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Abstract 
___________________________________________________________________________________________________________________ 

In this work, we evaluated two different approaches; the pvpi_blended and the pvpi_soaked 
approaches, of loading a model therapeutic agent, povidone-iodine (pvpi), into innovatively 
fabricated, electrospun poly-Ɛ-caprolactone (PCL) nanofiber based wound bandages. The two loading 
approaches were compared based on the critical parameters that an excellent wound dressing 
material must possess; loading capacity, therapeutic agent releasing behavior and wettability. From 
the results, the pvpi_blended approach PCL nanofiber mats with their higher calculated pvpi loading 
capacities of 97.0% outperformed the pvpi_soaked approach PCL nanofiber mats with 61.2%. They 
further outclassed the soaked_approach mats when it came to pvpi release time, recording a longer 
prolonged time of 98 min compared to shorter, faster time of 18 min for the release of 50% or more of 
pvpi for both. Furthermore, it was found out that the presence of the hydrophilic pvpi within the 
structure of the prepared PCL nanofiber mats bandages, altered the natural hydrophobicity of the 
pure PCL mats to slightly hydrophilic making them compatible with the hydrophilic wound exudates 
and their excellent absorbers. Additionally, the pvpi_loaded PCL nanofiber mat bandages exhibited 
favorable morphological attributes such as smooth surfaces, nano sized fibers with estimated 
diameters of 350 nm and high surface area to volume ratio, that supported high performance 
efficiency of the prepared materials. Overall, the blended presented itself as an approach of choice for 
incorporating medication when developing medicated nanofiber-based bandages such as the ones in 
this study, which are potential replacements of the conventional drug wasting, micro-structured 
cotton bandages. 

Keywords: Electrospinning, Nanostructured bandages, Electrospun nanofiber bandages, Innovative 
drug delivery bandages, Smart bandages, Blended approach, Chronic wounds. 

 

1. INTRODUCTION 

Nanostructured materials such as electrospun nanofiber mats 
with large surface area to volume ratios and controllable 
morphologies, that can easily be functionalized, can be taken 
advantage of in chronic wound care management which is a 
challenge the world over, to produce the next generation 
wound dressing materials loaded with healing drugs that 
could give them smart drug delivery capabilities, thus 
providing cost effective wound care management solutions 
with improved therapeutic outcomes. Occurrence of injuries, 
that end up causing excruciating skin wounds to humans have 
led to the use of bandages for their care and management 
since time immemorial. The bandages are conventionally 
made from macro/micro structured materials such as linen or 
cotton, with fiber diameters above 1000 micrometers at 
molecular level 1,2,3, a feature which is making them not to 
enjoy all the advantages that come with nano size dimensions 
in modern nanotechnology. These materials have been found 
to be less cost effective, inefficient and pain-inducing due to 
their strong adherence to the wounds, thus, posing a burden to 
both the patients and health care systems during wound care 
management 4,5,6,7.  For example, currently, there is a lot of 
wastage of therapeutic agents or wound medicines which are 
usually smeared on the cotton bandages during wound 

