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Abstract— Wounds can be vital dangerous for a patient’s life, 
so wound healing is one of the essential topics. Tissue engineers 

have investigated tissue scaffolds for wound healing. Scaffolding 

materials can be natural or synthetic, and the researchers use 

polycaprolactone (PCL) and zinc oxide (ZnO) nanoparticles to 

improve wound healing and minimize the infection risk. Cold 

atmospheric plasma (CAP) is a new area. CAP is used in many 

areas such as cancer treatment; besides, it is the more crucial 

properties to avoid the bacteria formation and provide healing the 

many different types of wound tissues. In this sense, plasma is of 

great importance in protecting life in all kinds of materials that 

will be placed inside the living thing. In this study, PCL were used 

in different amounts of ZnO-NPs; 5%, 10%, and 15% of total 

weight. Then, scaffolds were obtained using the electrospinning 

technique. CAP applied on the obtained scaffolds in different 

exposure times; 15 sec., 25sec., and 35sec. After CAP treatment; 

contact angle measurement and antibacterial test were made. Test 

results show that, depending on the CAP exposure time, the 

contact angle decreases, but the antibacterial effect increases.  
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I. INTRODUCTION 

Tissue engineering aims to produce healthy living tissue-

like, organ-like structures. Thus, tissue engineering is interested 

in specific titles that are related to tissue or organ. Tissue 

engineering application areas have continued more exciting and 

arouse curiosity area since the few decades. Tissue 

engineering’s one of the essential working areas is produce 

scaffold. The scaffold is a biodegradable material and produces 

using biomaterials. [1]. Scaffolds are mimic extracellular 

matrix (ECM) so support normal tissue functions. Scaffolds 

should have biodegradable, biocompatible, and also should 

have mechanical behavior. Due to biomaterial, their mechanical 

properties are changed [1]. 

In this study, polycaprolactone (PCL) was used. PCL is a 

kind of polymer and frequently used polymer in research due to 

its biodegradable, biocompatible, mechanical properties, and its 

ability to combine other polymers and materials without any 

side effects. For these reasons, it was also used in this study [2].  

Another material is zinc oxide nanoparticles (ZnO-NPs). 

ZnO-NPs have an antibacterial effect on one’s own [3]. ZnO-

NPs are also supported tissue regeneration, drug delivery 

function, selectivity for specific cell lines [4]. Other advantages 

of ZnO-NPs have multifunctional properties, low cost, great 

versatility. 

There are several methods for producing scaffolds such as 

3D printing, gas foaming. The electrospinning method was 

chosen in this study [5]. PCL and ZnO-NPs were used in this 

study to produce scaffold using the electrospinning technique 

due to the use of wound healing and wound healing occurs 4 

phases; homeostasis, inflammation, proliferation, and 

remodeling phases [6] . 

Plasma is the fourth matter of the state. Plasma is generally 

examining two subtitles; thermal and non-thermal plasma. 

Thermal plasma is known as hot plasma due to the temperature 

of electrons, and massive particles are nearly the same in that 

type. However, the temperature of electrons and massive 

particles have a significant difference in non-thermal type. This 

type of plasma is also called cold plasma (CAP). CAP use in 

the medical area for different purposes. It has a healing effect 

when it applies directly to tissue. It also has enhanced and 

proliferate cell proliferation and growth; another substantial 

effect provided antibacterial effect [7]. CAP devices separated 

three types; direct, indirect and hybrid plasma devices. As its 

name implies, direct plasma devices apply plasma directly. This 

means that its production and application carried out in the same 

area. The indirect one is producing plasma inside of the device 

and apply related fields. A hybrid plasma device combines 

direct and indirect plasma devices [7]. Direct plasma 

applications more preferred than indirect plasma applications 

because of direct plasma more controllable and have more 
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plasma concentration, especially dielectric barrier discharges 

(DBD). 

