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Biopolymers are good carrier materials in relation to efficient release sustainability for encapsulated drugs. In particular,
electrospun polymer/composite fibre membranes can offer greater benefits owing to their competitive release features as well as
large specific surface areas. In this study, multiple electrospun nanofibre membrane systems were utilised including different
material systems such as poly(lactic acid) (PLA), poly(ε-caprolactone) (PCL), and PCL/magnetic nanoparticle (MP) composites
loaded with tetracycline hydrochloride (TCH) as a therapeutic compound for their potential use in drug delivery applications.
Such electrospun nanofibres were investigated to understand how composite constituents could tailor surface morphology for
drug release control and biodegradation effect of PCL electrospun nanofibers on a long term for different drug release systems.
Fibre diameter appeared to be decreased considerably with the addition of TCH drug. It was also evident that average fibre
diameter was reduced when embedding MPs owing to the enhancement of solution conductivity. The encapsulation of TCH
drug was found to be effective, as evidenced by Fourier transform infrared (FTIR) spectra. Thermogravimetric analysis (TGA)
data revealed no significant change in the thermal stability of PCL with the inclusion of TCH and MPs. However, the use of
TCH to PLA delayed the thermal degradation. Glass transition temperature (Tg) and melting temperature (Tm) of PCL were
decreased with the inclusion of MPs and TCH. The degree of crystallinity (Xc) for PCL diminished when incorporated with
MPs. Additional TCH to PLA, PCL, and PCL/MP nanocomposites resulted in a moderate decrease in Xc. TCH might be
dispersed in an amorphous state within nanofibre membranes. Over the short-term periods, it was clearly seen that TCH release
from PCL nanofibre membranes was higher as opposed to PLC/MP and PLA counterparts. On the contrary, such a drug release
from PLC membranes became relatively slow owing to its high Xc. Further, the mass loss results were consistent with those
obtained from in vitro drug release. Overall, TCH release kinetics of PCL/TCH nanofibre membranes were better estimated by
Zeng model as opposed to PLA/TCH counterparts.

1. Introduction

Electrospinning is a material fabrication technique that
produces functional and economical three-dimensional
fibrous structures [1, 2]. The electrospun fibres result in
the formation of a fabric network in possession of high
porosity, small pore size, and large surface area to volume
ratio [3, 4]. In recent years, this technique has been uti-

lised for many biomedical applications particularly in con-
trolling drug delivery systems [5, 6]. Biopolymers have
been frequently employed for multiple purposes in phar-
maceutical applications such as tissue engineering and
drug delivery. Several biodegradable polymers have been
fabricated for drug delivery such as poly(lactic acid)
(PLA) [7–9], poly(ε-caprolactone) (PCL) [10], poly(glyco-
lic acid) (PGA), poly(lactide-co-glycolide) (PLGA) and
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polyurethane (PU), as well as natural proteins including
collagen, gelatin, and elastin [1].

Poly(lactic acid) (PLA) is a biodegradable polyester
derived from α-hydroxy acids with good mechanical proper-
ties and several potential applications [11], as exemplified by
a dialysis medium, a matrix for tissue engineering, biode-
gradable sutures, agricultural products, drug delivery sys-
tems, food packaging and consumer products [12]. PLA
has remarkable properties like easy processability, biode-
gradability [13, 14], the ability to be dissolved in common
solvents, good sustainability and reasonable optical proper-
ties [12]. On the flip side, PLA has typical brittleness and
slow crystallisation [15], and its degradation can be harmful
to local tissues [16] owing to its low pH level [17].