dressing including when one replaces an old bandage with a 
new one during scheduled, periodical wound bandage change 
overs. In this case, the bandages play a passive role, of merely 
covering the wound area with very little therapeutic benefits 
offered from the smeared medicine which almost all of it is 
thrown away unused during bandage swapping. Despite all 
this, cotton bandages are still common and still largely 
employed at health facilities even to date. In order to reduce 
drug wastage and improve drug delivery as well as efficacy in 
wound care management, the advent of nanotechnology 8,9,10 
has created the potential for the development of alternative 
wound dressing materials based on nano fibers which are 
nano structures that possess superior properties such as high 
surface area to volume ratios that could be favorable for high 
absorption of wound exudates as well as tunable 
functionalities that allow for the materials to be applied in 
different environments. For instance, these nanomaterials 
have opened avenues for the fabrication of newer, innovative 
wound care management dressing materials with potential to 
be equipped with effective drug loading, discharging and 
general healing properties in their structures. Nano fiber-
based materials are well known for possessing unique, 
favorable traits such as controllable morphologies, large 
surface area to volume ratio and small pore sizes compared to 
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the conventional macro/micro-based materials 11,12. Nano 
fibers have also been found to resemble extra cellular matrix, 
(ECM) 13,14,15 which is an integral layer within the human 
skin’s structural composition, which in turn will further make 
the nano fiber based dressing materials better alternative 
dressing materials in terms of bio compatibility to the skin 
structure for accelerated wound healing and skin cell growth. 
Further to developing new and better materials for wound 
care management, there is equally a far greater need for more 
research to be geared towards efficient and smart drug 
delivery in this area. Thus, our endeavor in this regard, to 
develop, evaluate and compare two approaches for loading 
povidone iodine (pvpi) as a model therapeutic agent into the 
newly custom developed electrospun poly-Ɛ-caprolactone 
(PCL) 1617 nanofiber mats, as potential wound bandages with 
efficient drug delivery capabilities 18,19 in this work. Although 
known for poor degradability, PCL, a synthetic, aliphatic 
polymer has in the past been employed in clinical research for 
scaffold tissue engineering as it is easy to be 
functionalized, biocompatible, non-toxic and has been 
approved by the food and drug administration (FDA) center 
for use by humans 20,21,22. Additionally, nano-fibrous PCL has 
been employed as a drug delivery vehicle owing to its 
mechanical properties that allow for drugs to be incorporated 
into it for their later release at targeted sites 23,24,25. Even 
though, PCL is known to be hydrophobic in nature 26, as has 
been demonstrated in previous studies through contact angle 
measurements 27,28, it has proved to be easily modifiable 
especially if the drugs loaded in its matrix are hydrophilic, 
thus allowing the PCL matrix to be adjusted from hydrophobic 
(final measured contact angle of > 90°) to hydrophilic state 
(final measured contact angle of < 90°). Xia et al., has 
described this phenomenon when they developed novel 
composite tissue scaffold involving PCL. In their work, PCL 
scaffolds were found to have final measured contact angles of 
112.9° (hydrophobic) whereas final measured contact angles 
of 87.4° - 79.5° (hydrophilic) were obtained after 
incorporating varying quantities of nano hydroxyapatite 
particles on the PCL scaffolds matrices. The results showed 
that the composite tissue scaffolds were made to have 
hydrophilic attributes due to the incorporation of the 
hydrophilic hydroxyapatite nano particles 29 which are the 
much needed traits for an excellent wound dressing material. 
For our work, in this article, similar hydrophilicity 
experiments were performed by introducing a hydrophilic 
therapeutic agent, pvpi into the prepared electrospun PCL 
nanofiber mat matrix. The hydrophilicity characteristic that 
our newly prepared nano fiber mats attained, was key as it 
qualified the prepared nano fiber mats as wound exudates 
absorbers. Experimentally, electrospinning 30,31,32,33,34, as a 
versatile approach for nanofiber material fabrication, was 
employed in our work to fabricate poly-Ɛ-caprolactone (PCL) 
polymer into nanofiber mats. Furthermore, incorporation of 
pvpi into the fabricated nanofiber mats was performed 
employing two different approaches; the pvpi_blended and the 
pvpi_soaked approaches, which were comparatively evaluated 
based on pvpi loading capacities, pvpi releasing behavior and 
contact angle for wettability studies. The motive behind 
comparing the pvpi_loaded PCL nanofiber mats (pvpi_blended 
approach and the pvpi_soaked approach PCL nanofiber mats) 
obtained from the two different loading approaches was to 
evaluate the most effective way of incorporating a drug or 
medicine or therapeutic agent such as pvpi employed as a 
model in this study into the matrices of fabricated electrospun 
nanofiber mats. The comparative evaluation of the two 
different nanofiber mats that resulted from the two 
approaches was carried out based on the efficiency of each 
mat to; maximally load the drug, release over 50% of the 
loaded drug over a reasonably prolonged in a controlled 
fashion, wettability as well as the ability to absorb wound 

