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The Effect of Zinc Oxide Nanoparticles in 
Antibacterial Photothermal Therapy against MRSA 

 
 

Beyzanur ERK_1, Öykü KABAR_2, Hilal ER_3, 
Emel BAKAY_4, Yeşim BÜYÜKSÖKMEN_5  

Department of Biomedical Engineering_1, 2, 5 
Department of Biomedical Technologies_3, 4 

Izmir Katip Çelebi University 
 Izmir, Turkey 

{beyzanurerkk, oykukabar, 
yesimbuyuksokmen}@gmail.com_1,2, 5                

{hilalimer, emelbakay}@hotmail.com_3,4 

 
Didem ŞEN KARAMAN_6, 

Nermin TOPALOĞLU_7 
Department of Biomedical Engineering_6, 7 

Izmir Katip Çelebi University 
 Izmir, Turkey 

{didem.sen.karaman, nermin.topaloglu}@ikcu.edu.tr_6,7 
 

  
 
Abstract— The discovery of the antibiotics is considered as a major 
development for the medical world from past to present. However, 
today due to the unnecessary and wrong use of antibiotics, most 
pathogenic bacteria have gained resistance to them. Methicillin 
Resistant Staphylococcus aureus (MRSA), one of the most common 
types of drug resistant bacteria, causes serious diseases such as 
hospital infections, and it is difficult to treat the disease with its 
resistance mechanism. Therefore, new searches for treatment have 
emerged to prevent infections caused by drug resistant bacteria. 
One of these new alternative treatments is antibacterial 
photothermal therapy, which will be supported by the use of 
nanoparticles in photothermal therapy. In this study, 
photothermal therapy was performed using zinc oxide (ZnO) 
nanoparticles which are known to have an antibacterial effect. 
ZnO concentrations for the applications performed were 100 
µg/ml and 250 µg/ml. Light applications were carried out with a 
diode laser with 808-nm of wavelength using various output 
powers (1, 2, and 2.3 W) and energy densities (42.3, 100, 250, and 
600 J/cm2) in the presence of both determined concentrations. The 
most effective result was more than 99.99% bacterial cell death 
when the concentration of 250 µg/ml ZnO was applied with 2.3 W 
output power and 600 J/cm2 energy density. As a result of this 
study, it is thought that photothermal therapy in the presence of 
ZnO nanoparticles has great promise in the treatment of infections 
caused by antibiotic resistant strains when appropriate 
parameters are provided. 
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I. INTRODUCTION 
 

Bacteria are single-celled, prokaryotic creatures with the ability 
to live in various and different environments. They can be 
beneficial or harmful to human beings. The harmful bacteria are 
called pathogens. Streptococcus, Escherichia coli, 
Staphylococcus etc. are examples of these bacteria that cause 
infectious diseases [1,2]. Methicillin Resistant Staphylococcus 
aureus (MRSA) is gram-positive bacteria which are resistant to 

