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Introduction 
 

Pseudomonas aeruginosa is especially 

problematic for seriously ill patients in ICUs. 

From 1992 to 1997, data from the National 

Nosocomial Infections Surveillance System 

showed that P. aeruginosa was responsible for 

21% of pneumonias, 10% of urinary tract 
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infections, 3% of bloodstream infections, and 

13% of eye, ear, nose, and throat infections 

within ICUs in the United States (1). A similar 

study conducted in Europe identified P. 

aeruginosa as the second most frequently 

isolated organism in reported cases of ICU-

acquired infections (2). In this surveillance 

study, P. aeruginosa was accountable for 30% 

of pneumonias, 19% of urinary tract 

infections, and 10% of bloodstream infections. 

P. aeruginosa presents a serious therapeutic 

challenge for treatment of both community-

acquired and nosocomial infections, and 

selection of the appropriate antibiotic to 

initiate therapy is essential to optimizing the 

clinical outcome (3, 4). Unfortunately, 

selection of the most appropriate antibiotic is 

complicated by the ability of P. aeruginosa to 

develop resistance to multiple classes of 

antibacterial agents, even during the course of 

treating an infection. Epidemiological 

outcome studies have shown that infections 

caused by drug-resistant P. aeruginosa are 

associated with significant increases in 

morbidity, mortality, need for surgical 

intervention, length of hospital stay and 

chronic care, and overall cost of treating the 

infection (5, 6, 7). Even more problematic is 

the development of resistance during the 

course of therapy, a complication which has 

been shown to double the length of 

hospitalization and overall cost of patient care 

(8). P. aeruginosa can develop resistance to 

antibacterials either through the acquisition of 

resistance genes on mobile genetic elements 

(i.e., plasmids) or through mutational 

processes that alter the expression and/or 

function of chromosomally encoded 

mechanisms. Both strategies for developing 

drug resistance can severely limit the 

therapeutic options for treatment of serious 

infections. limit the therapeutic options for 

treatment of serious infections. P. aeruginosa 

exhibits the highest rates of resistance for the 

fluoroquinolones, with resistance to 

ciprofloxacin and levofloxacin ranging from 

20 to 35%. Although not surprising, the 

highest rates were reported for isolates 

obtained from patients in ICUs. P. aeruginosa 

isolates from ICU patients also trend toward 

higher rates of _-lactam resistance than 

general trends for hospitalized patients.  

 

Antimicrobial properties of silver compounds 

had been identified for a long time (9, 10). In 

recent decades nanosilver has been welcomed 

because of its unique antimicrobial properties 

(11). Silver particles have naturally anti-in-

flammatory effects and also increase the 

power of healing (12, 13). It also has 

antimicrobial properties through effects on 

enzyme systems, cell wall and bacterial DNA 

(13). The silver particles change 

phosphotyrosine peptide in bacteria and 

subsequently change signals between the cells 

and ultimately prevent the proliferation of 

bacteria (14). However, most antimicrobial 

mechanisms of this material are still quite 

unknown (15). Maximum exposure of silver 

particles in the nanosilver suspension causes 

increased antibacterial activity of this 

compound. No toxic effects on human’s 

tissues were reported reported by low 

concentration of nanosilver solutions (16, 17). 

Nanosilver particles are effective on the 

bacteria Streptococcus mutans which is one of 

the important pathogens in dental caries, and 

therefore it has anti-decay effects (18-19). 

 

Materials and Methods 

 

Bacterial strains 

 

Forty Pseudomonas aeruginosa were isolated 

from clinical specimens at microbiology 

laboratory, Department of clinical analysis at 

King Khalid hospital, Hafr Elbatin, KSA. 

Mid-stream urine, suction tip, pus and blood 

specimens were collected aseptically for 

bacteriological examination. Handling, 

transporting and storing of collected samples 

were made at refrigeration temperature. All 
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samples were inoculated on MacConkey’s and 

Blood agar, incubated at 37◦C for overnight, 

and colonies were processed. 

 

Micro Scan analysis 
 

The MicroScan WalkAway-96 SI System was 

used in laboratory Identification and 

antimicrobial susceptibility testing was 

performed with Neg/BP/Combo 30-B1017-

306E combination panels. All procedures were 

performed according to the manufacturer’s 

directions. 

 

Antimicrobial activity of nanosilver 

 

Nanosilver were obtained from SIGMA 

ALDRICH, SAINT LOUIS, USA. MIC was 

defined as the lowest concentration of nanosil-

ver preparation that prevented bacterial 

growth. MICs were determined for all strains 

by the CLSI reference method (20). 