exudates as measured by contact angles which are also related 
to the hydrophilicity and hydrophobicity of a material. Final 
measured contact angles of 90° and below are said to be 
hydrophilic and tend to favor wound exudates absorption 
35,36,37 The newly prepared nanofiber mats were found to be 
water loving and as wound exudates are largely water based, 
the two ( the newly prepared nanofiber mats and the wound 
exudates) were compatible. Based on the pvpi_blended 
approach outperforming the pvpi_soaked approach for all the 
evaluated parameters that were considered in this work, the 
blended approach presented itself as the best approach to 
employ for the efficient incorporation of functional materials 
such as drugs/medicine within the matrices of newly 
developed nanofiber mats. 

2. MATERIALS, ANALYTICAL INSTRUMENTS 
AND METHODS 

2.1 materials 

Polycaprolactone (PCL, Average Mn 80 kDa), 
Polyvinylpyrrolidone-iodine complex (pvpi), phosphate 
buffered saline (PBS), Chloroform (CFM, 99% purity), and N, 
N-dimethylformamide (DMF, 99.5% purity) were purchased 
from Sigma-Aldrich (Johannesburg, South Africa). All other 
chemicals employed were of reagent grade. 

2.2 Analytical Instruments employed for preparation and 
characterization of the electrospun PCL fiber mats 

Spraybase electrospinning platform employed was supplied 
by Avectas (Maynooth, Ireland). Evolution 201 UV-Vis 
spectrophotometer, Drying oven (TTM-J4) and a Nicolet iS10 
FTIR spectrophotometer employed, were all purchased from 
Thermo Fisher Scientific (Johannesburg, South Africa). A field 
emission scanning electron microscope (FE-SEM) JSM-7100F 
employed, was purchased from JEOL Ltd (Welwyn GardenCity, 
United Kingdom), Thermogravimetric analyzer (TGA/DSC 3+ 
star system) employed, was purchased from Mettler-Toledo 
(Columbus, OH, USA). 

2.3 Preparation of electrospun PCL fiber mats loaded with 
pvpi employing two loading approaches  

A modified electrospinning method 38 was employed in this 
work to produce electrospun PCL fiber mats under optimized 
electrospinning parameters of 10% spinnable polymer 
concentration, 11.58 kV voltage, 20 µl min-1 feeding rate and 
20 cm needle tip to collector distance. Two loading 
approaches (the pvpi_blended and the pvpi_soaked 
approaches) were independently employed to load a model 
pvpi therapeutic drug into the electrospun PCL fiber mats 
under the optimized electrospinning conditions. 

In the pvpi_blended approach, optimized quantities of PCL 
pellets were dissolved in 70:30 (v/v) CFM and DMF 10 ml 
mixture to prepare a 10% (w/v) PCL spinnable solution. 
Thereafter, optimized 5% (w/w) pvpi was added and the 
solution was stirred overnight at room temperature to 
produce a PCL_pvpi blended spinnable solution. The solution 
was then electrospun into what we referred to as the 
pvpi_blended approach PCL fiber mats that were formed on an 
aluminum foil collector. The pvpi_blended approach PCL fiber 
mats were dried in an oven at 40 °C, then stored in a 
desiccator overnight for further analysis.  

For the pvpi_soaked approach, the same preparatory steps 
and the optimized quantities as in the blending approach were 
employed to produce the PCL fiber mats except that the pvpi 
was not added. The PCL fiber mats were then soaked 
overnight in a pvpi solution that was separately prepared by 
dissolving 5% (w/w) pvpi in phosphate buffered saline (PBS) 
solution. The soaking approach resulted in what we referred 
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to as pvpi_soaked PCL fiber mats that were stored in a 
desiccator overnight for further analysis. 

2.4 Characterization 

2.4.1 Characterization of electrospun PCL fiber mats 
employing SEM 

A field emission scanning electron microscope (FESEM) was 
employed to evaluate the morphology of the electrospun PCL 
fiber mats and estimate the fiber diameters of the same mats. 
To perform this, round mat pieces of 5 mm radius which were 
cut from the electrospun PCL fiber mats were supported on 1 
cm tall sample holders, then sputter coated with gold and 
inserted into the system for acquisition of SEM images. 

