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Abstract 

 
Objective(s): Bacterial biofilm has been considered responsible for many deaths and high 

health costs worldwide. Their better protection against antibacterial agents compared to free 

living cells leads to poor treatment efficiency. Nanotechnology is promising approach to 

combat biofilm infections. The aim of the present study was to eradicate Staphylococcus 

epidermidis biofilm with silver nanoparticles (SNPs).  

Materials and Methods: SNPs were used at different concentrations (two fold dilutions) and 

incubation times (24, 48, 72 h). The crystal violet staining and pour plate assays were used to 

assess biofilm biomass and bacterial viability, respectively. The ability of SNPs on biofilm 

matrix eradication was assessed through optical density ratio (ODr). Positive control was 

defined as an ODr =1.0.  

Results: The crystal violet assay indicated that the biofilm matrixes were intact at different 

concentrations of SNOs and incubation times. There were no significant differences between 

these parameters (P >0.05). Bacterial enumeration studies revealed that higher concentrations 

of SNPs were more effective in killing bacteria than lower ones. Although, longer incubation 

times  led to enhancement of anti-biofilm activity of SNPs.  

Conclusion: The anti-biofilm activity of SNPs was concentration- and time-dependent. The 

results of this study highlighted that SNPs were effective against cell viability; however they 

were ineffective against biomass. 
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Introduction 

It has been shown that Gram-positive 

cocci such as Staphylococcus epidermidis 

are responsible for device related 

infections (1). The ability of S. epidermidis 

to form a mucoid biofilm on medical 

devices is the reason of the bacterial 

pathogenicity (2). 

Bacterial biofilm formation is because of 

accumulation of adherent microorganisms 

on a non-living surface. Biofilm 

communities are surrounded by an exo-

polysaccharide matrix (EPS) (3). These 

structures are one of the distinguishing 

characteristics of biofilms and also protect 

the embedded microorganisms against 

antimicrobial agents. Delayed penetration 

of antibiotics into the biofilm or reduction 

of metabolism in microorganisms is 

suggested as protective mechanisms of 

biofilm (4).     

These extremely robust defense 

mechanisms of biofilms are lead to 

investigate approaches to treat biofilm 

infections. Important strategies are 

combination therapy, application of 

antibacterial enzyme and employing 

nanotechnology (5). 

In the recent years, there has been 

considerable interest in combating 

antibiotic resistance through development 

of nanotechnology (6-7). Nanoparticles 

such as solid lipid nanoparticles, 

liposomes and nano-emulsions have been 

developed for bacterial eradication. 

Metallic nanoparticles are considered as 

efficient antibacterial agents (8-10). They 

have been widely used for microbial 

eradication and eliminating bacterial 

resistant species (11-12). They have 

potential advantages such as easily 

prepared to the nanometer scale and wide 

range of biomedical applications (13-16). 

Silver nanoparticles (SNPs) have been 

used as antibacterial agent for many years 

(17-18). The antibacterial activity of SNP 

is related to the inhibition of replication by 

interfering with DNA and RNA, disruption 

of the cell membrane, interference with 

cell respiration, and inactivation and 

alteration of enzyme conformation (19). It 

was dem-onstrated that SNP coating or 

even impregnated on the medical device 

can impede biofilm formation. In this 

scenario, in present study the anti-biofilm 

activity of SNP on biofilm producing S. 

epidermidis was studied. 
 

Materials and Methods 
Materials 

SNP and 2, 3, 5-triphenyltetrazolium 

chloride (TTC) were purchased from 

Sigma (USA). Trypticase soy broth (TSB) 

was provided by Merck (Germany). 

Muller Hinton broth (MHB) was 

purchased from Hi media (India). 

 

Determination of the minimum inhibitory 

concentration (MIC) and minimum 

bactericidal concentration (MBC) 

The MIC was determined by tetrazolium 

based colorimetric method (20). Bacterial 

growth changes the colorless TTC to a red 

color.  

The S. epidermidis strain DSMZ3270 

(DSMZ Cloning, Germany) was used as a 

microbial strain in this study.  

The overnight subculture of S. epidermidis 

strain was cultivated in MHB media 

supplemented with 0.25% glucose to reach 

and match the 0.5 point of a MacFarland 

standard. The stock suspension was 

approximately 10
8
 CFU/ml. SNP was 

prepared from serial two-fold dilutions in 

the MHB media. The inoculum was 

prepared by pipetting 0.5 ml of the stock 

suspension into 9.5 ml of MHB media. 

