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Abstract: In the present study, poly (e-caprolactone) (PCL) composite electrospun nanofibers were
fabricated by combining PCL, retinoic acid (RA), and cerium oxide (CeO,). The parameters processing
of material fibers by electrospinning were optimized to obtain PCL-based electrospun nanofiber to be
used in drug delivery. The results showed that combined solvents and polymer concentration were found
to play key roles in determining the morphology of nanofiber. A single solvent (Dimethylformamide
DMF, 100%) favored the beads' formation, whereas beadless fibers were produced with mixed
solvents(DMF, chloroform, and methanol). The formation of beads was clearly inhibited due to an
increased concentration from 10 to 15% wi/v of the polymer. Nanofibers of PCL, PCL/RA, PCL/CeQ5,
and PCL/RA/CeO, were fabricated and characterized using the combined techniques of SEM (scanning
electron microscopy), FTIR (Fourier transform infrared), XRD (X-ray diffraction), TGA
(thermogravimetric analysis), contact angle measurements and AFM (atomic force microscopy). The
SEM micrographs of RA/CeO; loaded PCL nanofibers exhibited similar morphology, and none of them
showed bead formation or the presence of RA or CeO; on the surface of the nanofiber matrices. The
nanofibers loaded with 0.5% RA/CeO, drug have the highest diameter (130 £ 33 nm), and the pure PCL
nanofibers showed the smallest diameter (74 £ 20 nm) among all the drug-loaded samples evaluated.
Also, the XRD analysis displayed the very low crystallinity of RA/CeO, in PCL loaded with RA/CeO..
The result shows that the drug-loaded nanofiber has similar thermal stability to the PCL nanofiber,
indicating that the addition of RA and CeO, decreases the hydrophobicity. The drug-loaded nanofiber
has higher surface roughness than the PCL nanofiber, according to AFM data. Based on the results,
PCL/RA/CeO; nanofiber is considered a potential material for drug delivery applications.
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1. Introduction

Electrospinning is an emergent technology that is inexpensive, versatile, and simple
and can produce fibers with ultrafine particles having diameters ranging from a few nanometres
(nm) to a few micrometers (um) and with controllable morphology at the surface [1, 2]. The
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Coulomb force produces these fibers and electrostatic repulsion owing to the applied external
electric field onto a polymer solution. A polymer jet is generated by applying a critical potential
between a needle (metallic) and a grounded collector, and the produced nanofibers are collected
at the connected device [3-5].

Electrospun nanofibers have applications in several areas like energy-related uses [6],
scaffolds for tissue production [7-9], drug delivery [10-13], wound bandages [14-16], vascular
implants [17-19], and biosensor products [20]. Nanofibers from electrospinning for carriers in
pharmaceuticals recently received increasing interest in the biomedical discipline. Many
advantages exist in electrospun nanofibers as delivery vehicles, such as targeted release, high-
capacity dosage, efficient encapsulation, large surface area, and the modification options for
controlled drug delivery [21, 22]. The polymer nanofiber mats' larger surface area facilitates
improved close contact with tissues and therapeutic agents [23]. In addition, biodegradable and
biocompatible polymer nanofibers with a size of less than 1 um are particularly useful in the
field of medicine, as these nanomaterials mimic components of the molecular and cellular
environment in vivo [24].

Among the many synthetic polymers used in electrospinning, polycaprolactone (PCL)
is a biodegradable, semi-crystalline, environmentally friendly, biocompatible polymer with
various products of other polymers and good processability. Due to this, U.S. Food and Drug
Administration permits its biomedical applications [25-28]. In addition to the above properties,
the electrospinning procedure for PCL is easy with the ability to generate drug delivery for a
long time [29].