2.4.2 Characterization of electrospun PCL fiber mats and 
pvpi employing FTIR 

To ascertain the presence of pvpi within the structure of the 
electrospun PCL fiber mats, FTIR spectra of electrospun PCL 
fiber mats were recorded by FTIR spectrometer in the 
wavenumber range of 650-4000 cm-1. The recorded FTIR 
spectra of the electrospun PCL fiber mats were compared to 
the spectra of pure pvpi through peak analysis. 

2.4.3 Characterization of the electrospun PCL fiber mats 
and pvpi employing TGA 

To qualify the formed electrospun PCL fiber mats as thermally 
stable under temperature-controlled conditions, TGA analysis 
was performed as follows; 5 mg of pvpi and electrospun PCL 
fiber mats with and without pvpi were placed in separate TGA 
sample holders then subjected to heat from 25 °C to 400 °C, at 
a rate of 10 °C min-1 under nitrogen gas stream within a 
monitored timed duration. TGA curves were obtained and 
compared to that of the pure pvpi. 

2.5 Loading capacities of the electrospun PCL fiber mats 
from the pvpi_blended and the pvpi_soaked approaches 

To evaluate the pvpi loading capacities of the fiber mats 
between the pvpi_blended and the pvpi_soaked approaches, 
UV-Visible spectrophotometer was employed to record the 
pvpi absorbances to obtain the actual pvpi quantities and 
encapsulation efficiencies which were used to compare the 
two approaches. 

For the pvpi_blended approach, 10 mg of the pvpi_blended 
PCL fiber mats were dissolved in 2 ml of 70:30 (v/v) mixture 
of CFM and DMF in reaction vials. The solutions were stirred 
for 15 min and their absorbances were measured in triplicates 
at an optimal λmax = 364 nm to determine the loaded pvpi 
quantities. These quantities were employed to calculate the 
pvpi loading capacities in percentages employing equation 1, 
and encapsulation efficiencies (EE%) employing equation 2. 
The values were then captured in a table. The same steps as 
described for the pvpi_blended approach were followed to 
obtain the pvpi loading capacities and encapsulation 
efficiencies for the pvpi_soaked approach. 

Eq 1 

𝑝𝑣𝑝𝑖 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 (%) =
𝑀𝑒𝑎𝑢𝑟𝑒𝑑 𝑝𝑣𝑝𝑖  𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑚𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 𝑚𝑎𝑡 (𝑚𝑔)
𝑥 100 

Eq 2 

𝐸𝐸 (%) =
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑝𝑣𝑝𝑖  𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑚𝑔)

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑣𝑝𝑖 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑚𝑔)
𝑥 100 

2.6 pvpi releasing behavior of the electrospun PCL fiber 
mats from the pvpi_blended and the pvpi_soaked 
approaches 

A UV-Visible spectrophotometer was employed in this 
experiment to record pvpi absorbances at 20 min time 

intervals to obtain cumulative pvpi quantities for the 
comparison of the pvpi releasing behavior between the two 
approaches. To assess the pvpi releasing behavior for the 
pvpi_blended approach, 10 mg of pvpi_blended PCL fiber mats 
were incubated at 37 °C in 5 ml PBS solution in reaction vials. 
At 20 min intervals, 2 ml portions were withdrawn from the 
incubated solution and subsequently replaced with an equal 
withdrawn volume of fresh PBS solution. The absorbances of 
the withdrawn solutions were recorded in triplicates at an 
optimal λmax = 364 nm. This was repeated until there was a 
constant trend in the recorded absorbances.  The absorbances 
were employed to calculate the quantities of pvpi released at 
each time interval. These quantities were then employed to 
determine the cumulative pvpi quantities in percentages via 
equation 3. The pvpi releasing behavior for the pvpi_soaked 
approach was attained in the same manner as it was described 
for the pvpi_blended approach and the corresponding 
comparative line plots of cumulative pvpi release (%) against 
release time, for the two approaches were constructed. A 50% 
cumulative pvpi release (%) or more by the prepared 
materials was described as good enough. The approach with 
the highest prolonged release was marked by a longer release 
time. The corresponding release times for a particular 
common cumulative pvpi release (%) of 50% or more, 
described as good enough, for both approaches were noted 
and compared. Materials that exhibit prolonged (longer times) 
for cumulative pvpi releases (%) of 50% or more are the 
preferred materials when it comes to wound care 
management. 

