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1. Introduction  

osocomial inactions are defined as 

infections without evidence of 

incubation at the time of admission to 

a healthcare setting. It can be said that 

two main challenges of the infectious 

disease medicine are facing resistance to antibiotics 

and nosocomial infections in the current century (1). 

Widespread usage of antibiotics and high potential to 

overcome biological targeted agents encourage 

scientists to develop newer versions of antimicrobial 

agents such as nanoparticles. Nanoparticles have been 

introduced as novel antimicrobial agents because of 

their properties that are different from their bulk 

properties (2). Antibiotic resistance is a problem of 

global significance. Moreover, the overuse of 

antibiotics causes the emergence of bacterial 

resistance and increases healthcare costs and sepsis-

related deaths. Widespread usage of antibiotics and 

high potential to overcome biological targeted agents 

encourage scientists to develop newer antimicrobial 

agents like nanoparticles (2-4). Nanotechnology has 

been taken global interest in nanoparticles (NP) that 

are of unique properties as compared to their bulk 

equivalents. The antimicrobial activity of NP was 
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previously illustrated and Ag and Zn are also 

described to destroy bacterial membranes in their 

nanoparticle forms. Then, nano-Ag destabilizes the 

outer membrane of E. coli, interfering membrane 

activities like ATP metabolism. Additionally, nano-

Ag treatment makes pits in E. coli cell walls. Finally, 

nanoparticles of Ag interact with membrane integrity 

(1-4). Traditionally, antiseptic properties of silver had 

been known. Until the development and widespread 

usage of antibiotics, dilute solution of silver nitrate 

was used for infants’ eyes at birth to prevent 

gonorrhea infection transmitted from mothers’ genital 

tract. Eye infections and blindness of newborn were 

reduced by this method (5). Zinc oxide nanoparticles 

can improve the antibacterial activity of ciprofloxacin. 

It has been reported that nano ZnO with the average 

size between 20 nm and 45 nm can increase the 

antibacterial activity of ciprofloxacin against 

Staphylococcus aureus and Escherichia coli in vitro. It 

has been indicated that enhancing effect of this 

nanomaterial is concentration-dependent against all 

tested strains. To explain that zinc oxide nanoparticles 

can interfere with NorA protein. NorA is a protein 

developed for conferring resistance in bacteria and has 

pumping activity that mediate the efflux of 

hydrophilic fluoroquinolones from a cell. Another 

explanation is that zinc oxide nanoparticles can 

interfere with Omf protein. Omf is a membrane 

protein responsible for the permeation of quinolones 

into the cell (6). Thus, the present study was aimed to 

investigate antimicrobial activity of silver nitrate and 

zinc oxide nanoparticles against the three main 

bacteria responsible for nosocomial infections, S. 

aureus, P. aeruginosa and A. baumannii. 

2. Materials and Methods 

In this in vitro study, nanoparticles of silver nitrate 

and zinc oxide with an average size of 50 nm were 

procured. The structure of the particles was 

characterized by a powder X-ray diffraction (XRD) 

equipment (D/max2000, Rigaku) using Cu Ka 

radiation. Most agents used in this study were 

purchased from Sigma-Aldrich. The fluorescent 

reporter dye 39-(p-hydroxyphenyl) fluorescein (HPF) 

was purchased from Invitrogen, Staphylococcus 

aureus (ATCC:25923), E. coli O157 (ATCC:43895), 

S. aureus (ATCC:25923), P. aeruginosa 

(ATCC:27853) and A. baumannii (ATCC:17978) 

were obtained from the American Type Culture 

Collection from the Korean Collection for Type 

Cultures. Solutions were prepared in various 

concentrations (4000 ppm to 31.5 ppm) in a serial 

method.  

