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Abstract  

This study illustrate the effect of Zinc oxide nanoparticles (ZnO-NPs) or He-Ne laser each of them individually, on 
Escherichia Coli (E. coli), also study the dual effect of nanoparticles with various concentrations and laser energy 
with two different irradiation times to kill or inhibition of bacterial growth. The results showed that E. coli was 
affected by ZnO-NPs in high concentration and there was a little effect of laser irradiation with 2 mw power when 
used alone or when used together with ZnO-NPs. 
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Introduction 

Antibacterial was the preferred treatment method 
for bacterial infections due to their low cost and 
good outcomes [1]. However, bacterial resistance to 
antibiotics has become a global problem nowadays. 
In examining different options to solve this 
problem, nano-materials, such as metal oxide 
nanoparticles, have appeared to be promising 
candidates during the last few years [2]. Nanoscale 
reduction in size can change their structural, 
morphological, optical, chemical, electrical and 
mechanical properties. These modified properties 
make easy the physical transfer of nanoparticles 
into living cells and allow them to interact with 
various biomolecules in the cell [3]. 
Nanoparticles are one of the very important aspects 
that applied in medical field as the biological 
processes appear at nano-scale and nanoparticles 
have the ability to amend the cellular biological 
function of the cells [4]. It was appeared in the 

modern studies that metal oxides nanoparticles, 
such as Zinc oxide (ZnO), have the ability to select 
amount of toxicity to different species of bacteria 
but have low effect for the human cells [5-8].  
ZnO nanoparticles were reported by some recent 
studies have no toxicity to human body, this aspect 
imposed their use as antimicrobial factor, harmful 
to micro-organisms, and hold bio-compatibility to 
cellular environment of human body [9, 10]. The 
mechanism of ZnO-NPs toxicity depends on the 
fundamental physiochemical properties, modified 
properties of the surface of ZnO, and the used 
medium for dispersion of the nanoparticles [11]. 
ZnO- nanoparticles seen to change the gram 
negative cellular structure of the membrane in 
Escherichia coli (E coli) [5], and it was suggested 
that the gram-negative cell membrane could bind 
nano-particles with a positive charge such as 
cerium oxide by electrostatic attraction [12]. 
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Low level lasers (LLL) are light weight, available 
sources of non-ionizing radiation, monochromatic, 
practical and low-cost. For these reasons, these 
devices have increasing usage in medicine [13]. 
Although low level laser treatment (LLLT) has been 
widely used, many recent researchers have shown 
little or no benefit of LLLT. The physiological 
mechanism of LLL is poorly understood, and 
treatment parameters such as intensity, 
wavelength, frequency, and dosage are uncertain as 
well [14,15]. He-Ne laser has spatial characteristics 
such as 632.8 nm of wavelength, directionality, high 
intensity, high mono-chromaticity and coherence is 
a variable low-level laser [16-19]. The low-level 
laser has some biology effects such as cell vitality 
[20]. 
 

The Aim of the Study 

The coal of this study was to illustrate the effect of 
ZnO-nanoparticles and He-Ne laser (alone or 
together) on pathogenic bacterium E. coli. 
 

Materials and Methods 

1) Bacterium 

E. coli bacteria sample were obtained from the 
appliances in the surgical rooms of Al- Sadder 
hospital in Al-Najaf city, then, they were tested in 
the Central Health Lab. The collection was done by 
swab and then E. coli were isolated and identified 
by use MacConkey agar in addition to biochemical 
tests. 
 

2) Production of ZnO-NPs  

Acetate zinc was dissolved in a mixture of mono-
ethanol secretary and methanol at room 
temperature and by a magnetic mixer was mixed 
for 1 hr. until the mixture have been a homogenous 
solution, then left for 1 day, after that, at 200°C, the 
solution was heated for 3 hrs., then, at 500°C the 
black material precipitate calcined, after that, they 
was collected a white powder (nanoparticles zinc 
oxide). 
 

ZnO-NPs Concentration Preparation  

Dissolving 10 mg of Zno-NPs in 10 ml of dimethyl 
sulfoxide solution (DMSO) getting stock solutions of 
1 mg/ml, then dilution 1 ml of this solution by 10 
ml of DMSO again yielding a concentration of a 
solution with of 100 μg/ml. The required 
concentration for this study which include: 25, 50, 

75 μg/ml (ppm) had been prepared from this 
solution [21]. 
 

3) Application of ZnO-NPs on Bacterium 

The ZnO-NPs were applied as follows: 
1. Sub-culture (prepared previously) was 

placed in nutrient broth media tubes. 
2. Taking 0.2 ml of colloidal ZnO-NPs (with the 

prepared concentrations) and placed in each 
tubes. 

