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Abstract— Tissue damage or disruption of tissue continuity is 
called as wound. Methicillin-resistant Staphylococcus aureus 
(MRSA) is a bacterial strain that can cause infection on the 
wounds, and especially control of the infections plays an important 
role in the wound healing process. Wound dressings are an 
alternative method that can be used to shorten wound healing 
time. At the same time, bacterial infection is tried to be prevented 
in the wound area by adding antibacterial materials to the contents 
of the dressing materials. Light applications of certain 
wavelengths are another method that shows antibacterial effect 
used in wound infection treatment. In this study, wound dressings 
were produced by electrospinning method using chitosan (CHT) 
and thermoplastic polyurethane (TPU) materials. Also, the 
synergistic antibacterial effects of wound dressings and 808 nm 
laser light were investigated on Methicillin-resistant 
Staphylococcus aureus (MRSA). It was observed that the wound 
dressings produced with TPU and CHT have antibacterial 
properties and the laser light at 808 nm of wavelength increases 
the antibacterial efficacy of the dressings. TPU and TPU-CHT 
wound dressings have a synergistic antibacterial effect when 
induced with 808 nm laser light. Thus, light induced nanofibers 
can be an efficient tool to improve the treatments of infected 
wounds. 
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I. INTRODUCTION  
The wound is the result of the disruption of epithelial tissue 

integrity of body organs which includes skin tissue by physical 
or chemical factors [1]. Many methods have been used in the 
treatment of wounds. One of these methods is wound dressings. 
Wound dressings prevent wound dehydration and preserve the 
viability of the tissue and the ability of cell proliferation. Thus, 
they accelerate angiogenesis and increase the effectiveness of 
growth factors that affect the wound healing process. The major 
advantages of dressings are that they reduce infection and pain. 
Since the wounds are affected by the conditions of the patient 
and the environment and each wound has different 
characteristics, the dressings should be chosen according to the 

type of wounds [2]. Many different materials were used in 
wound dressings. One of the materials used in wound dressings 
in recent years is chitosan because of its antioxidant, antiviral, 
antibacterial, and antifungal effects [3,4]. 

Laser treatment is another option used in medicine for almost 
40 years and many studies have been conducted to evaluate the 
effects of laser treatment on wound healing. [5]. Thus, laser 
application is a promising tool for its antibacterial properties [6] 
and its effect with nanofiber based wound dressings on wound 
healing. Capturing the synergetic effect of the laser application 
with the nanofiber dressings may speed up the wound healing 
process and minimize or even completely eliminate the wound 
infection. Therefore, the synergetic effect of laser application 
with nanofiber dressing can be advantageous in terms of 
providing more effective results. 

 In this study, it was aimed to produce a thermoplastic 
polyurethane and chitosan nanofiber wound dressing materials 
specifically to investigate for their antibacterial efficacy. To 
increase the antibacterial effectiveness of this nanofiber wound 
dressing material, the possible synergetic effect will be 
investigated with the application of 808 nm diode laser on 
nanofibers. The antibacterial effect of both nanofiber and 
together with laser application was investigated on methicillin-
resistant S. aureus. 

II. METHOD 

A. Preparation of the Nanofibers  
Two different types of nanofibers were produced with TPU 

and chitosan. The first type of nanofiber containing only TPU 
was prepared in 25% by weight DMF solution and it was 
produced with an electrospinning method with 1 ml/h flow rate, 
20 kV voltage, and 15 cm distance parameters. For the second 
type of nanofiber, the medium molecular weight chitosan was 
dissolved in HFIP at 0.4% wt. TPU/Chitosan was mixed with a 
weight ratio of 90/10% and it was produced with an 
electrospinning method with 1 ml/h flow rate, 20 kV voltage, 
and 15 cm distance parameters. 
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B. Characterization of the Nanofibers 
Morphological structures and average fiber diameter 
distributions of nanofibers was determined by scanning electron 
microscopy (SEM). The average fiber diameter was targeted to 
be between 500 and 750 nm. The water absorption behavior of 
the produced nanofibers was determined by contact angle 
measurement. The nanofibers produced were intended to be 
hydrophilic because the moisture level of the wound 
environment is very important for both wound healing time and 
infection formation. 