2.1.  Microbiological assay 

The experimental procedure was performed 

according to standard methods. Culture medium, agar 

plates, PBS, and distilled water were prepared and 

sterilized before running antibacterial sensitivity 

assay. To prepare Mueller-Hinton (MH) broth (Difco), 

10 g/l of sodium chloride, 5 g/l of yeast extract and 10 

g/l of tryptone/peptone from casein were weighted and 

placed into a precipitation glass. Then, distilled water 

was poured and the system was magnetically stirred 

up until dissolution. The broth was then autoclaved at 

121ºC for 20 min and subsequently stored at 2-8ºC for 

no more than 15 days. To prepare MH agar plates, 14 

g/l of agar-agar was weighed and added to other 

ingredients to solidify the MH medium. The liquid 

was quickly poured onto petri dishes. Agar solidifies 

below 60ºC; petri dishes were cooled down at room 

temperature and then stored at 2-8ºC. Phosphate 

buffer saline (PBS) was prepared by mixing 8 g/l of 

sodium chloride, 0.2 g/l of potassium di-hydrogen 

phosphate anhydrous, 0.2 g/ l of potassium chloride 

and 1.15 g/l of di-sodium hydrogen phosphate 

anhydrous. All these salts were weighed and dissolved 

in distilled water. Using turbidity of 0.5 McFarland, 

standard S. aureus (ATCC:25923), P. aeruginosa 

(ATCC:27853) and A. baumannii (ATCC:17978) 

were cultured for 18 hours at 37

C in Muller Hinton 

media. The antibacterial activity of nanoparticles was 

also evaluated under visible light illumination. 

Spectrophotometry were explored to assess bacterial 

growth because spectrophotometric readings are 

generally more precise and reproducible (7-9). 
Blank disks were used to prepare 5 mm diameter 

disks which were used for testing each material. A 

measure of 1 mg of ZnO was spread on top of the 

disks followed by 10 μl of bacteria strain at a 

concentration of 109 CFU/ml. Disks with various 

concentrations of nanoparticles were then placed on 

bacterial cultures for 18 hours at 37

C. Each 

concentration of nanoparticles was also applied 3 

times for each bacterium inoculates. Having been 

exposed to nanoparticle in incubator for 24 hours, the 

diameter of inhibition was measured. Means of 3 

cultures with same concentration and a kind of 

nanoparticles and bacteria were considered for 

analysis. Using a diagram without statistical analysis, 

diameters of inhibition were compared between 

various concentrations and kinds of bacteria. Analysis 

of variance was used in order to compare the diameter 

of inhibition between bacteria based on kinds of 

nanoparticles regardless of their concentration. Results 

were analyzed statistically using one-way ANOVA 

followed by Tukey test. 

3. Results 

This study was done to evaluate the antimicrobial 

effects of zinc oxide and silver nitrate nanoparticle 

solution against three strains of S. aureus, P. 

aeruginosa and A. baumannii bacteria. The results of 

growth inhibition effect of used nanoparticle solutions 

against three standard bacteria are presented in Figures 

1 and 2 and Tables 1 and 2. Nanoparticles of zinc 
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oxide made an inhibitory diameter of 13.6 mm in the 

highest concentration to 7 mm in the lowest 

concentration of nanoparticle in S. aureus (Fig. 1, 

Table 1). For this bacterium, silver nitrate nanoparticle 

had a larger inhibitory diameter (16.33 mm to 8.67 

mm) (Fig. 2, Table 1). Zinc oxide nanoparticle had no 

inhibitory effect on P. aeruginosa and A. baumannii. 

The maximum inhibitory diameter of silver nitrate 

nanoparticle on P. aeruginosa and A. baumannii were 

measured 13.33mm and 22.67 mm for P. aeruginosa 

and A. baumannii, respectively. For both bacteria, 

inhibitory area reached to zero at a concentration of 

125 ppm (Tables 1 and 2). Inhibitory areas of silver 

nitrate were significantly greater than zinc oxide ones 

(p<0.001). 

 
 Figure 1. Zone of inhibition in various zinc oxide 

nanoparticle concentrations. P. aeruginosa and A. 

baumannii growth was not inhibited by zinc oxide 

nanoparticles.  

 
Figure 2. Zone of inhibition in various silver nitrate 

nanoparticle concentrations.  

 

 

Table 1. The results of bacterial growth inhibition 

of zinc oxide and silver nitrate nanoparticles 
 

Diameter of zone of inhibition 

(mm) 

Minimum Maximum 

Zinc oxide 

nanoparticles 

S. aureus 7.00 13.67 

P. aeruginosa 0.00 0.00 

A. baumannii 0.00 0.00 

Silver nitrate 

nanoparticles 

S. aureus 8.67 16.33 

P. aeruginosa 0.00 13.33 

A. baumannii 0.00 22.67 

 

Table 2. Comparison of zinc oxide and silver nitrate 

nanoparticles in bacterial growth inhibition 
 

Difference 

between zinc 

oxide and 
silver nitrate 

nanoparticles 

zone of 
inhibitions 

Minimum Maximum Mean 
Std. 