3. These tubes were incubated for 1 day with 
37°C temperature. 

4. Determine the bacterial inhibition in the 
ELISA test. 

 

4) Application of He-Ne (2 mw) Laser Irradiations 

He-Ne laser was used (632.8 nm wave length) with 
2 mw power and has a red colour was applied on 
tubes that contains Nutrient broth media with 
E.coli. It was applied with two irradiation times (5 
and 10) minutes.  
 

5) Application of He-Ne Laser Irradiations with ZnO-
NPs  

This part was done by irradiate the tubes that 
contain the bacterium that cultured in Nutrient 
broth media with ZnO nanoparticles in various 
concentrations (25, 50 and 75) ppm (μg/ml). The 
irradiation was done with the same irradiation 
times mentioned previously.  
 

6) Elassa Test 

This done by taking 0.2 ml from each tube contain 
E.coli bacterium that exposed to ZnO nanoparticles 
only, He-Ne laser only and He-Ne laser with ZnO-
NPs and placed in Tissue Culture Plate (TCP), then 
test them by finding the absorbency for each 
bacterium. 
 

The Results 

1) Nanoparticle Test 

The morphology and size of ZnO-NPs testes were 
done by SEM (scanning electron microscope) 
(Fig.1). 
The crystalline ZnO-NPs spectrum and the purity 
can be shown in figure (2) that done with Energy 
Dispersive X-Ray spectroscopy (EDS).Also, the 
purity of ZnO is 100% since there were no 
impurities appears in the spectrum. 
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Figure 1. SEM test for ZnO-NPs with different magnification 

 

Figure 2. EDS spectrum of modified ZnO NPs 
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2) ZnO-NPs Concentrations Effect on Tested 
Bacterium 

ZnO-NPs don’t effect significantly on E coli with 

first and second concen-trations. The third 
concentration has significant effect (p > 0.05) on 
E.coli (Fig. 3).  

 

Figure 3. Effects of different ZnO-NPs concentrations on E.coli 

 

3) He-Ne Laser Irradiation Effect on E.coli Bacteria 

Irradiation by He-Ne laser with 5 min. will cause 
minimal effect on E.coli and this effect was 
increased when increase the time of irradiation (10 
min.) as shown in figure (4). But, the two 
irradiation times don’t cause any significant 
difference on this bacterium. 
  

4) Combination Effect of Irradiation by He-Ne Laser 
and ZnO-NPs Concentrations on Tested Bacterium 

The synergetic effect of ZnO-NPs with He-Ne laser 

with 5 min. doesn’t cause clear change in the 
reduction of E.coli (Fig. 5) when compared with 
using ZnO-NPs alone (Fig.3). So the bacterium 
inhibition shown in figure (5) was related to the 
effect of ZnO-NPs only.  
The same effect above (figure-5) can be shown 
when using more irradiation time (10 min.) as 
shown in figure (6). 
There was no significant difference in inhibition of 
E.coli when comparing the two irradiation times 
(Fig.7).  

 

Figure 4. He-Ne laser effect on E.coli with two irradiation times 
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Figure 5. Effects of Irradiation by laser (5 min.) and ZnO-NPs concentrations on E.coli 

 

 

Figure 6. Effects of irradiation by laser (10 min.) and ZnO-NPs concentrations on E.coli 
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Figure 7. Effects of ZnO-NPs concentrations with laser irradiation times on E.coli 

 

Discussion and Conclusions 

Multidrug resistant bacteria in hospitals are on a 
rise around the world (including Middle East 
countries) and many researchers suggest methods 
for facing this problem [22 and 23]. One of the 
methods suggested was using nanoparticles. 
The effect of ZnO-NPs on E. coli was statically 
significant only with high concentration used so, 
increasing the concentration can give good 
inhibition on this bacterium (Fig.3). 
The method of ZnO-NPs action as antibacterial 
effects is not good understood, although, some 
studies have proposed several steps of 
antimicrobial reaction of this NPs, include:  

1. Formation of reactive oxygen species 
including hydrogen peroxide (H2O2), that 
considered as strong oxidizing agent, which 
are harmful to cellular part of the bacteri 
[24-26].  