C. Bacterial Strain 
In this study, the gram-positive MRSA (Methicillin-resistant 

Staphylococcus aureus) strain was used. These bacteria were 
incubated at 37°C overnight in the tryptic soy broth and then 
centrifuged. The supernatant was removed and the bacterial 
pellet was dissolved in a phosphate-buffered salt solution (PBS) 
and its concentration was adjusted to 10! − 10"   CFU/ml. 
Afterwards, 100 µl bacterial solutions was added on nanofibers 
which had an area of 1 cm² in separate petri dishes.  

D. Optical Setup 
In this study, the 808-nm/2Wdiode laser system (Teknofil, 
Istanbul, Turkey) was used. Output power was 250 mW, spot 
size was 4.91 cm². The irradiations on nanofibers were 
performed at 25 J/cm². 

E. Determination of the Time Point for Light Application 
To determine the time, point for the light application after the 
addition of bacterial solution to the nanofibers, 25 J/cm2 energy 
dose was applied to the nanofibers at 0th, 4th, and 24th hours of 
incubation after the addition of 100 µl bacterial suspension to 
the nanofibers. Experimental groups are: Control Groups (100 
µl of the bacterial solution were incubated in three wells of 96 
well plates), Negative Control Groups (PBS was added on three 
nanofibers without any bacteria to check whether there is a 
contamination or not), Nanofibers Groups (Three nanofiber 
samples were placed in three different petri dishes and 100 µl 
of the bacterial solution were placed on each nanofiber to 
incubate them), Nanofiber+Laser Groups (Three nanofiber 
samples were placed in three different petri dishes and 100 µl 
of the bacterial solution were added on each nanofiber. The 
laser light was applied to these nanofibers after 0th, 4th, 24th 
hours of incubation).Then these nanofibers were transferred 
into test tubes that contained PBS solution. This solution was 
mixed with the nanofiber to enable the bacteria pass from the 
nanofiber to the solution. After mixing it vigorously, serial 
dilution method was used to determine the viable cell count.  

F. Antibacterial Effects of Nanofibers and Light Application 
To evaluate the bactericidal activity of the nanofibers alone and 
the nanofibers induced with 808-nm of wavelength at 25 J/cm2, 
6different experimental groups were formed. These are;(1) 
Positive Control Group (100 µl of the bacterial solution were 
incubated in 96-well plates), (2) Negative Control Group (PBS 
was added on a nanofiber without any bacteria to check whether 
there is a contamination or not), (3) Laser Group (100 µl of the 
bacterial solution were incubated in 96 well plates and laser was 

applied on it), (4) TPU Nanofiber Group (Three 100% TPU 
nanofiber samples were placed in separate petri dishes and 100 
µl of the bacterial solution were placed on each nanofiber to 
incubate them), (5) TPU+10%CHT Nanofiber Group (Three 
90% TPU+10% CHT Nanofiber samples were placed in 
separate petri dishes and 100 µl of the bacterial solution were 
placed on each nanofiber to incubate them), (6) 
Nanofiber+Laser Group (Each type of nanofiber samples were 
placed in separate petri dishes and 100 µl of the bacterial 
solution were added on each nanofiber. The laser light was 
applied to these nanofibers after 4 hours of incubation). After 
each application, serial dilution method was used for colony 
counting. Samples in Control and Laser groups was used 
directly for serial dilution. The nanofiber samples in other 
groups were transferred into a test tube at first to allow bacteria 
pass into PBS solution. Final serial dilution method was applied 
to determine viable cell count. 

G. Temperature Measurement during Laser Applications on 
the Nanofibers 

To determine the possible thermal effect of 808-nm diode laser 
on the nanofiber, the temperature changes on 100% TPU and 
90% TPU+10% CHT nanofibers was measured by a thermal 
camera system (Testo 882, Melrose, USA) during light 
application at 25 J/cm2. 