methicillin. While all S. aureus strains were sensitive to 
penicillin, most of them gained resistance over time. Along with 
gaining methicillin resistance, bacterial strains of Methicillin-
Resistant S. aureus arose. Although antibiotics such as 
vancomycin, clindamycin, erythromycin are used to treat these 
strains, MRSA may also develop resistance to these antibiotics 
[3]. The common way to combat infectious diseases are 
antibiotics [4]. Some antibiotics destroy pathogens, while 
others prevent the growth and reproduction of pathogens but do 
not kill them. [5]. Antibiotic resistance develops when a drug 
becomes unable to effectively inhibit bacterial growth. Bacteria 
that multiply in the presence of antibiotics are called resistant 
bacteria. These bacteria continue to grow despite antibiotics [6]. 
Photothermal therapy (PTT) is a simple, effective, noninvasive 
thermal therapy and used for therapeutic purposes [7,8]. PTT is 
the conversion of the energy of photons in radio frequency, 
microwaves, near infrared, and visible light into heat energy in 
the tissue after absorption. Depending on the increase in 
temperature after PTT, coagulation, evaporation, carbonization 
and melting occur in the tissue. [9]. The mechanism of action 
on harmful tissue depends on its specific location [10]. In PTT, 
the near infrared spectrum (700 nm - 1000 nm) is preferred, 
because the light in this region give minimum damage to 
healthy tissues and penetrate deeper than visible light [11,12].   
Particles between 1-100 nanometers in size are called 
nanoparticles. Decreases in particle size lead to an increased 
surface fraction. This provides the development of the 
properties of particles such as heat treatment, mass transfer, 
dissolution, catalytic activity [13-16]. Photothermal nanoagents 
that can absorb NIR light specifically, which are used to 
minimize damage to the surrounding tissue, have high 
photothermal conversion efficiency and photostability [17]. 
Most nanoparticles provide high absorbance in the NIR 
spectrum. Therefore, they are considered to be effective 
photothermal transducers [18]. Zinc oxide is a promising 
photocatalyst due to its wide band gap energy, environmental 
and electrical stability, low toxicity, low cost, and easy 
synthesis [19]. It is also semiconductor material and specifically 
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has antibacterial activity [14]. Due to its biocompatibility, ZnO 
nanoparticles used in anticancer, wound healing, antibacterial, 
bioimaging, drug carrier, antifungal, antibacterial, anti-
inflammatory applications. They highly absorb UV rays, IR, 
visible light. Thermal annealing, UV illumination, charges of 
surface, morphology, defects, particle size and concentration 
are parameters that affect the antibacterial efficacy of ZnO [20-
23]. In an in vitro study, chemo-phothermal therapy was applied 
with combined berberine-zinc oxide nanoparticle for lung 
cancer and it achieved safe and successful treatment. According 
to this result, it promises to use ZnO NPs in antibacterial 
photothermal therapy [24]. In this study, it was aimed to 
stimulate ZnO nanoparticle with a wavelength of 808 nm and 
destroy MRSA with PTT applications. 
 

II. METHOD 
 

A. Bacterial Strain  
In this study, Methicillin Resistant S. aureus strain was used. 
Single colony was taken and added to 5 ml of tryptic soy broth 
(TSB). Then, it was incubated overnight at 37 �C. Then 
bacterial suspension was centrifuged and the pellet was 
dissolved in phosphate-buffered solution (PBS) to obtain the 
desired concentration of bacteria which was 108 CFU/mL. Then 
this bacterial solution was added to the wells of 96-well plates 
for the applications. 
 

B. Photothermal Agent  
Zinc Oxide (ZnO) nanoparticles were used as a photothermal 
agent. Molecular weight of this nanoparticle is 81.406 g/mol. 
For the applications, a stock solution at a concentration of 1 
mg/ml was used and diluted to obtain homogeneous 
nanoparticle solution with the concentrations of 100 and 250 
µg/ml. 
 

C. Laser Setup 
808-nm diode laser (Teknofil, İstanbul) was used as a light 
source in this study. The maximum output power of this laser 
was 3 Watt. The distance between the optical table and the fiber 
tip was 10 cm to illuminate an area of 7.068 cm2 on 96-well 
plates. To achieve the desired antibacterial effect, 1, 2 and 2.3 
W of output powers, 42.3, 100, 250, and 600 J/cm2 energy 
densities were used. 
 

D. Determination of Minimum Inhibitory Concentration 
(MIC) of ZnO Nanoparticles on MRSA 

The bacterial suspension was diluted in 5 ml of TSB to obtain a 
final concentration of 1x105 CFU/mL. First, the zinc oxide 
concentrations were changed and incubation time was fixed. 
The concentrations of ZnO was 10, 25, 50, 100, 250, and 500 
µg/ml. Different concentrations of ZnO solutions was mixed 
with bacterial suspension in glass tubes. After 24 hours of 
incubation, 100 µl of these solutions was plated on agar to 
check any bacterial cell growth. ZnO concentrations that 
inhibited cell growth was defined as MIC. All applications were 
carried out in triplicate.  
 

E. Experimental Procedures for PTT Applications 
The effect of PTT with/out ZnO nanoparticles on MRSA was 
investigated with 4 groups.  
1. Control group (C): without ZnO nanoparticles and laser light. 
2. Nanoparticle group (ZnO): only zinc oxide nanoparticles 
were administered. 
3. Laser group (L): only laser irradiation with different output 
powers and energy doses. 
4. PTT group (ZnO+L): ZnO nanoparticles were applied and 
illuminated with the laser light. 
 