Poly(ε-caprolactone) (PCL) is a hydrophobic and semi-
crystalline polymer [5] mainly for the purpose of enhancing
the elasticity of materials [18]. It is well-known for its
acceptable drug permeability and good biocompatibility
[19, 20]. The typical material merit of PCL, which is known
that degradation is unable to generate a local acidic environ-
ment along with moderately low cost, makes it a favourable
candidate for biomedical applications [5, 21]. The Food and
Drug Administration (FDA) approved the safe use of PCL
for a variety of industrial applications such as medical
devices, wound dressing, resorbable membranes, cosmetics,
filtration membranes, packaging, and agricultural materials
[22]. The degradation rate of PCL appears to be relatively
slow when compared with PLA [23]. PCL has little harm
to local tissues and overcomes the drawback of PLA to gen-
erate an acidic environment. Nonetheless, it is worth men-
tioning that slow degradation, poor porosity and
semicrystalline nature of PCL inevitably hinder its wide use
in the field of drug delivery. PCL possesses high crystallinity
and thus easily restricts the mobility of drug molecules that
would tend to stay on the fibre surfaces [6]. As such, PCL
is generally mixed with additives or other biopolymers to
overcome such a critical issue like electrospun composite
nanofibres based on PCL/collagen, PCL/gelatin, and PCL/
multiwalled carbon nanotubes (MWCNTs) [24].

On the other hand, Fe3O4 has been widely investigated
and used among magnetic nanoparticles for bioscience
applications [25]. Such an inorganic material has low toxic-
ity, super paramagnetic properties, good biocompatibility
and better stability in atmosphere as opposed to metal nano-
particles. These magnetic nanoparticles are also potentially
helpful in various fields such as data storage, sensors [26],
purification separation, magnetic resonance imaging,
enzyme immobilisation, immunoassay, drug delivery and
hyperthermia treatment [27]. A simple method to create
Fe3O4 nanoparticles for their encapsulation in electrospun
polyvinyl pyrrolidone (PVP) nanofibres was developed in
the previous work [25] in order to investigate their magnetic
properties and structures. With increasing the repulsive
forces in electrospinning, the electrostatically driven insta-
bility is enhanced, thus resulting in a more whipping phe-
nomenon for the jet to reduce fibre diameter [28].

Tetracycline hydrochloride (TCH) is an antibiotic drug
utilised for the curing and avoidance of bacterial infections
in the burn, injury and surgery in addition to numerous

wound healing areas [6]. The objective of this study is to
evaluate the fabrication, structural and thermal properties
and biodegradability of electrospun PLA-based or PCL-
based fibre membranes, TCH drug release with respect to
electrospun PLA/TCH, PCL/TCH and PCL/MP/TCH nano-
fibre composite membranes, as well as further fabrication of
novel carrier structures in order to achieve efficient drug
delivery. In addition, this study also attempts to tackle the
problem regarding the slow TCH release from PCL on the
long term as a result of slow nanofibre degradation and its
high Xc when compared to PLA where MPs are added to
increase the surface area and porosity of electrospun nanofi-
bres. Finally, mathematical modelling has also been
employed for better understanding of drug release kinetics.

2. Materials and Fabrication

2.1. Materials. PLA 3051D with the molecular weight (MW)
of 93,500 g/mol was supplied by the NatureWorks, USA.
PCL (MW= 80,000 g/mol), iron sulfate, iron nitrate, tetracy-
cline hydrochloride (TCH) in a chemical formula of
C22H24N2O8·HCl and MW= 480:9 g/mol, phosphate buffer
solution (PBS), chloroform, and methanol were purchased
from Sigma-Aldrich Ltd, Australia, which were used without
any purification. Iron sulfate and iron nitrate were employed
to synthesise MPs while TCH and PBS acted as a model drug
and a medium of drug release, respectively. The solvents
selected in all cases were a mixture of chloroform and meth-
anol processed at a constant volume ratio of 2 : 1.

2.2. Electrospinning. Electrospinning was carried out using
both 8wt%/v PLA and PCL solutions. MPs were synthesised
from iron sulfate (FeSO4) and iron nitrate (Fe(NO3)3) and
were further added at 0.1wt%/v to the PCL solution, which
underwent 2 h ultrasonication. 5wt%/v TCH solution was
mixed with 0.1wt%/v MPs for 2 h in methanol by using a
similar ultrasonication process and subsequently added to
PLA, PCL and PCL/MP solutions. Prior to the electrospin-
ning process, finally prepared solution was transferred to a
10ml syringe mounted onto a Fusion 100 syringe pump
(Chemyx Inc. Stafford, TX, USA) with a 20G metallic needle
(inner diameter: 0.584mm). The flow rate of polymer solu-
tion was set at 2ml/h, and the applied positive voltage was
25 kV. The electrospinning process was conducted at 24°C.
The resulting fibres were collected on a ground collector
covered by a flat aluminium foil. The distance between the
needle tip and the target was 13 cm.