250 µl of SNP was added to each well of a 

microtiter plate. This was followed by the 

addition of 25 µl of inoculum. The 

inoculated microplates were incubated at           

37 °C for 24 h. Subsequently, TTC (50 µl,           

5 mg/ml) was added to each well and 

microplate was incubated for 30 minutes at 

37 °C. The MBC was defined as the 

lowest concentration  reducing the initial   

inoculum  

by ≥99.9%. MBC was assessed by sub-

culturing 10 μl of the test dilutions from 

MIC wells on to fresh Mueller-Hinton agar 
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plates. Plates were incubated for 18-24 h 

37 °C. MBC was defined as the lowest 

concentration of antibacterial agents that 

showed no single bacterial colony on TSA 

plates. 

 
Crystal violet assay 

This test was used to assess the efficacy of 

SNP for biofilm biomass reduction. 

Bacterial suspension was prepared in TSB 

(containing 0.25% glucose) from overnight 

culture of S. epidermidis. Each well of a 

microtiter plate was filled with 200 μl of 

bacterial suspension (final concentration 

510
5 

CFU/ml). The inoculated 

microplates were incubated at 37 °C for 24 

h. After incubation, bacterial biofilm was 

attached to the bottom of a 96-well 

polystyrene microtiter plate. For removing 

of unattached bacteria, each well was 

rinsed three times with PBS (200 μl).  

Serial dilution of SNP was prepared in the 

media from stock solution. Then, they 

were added to each well and microplates 

were incubated for different time periods 

(24, 48 and 72 hours). After an incubation 

process, biofilms were rinsed three times 

with 200 μl PBS and were then stained 

with crystal violet (0.3% for 5 min). In 

order to solubilize the bounded crystal 

violet, 200 μl of ethanol (96%) was added 

in each well. The optical density (OD) at 

540 nm was determined using a microplate 

reader (Awareness, UK). Each experiment 

was performed at least in three replicates.  

The quantitative measurement of OD ratio 

(ODr) was calculated by dividing OD of 

each well containing SNP to OD value of 

positive control (native biofilm). The 

control was obtained by adding TSB 

(containing 0.25% glucose) without SNP 

to the biofilm cultures. This measurement 

was related to the ability of formulation on 

biofilm removal (21). 

 
Susceptibility of biofilm to SNP  

Biofilm was prepared in 96-well microtitre 

plates, as described above. To each well 

containing the biofilm, SNP solution (200 

l) was added. After the periods of 24, 48 

and 72 h of growth, the non-adherent 

bacteria were removed and the biofilm was 

washed twice by PBS (200 l). The wells 

were thoroughly scraped, until >93% of 

the biofilm was removed (as determined 

by crystal violet spectrophotometric 

readings), and resuspended in 1 ml of PBS, 

followed by centrifugation for 8 min at 

9000 g.  This process was repeated twice 

to obtain bacterial cultures free from 

biofilm and followed by preparing 10-fold 

serial dilutions of them. The viable 

bacteria were determined by plating 100 l 

of the dilutions in triplicate on TSA plates 

and incubation of plates for 20 h at 37 °C 

(22). 
  
Statistical analysis 

A one-way analysis of variance (ANOVA) 

was used for analyzing differences 

between ODr and bacterial population of 

treated biofilm. Differences between mean 

were statistically significant if the p-value 

was less than 0.05. 
 

Results 
Determination of MIC and MBC 

The MIC and MBC values of SNP against 

planktonic bacteria were 8 and 32 ppm, 

respectively.  

The results of this assay were represented 

according to the ODr values (Figure 1). 

Positive control was defined as an ODr 

=1.0. Decrease in ODr values implicated 

the efficacy of SNPs in biofilm biomass 

reduction. These results indicated that the 

high concentrations of SNPs were less 

effective than lower ones (Figure 1.A).  

There were significant differences between 

ODr of concentrations (P <0.05). The 

effect of incubation time was shown in 

Figure 1.B. Statistical analysis indicated a 

time-dependent correlation between the 

incubation time of SNPs and the bacterial 

biofilm reduction         (P <0.05). The best 

results were observed at 24 hours, whereas, 

48 and 72 hours showed insufficient results. 
 