In ZnO group, 50 µl of ZnO solution with defined concentration 
was mixed with 50 µl of bacterial suspension and incubated for 
4 hours. In the laser group, bacterial suspension was mixed with 
an equal volume of TSB. In the PTT group, ZnO solution with 
defined concentration was mixed with an equal volume of 
bacterial suspension and incubated for 4 hours. used. Four  
different energy densities were applied in Laser and PTT groups 
which are 42.3, 100, 250, and 600 J/cm2. After applications, the 
number of living bacterial colonies determined with serial 
dilution for all groups. 
 

F. Temperature Measurement During Laser Applications 
With Thermal Camera 

Temperature changes was measured with a thermal camera 
system (Testo 882, Melrose, USA) during any laser light 
applications. The amount of temperature increase due to 
thermal effect of laser light was determined in Laser and PTT 
groups. 
 

G. Statistical Analysis 
After each application, viable cells was counted by naked eye 
and multiplied by the dilution factor to compare with the control 
group. The comparison between the experimental and control 
groups was performed with Student t-test. p value was defined 
as p<0.05. 

III. RESULTS 
 

A. Determination of Minimum Inhibitory Concentration 
(MIC) of ZnO Nanoparticles on MRSA 

During MIC determination, turbidity was observed in the 
groups incubated with 10 and 25 µg/ml ZnO, while no turbidity 
was observed at concentrations of 50 µg/ml and above. When 
the samples which did not have any turbidity were plated on 
agar, there was no bacterial cell growth with the concentration 
of 100 and 250 µg/ml ZnO. So these concentrations were 
chosen for PTT applications. 
 

B. Cell Viability after ZnO, Laser and PTT Applications 
Firstly, the effect of ZnO nanoparticles on MRSA strain was 
investigated in order to observe its antibacterial efficacy at the 
concentrations of 100 and 250 µg/ml. As shown in Fig. 1, 
bacterial cell viability decreased only 1-log after the incubation 
with both 100 and 250 µg/ml ZnO. 
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Fig. 1. Only ZnO applied group. Effects of ZnO nanoparticles 
at 100 and 250 µg/mL concentrations on bacterial cell viability 

of MRSA. 

In laser application, the different laser energy densities (42.3, 
100, 250 J/cm2) and different laser output powers (1 and 2 W) 
were used. In the applications with 42.3 and 250 J/cm2 energy 
densities, there was 1 log increase in bacterial viability, but 
when 100 J/cm2 energy density was applied, there was no 
change in bacterial cell viability when compared with the 
control group (Fig. 2). 

 
Fig. 2. Only Laser applied group. Effects of laser applications 
at 1, 2 and 2.3 W of output powers, 42.3, 100, 250 J/cm2 energy 
densities on bacterial cell viability of MRSA. 
 
In PTT application, 100 µg/ml ZnO concentration was used 
with 4 different energy densities. The energy densities of 42.3, 
100 and 250 J/cm2 together with 100 µg/ml ZnO resulted in a 
3-log decrease in bacterial cell viability. 600 J/cm2 of energy 
density in the presence of 100 µg/ml ZnO caused 7-log decrease 
in bacterial cell viability (Fig. 3). 
 

 
Fig. 3. PTT group with 100 µg/mL ZnO concentration. The 
effect of different laser energy densities (42.3, 100, 250, and 
600 J/cm2) and different laser output powers (1, 2, and 2.3 W) 
on MRSA was analyzed in the presence of 100 µg/mL ZnO 
nanoparticles. 
 
Then the antibacterial effect of 250 µg/ml ZnO concentration 
was analyzed together with 4 different energy densities. 42.3 
J/cm2 and 250 µg/ml ZnO resulted in 2-log decrease. 100 and 
250 J/cm2 energy density in the presence of 250 µg/ml ZnO 
resulted in 3-log decrease in bacterial cell viability. When 600 
J/cm2 energy density was used with same ZnO concentration, 
this application provided the maximum bactericidal effect 
which was 8-log decrease (Fig. 4). 
 

