electrospun nanofibers
were examined on JEOL JSM-IT300 SEM at 30 kV.

2.3.3. Differential scanning calorimetry (DSC)

The DSC was carried out using DSC Q200. DSC analysis was carried
out in the range of —80°C—150°C at a heating rate of 10°C/min in a
nitrogen atmosphere and the T,, and AH,, were recorded.

3. RESULTS AND DISCUSSION

3.1. DSC

The DSC thermogram of homopolymers PCL and PEG has sharp
endothermic peak at 59°C and 67°C, respectively. Similarly, the DSC
thermograms for PCL/PEG blend samples show the endotherm in the
range of 57-63°C. For blend samples, a double melting endotherm
corresponding to PCL and PEG was found on the DSC heating
thermograms for PEG greater than 20 wt%. From the DSC results, it is
noticeable that with the addition of PEG to PCL, the onset of melting
increases with the increase in PEG content. The higher enthalpy of
fusion was observed for 80/20 sample, but for pure PCL and pure
PEG, it was 63 J/g and 203 J/g. The values are analogous to the
literature [5,6].

It was noticeable that after the addition of PEG, extra peaks occurred
in the thermogram with respect to the PEG moiety. In spite of the
literature reports that PCL-PEG blending depends on the volume
of each component, it was observable that immiscibility and phase
separation can take place among the two components resulting in extra
peaks during heating and cooling cycles [7].

3.2. FTIR

In the FTIR spectra of PEG, the peak at 1058 cm ' attributes to the
stretching vibration of the functional group C-O while the peak at
3399 cm ! represents the stretching vibration of functional group of
O-H. The peak at 2877 cm ™' is associated with the C—H stretching
vibration of —CH, of PEG. The carbonyl stretching of pure PCL
nanofibers was confirmed by the peak at 1722 cm™'. The peaks at
1240 cm "' and 1045 cm ! represent asymmetric C—O—C stretching
and symmetric C—O-C stretching, respectively. Since there are
no new peaks displayed in the FTIR spectra of blend nanofibers,
it was evident that there was no chemical interaction between
PCL and PEG. The results were identical with the earlier reports
by authors [8,9].
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3.3. SEM

The morphological results of electrospun mats of PCL and their
blend systems examined using SEM are shown in Figure 1. The
PEG solution produced particles of average diameter of 2-3 pm. The
PCL and PCL/PEG systems showed the ease of electrospinning with
continuous fiber formation. From the SEM micrographs of blends, it
was noticed that the electrospun mats comprised branched irregular
fibers with coarse and flat surface. This was due to the incorporation of
PEG which is difficult for electrospinning. There were no significant
changes in fiber diameters of the blends as compared with pure PCL.
The surface roughness of the nanofibers varies with the composition
of their constituent polymers. The 90/10 system exhibited moderate
roughness which promotes the cell adhesion and its growth.

4. CONCLUSION

The PCL and PCL/PEG blend nanofibers were successfully prepared
by electrospinning technique while PEG solution was not spinnable.
From FTIR studies, it was noticed that there was no chemical bond
formation between the two polymers and the spectra revealed the
characteristic peaks of respective polymers in the blend samples.
However, PCL-PEG blends were spun at different concentrations,
among which 90/10 sample indicated the desired surface roughness
which was crucial for cell adherence. This sample will be analyzed for
biocompatibility and tissue engineering studies.
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