2.3. In Vitro Drug Release Study. The drug-loaded nanofibre
membrane sample (2 × 2 cm2) was incubated in a rotary
shaker at 37°C in 20ml PBS (pH = 7:4). After the required
incubation time for drug release, the sample was transferred
to 20ml fresh buffer solution, and the amount of released
TCH in the buffer solution was determined. A standard
release curve was obtained by measuring different concen-
trations of TCH/PBS with the aid of a UV-vis spectrometer
at the wavelength of 360nm. The percentage of the released
drug was calculated from the primary weight of TCH incor-
porated into electrospun nanofibre membranes. The
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cumulative amount of drug released from nanofibre mem-
branes was calculated according to Equation (1) [6]:

Cumulative quantity of drug released %ð Þ = Mt

M∞
× 100%,

ð1Þ

in which Mt is the amount of drugs released up to time t,
and M∞ is the initial amount of drug within electrospun
nanofibres. Three release tests were conducted for each elec-
trospun nanofibre membrane, and the average data were
recorded accordingly.

2.4. Zeng Model. Zeng model has been used to interpret the
drug release mechanism [29]. The equation for Zeng model
is relatively complex, as shown in Equations (2) and (3) [29].

Mt

M∞
= Koff
Kon + Koff

1 − e−KSt
� �

+ Kon
Kon + Koff

1 − e−Koff t
� �

,

ð2Þ

ΔG = −kBT
Kon
Koff

� �
, ð3Þ

where Kon is the rate constant of association for nondis-
persed drug molecules in the system with the requirement
of being disassociated from the carriers prior to drug release.
On the other hand, Koff is the rate constant of disassociation
accordingly, and KS is a constant proportional to the
surface-to-volume ratio of the carriers for enhancing the
drug release. ΔG is the free energy difference between free
and bound states. Whereas, kB is Boltzmann’s constant for
which the absolute temperature is assumed to be 300K.

2.5. In Vitro Biodegradation Study. With respect to in vitro
degradation studies, nanofibre membranes with the fibre
thicknesses ranging from 300 to 450μm were sliced into 2
× 2 cm testing samples. They were measured to determine
the initial weight (m) and then were placed into an incu-
bated rotary shaker at the rotor speed of 100 rpm during
the biodegradation process at 37°C using 15ml PBS
(pH = 7:4) for the required incubation time.

Such nanofibre membranes were removed at each desig-
nated incubation period and washed with deionised water.
These membranes were dried under vacuum at 37°C until
they reached a constant weight (m1). Mass loss (%) was
determined using Equation (4) [6]:

Mass loss %ð Þ = m −m1
m

� �
× 100%: ð4Þ

3. Characterisation Techniques

Solution viscosity was evaluated with a Visco 88 portable
viscometer from Malvern Instruments (UK). Nanofibre
morphology was studied via an EVO 40XVP scanning elec-
tron microscope (SEM) (Germany) at an accelerating volt-
age of 5 kV. Before SEM observation, the samples were
sputter-coated with platinum. Fibre diameter was calculated