Retinoic acid (RA) is an active vitamin A source, a fat-soluble vitamin that plays a key
role in cell growth and differentiation [30]. RA contains retinoids having several natural and
synthetic compound derivatives that impact growth, apoptosis, and cell differentiation.
Retinoids can induce differentiation and apoptosis in cancer cells through cytotoxic and
antioxidant actions, indicating potential anti-cancer chemotherapeutic agents [31]. RA is
particularly efficient in treating hematologic and epithelial malignancies, including neck, head,
and breast cancers, acute promyelocytic leukemia, and ovarian adenocarcinoma [32]. However,
the low stability and poor water solubility of ATRA limit its efficacy. Therefore, delivery in
tumor tissue and enhancement of its local concentration within tumors are important problems
to be addressed [33].

Cerium oxide (CeO) is a rare earth oxide with beneficial properties for humans,
especially its antioxidant capacity. It accelerates wound healing by sequestering excess
superoxide radicals in cells, thus reducing chronic inflammation [34, 35]. By reducing excess
species of reactive oxygen (RO) within cells, the alteration of cellular functionalities is avoided,
reducing degenerative diseases such as cancer, diabetes, neurological disorders, cardiovascular
diseases, and chronic inflammatory conditions such as rheumatoid arthritis. Recent research
suggests that cerium oxide nanoparticles are targeted to treat cancer [36, 37]. A study by Giri
et al. (2013) showed that cerium oxide nanoparticles (CNPs) produced by wet chemical
synthesis could play an essential role in treating ovarian cancer by inhibiting several growth
factors like vascular endothelial growth factor. The experiment also showed that CNPs could
be combined with other chemotherapeutic agents to improve efficacy and reduce side effects
[38].

Studies developed using an innovative system of polycaprolactone (PCL) nanofibers
comprising of all-trans retinoic acid (ATRA) and hydroxylated multi-walled carbon nanotubes
(MWCNTSs- OH) and obtained by electrospinning were reported. It has been reported that the
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efficient cytotoxicity on cancer stem cells (CSCs) by combining heat and differentiation
therapies. The membranes of nanofiber, when applied to the site after surgical tumor removal,
can prevent the recurrence of the tumor [39]. Another study reported the application of air
entrapped in nanofibers to improve the drug stability for electrospun fibers of PCL treated with
hydrophobic poly (glycerol monostearate-co-¢ caprolactone, PGC-C18) polymer and with two
other types of anti-cancer drugs. The mutual effect of entrapped air and the superhydrophobic
nature of fabricated fibers resulted in less hydrolysis of the drug and more sustained release.
RA-loaded lipid core nanocapsules have demonstrated a significant increase in antitumor
activities compared to drugs alone. Nanosuspensions improve the photostability of the drug,
and chitosan nanoparticles of solid lipids improve the topical delivery of RA [40, 41]. Indeed,
many drugs have been incorporated with electrospun materials for tumor treatment and have
shown excellent therapeutic potential, for instance, doxorubicin and temozolomide [42, 43].
Thus, in this study, we have shown the effect of electrospinning process parameters (polymer
concentration and solvents) on fiber diameters for nanofiber optimization to better design drug
delivery scaffolds. RA, and CeO> were successfully fabricated with PCL by electrospinning
procedure. The morphology and physicochemical structure of the prepared materials were
examined by SEM, FTIR, contact angle, TGA, AFM, and XRD. The study aimed to produce
and characterize PCL-based electrospun nanofiber incorporated with RA and CeOs.

2. Materials and Methods

Polycaprolactone with molecular weight (PCL, MW = 80,000 g/mol) was obtained
from Sigma, USA. Cerium oxide (CeO., QReC) was purchased locally. RA (Retinoic Acid)
was supplied from Sigma, USA. Chloroform and methanol were obtained from Merck,
Burlington, New Jersey, US, and were all employed with no purification. The apparatus for
electrospinning (Progene Link Sdn Bhd, Selangor, Malaysia) was used to produce the fibrous.
A grounded static collector drum was used.

2.1. Solution preparation and electrospinning parameters.

2.1.1. Optimization of the composite processing.

The PCL solution prepared was run for electrospun fibers, changing electrospinning
process conditions tabulated in Table 1. Several parameters, including PCL concentration,
DMF, chloroform, and methanol solvent mixture, were modified to determine the blend
composition suitable for the electrospinning.