Concentrations tested were diluted: (300 

ppm), (200 ppm), (100 ppm), (50 ppm), (25 

ppm), (12.5 ppm), (6.25 ppm), (3.125 ppm). 

Disk diffusion tests were performed along 

with MIC determinations using one inoculum 

preparation.  

 

Effect of Nanosilver – Antibiotic 

combination  

 

The well diffusion method was used to 

evaluate the antibacterial activity of silver 

nanoparticles in combination with antibiotics. 

Based on the CLSI standard, the selected 

concentrations of antibiotics (HiMedia 

Chemicals Pvt. Ltd., Mumbai, India) were 

gentamycin (10 𝜇g), ampicillin (10 𝜇g), and 

tetracycline(30 𝜇g), Amikacine (30 𝜇g) 

respectively [20]. By using spread plate 

method, the Mueller-Hinton agar plates were 

inoculated with the turbidity adjusted bacterial 

suspension, and antibiotic with nanosilver (5 

ppm) to see the combined activity placed in 

6mm diameter wells mad by sterile glass 

Pasteur pipette.. These plates were incubated 

at 37° C for 24 h, and zone of inhibition (ZOI) 

was measured by subtracting the well diameter 

from the total inhibition zone diameter. This 

assay was performed in triplicate. 

 

Results and Discussion 

 

The present study was examined the 

Pseudomonas aeurginosa growth in culture 

media in the presence of nanosilver compared 

to when the culture media contained different 

antibiotics; we found that nanosilver dilutions 

readily prevented growth of the multidrug 

resistant Pseudomonas aeruginosa. The 

information about the susceptibility and 

resistance rate of the isolates against different 

antibiotics used is shown in Figures 1, 2 and 

against nanosilver in figure 3. This 

information shows the 100% resistance of 

Pseudomonas aeruginosa against different 

antibiotics such as tetracycline, cefoxitine, 

Maezocilline and Trimethoprim/ 

Sulfamethoxazole, more than 85% resistance 

against Cefuroxime and cefotaxime and lower 

resistance against piperacillin/ tazobactam 

(62.5%), imipenem (50 %), and amikacin (50 

%). Nanosilver examinations showed that the 

MIC of nanosilver was 12.5ppm (with average 

inhibition zone being 8.02 mm). 

 

Susceptibility to nanosilver depended on the 

concentration. All isolates were susceptible to 

more than MIC of nanosilver compared to a 

high resistance to multiple classes of 

antibiotics. The Average of inhibition zone di-

ameters of different concentrations of 

nanosilver dilutions is shown in Figure 3. By 

reducing the concentration of nanosilver, its 

effectiveness was reduced; at about the 12.5 

ppm concentration and lower, inhibition zone 

of bacterial growth was not observed. 

 

The combined effect of the silver 

nanoparticles with antibiotics was assessed in 

comparison to antibiotics, with well diffusion 
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method. It was observed that the collective 

effect of silver nanoparticles with antibiotics 

was additive. The activity of the three 

antibiotics: gentamycine. ampicillin, and 

tetracycline with nanoparticles, against 

Pseudomonas aeruginosa was shown as 

percentage enhancement in antibacterial 

effect. The increase in antibacterial activity of 

different antibiotics was quantified by the 

equation (𝐵 − 𝐴)/𝐴 × 100, where 𝐴 and 𝐵 are 

the ZOI for antibiotic and antibiotic + silver 

nanoparticles, respectively. The activity of all 

the tested antibiotics was increased in 

combination with all the silver nanoparticles 

employed, against the test bacterial strains. 

The highest increase was noted for ampicillin 

(19.7%) followed by gentamicin (12.2%) and 

tetracycline (6.9%) (Figure 4). 

 

Fig.1 Overall average Antibiotic resistance percentage of Pseudomonas aeruginosa isolates 

against different antibiotics 

 

 
 

Fig.2 MIC of different antibiotics 
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Fig.3 Antibacterial effect of different nanosilver concentrations on  

Pseudomonas aeruginosa isolates 
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Fig.4 Effect of Antibiotic-nanosilver combination on Pseudomonas aeruginosa 

 

 
1- control, 2- nanosilver, 3- Antibiotic+ nanosilver, 4- Antibiotic 
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The rising trend of resistance to antibiotics 

alarms about the dilemma that could be faced 

when treating such infections. The results 

showed that clinical isolates of p. aeruginosa 

in our hospitals are highly resistant to 

multiple classes of antibiotics. p. aeruginosa 

are important opportunistic pathogens with 

increasing rates of multi-antibiotic resistance 

due to both intrinsic and acquired 

mechanisms. In this study we collected 40 

samples from different departments of King 

Khalid hospital of Saudi Arabia. Several 

common antibiotics against p. aeruginosa 

were used for in vitro susceptibility test. This 

experiment revealed high resistance rates of p. 