2. Damage in the cell membrane and interplay 
of intra-cellular contents with NPs [5]. 

While increasing the time of irradiation of the laser 
with 2 mw from 5 to 10 min. couldn’t give any 
significant difference for killing the bacterium used 
(Fig.4). This has acceptance with another study 
where He-Ne laser was used with power of 5 mw, 
while using Diode laser with power of 50 mw will 
give considerable effect on bacterium with 

increasing the time of irradiation [27].  
Also, using the laser with ZnO-NPs don’t enhance 
the inhibition of bacterium and the inhibition 
occurred in 75 ppm was related to the ZnO-NPs 
only that shown in figure (5), figure (6) and figure 
(7) when compared them with figure (3).  
Other studies got more inhibition on bacterium 
growth by using laser with more power and 
irradiation time [15, 28, and 29]. 
  
References 
Wang LL, Hu C, Shao LQ. The antimicrobial activity of 

nanoparticles: present situation and prospects for the 
future. International Journal of Nanomedicine 2017; 14(12): 
1227-1249. 

Elaheh Sadat N, Ashraf K. In Vitro Evaluation of Antibacterial 
Properties of Zinc Oxide Nanoparticles on Pathogenic 
Prokaryotes. Journal of Applied Biotechnology Reports 2018; 
5(4): 162-165. 

Manyasree D, Kiranmayi P. ZnO Nanoparticles: Role in 
enhancing antibacterial activity of various antibiotics 
against against Escherichia coli. American Journal of 
Pharmaceutical Research 2017; 7(9): 399-402. 

Janice Low J, Wong WY, Rashmi W, Kadhum A, Mohamad A.  
Synthesis of zinc oxide nanoparticles using liquid-phase 
laser ablation and its antibacterial activity. Journal of 
Engineering Science and Technology 6th Eureca 2016:          
29-42. 

Brayner R, Ferrari-Iliou R, Brivois N, Djediat S, Benedetti MF, 
Fievet F. Toxicological impact studies based on Escherichia 
coli bacteria in ultrafine ZnO nanoparticles colloidal 
medium. Nano Letters 2006; 6(4): 866–870. 

0

0.05

0.1

0.15

0.2

0.25

0 min. 25 50 75

A
b

so
rb

an
cy

 

ZnO concentrations (ppm) with 5 & 10 min. irradiation time 

5 min.

10 min.

https://orcid.org/0000-0002-3770-0815


NeuroQuantology | August 2020 | Volume 18 | Issue 8 | Page 59-65 doi: 10.14704/nq.2020.18.8.NQ20205 

Dr. Khalid I. Riah, Effect of He-Ne Laser and Zinc Oxide Nanoparticles on Pathogenic Bacterium Escherichia Coli in Vitro 

eISSN 1303-5150 
 

www.neuroquantology.com 

 

65 

Thill A, Zeyons O, Spalla O, Chauvat F, Rose J, Auffan M, Flank 
AM, Cytotoxicity of CeO2 nanoparticles for Escherichia coli. 
Physico-chemical insight of the cytotoxicity mechanism. 
Environmental Science & Technology 2006; 40(19):                
6151– 6156. 

Reddy KM, Feris K, Bell J, Wingett DG, Hanley C, Punnoose A. 
Selective toxicity of zinc oxide nanoparticles to prokaryotic 
and eukaryotic systems. Journal of Applied Physics 2007; 
90(21): 21-39. 

Zhang LL, Jiang YH, Ding YL, Povey M, York D. Investigation 
into the antibacterial behaviour of suspensions of ZnO 
nanoparticles (ZnO nanofluids). Journal of Nanoparticle 
2007; 9(3): 479–489. 

Colon G, Ward BC, Webster TJ. Increased osteoblast and 
decreased Staphylococcus epidermidis functions on 
nanophase ZnO and TiO2. Journal of Biomedical Materials 
Research 2006; 78(3): 595–604.  

Padmavathy N, Vijayaraghavan R. Enhanced bioactivity of ZnO 
nanoparticles—an antimicrobial study. Science and 
Technology of Advanced Materials 2008; 9(3). 

Bruna LDS, Marina PA, Eloisa BM, João AOJ, Bruna G, Chiari-
Andréo, Rosemeire CLRP, Leila AC. Relationship between 
Structure And Antimicrobial Activity Of Zinc Oxide 
Nanoparticles: An Overview. International Journal of 
Nanomedicine 2019; 14: 9395–9410. 

Ertan S, Seyid JM, Alireza A. Antibacterial activity against 
Escherichia coli and characterization of ZnO and ZnO–
Al2O3 mixed oxide nanoparticles. Arabian Journal of 
Chemistry 2017; 10: S230–S235. 

Niemz MH. Laser-tissue interactions: Fundamentals and 
applications. New York: Springer-Verlag 2007. 

Gam AN, Thorsen H, Lønnberg F. The effect of low-level laser 
therapy on musculoskeletal pain: a meta-analysis. Pain 
1993; 52(1): 63-66. 