from SEM images by using an image analysis tool based on
Zeiss smart SEM software. For each sample, the measure-
ments were made from a minimum of 150 fibres from mul-
tiple scanned SEM images at a sampling rate of 15 fibres per
image. On the other hand, Fourier transform infrared spec-
troscopy (FTIR) was performed in a Spectrum 100 FTIR
Spectrometer (Perkin Elmer, Japan). The associated spectra
were recorded in a wavelength range of 4000–550 cm−1 with
4 cm−1 resolution according to an attenuated total reflec-
tance (ATR) technique. Moreover, thermogravimetric analy-
sis (TGA) was carried out by using a SeikoSII Exstar 6000
(TG/DTA 6200) to detect thermal decomposition effect.
About 6–10mg TGA samples were heated from 40 to
900°C at a heating ramp rate of 10°C/min in the nitrogen
flow of 200ml/min. Thermal analysis was performed using
a DSC6000 instrument (Perkin Elmer, USA) with a cryofill
liquid nitrogen cooling system. Approximately 10mg of
fibre membrane was cut and sealed in an aluminum pan.
The thermal behaviour was analysed during the first heating
scan in a temperature range from –90°C to 200°C at the
ramp rate of 10°C/min. X-ray diffraction (XRD) measure-
ments of prepared samples were undertaken in a Bruker Dis-
cover 8 X-ray diffractometer (Bruker Corporation,
Germany) operated at 40 kV and 40mA using Cu-Kα radia-
tion subjected to the monochromatisation with graphite
sample monochromators in a 2θ range from 5° to 40° (scan-
ning rate: 0.05°/s). Finally, the amount of TCH present in the
release buffer was determined by a JascoV-67 UV–vis spec-
trophotometer at the wavelength of 360nm.

4. Results and Discussion

4.1. Fibre Morphology. To investigate the effect of nanoparti-
cles and drug on the morphology, PCL, PCL/MPs, PCL/
MPs/TCH, PLA and PLA/TCH nanofibres were fabricated.
As illustrated in Figure 1, electrospun nanofibres produced
from PCL and PLA have the average fibre diameters of 368
± 15 and 510 ± 20nm, respectively. The addition of MPs
to PCL enhances electrical conductivity, which is attributed
to an increase in iron content. PCL/MP composite system
appears to create fibrous structures with smaller fibre diam-
eters of 316 ± 20nm as opposed to those of electrospun PCL
fibres. When the solution electrical conductivity increases,
more electric charges are carried by an electrospinning jet.
As such, higher repulsive forces are imposed to the jet in
the electrical field. On the other hand, by increasing the solu-
tion conductivity, bending instability can be increased dur-
ing electrospinning. As a result, the jet path becomes much
longer, and more stretching of solution droplets can be
induced. Both higher repulsive forces and greater bending
instability can make a significant contribution to electrospun
fibres with corresponding lower fibre diameters [30]. Table 1
summarizes average nanofibre diameters for all fibre mem-
branes prepared in this study.

On the other hand, it is manifested that fibre diameters
were reduced significantly from 368 ± 15 to 279 ± 15nm
for PCL, from 316 ± 20 to 225 ± 15nm for PCL/MPs and
from 510 ± 20 to 397 ± 20nm for PLA accordingly when
loaded with TCH drug. This decrease in nanofibre diameter
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Figure 1: Continued.
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can be ascribed to amphoteric molecules in TCH drug with
several ionisable function groups [31], which in turn leads
to increasing the solution electrical conductivity [32].

4.2. FTIR Evaluation. Figure 2 demonstrates the FTIR spec-
tra of PLA, PLA/TCH, PCL, PCL/TCH and PCL/MPs/TCH.
The spectra exhibit initially carbonyl stretching (C=O) band
assigned at 1722 cm-1 for PCL nanofibres, as well as at
1750 cm-1 for PLA nanofibres. The associated peaks at
1453 and 1382 cm-1 are indicative of C-H deformation in
relation to PLA. In addition, many peaks represent C–C
and C–O stretchings in the range from 1240 to 840 cm–1

for PLA and PCL. With respect to PCL/MP composites, it
is difficult to indicate the effect of MPs on the bonds, which
may be associated with such a small amount of embedded
MPs. The spectrum of TCH is also hard to be allocated for
the band shift. However, main noticeable change in FTIR
spectra lies in the appearance of weak bands of TCH at
1615 and 1580 cm−1, which are assigned to C=O stretching
in ring A and C=O stretching in ring C, respectively [32].
This result directly confirms the encapsulation of TCH drug
in existence.

