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Background: Nanosilver compounds are admired in different fields of medicine and industry, due to their unique antibacterial 
properties. Maximum contact of silver particles in nanosilver suspension causes increasing antibacterial effect of this compound.
Objectives: The aim of this study was to evaluate the stability of antibacterial properties of nanosilver solution during a period of 9 
months against Streptococcus mutans, Staphylococcus aureus and Pseudomonas aeruginosa.
Materials and methods: In this in vitro study, the antibacterial effect of serial concentrations of nanosilver solution and amoxicillin 
antibiotic as control group on the standard bacteria S. mutans, S. aureus and P. aeruginosa were measured in 0-3-6-9 month period by Disc 
diffusion methods.
Results: The antibacterial activity and stability of nanosilver solution in comparison with amoxicillin antibiotic were measured and the 
results were examined by t-test statistical analysis. During 9 months, no significant changes were seen in antibacterial activity of nanosilver 
solution (4000 µg.ml-1), except for S. mutans. In other concentrations of nanosilver solution and amoxicillin, reduction of antibacterial 
activity was observed.
Conclusions: Antibacterial activity of 4000 µg.ml-1 nanosilver was stable in a 9 month duration but reduction of antibacterial activity in 
lower nanosilver concentrations and amoxicillin were significant in the same time period.
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Implication for health policy/ practice/ research/ medical education
There is an important question about new antimicrobial agents use and that is about stability of the agents. It is necessary to keep the suspension stable for the 
product lifetime. Despite the proven antibacterial properties of Nanosilver solution, information about the stability of the antimicrobial properties is negligible.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

1. Background
Antimicrobial properties of silver compounds had been 

identified for a long time (1-3). In recent decades nanosil-
ver has been welcomed because of its unique antimicro-
bial properties (4). Silver particles have naturally anti-in-
flammatory effects and also increase the power of healing 
(5, 6). It also has antimicrobial properties through effects 
on enzyme systems, cell wall and bacterial DNA (7). The 
silver particles change phosphotyrosine peptide in bac-
teria and subsequently change signals between the cells 
and ultimately prevent the proliferation of bacteria (8). 
However, most antimicrobial mechanisms of this mate-
rial are still quite unknown (9).

Maximum exposure of silver particles in the nanosilver 
suspension causes increased antibacterial activity of this 
compound. No toxic effects on human’s tissues were re-

ported by low concentration of nanosilver solutions (10, 
11). Nanosilver particles are effective on the bacteria Strep-
tococcus mutans which is one of the important pathogens 
in dental caries, and therefore it has anti-decay effects 
(12-14). Staphylococcus aureus is also a cause of nosoco-
mial and Methicillin-resistant infections which has 
been discussed to be important in different studies (15). 
Pseudomonas aeruginosa bacterium is also a problematic 
drug resistance bacterium which has been tested in this 
study to evaluate the effect of nanosilver solution against 
Gram-negative bacteria. There is an important question 
about use of new antimicrobial agents and that is about 
stability of these materials. It is necessary to keep the 
suspension stable during the product lifetime. Despite 
the proven antibacterial properties of nanosilver solu-
tion, information about the stability of the antimicrobial 
properties is negligible (6, 16, 17).
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2. Objectives
That’s the propose of this study to measure the antimi-

crobial effects of nanosilver solution against S. mutans, S. 
aureus and P. aeruginosa in 9-monthsperiod (once each 3 
month) and to compare with amoxicillin antibiotic as a 
control agent.