Radic et al.  used DBD plasma on the polypropylene with 

deposited gold nanoparticles. They applied DBD at different 

times and showed a time-dependent antibacterial effect. It has 

also observed that the antibacterial effect increases as the time 

of exposure to plasma increases. The antibacterial test results 

obtained using Escherichia coli (E.coli) and Staphylococcus 

aureus (S.aureus) bacteria and plasma in different 

continuations are shown. The results of this test concluded that 

if plasma application time increase, antibacterial effect is also 

increase. Thus, plasma application time and antibacterial effect 

has direct proportion  [8].  

Arık et al. used poly (vinyl alcohol) (PVA) and poly (acrylic 

acid) (PAA) and obtained scaffolding. They used the 

electrospinning technique to get scaffolding. Before this 

process, they added spine deionized water (DIW). In this study, 

there are two different spin parameters; one of them is fixed, 

also called random, and the other is rotation, called aligned. 

Besides, they divided these different spin methods into two 

distinct sub-categories; DIW treated with cold atmospheric 

plasma at different times (1 min, 3 min, and 5 min) and DIW 

only. In this study, various analyzes have been carried out, 

especially the surface contact angle and antibacterial. As a 

result of these tests, it varied according to the increase in plasma 

time. While fiber diameter tended to decrease with plasma time, 

the opposite results were obtained in antibacterial tests. And 

while it was observed in these tests that being random or aligned 

did not affect the outcome, they observed the optimal reduction 

in surface contact angle with 3 min CAP treatment, and these 

results were affected by being random or aligned. 

This study aims to produce more antibacterial tissue 

scaffolds with CAP application, known to have antibacterial 

properties on the tissue scaffold known to have antibacterial 

properties. Studies have also made the use of ZnO in high 

amounts adds negative properties to the structure of PCL, and 

in this case, although the use of ZnO in low amounts is more 

effective in many aspects, its effect as an antibacterial property 

is decreased. In this sense, it is aimed to eliminate this 

disadvantage with the support of the CAP application. 

II. MATERIAL AND METHOD 

A. Synthesis of ZnO-NPs 

As a result of the optimization process, the method is 

followed; 12.6 grams of zinc acetate dihydrate is mixed in 400 

mL and 50 °C of pure water. This mixing process is continued 

until it reaches the desired homogeneity. Once fully dissolved, 

600 ml of high-quality (99.9%) ethanol and 6 ml of hydrogen 

peroxide are added. The resulting mixture is kept in the 

magnetic stirrer for one night. After achieving the desired 

result, it is washed two times with pure water with the help of 

centrifuges (The centrifugal parameters during this process is 

500 rpm and 4 °C). It was kept at 4°C ethanol until it is used. 

B. Obtaining of ZnO-PCL Scaffold 

Chloroform and DMF used for dissolving PCL prepared in 

specific proportions. The proportions to be ready chloroform / 

DMF (3:1). A certain amount of this solvent that has been 

prepared reserved for dissolving ZnO. Then, according to the 

total weight, 5%, 10%, 15% of this weight, respectively, are 

added to the ZnO NPs. The amount of PCL adjusted depending 

on the amount of ZnO to be added. Prepared chloroform; PCL 

added to the DMF solvent as a priority, and magnetic stirrer 

mixed until a homogeneous mixture is obtained. After the 

homogeneous mixture is obtained, the centrifugation process 

taken by taking the relevant ratio with the help of pipette to 

remove the ethanol in the ZnO-NP, which is already prepared 

and in stock, and putting it into eppendorf tubes. The ethanol 

has remained on the ZnO NP without any damage after 

centrifugation removed. The previously reserved chloroform: 

DMF solution added to the PCL solution after the sonication 

process nanoparticle in the precipitated state dissolved by 

subjecting it to the magnetic stirrer. The magnetic stirrer also is 

kept until the homogeneous mixture is obtained. After the 

homogeneous mixture is obtained, it discharged into the syringe 

for electrospinning. The parameters of the electrospinning 

process to be performed are 20 cm collector syringe distance 

with 20 kV power. During this process, a 16-Gaussian needle 

tip was used. For the electrospinning process, the collector is 

covered with aluminum foil with 18x18 cm lamellae affixed. 

