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ABSTRACT 

	 In this study, we measured the antimicrobial activity of two types of nano-particles ZnO & SiO2 

against different types of (G+ & G-) bacteria. We collected 90 samples from four sites of infections (burn, 
wound, urine & sputum) to isolate the following bacteria from hospitalized patients: P. aeruginosa, 
K. pneumoniae & E. coli as gram-negative bacteria (about 15 swabs for each one) and the other 
were S. aureus, S. epidermidis & S. pneumoniae as gram-positive bacteria (about 15 swabs for each 
one). After collecting the samples we diagnosed these bacteria by culturing and biochemical tests 
and we prepared ZnO & SiO2 nano-particles by chemical method through surface modification in 
the structure and morphological properties. The antibacterial activity of these nano-particles against 
different types of bacteria were measured by agar diffusion method, minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC). It was concluded that the best inhibition zone 
was (33 mm) at a concentration of 10 µg/ml of nano-ZnO in P. aeruginosa growth while the lower 
inhibition zone was (8 mm) at the concentration of 2 µg/ml at the same nano particle in S. epidermidis 
. It was also concluded that the best inhibition zone was (20 mm) at a concentration of  10 µg/ml of 
nano-SiO2 in P. aeruginosa  while the lower inhibition zone was (2 mm) at the concentration of 4 µg/
ml at the same nano-particle in  S. epidermidis with no inhibition zone at the concentration of 2 µg/
ml observed in the same bacteria. We had noted that all tested bacteria were completely inhibited 
at the concentration of 1.25 µg/ml of nano-ZnO (MIC) with no significant antibacterial activity less 
than this concentration. The (MBC) was the same as (MIC) as compared with data which showed 
that all tested bacteria were completely inhibited at the concentration of 0.625 µg/ml of nano-SiO2 

and the (MBC) was the same as (MIC) for all tested isolates. So the two nano-particles (ZnO & 
SiO2) had antibacterial activity, but nano- ZnO was better than nano-SiO2 and could inhibit most of 
the important pathogenic bacteria at the tested concentrations isolated from hospitalized patients.
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INTRODUCTION

	 New researches have interested in 
studying new compounds with unique features at 
the atomic, molecular and macromolecular levels in 
order to reduce the microbial infections1. Nowadays, 

most biologists have been focused on the use of 
this material in their researches because of their 
effectiveness in inhibition of resistant pathogenic 
strain due to their chemical, physical stability with 
less toxicity in addition to their anticancer effect in 
human2&3.
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	 The increasing in the bacterial infections 
among the world and the appearance of new 
pathogenic strain with increasing in the bacterial 
antibiotic resistant lead to studying the features of 
this new compounds and their effected factors on 
pathogenic bacterial growth like: size, concentrations, 
morphology, the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration 
(MBC)4.

	 Nano-particles have shown the antibacterial 
activity when interact with bacterial surface and then 
entering inside the cell causing its destruction. 
Sometimes, these materials may have bactericidal 
effects that are important in several antimicrobial 
applications just like in food industry5.  The use of 
nano-particles  ZnO & SiO2 with exact concentrations 
are also important in medical applications like: 
therapeutics, diagnostics and surgical devices2&3.

	 The toxic effect of this material is appeared 
due to the damaging of the cell wall and membrane 
of bacterial cells which happen through the oxidative 
stress (OS) that damages lipids, carbohydrates, 
proteins and DNA. Many researches are discovered 
that the highest concentrations and the larger surface 
area of the nano-particles have better antibacterial 
activity6&7. They have also shown  the structure and 
conditions of different culture means and their effect 
on the physicochemical and biological properties of 
nano-particles and their toxicity at variable pH and 
temperature8.

	 The study of the effect of nano-particles 
on different microbial growth are important for 
the biologists according to their distinguished 
antimicrobial and distinct activity in biological 
sciences, especially in their nano-scale towards a 
wide range of micro-organisms including bacteria, 
fungi, fish, algae and plants9.