Eq 3 

𝑝𝑣𝑝𝑖 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 (%) =  
𝐶𝑢𝑚 𝑝𝑣𝑝𝑖 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑚𝑔)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑣𝑝𝑖 𝑙𝑜𝑎𝑑𝑒𝑑 (𝑚𝑔)
𝑥 100 

2.7 Contact angle measurements for wettability Studies on 
the electrospun PCL fiber mats 

The wettability of the pvpi_loaded PCL fiber mats that 
exhibited excellent performance on both the pvpi loading and 
releasing experiments was studied through contact angle 
measurements. Typically, 1 x 1 cm2 mats were cut and placed 
on glass slides on a flat surface. One drop of PBS solution was 
carefully placed on the mat surfaces. Absorption of PBS drop 
on the PCL fiber mat surfaces was monitored, with a snapshot 
image of the drop obtained once the drop was placed on the 
mat surfaces and another snapshot obtained after some time 
when almost all the drop was absorbed. This was performed 
in triplicates and the images were uploaded into the image J 
software which assisted in calculating the initial and final 
measured contact angles. The average initial and final 
measured contact angles were recorded. 

 2.8 Application of pvpi release data on Higuchi kinetic 
model 

Usually a drug diffusion mechanism based on Higuchi kinetic 
model39,40 is employed to study the cumulative invitro drug 
release of drug delivery systems involving water soluble 
drugs41,42,43. Since the pvpi used in this work is a water-soluble 
drug, the release data in this work was fitted to the Higuchi 
kinetic model (Eq 4) to understand the pvpi release kinetics 
and mechanisms from the electrospun PCL fiber mats. It must 
be noted that only the pvpi release data from the pvpi_loaded 
PCL fiber mats that exhibited best performance on both the 
pvpi loading and releasing experiments was the one whose 
data was evaluated. A plot corresponding to the pvpi release 
data against time was constructed based on the model 
equation 4 and corresponding correlation coefficient value 
(R2) was determined.  Only a linear plot with R2 value of at 
least 0.900 confirmed that the pvpi release data fitted the 
Higuchi kinetic model 
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Eq 4, Higuchi model  

Q = 𝐾𝐻  √𝑡 

 Where, Q is the cumulative quantity of pvpi released in time t, 
and KH is the Higuchi release constant. The cumulative pvpi 
percentage releases were plotted against square root of time 
in minutes. 

3 RESULTS AND DISCUSSION 

3.1 The Prepared pvpi_blended and pvpi_soaked 
approach PCL fiber mats 

Thin sheet-like-mats were obtained on the aluminum collector 
upon electrospinning. The sheet-like-mats were carefully 
harvested from the collector and stored for further analysis. 
From the pvpi_blended approach, the obtained sheet-like-mats 
were pale yellow. The pale-yellow color was homogeneous 
throughout the mat structure indicating the successful, 
uniform distribution of the loaded pvpi molecules throughout 
the surface structure of the obtained mats. 

As for the pvpi_soaked approach, white sheet-like-mats were 
obtained at first, which only turned pale yellow after soaking 
them in the pvpi solution for an optimized time. The color 
appeared like pale yellow stains on the surface of the soaked 
mats indicating an uneven distribution of the pvpi molecules 
within the structure of the obtained mats. 

3.2 Characterization results for the electrospun PCL fiber 
mats 

SEM images, FTIR spectra and TGA curves for the 
pvpi_blended and the pvpi_soaked PCL fiber mats obtained did 
not show any notable difference, hence only the 
characterization results of the pvpi_blended PCL fiber mats 
were reported. 

