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Objective: The study aimed at obtaining and characterizing levofloxacin-loaded, poly(ε-caprolactone) electrospun nanofiber formulations to 
be used as antibacterial wound dressings. Methods: Drug-loaded nanofibers were obtained by the electrospinning process and their mor-
phology was determined using scanning electron microscopy. Structural analysis of the prepared nanofibers was carried out using differential 
scanning calorimetry and dissolution testing was performed in order to determine drug release. Results: Both nanofiberous formulations 
(containing 20 % and 50 % w/w levofloxacin) showed dimensions in the range of few hundred nanometers. Thermograms indicated that 
the formulation containing 20% levofloxacin was totally amorphized, showing a rapid release of the active, in 20 minutes. Conclusions: The 
poly(ε-caprolactone)-based electrospun nanofibers, containing levofloxacin presented suitable characteristics for obtaining potential antibac-
terial wound dressings.
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Introduction
Wound dressings can play a major role in the healing 
process by ensuring a mechanical protection (to prevent 
secondary infection) and adequate conditions for wound 
healing. Ideally, wound dressing need to provide a moist 
environment while absorbing the excessive wound exu-
dates, ensure adequate oxygen supply by allowing gaseous 
exchange and confer low bacterial exposure by incorporat-
ing a broad-spectrum antimicrobial agent [1]. They should 
also be non-traumatic and should not adhere to the wound, 
thus at dressing change they will not damage granulating 
tissue. It is claimed that also the immediate care of skin 
wounds is important for prevention of microbial infection 
and trans-epidermal water loss [2]. While the passive dress-
ings fulfil very few of the properties of an ideal dressing 
and have very limited use as primary dressings, the novel 
interactive dressings may stimulate activity in the healing 
cascade and speed up the healing process [3].

Nanofibrous meshes prepared from polymeric materi-
als are interesting alternatives to currently available wound 
treatments. Being characterized by ultra-fine, fibrous struc-
ture, high-surface area and nanoporosity, these meshes are 
excellent contenders for wound-healing applications [4]. 
Electrospinning is a simple and widely used technique 
to produce fibers with diameters in the range of several 
micrometers down to the few hundreds few hundreds of 
nanometer range from either polymer solutions or melts 
[4,5]. In the last decade much attention has been devoted 
to this technique, not only for the wide range of fiber-
forming polymers that can be used, but also because it can 

consistently produce fibers in the submicron size range 
and active agents can be easily integrated. The fibers have 
smaller pore size and higher specific surface area than the 
ones produced with conventional methods and have been 
successfully applied in different fields, such as filtration, 
protective clothing manufacture, nanocatalysis, optical 
electronics and biomedicine [6–8]. 

Drug delivery systems based on nanofibers are able to 
improve therapeutic efficacy, bioavailability, reduce toxic-
ity, and enhance patient compliance by delivering drugs at 
a controlled rate over a period of time to the site of action 
[9].

The obtained electrospun nanofibrous scaffolds can 
be used as a carrier for both hydrophilic and hydropho-
bic agents, where the drug release can be finetuned by 
the composition, morphology of the scaffolds and poros-
ity. In the field of wound dressings and tissue engineer-
ing different active agents were successfully incorporated 
in electrospun scaffolds based on biocompatible polymers 
such as poly(ethylene-co-vinyl alcohol), collagen, polyure-
thane, poly(vinyl-alcohol), collagen-poly(ethylene-oxid), 
poly(lactic-co-glycolic acid)(PLGA), polylactic-acid(PLA) 
and gelatine [4,10,11]. 

Studies also suggest that polymer matrices may have 
broad applicability in controlled release technology ow-
ing to the simplicity of the electrospinning process and the 
wide variety of suitable polymer materials[12–14]. 

These nanofibrous materials should be durable, stress 
resistant, flexible and elastic in order to be employed as 
wound dressings. They also should be easy to apply and 
remove without incurring any trauma during dressing 
change. Poly(ε-caprolactone) (PCL) based nanofibrous 
mats fulfil the abovementioned requirements and were 
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successfully applied as wound dressing in numerous stud-
ies, showing similar or superior efficacy, when compared to 
standard therapy [15–17]. 

The model drug chosen for this research was levofloxa-
cin, which is a water-soluble fluoroquinolone-type antibac-
terial agent, with broad-spectrum antimicrobial spectrum 
and enhanced efficacy against Gram-positive and atypical 
pathogens [18]. Levofloxacin is especially important be-
cause of its activity on strains that are resistant to other, 
widely applied antimicrobial agents. This additional activ-
ity is especially useful for developing novel wound dress-
ings for severe bacterial infections of the skin [19].

The aim of the present study was to obtain and charac-
terize levofloxacin-loaded nanofibrous matrices from PCL 
prepared by electrospinning. The drug release profiles, mor-
phology and thermal properties of the scaffolds are present-
ed herein. Results enable us to understand the effects of the 
applied polymer and active substance concentrations on the 
properties of potential wound dressing materials.

Materials and Methods

Materials
The model drug, Levofloxacin (Figure 1) was provided by 
Richter Gedeon Plc. (Budapest, Hungary).

Poly(ε-caprolactone) (PCL, 50 kDa, Figure 1), ethanol, 
dichloromethane, sodium hydroxide (NaOH) and phos-
phate buffer solution (1M, pH 7.4) were purchased from 
Sigma-Aldrich.

Preparation of PCL dispersions with levofloxacin
As a first step, five different formulations were prepared in 
order to select a homogeneous PCL dispersion. The exact 

compositions of dispersions and their aspects are presented 
in Table I.