Table 1. Solvent systems and electrospinning condition.

Solvent system Concentration (%) (w/v) | Feed rate | Voltage Needle size Working Distance
(ml/hr) (+kV) (G) (cm)
DMF 100% PCL 10 % 0.5 12.5 21 15
DMF 100% PCL 12 % 0.5 12.0 21 15
DMF/Chloroform PCL 12 % 0.5 135 21 15
1.5:35
DMF/Chloroform PCL12%/RA0.25% 0.5 15.0 21 15
15:35
DMF/Chloroform PCL 15% 0.5 125 21 15
1.5:35
DMF/Chloroform PCL 15 %/ Ce02 0.25 % 0.5 13.0 21 15
1.5:35
DMF/Chloroform PCL 15 % /CeO2/ RA 0.5 % 0.5 15.0 21 15
15:35
Chloroform/ Methanol, 4:1 PCL15% 0.5 15.0 21 15
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2.1.2. Preparation of PCL and composite solutions.

A homogeneous solution of PCL polymer was prepared to make 15 wt. %, where
0.0750 g of PCL was dissolved in chloroform/methanol (4:1 ratio) under magnetic stirring for
24 h at ambient temperature. Different ratios of RA (0.025, 0.25, and 0.5%) were prepared by
dissolving the RA in 3 mL methanol and stirring for 10 min. Similarly, different ratios of CeO>
(0.025, 0.25, and 0.5%) were prepared by dissolving in 3 mL methanol and stirred for about 24
h at room temperature. To obtain PCL/RA solutions at a ratio of 13:2 (v/v), the prepared
solutions (0.025 and 0.25%) were added to the PCL homogenous solutions (15 wt. %) and
stirred for a maximum of 1 h. Further, the prepared solutions (0.025 and 0.25%) of CeO2 were
added to the PCL homogenous solutions (15 wt. %) and stirred for about 1 h at room
temperature and obtained PCL/CeO; solutions at a ratio of 13:2 (v/v). Finally, the solution of
PCL/RA/ CeO> with a ratio of 13:1:1 v/v% was formed by the addition of the prepared RA
solution (0.5 wt. %) and CeO3 solution (0.5 wt. %) to the PCL solution (homogenous, 15 wt.
%) and stirred for about 1 h.

2.1.3. Electrospinning of PCL and composite solutions.

All composite solutions have been electrospun under optimized parameters and
constantly prepared. A 15 cm distance between needle tip to collector and 0.5 mL/h flow rate
was maintained. An applied voltage employed was kept at 12-15 kV. The electrospinning was
conducted at room temperature; then, the fibers were obtained in an aluminum foil
perpendicular collector. The collected electrospun PCL-based mats were treated for 48 h under
vacuum to remove any probable residual solvents, followed by the fiber's storage in a desiccator
prior to characterization.

2.2. Nanofiber characterization.

2.2.1. Scanning Electron Microscopy (SEM).

For the analysis of the morphology of the electrospun nanofibers, SEM analyzer
(Hitachi SU8020, Tokyo, Japan) was used. A piece (usually small) of electrospun nanofibers
is being gold-coated at various magnifications to attain photomicrographs. SEM images at
different magnifications were obtained, and ImageJ software was employed to measure the
fiber diameter, size, and distribution, thereby measuring 30 different positions randomly.

2.2.2. Analysis with FTIR spectroscopy.

FTIR spectra of the prepared electrospun fibers were recorded using a Nicolet 5
spectrophotometer (Thermo Fischer Scientific, Waltham, MA, USA) to determine the
functional groups in the sample electrospun fibers. The spectra of each sample were measured
at a wavenumber range of 4000 to 400 cm™* at ambient temperature using a 4 cm™! setting
resolution.