4.3. TGA Analysis. TGA curves of PLA, PCL, and PCL/MP
electrospun nanocomposite fibre membranes loaded with
TCH are presented in Figures 3(a) and (b). The incorpora-
tion of TCH drug and MPs do not appear to induce a signif-
icant variation in the thermal stability of PCL where the
degradation-peak range is between 398 and 401°C. When
TCH is added to PLA, it has been evidently shown that a

peak shift to higher temperatures takes place within fibre
membranes in a clear sign of the delay of thermal degrada-
tion. The temperature associated with the TGA peak,
assigned to PLA fibre membrane at 310°C, has been found
to shift to 348°C when loaded with TCH. This phenomenon
implies much better thermal stability. Furthermore, the
residual masses have been increasingly recorded to be
2.20% and 4.50% for PLA and PLA/TCH, respectively, as
opposed to 0.01%, 3.10%, 3.20% and 3.50% for PCL, PCL/
TCH, PCL/MPs and PCL/MPs/TCH. The high residual
mass of PCL/MPs, when compared with PCL, is associated
with the appearance of remaining MP particles. In addition,
PLA/TCH and PCL/TCH composites give rise to higher char
residues as opposed to PLA and PCL. Such a phenomenon
could mean that there are complicated interactions and syn-
ergistic effects in the material system with respect to char
residue formation [33] among PLA/TCH and PCL/TCH
composites.

4.4. Thermal Properties. Thermal properties of electrospun
fibres with MPs and TCH drugs are shown in Figure 4 and
Table 2. The glass transition temperature (Tg) of PCL within
fibre composites decreases remarkably while there was a
slight decline in melting temperature (Tm) with the inclu-
sion of MPs. The decrease in Tg can be attributed to the
effect of embedded MPs with a typical anisotropic character-
istic, which is in good accordance with previous work [34].
The addition of TCH in possession of a low molecular
weight inevitably yields a decrease in Tg and Tm values for

EHT = 10.00 kv10 μm Signal A = SE1Spot size = 408 WD = 7.0 mm

(f)

Figure 1: SEM micrographs of electrospun nanofibres: (a) PLA, (b) PLA/TCH, (c) PCL, (d) PCL/TCH, (e) PCL/MPs, and (f) PCL/MPs/
TCH. All scale bars represent 10μm.

Table 1: Summaries of average nanofibre diameters for all electrospun nanofibre membrane structures.

PLA PCL PCL/MPs PLA/TCH PCL/TCH PCL/MPs/TCH

Nanofibre diameter (nm) 510 ± 20 368 ± 15 316 ± 20 397 ± 20 279 ± 15 225 ± 15
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both PCL and PLA. TCH molecules have short chains,
which results in reducing the packing density of polymeric
chains, and further facilitates the chain mobility with a clear
sign of lower Tg.

4.5. Crystallinity Level. The crystalline structures of
composites are presented in Figure 5 with respect to
XRD patterns. The peaks were labelled for the XRD reflec-
tion, and the crystal planes (hkl), corresponding to main
crystalline peaks, were detected in the DICVOL program
of the FullProf software. The XRD patterns of PCL possess
two diffraction peaks at corresponding angles of 2θ =
21:4° and 23:8° without any considerable difference in the
peak position. This suggests that the addition of MPs
and TCH has very minor impact on the alteration of crys-
talline structures in electrospun composite nanofibres. As
such, TCH may be dispersed in an amorphous state within
nanofibre membranes. In addition, the large surface area
combined with small nanofibre diameters arising from
the electrospinning process can promote quick solvent
evaporation, thus resulting in a short period for drug
recrystallisation along with the creation of the preferred
configuration in an amorphous state [35].

The XRD results were useful to identify the degree of
crystallinity Xc in Table 2. It is revealed that the Xc of PCL
decreases considerably when incorporated with MPs. This
decreasing trend might be explained by abundant nucleation
cores to generate the proliferation of tiny crystallites leading
to an overall low degree of crystallinity [36]. MPs seem to
greatly accelerate the nucleation process. Consequently, this
phenomenon results in a shorter period for the disentangle-
ment of molecular chains. The associated degree of crystal-
linity is usually induced by the restricted mobility of

polymeric chains, which further hinders good crystal
growth. The inclusion of TCH within PLA, PCL, and PCL/
MP nanocomposites could lead to a moderate reduction in
the degree of crystallinity. The presence of TCH appears to
significantly accelerate the nucleation process. As a result,
the disentanglement of molecular chains takes less time
due to this occurrence.