III. RESULTS 

A. Characterization of the Nanofibers 
SEM analysis of the nanofibers revealed that fibers were 
distributed uniformly during electrospinning. The fiber 
diameter of 100% TPU nanofiber ranged from 450 nm to 820 
nm. The fiber diameter of 90% TPU+10% CHT nanofiber 
ranged from 240 nm to 730 nm (Fig. 1). 
 

 
Fig.1. SEM images of the nanofibers A) 100% TPU B) 90%+10% CHT. Scale 

bar represents 2 µm. 
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TABLE I.WATER CONTACT ANGLE ANALYSIS OF 100% TPU AND 
90% TPU+10% CHT NANOFIBER. 

 
Water contact analysis for both nanofibers was shown in Table 
1. Laser application on 100% TPU did not significantly change 
the water contact angle of this nanofiber. The addition of 
chitosan significantly altered water contact angle of TPU. 
However, laser application on 90% TPU+10% CHT increased 
it making the nanofiber more hydrophobic again. 
 

B. Determination of the Time Point for Light Application 
To determine the time point for the light applications after the 
addition of bacterial solution to the nanofibers, light was 
applied to them at 0th, 4th, and 24th hours of incubation. As it is 
shown in Fig. 2, the laser application reduced cell viability 
mostly when applied at the 4th hours of incubation. At this time 
point, approximately85% reduction was obtained. Thus, the 
time point for light application on nanofibers was determined 
as 4th hour for the experiments which were designed to evaluate 
the synergistic effect between light and the nanofibers. 
 

C. Antibacterial Effects of Nanofibers and Light Application 
To investigate the synergistic effect of the 808 nm laser light 
and the two types of nanofiber, 25 J/cm2energy dose was used 
at 4th hours of bacterial incubation on nanofibers. As it is seen 
in Fig. 3, laser application did not cause any significant cell 
death.100% TPU nanofiber group shows more antibacterial 
effect compared to90%TPU+10% CHT nanofiber. However,  

 
Fig.2. Antibacterial effect of 100% TPU after laser light applications 

performed at 0th, 4th, and 24th hours of incubation with bacterial suspension. 
 

Fig. 3. Comparison of the antibacterial effect of Control, only Laser, 
100%TPU, 100%TPU+Laser, 90%TPU+10% CHT, 90%TPU+10% 

CHT+Laser groups. This graph shows the decrease in bacterial cell viability 
on MRSA after specific applications. 

laser application increased the antibacterial efficacy of the 
nanofibers. 100%TPU+Laser group had most antibacterial 
effect which resulted in more than 99% bacterial cell death as 
shown in Table 1. 
 

D. Temperature Measurement during Laser Applications on 
the Nanofibers 

Before starting the application on the nanofibers, initial 
temperature was measured as 29.9°C for 100% TPU, 29.7°C for 
90% TPU+10%CHT nanofibers. Laser was applied for 491 
seconds to obtain an energy density of 25 J/cm2. At the end of 
the laser application, the maximum temperature measured was 
31.4°C for 100% TPU, 31.2°C for 90% TPU+10%CHT 
nanofibers. Thus, it can be concluded that 25 J/cm2 energy 
density only caused a change of 1.5°C which can be considered 
as ineffective to result in an unwanted changes in the structure 
of the nanofibers. 

 

TABLE II.    PERCENTAGE CHANGES IN BACTERIAL CELL 
VIABILITY IN THE NANOFIBER AND LASER GROUPS. 