2.2.3. Analysis by X-ray Diffraction (XRD).

XRD analysis was performed to analyze the crystal structural variations of the
nanofiber membranes. The X-ray intensity was measured using an XRD machine (Rigaku,
Tokyo, Japan) in the 20 range from 10 to 30" using the radiation of CuKa 1.54 A at a scan rate
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2.2.4. Thermogravimetric Analysis (TGA).

A TGA Unit (Perkin Elmer, Waltham, MA, USA) was employed to conduct thermal
analysis to degrade the nanofibrous membranes. The experiments were conducted under a dry
nitrogen atmosphere by applying heat to a small part of the sample with the weight of 3 mg in
a temperature range from 30 t01000 °C at an ascending rate of 10 °C min™2.

2.2.5. Contact angle measurements.

Contact angle measurements evaluated the wettability of the fibers with equipment for
video contact angle (AST Products, Inc., Billerica, MA, USA) using the sessile water drop
method. A droplet (0.5 pL) of water was applied to the electrospun fibers, and their static image
and surfaces were recorded using camera video. Computer integrated software was used to
measure the manual contact from the snapshotted image, and it was repeated for three trials.

2.2.6. Atomic Force Microscopy (AFM).

AFM unit analyzer (JPK Instruments, NanoWizard®, Berlin, Germany) was employed
to investigate the roughness of the surface for the electrospun membranes. The AFM analyses
were performed at normal temperature in size of 20 by 20 um area, and images were collected
and documented within the medium mode of 256 by 256 pixels. Using JPKSPM software, the
nanofiber was analyzed at different positions in the AFM image.

3. Results and Discussion

3.1. Effect of solvents and polymer concentration on fiber morphology.

Morphology of nanofibers is an important factor for obtaining good bioactivity of the
material. Thus appropriate material composition gives the required morphology [44]. As shown
in Figure 1, combined solvents and polymer concentration have been found to play crucial roles
in determining the image shape of nanofiber. The formation of beads was favored in a single
solvent (DMF 100%), whereas fibers with beads were less pronounced for a mixture solvent.
The improvement in polymer concentration from 10—15% w/v clearly shows beads formation
(Figure 1la-e). These results substantiate the findings of previous research works on
electrospinning expressing the relationship between polymer concentration, which is strongly
correlated to fiber morphology and solution viscosity [44].

Morphology of any nanofibers largely relies on the properties of the solution, mutual
interaction of polymer, and drugs. Conductivity difference, viscosity difference, solvents
volatility, and surface tension are important physical properties that affect nanofibers'
uniformity [45]. The RA/CeO: in DMF/Chloroform mixed solvent had high conductivity and
very low viscosity, resulting in high pulling force inside a viscous PCL solution. Also, DMF
has very low volatility. As a result, the core solution tends to coagulate, which significantly
influences the formation of beads within the nanofiber network. PCL/RA/CeO; in
Chloroform/Methanol could not demonstrate any significant bead formation because the
solvents were more volatile and less conductive to electricity. A similar report was observed
by Pillay et al. [45].
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Figure 1. SEM micrographs of different polymer concentrations: (A) PCL 10 %; (B) PCL 12 % at single
solvent (DMF 100%); (C) PCL 12 %; (D) PCL 12%/RA 0.25%; (E) PCL 15%; (F) PCL 15 %/CeO; 0.25 %;
(G) PCL 15 %/Ce0O/RA 0.5 % at solvent mixture DMF/Chloroform 1.5:3.5; and (H) PCL 15 %; (1) PCL 15
%/Ce0O,/RA 0.5 % at Chloroform/ Methanol 4:1.