	 The pathogenic bacteria are causing 
chronic infections that are difficult to be treated due 
to their ability to damage host tissues which causing 
resistance to antibiotics and lead to death10. As a 
result, Researchers have discovered new strategies 
to be used in the next generation of drugs or agents 
to control the bacterial infections from natural or 
inorganic substances and use these materials  to 
reduce the toxicity of pathogenic bacteria as a 

modern approach in biological applications because 
they contain environmentally safe mineral elements 
essential to humans11.

Objectives
	 The aim of this study is to determine the 
antibacterial activity of two types of nano-particles 
(ZnO & SiO2) towards P. aeruginosa, K. pneumoniae 
and E. coli as gram-negative bacteria and S. aureus, 
S. epidermidis and S. pneumoniae as gram-positive 
bacteria at laboratory conditions.

MATERIALS AND METHODS

Patients
	 We collected 90 different samples (burn, 
wound, urine and sputum) from patients who were 
suffering from skin, urinary & respiratory tract 
infections from both sexes of different age groups 
which ranged between (e”20 to 61d”) years old. The 
sample of patients were taken from the Medical 
Marjan city in Al-Hilla province through the period 
from March to June 2016. Forty five clinical swabs 
were positive for P. aeruginosa,  K. pneumoniae & E. 
coli as gram-negative bacteria (about 15 swabs for 
each one) and the other were positive for S. aureus, 
S. epidermidis & S. pneumoniae as gram-positive 
bacteria (about 15 swabs for each one).

Collection of the specimens
	 Sterile swab samples were collected from 
different sources of infections (burn, wound, urine 
and sputum)12 & 13 then the swabs were inoculated on 
blood agar used for the growth of different types of 
bacteria and identified by using different biochemical 
tests14 & 15.

Preparation of  Nano-ZnO and SiO2 concentrations
	 A white powder of nano- ZnO  was prepared 
previously and SiO2  nano particles (about 0.02 
gm) were dissolved in (10 ml) of dimethyl sulfoxide 
(DMSO) to prepare a stock solution of (1 mg/ml) 
then   (1 ml) of this solution was diluted to (10 
ml) of DMSO again giving a solution of (100 µg/
ml) concentration. The tested concentrations were 
prepared from this solution that include 2 – 4 – 6 – 8 
& 10 µg/ml for agar diffusion method and dilutions: 
10 – 5 - 2.5 - 1.25 - 0.625 & 0.312 had been prepared 
for the determination of the minimum inhibitory 
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concentration (MIC) and minimum bactericidal 
concentration (MBC)16.

Bacterial Samples
	 Sterile loop was used for transference of 
different bacterial growth samples in nutrient agar & 
nutrient broth media and then they were incubated 
at 37° for 24 hrs. After that we had transferred 0.1 ml 
of each sample into sterilized test tubes containing 
0.9% NaCl solution as shown in the figure below.

Antibacterial activity against Nano- ZnO & 
Nano- SiO2

	 We used the agar diffusion method to 
determine the antimicrobial activity of nano-ZnO & 
nano-SiO2 particles in vitro against different types of 
bacterial growth as follows:

	 After solidification of nutrient agar in petri 
dish plates, hollows of wells about 5 mm diameter 
were cut into the agar by cork borer, then the different 
types of bacterial isolates were tested on this agar. 
0.1 ml of nano-ZnO or nano-SiO2 solutions dissolved 
in (DMSO) prepared from different concentrations: 
2 - 4 - 6 - 8 &10 µg/ml of two nano-particles were 
applied in these wells. The plates were incubated at 
5-8° C for 2-4 h to permit good diffusion and then 
incubated for 24 h at 37°C. After that we measured 
the diameter of the inhibition zone (mm) formed 
around the well compared with the measured activity 
of (DMSO) alone without nano-ZnO or nano-SiO2 
on different bacterial isolates and it had been found  
that there was no effect on these bacteria16 & 17.