Susceptibility of biofilm to SNPs  

Figure 2 showed the mean logarithmic 

reduction of bacterial viability after 
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Figure 1. The effect silver nanoparticles (SNPs) on 

biomass reduction of biofilm producing by Staph-

ylococcus epidermidis DSMZ 3270. A) The effect of 

different SNP concentrations on biomass reduction. 

B) The effect of different incubation times on biomass 

reduction. ODr values obtained by dividing OD of 

each antimicrobial agent to OD of positive control 

(native biofilm). Positive control was defined as an 

ODr =1.0. 

 

exposure of biofilms to SNPs. According 

to the statistical data, biofilms were more 

susceptible to higher concentrations of 

SNP (P <0.05). The effect of time on 

bacterial viability was illustrated in Figure 

2.B. These results implicated that biofilm 

cells were eradicated in a time-dependent 

manner                 (P <0.05). 
 

Discussion 
In the recent years, various approaches 

have been developed for combating 

biofilms. Nanotechnology provides a 

useful approach in biofilm control. SNPs 

elicit bactericidal effects due to release of 

Ag
+
 ions from their surfaces. SNPs have 

also had remarkable therapeutic efficacy in 

killing biofilm-based microorganisms (18). 

In this study, the effect of SNPs on biofilm 

control was investigated. 

The MIC and MBC values indicated that 

SNP was effective against planktonic 

bacteria. These findings were consistent 

with the results of a previous study in 

which  the effect of silver ions and 

nanosilver on planktonic and biofilm 

bacterial cell were evaluated (23). It was 

demonstrated that biofilms were about 4-

fold more resistant to nanosilver inhibition 

than planktonic bacteria. 

The anti-biofilm activity of SNPs was 

evaluated by two different methods. The 

biomass reduction was assessed by crystal 

violet assay (Figure 1). These results 

indicated that SNP was ineffective in 

biomass reduction. According to these 

data,  increasing the amount of SNP could 

not eradicate biofilm matrix. It was 

reported that upon attachment of 

nanosilver to biofilm the size of nanosilver 

increased and subsequently the anti-

biofilm activity reduced (23).  

Longer incubation time did not produce 

better results. Taken together, the results 

of crystal violet assay reflected that 

biofilm matrixes were intact during 

incubation with SNPs. These results might 

be due to the lack of efficiency of this 

assay for evaluating the anti-biofilm 

activity of SNPs. The other possible reason 

for reducing the SNPs anti-biofilm activity 

was attributed to the interaction of 

adsorbed SNPs on the biofilm matrix 

surface by crystal violet stain. The 

insufficient crystal violet results were 

observed previously (24). The susceptibility 

of bacterial cell embedded in biofilm was 

studied by plate count method. The results of 

this part of study were not consistent with 

crystal violet results. According to the plate 

count data (Figure 2), the SNPs were effective 

in bacterial biofilm killing. It is interesting to 

note that stock solution of SNPs was the most 

effective ones on bacterial death. The 

effectiveness of SNP on biofilm removal was 

previously described (23). However, our 

results indicated that decreasing SNPs 

concentration has led to decrease in the 

numbers of bacteria. The incubation time data 

showed that the incubation period had an 

effective role in biofilm eradication. These 

data were consistent with those reported in the 

previous study. 

It was shown that older formulation was 

significantly had higher activity (P <0.05). The 

effect   of   shelf-life time on the efficacy of the 
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Figure 2.  Mean fold reduction of bacterial viability 

after biofilm exposure to SNP. The y-axis indicates 

the difference in the log10 cfu/mL between untreated 

biofilm (controls) and biofilm treated with SNP.. A) 

The effect of different concentrations on bacterial 

viability. B) The effect of different incubation period 

times on bacterial viability.  
 

formulation for biofilm eradication was 

previously described (24-26). 
   

Conclusion 
The results of this study confirmed the 

high efficacy of SNPs on biofilm 

eradication. SNPs did not disrupt the 

biofilm matrix, however, it was able to kill 

the embedded bacteria in biofilm structure. 

The results of concentrations and 

incubation time indicated that the best 

results observed when high concentrations 

with a longer incubation time were 

employed. 
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