3.2.1 SEM images of the electrospun PCL fiber mats 

From the SEM image in figure 1, it was observed that 
randomly aligned long smooth fibers with no beads were 
formed. Employing the image J software, calculated fiber 
diameters from the SEM image gave an estimated average 
diameter of about 350 nm as per the fiber diameter 
distribution illustrated by the histogram in figure 2. The fiber 
magnitude of 350 nm confirmed that the obtained electrospun 
PCL fiber mats were in the nano scale, hence, were nanofibers. 

 

Figure 1 Scanning electron microscope image of 
pvpi_blended approach PCL fiber mats 

 

 

Figure 2 Estimated fiber diameter and distribution of the 
prepared pvpi_blended approach PCL fiber mats as 
calculated by the image J software from the SEM image in 
figure 1 

3.2.2 FTIR spectra of pure pvpi, pure PCL nanofiber mats 
and pvpi_blended approach PCL nanofiber mats 

From figure 3, it was observed that almost all the peaks found 
in the spectrum of the pvpi_blended approach PCL nanofiber 
mats were identifiable either in the spectrum of pure pvpi or 
pure PCL nanofiber mats or in the spectra of both as expected, 
since the pvpi_blended approach PCL nanofiber mats were 
formed by combining the two, pure PCL and the pure pvpi. Of 
particular interest is a notable peak at 1700 cm-1 present in 
the spectra of pure pvpi as well as that of pvpi_blended 
approach PCL nanofiber mats and not the pure PCL nanofiber 
mats. Thus, it was concluded that the 1700 cm-1 indicated the 
presence of pvpi since the peak appeared only in the material 
containing pvpi in their structure. The 1700 cm-1 peak could 
be attributed to the amide functional group found in 
pyrrolidone ring of pvpi 44. Other peaks of note were around 
1650 cm-1 and 2950 cm-1 and could be attributed to the 
presence of -C=O and -CH groups, respectively on all the 
materials: pure PCL nanofiber mats, pvpi_blended approach 
PCL nanofiber mats and pure pvpi. 

 

 

Figure 3 FTIR spectra of pure pvpi (a), pure PCL nanofiber 
mats (b) and pvpi_blended approach PCL nanofiber mats 
(c) 
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3.2.3 TGA curves of pure pvpi, pure PCL nanofiber mats 
and pvpi_blended approach PCL nanofiber mats 

From the results shown in figure 4, it was observed that the 
TGA curves (a and b) for the pure PCL nanofiber mats and the 
pvpi_blended approach PCL nanofiber mats showed no mass 
loss change within the temperature range from 25 °C to about 
300 °C, thus the materials were stable within the temperature 
range when compared to the TGA curve (c) of the pure pvpi 
that recorded a mass loss of about 15%, between 80 °C and 
100 °C which was attributed to the water moisture content 
loss by evaporation and boiling processes respectively at 
those temperatures from the highly hygroscopic pvpi. The 
pure PCL nanofiber mats and the pvpi_blended approach PCL 
nanofiber mats experienced a huge mass loss change of over 
80%, between 300 °C and 450 °C, as observed on the 
corresponding TGA curves on figure 4 (a) and (b) respectively. 
The loss was attributed to possible degradation and/or 
decomposition of the polymeric structure of the nanofiber 
mats into products such as carbon dioxide and volatile 
hexanoic acid as per literature 45 hence the two structures 
including the newly fabricated pvpi_blended approach PCL 
nanofiber mats were declared unstable at those temperatures, 
between 300 °C and 450 °C due to the mass loss. 