C. CAP Application 

Some effects of plasma on scaffold were analyzed after CAP 

administration. DBD-CAP is applied 15, 25 and 35 seconds at 

2.5 kHz, 15kV and electrodes’ distance is possible close. 

 

 

 

 

 

 

 

 

D. Contact Angle Measurement 

For surface contact angle measurement, a minimum of 3 

repetitions analyzed for each tissue scaffold using the Image J 

program. In this study, the surface contact angle was calculated 

with the Image J program. For this process to take place, DIW 

is dropped (approximately 4 µl) onto the untreated and plasma-

applied tissue scaffolds. During this process, a photograph of 

the droplet taken with the help of the camera. The program 

analyzes the droplet, and the contact angle results 

adjusted using parameters included in the program [9], [10].  

Figure 1. CAP application 
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E. Efficacy of Antibacterial Testing 

In this test, E.coli (ATCC-25922) and S.aureus (ATCC-

25929) were used. These microorganisms incubated for 18~24 

hours by taking 10 mL of tryptic soy broth (TSB) from frozen 

stock cultures. At the end of this incubation process, to get rid 

of the effect of glycerol in the cryopreservation media medium, 

1 mL microorganism suspension added to 9 mL fresh TSB 

media and incubated for another 18~24 hours. Then the bacteria 

brought to microorganism concentration according to 

McFarland standard by using UV/VIS device was delivered to 

concentration by serial dilution process. Furthermore, planted 

on synthesized tissue scaffolds and incubated for a specific time 

and then planted in petri dishes prepared with tryptic soy agar 

(TSA) with the help of L-baguettes. After incubation for 18~24 

hours, Colony Forming Unit (CFU) was counted, and the results 

compared. As a control group, untreated tissue scaffolds and 

samples containing only bacterial suspension was used. 

III. RESULTS 

A. Contact Angle Measurement 

The contact angle was calculated using the image J program. 

The results obtained were transferred and interpreted as a chart 

of the column with the help of excel program. 

 

 

 

Figure 2. Results of contact angle with depending on days. a) day 

0, b) day 1, c) day 2, d) day 3. 

The surface contact angles obtained in Figure 2 are plotted 

depending on the days. The results obtained were observed to 

us on the 0th day, that is, on the day the CAP application was 

performed, the surface contact angle decreased to 0 in all groups 

except for the control group that did not receive CAP 

application. On the days after CAP application, there is a 

change in the surface contact angles, as seen in Figure 2 and as 

opposed to plasma as expected.  

B. Efficacy of Antibacterial Testing 

The results obtained were transferred and interpreted as a 
chart of the column with the help of excel program. 
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Since the expected effect was not observed in 35 seconds 
application, 60 seconds application was started. 

 

Figure 4. Results of 60 sec. CAP application a) S.aureus, b) 
E.coli. 

As a result of the tests, 60 seconds of CAP application gives 
more antibacterial properties than 35 seconds of CAP 
application. 

IV. CONCLUSION 

As a result of examinations of tissue scaffolds obtained at 

different ZnO rates, it was observed that the surface contact 

angle decreased to 0 on the day of plasma application, and then 

returned to the hydrophobic state at the beginning due to a 

decrease in the effectiveness of plasma. Besides, the existence 

of a relationship between the amount of ZnO and the increase-

decrease of the surface contact angle cannot be definitively 

mentioned. For this purpose, more detailed analyses should be 

carried out, and the homogeneous distribution of ZnO and fiber 

density should be looked at.  

Another analysis, the antibacterial test, is that 35 seconds, 

especially 60 seconds of the application, were performed, 

depending on whether it was not enough for S.aureus. As a 

result of this application, the expected antibacterial effect was 

observed. 

As shown in this study, the desired antibacterial effect was 

achieved with CAP treatment, even if low levels of ZnO were 

used. As the future application; as a result of promising results 

in both surface contact angle results and antibacterial test results 

of the tissue scaffold containing 5% ZnO, as an advanced 

application, this tissue scaffold is focused on mechanical testing 

and so on. It is aimed to contribute to future applications by 

supporting tests. 
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Figure 3. Result of 35 sec. CAP application a) S.aureus,     b) E.coli. 
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