Determinat ion  of  Min imum Inhib i tory 
Concentration (MIC) and Minimum Bactericidal 
Concentration (MBC) against nano-ZnO& nano-
SiO2

	 The minimum inhibitory concentrations 
were measured in nano- ZnO & Nano-SiO2 and 

toward the different bacterial isolates according to12 & 

18. The MIC was recorded as the lowest concentration 
which prevent the bacteria under test to grow. In this 
study 1 ml of media ( nutrient broth ) was taken in a 
test tube to it 1 ml of test solution was added, then 
0.1 ml of bacterial isolates that prepared in 0.9 % 
of  NaCl were added to the test tube containing the 
media and test solution. Serial dilution was done six 
times giving concentrations of (10 - 5 - 2.5 - 1.25 - 
0.625 & 0.312) µg/ml for each nano-particles. All test 
tubes were incubated for 24 h at 37°C. The positive 
result measured by the presence of turbidity and 
compared with a sample of 0.5 McFarland standards. 
The control test was contained inoculated broth 
samples with only DMSO at the same dilutions used 
in this research and we found that the solvent had 
no effect on bacterial growth. The MIC values were 
taken as the lowest concentration required to keep 
the bacterial growth after incubation (no turbidity) 
while the minimum bactericidal concentration (MBC) 
was determined by sub culturing 50µg/ml from each 
test group which showed that there was no clear 
growth.  If there was no growth, this concentration 
would be considered as MBC.

RESULTS AND DISCUSSION

Nanoparticles  SEM Study
Bacteriological  Study
Isolation of bacteria from patients
	 Different types of bacterial isolates 
considered to be the main causes of infections 
which are associated with urinary, respiratory and 
gastrointestinal tract, burn, wound, eyes, ears, 
as well as with other parts of the body [19&20]. The 
following table (2) shows the distribution of these 
isolates according to their location of infection.

	 The results showed an increasing in 
infections in females rather than males as shown in 

Fig. 1: The different bacterial growth samples in nutrient agar & nutrient broth media
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Table 1: Shows EDS analysis of SiO2

Elament	 App	 Intensity	 Weight%	 Weight%	 Atomic%
	 Conc.	 Corrn.		  sigma	

O Korbital	 97.40	 0.9676	 55.86	 0.67	 68.08
Si Korbital	 83.10	 0.9797	 44.14	 0.67	 31.92
Totals			   100.00		

Table 2: Distribution of different bacterial isolates according to the source of infection

Bacterial 		  Source of Isolates n(%)			   Total
Isolates	 Sputum	 Burn	 Wound	 Urine	

P.aeruginosa	 1(5%)	 7(31.81%)	 4(21.05%)	 3(10.34%)	 15(16.66%)
K.pneumoniae	 4(20%)	 4(18.18%)	 2(10.52%)	 5(17.24%)	 15(16.66%)
E.coli	 1(5%)	 3(13.63%)	 3(15.78%)	 8(27.58%)	 15(16.66%)
S.aureus	 3(15%)	 3(13.63%)	 3(15.78%)	 6(20.68%)	 15(16.66%)
S.epidermidis	 1(5%)	 4(18.18%)	 5(26.31%)	 5(17.24%)	 15(16.66%)
S.pneumoniae	 10(50%)	 1(4.54%)	 2(10.52%)	 2(6.89%)	 15(16.66%)
Total	 20(22.22%)	 22(24.44%)	 19(21.11%)	 29(32.22%)	 90(100%)

Fig. 2: SEM images of precipitated SiO2 
nanoparticles with grain size 29.34-25.91 nm

table (3) among different age groups and this may 
be associated with different reasons like: changes 
in menstrual hormones concentrations, social, 
anatomical differences, smoking and swimming 
in case of otitis, use of catheters in some cases 
of (UTIs) in addition of less care by hospital and 
prolonged hospitalization20,21 & 22.
Agar diffusion method
	 The results of this study have been shown 
the effect of new compounds ( Nano-ZnO & SiO2) 

as antibacterial activity and this may be important 
in controlling and reducing the infections that are 
caused by this bacteria in patients because these 
compounds act as chemotherapeutic agents for the 
treatment or prevention of bacterial infections5. In this 

study, we tested the effects of two nano-particles 
compounds on different G+ & G- bacterial growth 
obtained from hospitalized patients.