3.2. Characterization of nanofibers.
3.2.1. SEM Morphology of electrospun nanofibers.

Morphology analysis was done to observe the changes in structure. This work
monitored the electrospinning conditions to obtain homogeneous and defect-free fibers. Figure
2(a-f) presents a typical SEM micrograph of PCL, PCL/RA, PCL/CeO2, and PCL/RA/CeO>
nanofibers. PCL nanostructured fiber with 74 + 20 nm average diameter prepared with the
optimized electrospinning conditions is presented. Also, when 0.025 wt.% of RA/PCL was
added, it turned out that the morphology of the fibers was not modified (Figure 2b), but an
increase in particles' diameter can be observed, and the diameter ranges of the nanofiber mats
were 105 + 24 nm. With the RA/PCL (0.25 wt.%) concentration increase, the fiber diameter
increases to 116 + 40 nm. Figure 2(d, e) shows the SEM micrographs of electrospun PCL/CeO>
nanofibers for the various concentrations of CeO> of 0.025 and 0.5 wt.%, respectively. Figures
2(d) and 2(e) show electrospun fibers exhibiting a smooth surface and uniformity in diameters
down their lengths, without any noticeable differences when the CeO> concentration changes.
Thus, the length (in diameters) of fibers composite from the SEM images was estimated using
statistical software, as presented in Table 2. It can be seen that the average diameter of the
fibers composite reduces with the increase of CeO> concentration. This phenomenon could be

https://biointerfaceresearch.com/ 6 of 15


https://doi.org/10.33263/BRIAC133.201
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.201

a result of the CeO; content being raised from 0 to 5 wt.%, the solution’'s concentration goes
higher and the charge density on the surface of the jet increases, generating more charges on
the jet's surface, thus raising the tensile force and reducing the fiber diameter [34, 46].

Table 2. Average diameters of PCL, PCL/RA, PCL/CeO,, and PCL/RA/CeO, nanofibers.

Samples PCL (wt%o) RA (wWt%) CeO; (Wt%) Diameter (nm)

Sl(a) 15 - - 74+ 20
S2 (b) 15 0.025 - 105+ 24
S3(c) 15 0.25 - 116 + 40
S4 (d) 15 - 0.025 122+ 24
S5 (e) 15 - 0.25 110 +43
S6 (f) 15 0.5 0.5 130+ 33

When PCL, RA, and CeO- were added at appropriate concentrations, the spun fibers
appeared smoothly without beads (Figure 2f), while their diameter (average) slowly increased
with an RA concentration of 130 + 33 nm. Thus, all these nanofibers share similar morphology,
and none of them showed any formation of bead or any presence of RA or CeO: drug on the
surface of nanofiber matrices. The 0.5% RA/CeO: drug-loaded nanofibers have the highest
diameter (130 + 33 nm), and the pure PCL nanofibers showed the least diameter (74 nm) among
all drug-loaded samples. Overall, the SEM images of these nanofibers demonstrated that the
nanofiber diameters were slightly increased from the PCL nanofibers to the PCL/RA/CeO:
nanofibers. Similar observations were also stated by Chen et al. (2020) [39].

Figure 2. SEM micrographs of electrospun polycaprolactone (PCL) nanofibers prepared with (a) PCL no
additive; (b) 0.025 wt.% RA; (c) 0.25wt% RA,; (d) 0.025 wt.% CeO»; () 0.25% CeO,wt.%; (f) 0.5 wt.% RA &
CeOZ.

3.2.2. FTIR spectroscopy analysis.

The results of the infrared analysis of the prepared electrospun scaffolds are presented
in Figure 3. The peaks located between 2884 and 2956 cm™ annotated to the pure PCL
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corresponds to stretching of the C—H group. The composition of PCL was also clarified with
the appearance of C=0 stretching vibration at 1740 cm™ and the appearance of C-O stretch
with respect to the alcohol group at 962 and 1200 cm™. In each PCL/RA, PCL/CeO,, and
PCL/RA/Ce02, no new peak was observed as the compositions of RA and CeO, were very low
in the nanofibers, leading to over imposed of the PCL functional groups. The existence of the
infrared absorption of PCL groups in the spectra of polymeric matrix inclusive of the drug, in
addition to the absence of a new band for the PCL/RA, PCL/CeO,, and PCL/RA/CeO,
indicated that the structural molecules of the fiber were conserved through the process,
essential to yielding the present polymeric drug delivery systems. A similar suggestion was
reported by Pereira and her team [47].
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Figure 3. FTIR analysis of (A) PCL; (B) PCL/RA 0.025 wt.%; (C) PCL/CeO, 0.025 wt.%; (D) PCL/RA 0.25
Wt.%; (E) PCL/Ce0;0.25 wt.%; (F) PCL/RA/CeO.