4.6. In Vitro Drug Release. TCH release profiles from electro-
spun PLA, PCL and PCL/MPs composite nanofibre mem-
branes are illustrated in Figure 6. Similarly, both PCL and
PCL/MPs material samples show a fast drug release behav-
iour. In the initial 25min, 66% and 58% drugs were released
from PCL samples and PCL/MPs accordingly relative to 34%
from PLA. The initial higher TCH release from PCL nanofi-
bres accounts for a relatively high Xc of PCL/TCH at 59.1%,
as opposed to 53.7% and 11.3% for PCL/MPs/TCH and
PLA/TCH, respectively, according to Table 2. The high crys-
tallinity of nanofibres easily restricts the mobility of drug
molecules to remain on the fibre surface areas. In addition,
rapid drug release is associated with the electrospinning pro-
cess, which includes quick solvent evaporation and highly
ionic interactions leading to the mobility of drug molecules
on the surfaces of electrospun fibres. Nevertheless, the
TCH release from PCL starts to become slower than that
from PCL/MPs nanofibres after 25 h. The incorporation of
MPs leads to an increase in fibre porosity [30], thus resulting
in the release acceleration of TCH. In addition, the small
diameters of fibrous structures obtained from PCL/MPs/
TCH, when compared with PCL/TCH, tend to cause the
increase in surface area, thus leading to short diffusion dis-
tance with fast TCH release. On the other hand, TCH release
from PLA intends to become faster than those obtained
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Figure 2: FTIR spectra of selected electrospun nanofibre membrane samples demonstrating relative FTIR peaks.
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from PCL and PCL/MPs nanofibres after 50 and 110h,
respectively. Over the long term of drug release, semicrystal-
line PCL can delay the water diffusion inside nanofibres, and
accordingly the absorption of water happens slowly when
compared with PLA.

4.7. Release Kinetics. The release kinetics of TCH drug was
investigated by fitting Zeng model [29] to experimental
release data, as demonstrated in Figure 7. The addition of
MPs to PCL gives rise to a minor decrease in ΔG values from
4:94 × 10−21 to 4:19 × 10−21 J, indicating that there is a slight
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Figure 3: (a) TGA curves and (b) DTGA curves for typical PLA, PCL, and PCL/MPs fibre membranes.
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enhancement in the interaction between PCL nanofibres and
TCH. However, such an increase adjusts the TCH release at
the burst stage, and the drug release from PCL/MPs/TCH
was faster than that from PCL/TCH after 25 h. This percep-
tion may be ascribed to the formation of small fibre diame-
ters with the addition of MPs to accelerate the TCH release.
Moreover, increasing Ks values reflects the enlargement in
fibre pore size, which in turn leads to fast TCH release. On
the other hand, PLA/TCH yields a lower ΔG than PCL/
TCH (4:94 × 10−21 J vs. 2:0 × 10−21 J), which suggests that
PLA partially decreases the release rate of TCH due to their
improved interaction. The TCH release kinetic is not
completely interpreted by Zeng model because it does not
take into account the erosion/biodegradation and dimen-
sional alteration of nanofibres. This is evidenced by the
model compatibility with PCL/TCH, which has less mass
loss as opposed to PLA/TCH and PCL/MPs/TCH.

4.8. Mass Loss of Fibre Membranes. The biodegradation
behaviour of nanofibre membranes is shown in Figure 8.
After the degradation in PBS for the first 3 to 24 h, the

weights of PCL/TCH and PCL/MPs/TCH nanofibre mem-
branes remain nearly unchanged within standard errors.
Nonetheless, there was a high initial mass loss for PLA/
TCH nanofibre membranes (i.e., 3% for PLA, 0.2% for
PCL and 0.3% for PCL/MPs). Mass loss for PCL and PCL/
MPs becomes more pronounced after 72 h, and it increases
over the degradation time of 336 h to reach 12.5% for PLA,
1.8% for PCL and 2.9% for PCL/MPs accordingly. Since
semicrystalline PCL may hinder the water penetration inside
the nanofibres, water absorption occurs more slowly when
compared with amorphous PLA. Moreover, the low crystal-
linity of PLA can accelerate the fibre degradation. The amor-
phous regions can easily degrade as opposed to the
crystalline regions due to random and less tightly packed
arrangement of molecular chains. On the other hand, the
surface areas exposed to the PBS are larger in the case of
embedding MPs due to resulting small nanofibre diameters
and also the increase in fibre porosity [30] at the nanofibre
surfaces with the addition of MPs.