3. Materials and Methods
For preparation of nanosilver suspension; at first silver 

nitrate located under reducing effects of polyaldehyde, 
and thus Ag+ changed to metallic Ag after receiving an 
electron. Silver particles tend to accumulate together 
and to prevent this, an acrylic polymer was used in the 
presence of the surface water. The effect of this surface 
activator reduced the silver particles tendency to stick; as 
a result a solution with silver particles in the nanometer 
size was obtained. To confirm the particle size, Intensity 
test was performed on the solution. Average size of silver 
particles was between 2-6 nanometers which were mea-
sured by DLS (dynamic light scattering) method. Microbi-
ology testing methods: Initially in microbiology labora-
tory a pilot experiment was conducted to determine the 
antimicrobial effects of nanosilver solution against the S. 
mutans, S. aureus and P. aeruginosa bacteria, according to 
CLSI (Clinical and Laboratory Standard Institute) guide-
lines 2010 (18).

The suspensions of S. mutans (ATCC 35668), S. aureus 
(ATCC 29213) and P. aeruginosa (ATCC 27853) bacteria 
with turbidity equal of 0/5 McFarland were prepared 
and cultured on Mueller-Hinton agar media (Pronadisa 
Co. Italy). Serial dilutions of nanosilver solution: 4000 

µg.ml-1(Pure), 1/10 (400 µg.ml-1), 1/20 (200 µg.ml-1), 1/40 
(100 µg.ml-1), 1/80 (50 µg.ml-1), 1/160 (25 µg.ml-1), 1/320 
(12/5 µg.ml-1), 1/640 (6/25 µg.ml-1), 1/1280(3/125 µg.ml-1) and 
1/2560(1/562 µg.ml-1) were prepared by sterile distilled wa-
ter as solvent and negative control sample was also used. 
According to Disk diffusion method, Blank disks with 6/4 
mm diameter (Padtan Teb Co. Iran) were inoculated with 
15µl of the prepared nanosilver solutions and were placed 
on medium. Samples were incubated overnight at 35°C. 
Inhibition zone were measured after 18 hours with a spe-
cial ruler and results were compared with antimicrobial 
effects of amoxicillin antibiotic 25µg/disc (MAST Co. UK) 
against S. mutans, S. aureus and P. aeruginosa bacteria. 
This experiment was periodically performed at 0-3-6-9 
months and the antibacterial stability of nanosilver solu-
tion and amoxicillin antibiotic were compared. During 
the nine months, the solution was kept in refrigerator at 
4° C. All experiments were performed with the proposed 
method according to CLSI guidelines and t-test statistical 
analysis was used to analyze the results.

4. Results
This study was done to evaluate the antimicrobial ef-

fects of nanosilver solution against three strains of S. 
mutans , S. aureus and P. aeruginosa bacteria and com-
pare with amoxicillin as an antibiotic in 4 phases (0-3-6-
9 months) to understand the antimicrobial changes of 
these antimicrobial agents by time passing. Totally the 
study contained 288 inhibitory zones: 66 zones for dif-
ferent concentration of nanosilver disks and 6 zones for 
amoxicillin disks in each stage. 

Table 1. Results of Periodic Antibacterial Effects of Nanosilver Dilutions on Streptococcus mutans 

Antibacterial materials and concentra-
tions

Time

Zero (May 2011) 
Zone of growth 
inhibition In mil-
limeters

One (September 
2011) Zone of 
growth inhibition 
In millimeters

Two (December 
2011) Zone of 
growth inhibition 
In millimeters

Three (March 
2011) Zone of 
growth inhibi-
tion In millime-
ters

Amoxicillin 25 µgr/disk 21.5 ± 0.5 18.75 ± 0.75 18 ± 0.5 12 ± 0

Nanosilver dilutions Pure 33.5 ± 1.5 13 ± 0 11.75 ± 0.75 11.5 ± 1.5

1/10 25.5 ± 2.5 9.5 ± 0.5 6.75 ± 0.25 6.5 ± 0.5

1/20 8.75 ± 0.25 7.75 ± 0.25 0 0

1/40 8.5 ±0.5 7.25 ± 0.25 0 0

1/80 8.5 ± 0.5 7 ± 0 0 0

1/160 7 ± 0 7 ± 0 0 0

1/320 and lower 
concentrations

0 0 0 0

Distilled water 0 0 0 0

P Value 0.01 0.01 0.02 0.08
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The result of bacterial growth rate of three standard 
bacteria against nanosilver solution and amoxicillin ac-
cording to the times of experiment are presented in Ta-
bles 1, 2, 3 and Figures 1, 2, 3, 4, 5, 6. The results show that 
by reducing the concentration of nanosilver its effective-

ness lessens, so about nanosilver solution from concen-
tration of 1/160 and lower bacterial inhibition zone were 
not observed. In all stages of the experiment, amoxicillin 
had no effects on P. aeruginosa growth. 