3.2.3. X-Ray Diffraction (XRD).

XRD examination was processed on the electrospun fibers to evaluate their changes in
crystalline behavior. Figure 4 shows the XRD patterns of pure PCL, PCL/RA, PCL/CeOo,
PCL/RA, PCL/CeO2-2, and PCL/RA/CeO; labeled as A—F, respectively. In the case of PCL
nanofibers, two major peaks appeared at 20 = 21.3° and 23.8°, ascribed to the diffraction of
(110) and (200) lattice planes semi-crystalline. However, PCL/RA (B) 0.025% and PCL/CeO:
(C) 0.025% showed a similar peak characteristic to the PCL at 23.8°, with reduced intensity.
However, compared with PCL/RA (D) 0.25 %, PCL/CeO; (E) 0.25%, and PCL/RA/CeO; (F)
nanofibers, the representative peaks for PCL appeared to have weak intensity. This suggests
that RA decreased the PCL crystallites in the fiber by a wider appearance in the region defined
as amorphous. For comparison, the amorphous structure (unlike crystalline) is useful for
production, tissue growth, and cell adhesion and is extremely fit for biomedical applications
[48].
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Figure 4. XRD images of (A) PCL; (B) PCL/RA,; (C) PCL/CeO; (D) PCL/RA; (E) PCL/Ce0,-2; (F)
PCL/RA/CeOs.

3.2.4. Thermogravimetric Analysis (TGA).

Figures 5 and 6 present the TGA and the DTG graphs of the electrospun material
displaying the effect of the addition of drug on the PCL's thermal stability and the highest rates
of its thermal decomposition with the temperature rise. The characteristic temperatures are
presented in Table 3, together with the first and last decomposition temperature, the maximum
rate of degradation temperature, including the residue at 550°C; observation has shown that the
nanomaterial's first decomposition temperature was decreased to PCL without modification.
The pristine PCL showed a starting degradation temperature of 347.5°C and 0.025 wt.% of
PCL/RA and 0.025 wt.% of PCL/CeOQg; it was found to be 339.3 and 338.9 °C, respectively.
Meanwhile, the increase in the drug content also increased the temperature to be 342.4, 347.2,
and 375.8 °C for 0.25 wt.% PCL/CeO, 0.25 wt.% PCL/RA, and PCL/RA/ CeOy, respectively.
Thus, the thermal decomposition of the pure PCL was decreased with the integration of 0.025
wt.% of RA and CeO», while no significant change in the thermal stability of PCL was induced
by the presence of 0.25% of RA, CeO,, and RA/CeO>. Additionally, the DTG graphs are shown
in Figure 6, which defines the fabricated electrospun membranes' weight loss. The figure
suggests that the addition of the RA, CeO2 and RA/CeO: resulted in a slight decrease in this
temperature from 394.8 °C of PCL to 392.6, 390.7, 393.3, 391.3, and 394.5 °C for PCL,
PCL/RA 0.025 wt.%, PCL/CeO 0.025 wt.%, PCL/RA 0.25wt%, PCL/CeO, 0.25wt%, and
PCL/RA/CeO., respectively. Therefore, there was no significant change between pure PCL and
the incorporation of drugs. Furthermore, the increase of drug content also causes a higher
residue of the scaffolds by the end of the degradation than the pristine PCL, which indicates its
existence in the composite scaffolds [49].

Table 3. Records of various stages temperature and residue during degradation.