 

Fig. 4. PTT group with 250 µg/ml ZnO concentration. The 
effect of different laser energy densities (42.3, 100, 250, and 
600 J/cm2) and different laser output powers (1, 2, and 2.3W) 
on MRSA was analyzed in the presence of 250 µg/ml ZnO 
nanoparticles. 
 

C. Temperature Measurement During Laser Applications  
The temperature changes of laser applications with/out ZnO 
was measured by a thermal camera. 42.3, 100 and 250 J/cm2 
energy doses did not increase the temperature. In the presence 
of 100 and 250 µg/ml ZnO with these energy doses, no 
significant temperature increase was observed which was 
correlated with the reduction of bacterial cell viability. 600 
J/cm2 energy dose resulted in nearly 50� increase without ZnO. 
The addition of 100 µg/ml ZnO resulted in nearly 47� increase 
which was very close to the increase in 600 J/cm2 Laser group. 
The maximum temperature increase was observed with 250 
µg/ml ZnO+600 J/cm2 energy density application which caused 

1
10

100
1000

10000
100000

1000000
10000000

100000000
1E+09
1E+10

Control 100ug/ml 250ug/ml

Vi
ab

le
 C

el
l C

ou
nt

Only ZnO Application

1
100

10000
1000000

100000000

Vi
ab

le
 C

el
l C

ou
nt

Laser Parameters

Only Laser Application

1
100

10000
1000000

100000000
1E+10

Vi
ab

le
 C

el
l C

ou
nt

Laser Parameters

PTT with 100 µg/ml ZnO

1

10000

100000000

Vi
ab

le
 C

el
l C

ou
nt

Laser Parameters

PTT with 250 µg/ml ZnO

Concentrations 



89

19-20 Kasım 2020
ONLINE

maximum cell death. The temperature increase in this group 
was more than 70� as shown in Table 1. 
 
Table 1. Temperature changes during laser applications 

PTT 
Parameters 

Initial 
Temperature 

(�) 

Final 
Temperature 

(�) 

ΔT 
(�) 

42.3 J/cm2 28.4 28.9 0.5 
100 J/cm2 27.6 28.1 0.5 
250 J/cm2 27.9 28.5 0.6 
600 J/cm2 28.6 78 49.4 

42.3 
J/cm2+100 
µg/ml ZnO 

28.1 28.4 0.3 

100 
J/cm2+100 
µg/ml ZnO 

27.9 28.4 0.5 

250 
J/cm2+100 
µg/ml ZnO 

28.5 29.6 1.1 

600 J/cm2+ 
100 µg/ml 

ZnO 
29.6 76.8 47.2 

42.3 
J/cm2+250 
µg/ml ZnO 

28.1 28.4 0.3 

100 
J/cm2+250 
µg/ml ZnO 

28.1 28.5 0.4 

250 
J/cm2+250 
µg/ml ZnO 

28.2 28.8 0.6 

600 
J/cm2+250 
µg/ml ZnO 

28.8 101 72.2 

 
D. DISCUSSION 

The mechanism of PTT depends on the conversion of light 
energy into thermal energy that results in temperature increase. 
PTT application with ZnO nanoparticles was performed on 
cancer cells in the presence of berberine and it provided 
successful outcomes [24]. Thus, it can also be used for the 
photoinactivatioin of pathogens. In this study, PTT was 
assessed with ZnO nanoparticles irradiated by 808 nm of 
wavelength on MRSA. Applied laser output power and energy 
density are insufficient to provide antibacterial effect when they 
were applied alone. The reason for this was that the required 
temperature for necrosis could not be achieved with the applied 
parameters. The most effective antibacterial activity was 
achieved with an output power of 2.3 W and an energy density 
of 600 J/cm2. When both ZnO concentrations and light at 600 
J/cm2 energy density were applied together, there was a 
significant relationship between the temperature increase and 
the decrease in the bacterial cell viability. As a conclusion, it is 
possible to say that the nanoparticle-assisted PTT application 
promises great hope for the inactivation of antibiotic-resistant 
bacteria by increasing the temperature. 
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