Wendy C, Jerrold SP, Michael L, Jason L, Joon P, Judy L, Haneul 
L. The effects of low level laser radiation on bacterial 
growth. Physical Therapy Rehabilitation Science 2014; 3(1): 
20-26. 

Hu XM. Medical Physics (Fifth Edition). Beijing: Renmin 
Weisheng Chubanshe, 2001; 351-352. 

Qin RJ. Medical Physics (Third Edition). Gui l in: GuangXi Shi fan 
Daxue Chubanshe, 2002; 131-132. 

Stadler I, Lanzafame RJ, Oskoui P, Zhang RY, Coleman J, 
Whittaker M. Alteration of skin temperature during low-
level laser irradiation at 830 nm in a mouse model. 
Photomedicine and Laser Surgery 2004; 22(3): 227-231. 

Rochkind S, Ouaknine GE. New trend in neuoscience: low 
power laser effect on peripheral and central nervous 
system (basic science preclinical and clinical studies). 
Neurological Research 1992; 14(1): 2-11. 

Pogrel MH, Chen JW, Zhang K. Effects of low-energy 
galliumalrminum arsenide laser irradiation on cultured 
fibroblasts and keratinocytes. Lasers in Surgery and 
Medicine 1997; 20(4): 426-432. 

Aysa NH Salman HD. Antibacterial activity of modified zinc 
oxide nanoparticles against Pseudomonas aeruginosa 
isolates of burn infections. World Scientific News 2016; 33: 
1-14. 

Vijayakumar R, Sandle T, Al-Aboody MS, AlFonaisan MK, 
Alturaiki W, Mickymaray S, Premanathan M, Alsagaby SA. 
Distribution of biocide resistant genes and biocides 

susceptibility in multidrug-resistant Klebsiella 
pneumoniae, Pseudomonas aeruginosa and Acinetobacter 
baumannii. The Journal of Infection and Public Health 2018; 
11(6): 812-816. 

Balkhy HH, Assiri AM, Al Mousa H, Al-Abri SS, Al-Katheeri H, 
Alansari H, Al Abdely HM. The strategic plan for combating 
antimicrobial resistance in Gulf Cooperation Council States. 
The Journal of Infection and Public Health 2016; 9: 375–385. 

Sawai J. Quantitative evaluation of antibacterial activities of 
metallic oxide powders (ZnO, MgO and CaO) by 
conductimetric assay. Journal of Microbiological Methods 
2003; 54(2): 177–182. 

Ghule K, Ghule AV, Chen BJ, Ling YC. Preparation and 
characterization of ZnO nanoparticles coated paper and its 
antibacterial activity study. Green Chemistry 2006; 8(2):            
1034–1041. 

Jones N, Ray B, Ranjit KT, Manna AC. Antibacterial activity of 
ZnO nanoparticle suspensions on a broad spectrum of 
microorganisms. FEMS Microbiology Letters 2008; 279(1);  
71–76. 

Safaa AY. Investigation of the effect of laser and nanoparticles on 
different species of bacteria. M.Sc. thesis, University of Al-
Qadisiyah, College of Education, Dept. of Physics, Iraq 2017; 
57-58. 

Djurdjevic-Milosevic DM, Solaja MM, Topalic-Trivunovic LN, 
Stijepic MJ and Glusac JR. The survival of Escherichia coli 
upon exposure to irradiation with non-coherent 
polychromatic polarized light. Veterinarni Medicina 2011; 
56(10): 520-527. 

Barboza LL, Campos VMA, Magalhães LAG, Paoli F, Fonseca AS. 
Low-intensity red and infrared laser effects at high 
fluencies on Escherichia coli cultures. Brazilian Journal of 
Medical and Biological Research 2015; 48(10): 945–952. 

Hameed SA, Saadmahdi Z, Jasim AN, Taha AF, Habeeb AA. Effect 
of thickness on structural and optical properties of cdo thin 
films prepared by chemical spray pyrolysis method. 
NeuroQuantology 2020; 18(4): 20-26.  

http://doi.org/10.14704/nq.2020.18.4.NQ20156 

Radhi AH, Du EAB, Khazaal FA, Abbas ZM, Aljelawi OH, 
Hamadan SD, Almashhadani HA, Kadhim MM. HOMO-LUMO 
energies and geometrical structures effecton corrosion 
inhibition for organic compounds predict by DFT and PM3 
methods. NeuroQuantology 2020; 18(1): 37-45.  

http://doi.org/10.14704/nq.2020.18.1.NQ20105 