 
 

IV. DISCUSSION 
The overall aim of this study was to produce an antibacterial 
nanofiber wound dressing for infected wounds and increase the 
antibacterial effect of the wound dressing with light application 

 Contact Angles (°)  
100% TPU 125.659°  
100% TPU+Laser 127.673°  
90% TPU+10% CHT 118.536°  
90% TPU+10% CHT +Laser 123.098°  
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at 808-nm of wavelength. Chitosan was specifically used in the 
structure of the nanofiber for its most important biological 
feature which is antibacterial [3,7]. The supporting material for 
the chitosan was Thermoplastic Polyurethane (TPU) in this 
study. TPU is an important polymer in terms of its strength. It 
is also resistant to microorganisms and abrasion. Thus, it is a 
polymer that is used very frequently in electrospinning for the 
production of nanofibers [7,8]. Thermoplastic polyurethanes 
are versatile polymers used in various engineering and medical 
areas. 
The diameters and morphologies of the produced nanofibers 
were determined by SEM analysis. Electrospinning parameters 
change the morphology of nanofibers. Nanofibers that have 
different morphology can produce different results when 
evaluated from an antibacterial perspective. In addition, when 
nanofibers with different morphology were induced with 808 
nm, they provide different antibacterial effects. The addition of 
chitosan decreased the water contact angle making the 
polyurethane more hydrophilic which is critical for the 
biomedical applications. The effect of laser on the water contact 
angle has been very minute just 2 degrees difference making it 
more hydrophobic. The effect of chitosan on hydrophilicity was 
prominent for the polyurethane. This is one of the few studies 
in literature investigating the TPU-Chitosan blends in nanofiber 
form and we believe that the results form new data for the 
biomedical world. 
When 100% TPU nanofiber was tested on bacteria, 98% 
decrease was observed in bacterial cell viability. This result 
supported the resistance of TPU material to microorganisms. 
Then, an 808 nm of wavelength was applied to this nanofiber at 
25 J/cm2 to determine the time point for light applications. 4th 
hours of incubation were determined as an efficient time point 
to allow adequate interaction of the nanofiber with the bacteria 
and not to allow proliferation of them to increase their colony 
number. Then, the synergistic action of the laser light and 100% 
TPU was evaluated and it was observed that light-induced 
nanofiber had an extra reduction in bacterial viability with a 
decrease more than 99%.  
In the second type of the nanofiber, 10% chitosan was used to 
improve the antibacterial effect of the nanofiber. As expected, 
90% TPU+10% CHT nanofiber showed more antibacterial 
effect than the effect of 100% TPU nanofiber. However the 
difference between them was quite low which cannot be 
considered as a significant difference. An interesting result was 
obtained after the light application on this nanofiber. It only 
caused a decrease around 95% which was lower than the 
bacterial cell death obtained only 100% TPU, only 90% 
TPU+10% CHT and 100% TPU+Laser application. Thus, it 
was understood that it would be better to increase the ratio of 
the chitosan to obtain its specific antibacterial effect and 
increase the interaction capacity with 808-nm of wavelength. 
808-nm of wavelength has the capacity to promote significant 
temperature increases during applications. High temperature 
increase may result in structural changes in the nanofibers 
which may not be a favorable situation to exert their 
antibacterial effect. Thus, a thermal camera system was used to 
evaluate temperature changes on the nanofibers during light 

applications. It was clearly seen that the temperature increase 
was too low, thus it cannot induce any unfavorable structural 
changes in the nanofibers and was a safe energy dose to be used 
on nanofibers. 
As a conclusion, when 100% TPU nanofiber were induced with 
light application at 808-nm of wavelength, they showed a 
synergistic action which resulted in more bacterial cell death. 
However, the addition of chitosan altered this synergistic effect 
and the outcome was not as successful as the outcome which 
was obtained with the 100% TPU nanofiber. As a future study, 
the ratio of the chitosan can be changed to increase its 
antibacterial effect. Light dose can also be increased to obtain 
efficient interaction between the chitosan and the laser light. 
In clinical practice, there is a possible risk that the laser light 
may not reach the wound surface which is covered with the 
wound dressing because of their certain thickness. One of the 
reason that we chose 808-nm of wavelength to induce nanofiber 
is that their ability to penetrate until 6 mm tissue depth [6]. 
Besides, this study should also be supported by in vivo 
experiments, too. 
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