As only formulation F5 resulted in a homogenous com-
position, only this composition was further used for incor-
porating levofloxacin. The active substance was dissolved 
in this formulation, obtaining final concentrations of 20% 
and 50%, respectively. All active substance-related procen-
tual concentrations indicated in the present study are ex-
pressed as weight per weight (w/w %).  

Electrospinning process
The abovementioned formulations (F5 containing 20% 
and 50% levofloxacin) were loaded into a 10 mL syringe, 
which was connected through a 30 cm long silicone tube 
to a 0.8 mm internal diameter spinneret at the end. The 
constant flow of the polymeric solution was provided by 
a SEP 10S Plus automatic syringe pump (Aitecs, Lithu-
ania). The electrostatic spinner was equipped with a NT-
35 adjustable high-voltage DC power supply (MA2000, 
Unitronik, Hungary). A vertically-positioned, grounded 
collector, covered with aluminium foil was positioned at a 
distance of 30 cm from the spinneret. The flow rate was set 
at 10 ml/h, while the applied voltage was 35 kV.

Scanning electron microscopy (SEM)
Morphology of the samples was investigated by a JEOL 
6380LVa (JEOL, Tokyo, Japan) type scanning electron 
microscope. Each specimen was fixed by conductive dou-
ble sided carbon adhesive tape and sputtered by gold 
(using JEOL 1200 instrument) in order to avoid elec-
trostatic charging. The diameters of the fibers were deter-
mined with the aid of the software provided by the SEM 
analyzer.

Table I. Compositions of different PCL dispersions

Components F1 F2 F3 F4 F5

PLC (g) 1.00 2.00 3.00 1.00 0.60

Ethanol (ml) 8 8 8 8 4

Dichloromethane (ml) - - - 8 4

Aspects Inhomogeneous Inhomogeneous Inhomogeneous Gelling Homogenous

Fig. 1. Chemical structure of (A) levofloxacin and (B) PCL
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Differential Scanning Calorimetry (DSC)
The DSC studies were performed on a Perkin Elmer DSC 
7 type device using nitrogen as carrier gas. The weight of 
the samples varied between 10 and 20 mg. The tempera-
ture was raised from -5°C to 300°C with a rate of 10°C/
min.

In vitro drug dissolution measurement
The dissolution studies were performed by a Pharmatest 
IDS 1000 dissolution apparatus equipped with rotating 
paddles (Pharmatest, Germany). Electrospun samples con-
taining 20% and 50% active were placed in the dissolution 
vessel filled with 900 ml phosphate buffer solutions with 
pH=7.4 maintained at 37±0.5°C and stirred at 50 rpm. At 
the predetermined timepoints, 5 mL samples were with-
drawn and analyzed using a Hewlett-Packard HP 8452A 
UV-VIS spectrophotometer (Palo Alto,USA) at 288 nm. 
Concentrations were calculated based on a calibration 
curve (the polymer matrices had no detectable absorbance 
at this wavelength).

Results and Discussion

Morphology of the electrospun fibers
After preliminary optimization of the solution composi-
tions, the morphology of the produced fibers were exam-
ined and compared. Figure 2 represents the SEM images of 
the PCL fibers without active substance and that of 20% 
and 50% drug-loaded fibers. In all cases, the obtained fi-
bers presented diameters in the micrometer to few hund-
reds of nanometer range, suitable for their intended use.

Differential Scanning Calorimetry (DSC) measure-
ments

DSC curves preseted in Figure 3 confirm the crystalline-
amorphous transition of levofloxacin through fiber forma-
tion. The thermogram of levofloxacin presents a sharp 
melting endotherm at 235 oC, while the DSC curves of 
the nanofibrous material show an endothermic peak at 62 
oC, characteristic for PCL melting [20]. The sharp endo-
therm of melting disappears from the thermograms of 20 
% drug-loaded nanofibers, while it is greatly reduced and 

shifted towards lower temperatures at 50 % levofloxacin 
content. One possible explanation of the abovementioned 
phenomenon is the amorphisation of the active substance 
during the electrospinning process. 

Dissolution tests of the levofloxacin nanofibers
Figure 4 represents the drug release profiles of nanofibers 
with 20% and 50% levofloxacin carried out in phosphate 
buffer pH 7.4. 

It can be observed that levofloxacin is totally released 
from the polymer matrix within 20 minutes and 4 min-
utes from the 20 % and 50 % levofloxacin-loaded nanofib-
ers, respectively. At the end of the dissolution test, after 
the release of the active the PCL matrix remained visually 
unchanged, indicating that it could be a suitable wound 
dressing, which releases its active content, but does not 
deteriorate when comes into contact with liquids or body 
fluids.

Conclusions
This study showed that PCL can be a promising matrix 
for the preparation of antimicrobial wound dressing. Due 

Fig. 2. SEM photographs of the prepared nanofibers using different magnifications: Nanofibers without active substance (PCL), 20 % 
levofloxacin-loaded nanofibers (Levo 20%) and 50 % levofloxacin-loaded nanofibers (Levo 50%)

Fig. 3. DSC thermograms of levofloxacin (Levo, upper trace, blue), 
50 % levofloxacin-loaded nanofibers (Levo 50%, middle trace, 
gray) and 20 % levofloxacin-loaded nanofibers (Levo 20%, lower 
trace, orange).
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to its stable and elastic structure, the polymer can be suit-
able for topical application of the manufactured dressings 
as it fully releases the active and does not degrade when 
it comes into contact with body fluids. DSC studies con-
firmed the crystalline-amorphous transition of the active 
substance during the electrospinning process. The formu-
lated nanofibrous mats may be expected to deliver an at-
tacking dose of levofloxacin, which could be very useful 
after surgery or in cases of severe topical infections.
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