	 Table (4) shows the best inhibition zone 
which is (33 mm) at a concentration of 10 µg/ml of 
nano-ZnO in P. aeruginosa growth while the lower 
inhibition zone is (8 mm) at the concentration of 2 
µg/ml at the same nano particle in S. epidermidis. 
The antibacterial activity of this particle has occurred 
because this nano-ZnO is smaller than bacterial cells 
and this facilitate its adherence to the bacterial cell 
wall which leads to the destruction of wall and death 
of bacterial cells11.

	 In the other hand we have found the best 
inhibition zone which is  (20 mm) at a concentration 
of 10 µg/ml of nano-SiO2 in P. aeruginosa while the 
lower inhibition zone is (2 mm) at the concentration 
of 4 µg/ml at the same nano-particle in S. epidermidis 
with no inhibition zone at the concentration of 2 µg/
ml observed in the same bacteria.  This result agrees 
with11&23, because of Silica has many properties like: 
biocompatible, biodegradable, and nontoxic natures, 
which make it safe to use in reducing the infections 
in human as different drug carriers due to their low 
surface energy, heat stability, low surface tension, 
hydrophobicity, good electric properties, low fire 
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Table 3: Distribution of isolates according to 
the age and gender

Age 	 Male	 %	 Female	 %	 Total
group					     n(%)
(years)

≥ 20	 4	 10.25	 5	 9.8	 9(10)
21-30	 6	 15.38	 9	 17.64	 15(16.66)
31-40	 6	 15.38	 10	 19.6	 16(17.77)
41-50	 8	 20.51	 12	 23.52	 20(22.22)
51-60	 8	 20.51	 8	 15.68	 16(17.77)
61 d”	 7	 17.94	 7	 13.72	 14(15.55)
Total	 39	 100	 51	 100	 90(100)

Table 4: Inhibition zone diameters (mm) of two nano particles 
(ZnO & SiO2) against different bacterial growth

Bacterial				     	Mean of inhibition zone(mm)
Isolates			   Nano-ZnO 					     Nano -SiO2 

			  Concentrations 					    Concentrations 
			   µg/ml					     µg/ml
	 2	 4	 6	 8	 10	 2	 4	 6	 8	 10

P. aeruginosa	 12	 15	 19	 24	 33	 8	 10	 14	 18	 20
K. pneumoniae	 10	 12	 16	 20	 23	 6	 8	 12	 15	 18
E. coli	 12	 13	 18	 22	 28	 6	 9	 13	 16	 17
S. aureus	 10	 12	 14	 18	 20	 4	 8	 12	 14	 16
S. epidermidis	 8	 10	 14	 16	 19	 0	 2	 4	 9	 12
S. pneumoniae	 11	 14	 16	 18	 22	 6	 8	 10	 11	 14

Table 5: Antibacterial activity MIC/MBC (µg/ml) 
of nano-particles ZnO & SiO2 on G+ & G-

Bacterial 		                          Antibacterial activity
Isolates	                                  Nano-ZnO		                              Nano-SiO2

	 MIC	 MBC	 MIC	 MBC

P. aeruginosa	 ≥1.25 µg/ml	 ≥1.25 µg/ml	 ≥0.625µg/ml	 ≥0.625µg/ml
K. pneumoniae				  
E. coli				  
S. aureus				  
S. epidermidis				  
S. pneumoniae				  

hazard and limited solubility in organics coupled with 
water insolubility24&25.