Electrospun scaffold Tinit (°C) Tiin (°C) Tmax (°C) Residue at 550 C (mg)
PCL 15% 3475 4132 394.8 0.783
PCL/RA 0.025% 339.3 405.8 392.6 1.744
PCL/CeO2 0.025% 338.9 403.9 390.7 3.104
PCL/RA 0.25% 347.2 4114 393.3 4.268
PCL/Ce02 0.25% 342.4 407.2 391.3 3.779
PCL/RA/CeO2 345.8 411.8 3945 3.781
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Figure 6. Weight residues of (a) PCL; (b) PCL/RA 0.025 %; (c) PCL/CeO; 0.025 %; (d) PCL/RA 0.25 %); (e)
PCL/CeO; 0.25%; (f) PCL/RA/CeO,.

3.2.5. Measurements of contact angle.

The contact angle measurement was conducted to study the changes in the material's
mechanical properties (wettability), resulting in the addition of RA and CeO,. The contact
angle profiles of electrospun membranes are shown in Figure 7. The contact angle of the pure
PCL nanofibers was 107 £ 2°. While for the PCL/RA 0.025 %, PCL/ CeO 0.025 %, PCL/RA
0.25 %, PCL/CeO. 0.25 %, and PCL/RA/CeO., the contact angles were observed to be 101 +
1°, 107 £ 1°, 97 + 1° 105 + 1° and 80 * 1°, respectively. In comparison to the pristine PCL
membranes, the contact angle of the PCL/RA membranes is reduced in significance when the
RA concentration is increased.
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Meanwhile, the differences noticed concerning the contact angles of the pure PCL and
PCL/CeO:- are insignificant, indicating that the water membranes' contact angle did not show
significant changes. However, it was demonstrated that moderate wettability is more efficient
in proteins containing binding cell adhesive, resulting in better cell attachment [50]. It has been
reported by Rychter et al. (2019) that the decrease of nanofibers' hydrophobicity leads to a
higher rate amount of drug release [51].

Figure 7 . Contact angle images of (A) PCL; (B) PCL/RA 0.025%; (C) PCL/CeO; 0.025%; (D) PCL/RA
0.25%; (E) PCL/Ce0O; 0.25%; (F) PCL/RA/CeOs.

3.2.6. Atomic Force Microscopy (AFM).

The AFM procedure was done to analyze the prepared electrospun membranes' surface
(roughness) properties, and the images are shown in Figure 8. The PCL surfaces showed an
average roughness of 745 nm, and the PCL added with RA 0.025 %, CeO2 0.025 %, RA 0.25
%, CeO2 0.25 %, and RA/CeO,, exhibited a roughness of 780, 764, 813, 792, and 832 nm,
respectively. Thus, RA, CeOz, and RA/CeO: have influenced the enhancement of the
composite nanofibers' surface roughness. The nanofiber diameter again impacts the surface
roughness, where a higher surface roughness was observed with a bigger fiber diameter [52].
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Figure 8. AFM images of (a) PCL; (b) PCL/RA 0.025 %; (c) PCL/CeO, 0.025 %; (d) PCL/RA 0.25 %; (¢)
PCL/CeO; 0.25 %; (f) PCL/RA/CeO,.

4. Conclusions

PCL nanofibers loaded with RA and CeO. were successfully optimized and produced
by the electrospinning process using various compositions. Polymer viscosity determined by
the concentration, surface tension, and volatility of solvents played a key role in fiber
formation. According to the SEM analysis, the smooth and bead-free nanofibers were
successfully fabricated, and the solution's concentration has genuinely impacted the fiber
diameter. The presence of PCL, RA, and CeO> in nanofibers membrane was confirmed by
FTIR. Very low crystallinity of RA/CeO> was detected in the RA/CeO> loaded PCL according
to XRD data. The result reveals that the drugs-loaded nanofiber has no significant changes in
thermal stability compared to PCL nanofiber and indicates that the addition of RA and CeO:
decreases the hydrophobicity. Furthermore, the drugs-loaded nanofiber has higher surface
roughness than the PCL nanofibers. Based on this research work's results, PCL/RA/CeO-
nanofiber is considered a potential material for drug delivery applications.
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