3.3 Comparison of the pvpi loading capacities between the 
pvpi_blended approach and the pvpi_soaked approach 
PCL nanofiber mats 

Initially, both the PCL nanofiber mats were subjected to a total 
of 5% (w/w) pvpi either through the pvpi_blended or the 
pvpi_soaked approach. From the results obtained, the 
pvpi_blended approach PCL nanofiber mats outclassed the 
pvpi_soaked approach PCL nanofiber mats as marked by pvpi 
actual loading capacity and encapsulation efficiency 
percentages of 4.85% out of 5.00% and 97.02%, respectively, 
which were higher than those of the pvpi_soaked approach 
PCL nanofiber mats with lower values at 3.06% out of 5.00% 
and 61.22% for pvpi actual loading capacity and encapsulation 
efficiency percentages, respectively, as displayed in table 1. 
The higher values obtained for the pvpi_blended approach PCL 
nanofiber mats were attributed to the polymer-drug 
interaction during blending  46 which allowed the pvpi 
molecules to be evenly distributed over the large surface area 
of  the nanosized fiber mats. On the other hand, the obtained 
lower values of pvpi loading capacity (3.06% out of 5.00%) 
and encapsulation efficiency (61.22%) for the pvpi_soaked 
approach PCL nanofiber mats were attributed to the uneven 
distribution of pvpi molecules within the structure of the PCL 
nanofiber mats as a result of the soaking approach that was 
employed.

 

 

Figure 4 TGA curves of pure pvpi (c), pure PCL nanofiber mats (a) and pvpi_blended approach PCL nanofiber mats(b) 

 

Table 1 Table showing pvpi loading capacities and encapsulation efficiencies for both the pvpi_blended and pvpi_soaked 
approach PCL nanofiber mats 

pvpi_loaded PCL nanofiber mats pvpi loading capacity (%) out of 5.00% pvpi encapsulation efficiency (%) 

pvpi_blended approach PCL nanofiber mats 4.85 ± 0.0056 97.02 ± 0.1063 

pvpi_soaked approach PCL nanofiber mats 3.06 ± 0.0036 61.22 ± 0.0993 
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3.4 Comparison of the pvpi releasing behavior between 
the pvpi_blended approach and the pvpi_soaked approach 
PCL nanofiber mats 

 

Figure 5 Pvpi release plots of the pvpi_blended (b) and 
pvpi_soaked approach PCL nanofiber mats (a) 

From the results in figure 5, both the pvpi_blended approach 
PCL nanofiber mats, figure 5 (b) and the pvpi_soaked 
approach PCL nanofiber mats, figure 5 (a) released over 50% 
of pvpi within a reasonable time, thus exhibiting an excellent 
pvpi releasing behavior that cannot be attained by the 
conventional wound bandages as they struggle for at least 
50% of the wound medicine that is usually smeared on them 
to be used up at the next bandage change over usually 
scheduled to next 3 to 5 days. Comparatively, the 
pvpi_blended approach PCL nanofiber mats attained a pvpi 
release of about 60% within a longer time of about 98 min 
compared to a short time of about 18 min taken by the 
pvpi_soaked approach PCL nanofiber mats to release the same 
comparable pvpi quantity as illustrated in figure 5. This 
showed that the pvpi_blended approach PCL nanofiber mats 
exhibited the prolonged release for the drug to be used up, 
marked by the relatively longer pvpi releases, thus making it 
suitable for applications where prolonged drug releases are 
needed such as in wound care management, an area under 
study in this article. On the other hand, the pvpi_soaked 
approach PCL nanofiber mats with short pvpi release times of 
about 18 min for 60% pvpi release showed that it could be 
applicable to instances where the medicine is needed swiftly. 
Even though, the soaked approach recorded relatively poor 
prolonged releases, from figure 5 (a) it achieved higher 
maximum cumulative releases of about 70% which meant that 
70% of the drug was accessible to be used up compared to 
about 60% of maximum cumulative releases by the blended 
approach, figure (b). 

3.5 Measured contact angles for wettability studies on the 
pvpi_blended approach PCL nanofiber mats 

From the contact angles results, the pvpi_blended approach 
PCL nanofiber mats initially displayed hydrophobic 
characteristics as marked by an initial average measured 
contact angle of 107° which changed almost after an hour to a 
final average measured contact angle of 89°. The change in 
contact angle from 107° to 89° was due to the presence of 
hydrophilic pvpi within the structure of the prepared PCL 
nanofiber mats, which altered the natural hydrophobicity of 
the PCL nanofiber mats, thus making the newly developed 
pvpi_blended approach PCL nanofiber mats slightly 
hydrophilic at 89°. From the literature, Razmshoar et al. 28 and 
Xia et al. 29 reported that pure PCL based nanofiber materials 
are naturally hydrophobic as per the contact angles measured 
at 97.86° and 112.98°, respectively. Generally, hydrophobic 
materials are characterized by contact angles above 90° 