	 These results explain that the growth 
inhibition for the gram-negative or positive bacteria 

clearly occurs at higher nano-ZnO or nano-SiO2  
concentrations and the inhibition may occur due to 
the variations in cell physiology, cell wall constitution, 
and cell metabolism2&5, further that the constitute of 
culture media and cultivation conditions8.

	 The both nano-particles have antibacterial 
effect on G+ & G-bacteria) but they have better effect 
on G- bacteria because of the presence of  a layer of 
lipopolysaccharides at the exterior of their cell wall 
that are composed of lipids and polysaccharides 
which lack strength and rigidity. Negative charges 
on the lipopolysaccharides are attracted towards 
the positive charges available on nano-particles, so 
when these nano-particles interact with bacterial 
cell wall, they will lead to inhibition of the cell wall 
synthesis, damage the cytoplasmic membrane, 
inhibition of nucleic acid and protein synthesis which 
causes cell death26.
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	 In G+ bacteria the cell wall is composed 
of thick layer of peptide polyglycogen containing 
pores which allow foreign molecules to enter the 
cell without difficulty allowing these nano-particles 
to enter the bacterial cells and lead to damage their 
particles27&30.

	 From a l l  resu l ts  above,  we have 
discovered that the increasing in both nano-
particles concentrations leads to increasing in the 
inhibition zones of all tested bacterial growth and 
this results are in agreement with the results of other 
researches6;7;10&11. We also find that some variations 
in the results of the inhibition zone between different 
tested bacterial strain and these differences are 
occurred due to the variation in genetic composition, 
enzyme role in metabolism of bacteria, antibiotic 
resistance mechanisms of bacterial strain when 
isolated from hospitalized patients4.

Measurement of MIC and MBC as antibacterial 
activity ofnano-ZnO&nano-SiO2

	 Our results have explained the antibacterial 
activity of nano-ZnO & nano-SiO2 suspensions 
against different types of pathogenic G+ & G- bacteria. 
We use six nano-ZnO & nano-SiO2 suspensions with 
different concentrations that are tested of (10 - 5 - 2.5 
- 1.25 - 0.625 & 0.312 µg/ml) as in table (5) the data 
show all tested bacteria are completely inhibited at 
the concentration of 1.25 µg/ml of nano-ZnO (MIC) 
with no significant antibacterial activity less than this 
concentration. We also show that the (MBC) is the 
same as (MIC) (1.25 µg/ml) for all bacterial isolates. 
As compared with data that show all tested bacteria 
are completely inhibited at the concentration of 0.625 
µg/ml of nano-SiO2 (MIC) without any significant 
antibacterial activity less than this concentration, 
the (MBC) is the same as (MIC) (1.25µg/ml) for all 
bacterial isolates for nano-SiO2 .This is happened 

because these nano-particles have the ability to 
penetrate the bacteria cell walls and cause damage 
to its cytoplasm which leads to bacteria inhibition28.

	 Nano-particles ZnO & SiO2 have the ability 
to release free radical like: hydrogen peroxide (H2O2), 
OH- (hydroxyl radicals), and O2 (peroxide) into the 
medium after the surface of the dead bacteria is 
completely covered by nano-particles to prevent 
any bacterial action, so it shows high bactericidal 
efficacy5&11.
	
	 We have explained that there are many 
differences between our results and the results 
of other researches and this has occurred due to 
several factors like: methods of isolation of clinical 
bacterial strain that may form effective biofilm, 
difference in the preparation methods of nano-
particles, size and concentrations of tested nano-
particles in addition to the types of culture media and 
other parameters affected the bacterial growth4,11&29.

CONCLUSIONS

	 Our results have shown that the two nano-
particles (ZnO & SiO2) have antibacterial activity but 
nano- ZnO is better than nano-SiO2 and could inhibit 
most of the important pathogenic bacteria (G+ & G-) 
at the tested concentrations that are isolated from 
hospitalized patients .
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