Deviation 
P 

value 

S. aureus 1.67 3.3 2.80 0.5 0.00 

P. 
aeruginosa 

0.00 13.3 8.36 5.2 0.00 

A. baumannii 0.00 22.6 12.47 8.5 0.00 

4. Discussion 
According to less done clinical study, inhibiting 

bacterial growth by applying nanoparticles is not a 

novel idea, though using nanoparticles are not popular 

in patients’ treatment up to now. Novelty of our study 

is the consideration of bacteria responsible for 

nosocomial infection. S. aureus, P. aeruginosa and A. 

baumannii are the most prevalent bacteria isolated 

from nosocomial infections, predominantly respiratory 

and skin infections (10). Although most laboratory 

studies have demonstrated antibiotic properties of 

many nanoparticles, but the different behavior of 

bacteria in the body and the complex interactions 

between body and pathogen, prevent the use of them 

prior to further studies. The mechanism of nano-

medicines action with antibiotic properties is not 

dependent on biological processes that target older 

antibiotics, so probably we will face less resistance 

(11). The results showed that silver nitrate 

nanoparticles hade more antibacterial activity on the 

studied bacteria. It has been previously indicated that 

silver nitrate has antibacterial activity against a variety 

of bacteria (10). Releasing free electrons has been 

recommended for antimicrobial activity of silver 

nitrate nanoparticles as a useful mechanism (12-15). 

Among published studies on antimicrobial activity of 

silver nitrate, absence of evidences about in vivo usage 

has been observed in animal laboratories. Silver is a 

toxic element and accordingly it is not acceptable to 

be used in vivo (16). Studying antimicrobial activity of 

zinc oxide nanoparticles has been less focused. So, 

further studies may demonstrate more about its 

antimicrobial activity. In our study, zinc oxide 

nanoparticles have no antimicrobial activity against 

gram-negative bacteria (7,8,17,18). Nanoparticles 
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have potentials to be used in vivo, but less is known 

about probable toxic effects and more questionable 

ones, their effects on normal host cell cycle and 

metabolism. They may have a potential carcinogen 

effects. Up to know, studies are not in agreement 

about adverse effects of nanoparticles. They may be 

accumulated in body tissues leading to organ failure 

)19(. In other studies, Hoseinzadeh and colleagues in 

2012, examined the effect of zinc oxide (ZnO) 

nanoparticles on death kinetic of gram-negative 

bacteria (Escherichia coli and Pseudomonas 

aeruginosa) and gram-positive bacteria 

(Staphylococcus aureus and Staphylococcus 

epidermidis). In their study, ZnO nanoparticles had 

growth inhibition effect on all studied bacteria 

including pseudomonas bacteria and even more 

effective on gram-negative bacteria (9). However, in 

our study, ZnO nanoparticles did not cause any 

inhibition of growth for Pseudomonas. This difference 

in results may be due to differences in size of used 

ZnO nanoparticles in these studies. But from the view 

that by increasing the concentration of nanoparticles, 

the growth rate decreases, these two are the same 

direction (9). Dose-dependent responses of bacterial 

growth to nanoparticles recommend a pharmacologic 

mechanism for them. Releasing free radicals, directing 

destruction of the cell wall and membrane, inducing 

conformational alterations in cell wall proteins, 

impairing electron transferring chain and inhibition of 

metabolic pathways by changing enzymatic activities 

are potentially regarded as targets of nanoparticles. 

Like other classic antimicrobial agents, some of these 

targets are not distinguishable from host cell ones. Our 

study had some limitations. The main limitation was 

lacking a control of bacterial culture not to be exposed 

to nanoparticles.  

In conclusion, silver nitrate nanoparticles have more 

antimicrobial activities. Antimicrobial activity of zinc 

oxide nanoparticles was restricted to gram-positive 

bacteria. The results of this study showed that a silver 

nitrate nanoparticle is effective on the growth of all 

three bacteria and can be used in further studies of 

nosocomial infections. Since the antibiotic resistance 

in Staphylococcus aureus and Pseudomonas are 

rapidly increasing, ZnO and silver nitrate 

nanoparticles can be considered as a treatment. 
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