whereas those showing hydrophilic behavior are 
characterized to have contact angles below 90° 47,36. Final 
measured contact angles of 90° and below are said to be 
hydrophilic and tend to favor wound exudates absorption 
35,36,37 The newly prepared nanofiber mats were found to have 
contact angles below 90°, (89°), thus hydrophilic (water 
loving) and as wound exudates are largely water based, the 
two ( the newly prepared nanofiber mats and the wound 
exudates) were compatible. 

3.6 pvpi release kinetics and mechanisms based on 
Higuchi model 

 

Figure 6 A linear plot representation of the pvpi release 
data fitted to the Higuchi kinetic model 

In figure 6, it was noted that the pvpi release kinetics for the 
pvpi_blended approach PCL nanofiber mats followed the 
Higuchi kinetic model in a linear fashion associated with a 
correlation coefficient (R2) value of 0.959. The linear plot in 
figure 6, together with the correlation coefficient (R2) value of 
more than 0.900, R2 = 0.959, confirmed that the diffusion 
mechanism of our pvpi release data by the pvpi blended 
approach nanofiber mats followed the Higuchi kinetic model. 
From literature, Monteiro et al. reported that the drug release 
kinetics based on the Higuchi model are described to be time-
dependent fickian diffusion. This means that the quantity of 
the drug released decreased with time of exposure to the 
dissolution medium 48. Moreover, Higuchi model supports the 
drug release kinetics that involve water soluble drugs  such as 
pvpi in our case, and insoluble drug delivery vehicles, such as 
PCL nanofibers in this work, that do not significantly swell up 
upon contact with the releasing medium. 

4. CONCLUSION 

In conclusion, we comparatively evaluated two approaches of 
incorporating pvpi into custom-made electrospun poly-Ɛ-
caprolactone (PCL) nanofiber mats with the potential to be 
applied as innovative medicated wound bandages. The two 
approaches that were employed were the pvpi_blended and 
the pvpi_soaked approaches which resulted in yellow coloured 
pvpi_blended approach PCL nanofiber mats and the 
pvpi_soaked approach PCL nanofiber mats, respectively. In 
comparison, the pvpi_blended approach PCL nanofiber mats 
significantly outperformed the pvpi_soaked approach PCL 
nanofiber mats when evaluating the results for both regarding 
pvpi loading capacity and the pvpi releasing behavior even 
though both mats showed similar, good, controlled releases of 
over 50% pvpi within a reasonable time. Furthermore, the 
pvpi_blended approach PCL nanofiber mats demonstrated a 
prolonged pvpi release as was marked by longer time periods 
taken to release 50% or more of the loaded pvpi compared to 
the pvpi_soaked approach PCL nanofiber mats which took a 
shorter time. The natural hydrophobicity of the PCL nanofiber 
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mats was also slightly altered by the presence of the 
hydrophilic pvpi within the structure of the prepared 
nanofiber mats, thus making the custom made pvpi loaded 
PCL nanofiber mats slightly hydrophilic and potentiating them 
as wound exudates absorbers. The custom-made PCL 
nanofiber mats were further found to possess excellent 
morphological attributes such as beadles, smooth and long 
nano-sized fibers as well as hydrophilic traits that supported 
their potential to function as wound exudates absorbers. 
Overall, the custom-made medicated electrospun nanofiber 
mats demonstrated remarkable qualities and emerged as 
promising alternatives that could replace the drug wasting 
conventional macro/micro structured cotton bandages in 
future. In our next work, we will employ the blended approach 
that outclassed the soaked approach in this article to fabricate 
uniformly medicated electrospun nanofiber mats that are 
dissolvable in wound exudates and would further improve 
drug delivery and efficacy whilst further reducing 
drug/medicine wastage when used as the next generation 
wound bandages. 
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