aeruginosa which were as follows: 100% to 

cefoxitine, tetracycline, cefazoline and 

trimethobrine/sulfamethaxazole, more than 

85% resistance to Ertapenem, cefotaxime and 

cefuroxime, more than 60% resistance to 

tobramycine, Mezocelline, gentamicin, 

levoflaxacin and ciproflaxacin, low resistance 

to amikacin, piperacillin/tazobactam. Other 

researches in Egypt that reported high rates of 

antimicrobial resistance (21). In Turkey, Unan 

et al., reported that 60% of his P. aeruginosa 

isolates were MDR (22). In Egypt, Gad et al., 

observed high levels of MDR P. aeruginosa 

and that β lactamase production is the main 

mechanism of resistance (36% were MDR 

and 95% were ESβLs producer) (23), On the 

other hand, in Iran detected lower levels as 

30% of their isolates were MDR and only 

9.2% were ESβLs producer (24). Our study 

showed high sensitivity to 

piprecillin/Tazobactum followed by Amikacin 

and Impenem, other studies showed semillar 

results Amikacin and imipenem were the 

most effective drugs against P. aeruginosa. 

The effectiveness of amikacin (80.5% 

sensitive) over imipenem (66.7% sensitive) 

against P. aeruginosa was corroborated by 

data from recent researches (23). Earlier 

studies reported that imipenem was the most 

effective antibiotic against P. aeruginosa 

(25). However, recent studies demonstrated 

the evolution of imipenem - resistant strains 

of P. aeruginosa. Carbapenems were 

considered to be the treatment of choice 

against serious ESβLs associated infections, 

however resistance to carbapenems, 

especially in P.aeruginosa, results from 

reduced levels of drug accumulation, 

increased expression of pump efflux or 

production of β-lactamases (23). Our study 

revealed moderate activity of ciprofloxacin 

37.5%. There were variable data about 

ciprofloxacin action Similar results about 

ciproflaxacin against P.aeruginosa were 

detected by Gad et al., (23) on the other hand 

Zahra (reported that ciprofloxacin exhibited 

high susceptibility pattern (73.6%) (24). In 

our research, high resistance rates exhibited 

by P.aeruginosa against cefeoxitine and 

cefazolin (100%). In contrast, cephalosporins 

tested in a study conducted in Nigeria, 

showed that 90% of the isolates were 

sensitive to it (26). 

 

Small nanoparticles with a large surface area 

to volume ratio provide a more efficient 

means for antibacterial activity even at very 

low concentrations. Silver nanoparticles 

(Diameter 5-32 nm) enhance the antibacterial 

activity of various antibiotics (27). Our results 

showed a 100% influence by the prepared 

nanosilver and 12.5ppm MIC. Numerous 

researches have been performed studying the 

effect of nanosilver on pathogenic 

microorganism. Our results were quiet similar 

to the Humberto (27) study on Pseudomonas 

aeruginosa. Interestingly, among the selected 

antibiotics ampicillin has shown the highest 

activity against p. aeruginosa with silver 

anoparticles followed by gentamicin (12.2%) 

and tetracycline (6.9%). The combination 

effect of nanosilver and ampicillin has more 

potential compared to the other antibiotics 

and may be caused by both, the cell wall lysis 

action of the ampicillin and the DNA binding 

action of the silver nanoparticles. The 

probable mechanism involved in enhanced 
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antibacterial activity of antibiotics with silver 

nanoparticles can be attributed to the bonding 

reaction between nanoparticles and antibiotic 

molecules. The active functional groups of 

antibiotics such as hydroxyl and amino 

groups react with large surface area of the 

silver nanoparticles by chelation (28). The 

mechanism of the bactericidal effect of Ag 

NPs is that they may attach to the surface of 

the cell membrane dis- turbing permeability 

and respiration functions of the cell (29). 

Smaller Ag NPs having the large surface area 

available for interaction would give more 

bactericidal effect than the larger Ag NPs 

(29). It is also possible that Ag NPs not only 

interact with the surface of membrane, but 

can also penetrate inside the bacteria (30). 

 

The present study showed increasing of MDR 

Pseudomonas aeruginosa which alarms about 

the dilemma that could be faced when treating 

such infections. Silver nano particles may 

provide safe and effective treatment for MDR 

Pseudomonas aeruginosa infections when 

combined with antibiotics. More further 

studies are required for understand synergistic 

effect of nanosilver combining, Assessment 

of safety and efficacy of new antibiotic- 

nanosilver combination. 
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