Figure 9 shows the morphological variations in electro-
spun nanofibres after the immersion in PBS over a two-
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Figure 4: DSC thermograms for selected PLA and PCL-based material samples.

Table 2: Thermal properties of PLA, PCL, their blends and composites.

Material sample Tg (°C) PCL Tm (°C) PCL Tg (°C) PLA Tc (
°C) PLA Tm (°C) PLA Xc

PLA 62.1 87.2 155.6 12.6

PLA/TCH 54.8 82.4 150.2 11.3

PCL –56.2 63.4 64.6

PCL/TCH –58.9 58.9 59.1

PCL/MPs –57.2 59.0 54.2

PCL/MPs/TCH – 60.0 58.7 53.7

Note: Calculations were based on the average data obtained from the three sets of samples. The standard deviations for Tc, Tg, and Tm values were less than
0.5%. Xc: degree of crystallinity.
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week period. It has been found that different morphological
structures take place for electrospun nanofibre membranes
with various nanocomposite formulations. Nanofibre diam-

eters increase and the interspaces between electrospun nano-
fibres drop after 24 h for PLA/TCH and 7 days for PCL/TCH
and PCL/MPs/TCH. The electrospun nanofibres possess
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more wrinkled structures after 7 days when compared with
those for initial degradation over 3 h. The degradation firstly
takes place in the amorphous area of blend nanofibres and
then occurs in the crystalline area. Moreover, the degrada-

tion at the nanofibre surfaces could be slower than in nano-
fibre cores due to carboxylic acid groups existing in the fibre
core areas by an ester hydrolysis. These results coincide with
those obtained from in vitro drug release. The rapid release
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Figure 9: Continued.
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of TCH from PCL can be well compared with PLA over the
short-term release before 50 h, after which reversal release
would further happen.

5. Conclusions

The addition of MPs to PCL and TCH drug enhances the
electrical conductivity of a solution, thus leading to the
reduction of fibre diameters. FTIR spectra demonstrate a

successful encapsulation of TCH within the fibre mem-
branes. When TCH and MPs are utilised to PCL, TGA
curves indicate little effect on thermal stability. The addi-
tion of TCH to PLA slowed down the rate of thermal
degradation. As the MP and TCH were added to PCL,
both Tg and Tm of PCL decreased accordingly. After
the MPs were embedded to PCL, Xc was reduced as well.
In particular, with the incorporation of TCH into PLA,
PCL and PCL/MP nanofibre membranes, Xc appeared to

EHT = 10.00 kv10 μm Signal A = SE1
Spot size = 408
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Figure 9: SEM micrographs of in vitro degradation of electrospun nanofibre membranes: (a) to (d) PCL/TCH, (e) to (h) PCL/MPs/TCH, (i)
to (l) PLA/TCH for periods of 3 h, 24 h, 7 days and 14 days, respectively.
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decrease moderately. It may be the case that TCH
becomes scattered in nanofibre membranes in an amor-
phous state. Electrospun PCL and PCL/MPs nanofibres
show a fast drug release behaviour when compared with
PLA nanofibres after 25min. TCH release from PCL
nanofibres intended to be slower than that from PCL/
MPs nanofibres after 25 h. In comparison, the TCH
release from PLA appeared to be faster than those
obtained from PCL and PCL/MPs nanofibres after 50
and 110h, respectively. Zeng model indicates the minor
enhancement in the interaction between PCL nanofibres
and TCH with the inclusion of MPs. Further, the mass
loss from PLA membranes becomes more significant rela-
tive to PCL counterparts. Besides, such model also shows
that PLA partially diminishes the release rate of TCH due
to their higher interaction with TCH in contrast with
PCL.
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