Table 2. Results of Periodic Antibacterial Effects of Nanosilver Dilutions on Staphylococcus aureus 

Antibacterial materials and concen-
trations

Time

Zero (May 2011) 
Zone of growth 
inhibition In 
millimeters

One (September 
2011) Zone of 
growth inhibition 
In millimeters

Two (December 
2011) Zone of 
growth inhibition 
In millimeters

Three (March 
2011) Zone of 
growth inhibi-
tion In millime-
ters

Amoxicillin 25 µgr/disk 15.5 ± 0.5 13± 1 13.5 ± 0.5 13 ± 1

Nanosilver dilutions Pure 14.5 ± 0.5 15 ± 0 14.25 ± 0.25 14 ± 1

1/10 11 ± 0 11 ± 0 11.75 ± 0.75 9.5 ± 0.5

1/20 9.5 ± 0.5 9 ± 0 9.75 ± 0.25 8.25 ± 0.25

1/40 8 ±0 8 ± 0 7 ± 0 7.5 ± 0.5

1/80 8.25 ± 0.25 0 0 0

1/160 0 0 0 0

1/320 and 
lower con-
centrations

0 0 0 0

Distilled 
water

0 0 0 0

P Value 0.2 0.2 0.2 0.6

Table 3. Results of Periodic Antibacterial Effects of Nanosilver Dilutions on Pseudomonas aeruginosa 

Antibacterial materials and concentra-
tions

Time

Zero (May 2011) 
Zone of growth 
inhibition In 
millimeters

One (September 
2011) Zone of 
growth inhibi-
tion In millime-
ters

Two (December 
2011) Zone of 
growth inhibi-
tion In millime-
ters

Three (March 
2011) Zone of 
growth inhibi-
tion In millime-
ters

Amoxicillin 25 µgr/disk 0 0 0 0

Nanosilver dilutions Pure 15 ± 1 14 ± 0 15 ± 0 14.25 ± 0.25

1/10 11 ± 0 11 ± 0 11 ± 0 8.75 ± 0.25

1/20 9 ± 0 8 ± 0 8 ± 0 8 ± 0.5

1/40 9 ± 0.5 8 ± 0 8.25 ± 0.25 7.5 ± 0

1/80 9.5 ± 0.5 0 0 0

1/160 0 0 0 0

1/320 and lower 
concentrations

0 0 0 0

Distilled water 0 0 0 0

P Value 0.01 0.001 0.001 0.001
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Figure 1. Results of Periodic Antibacterial Effects of Pure Nano silver Solu-
tion on Streptococcus mutan
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Figure 2. Results of Periodic Antibacterial Effects of Nanosilver Concen-
trations on Streptococcus mutans
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Figure 3. Results of Periodic Antibacterial Effects of Pure Nanosilver Solu-
tion on Staphylococcus aureus

In the first stage (time zero), the effects of nanosilver 
were greater than amoxicillin on the bacteria S. mutans 
and P. aeruginosa . T-test statistical analysis confirmed 
that inhibition zones of two antibacterial materials were 
different. 
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Figure 4. Results of Periodic Antibacterial Effects of Nano silver Concen-
trations on Staphylococcus aureus
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Figure 5. Results of Periodic Antibacterial Effects of Pure Nanosilver Solu-
tion on Pseudomonas aeruginosa
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Figure 6. Results of Periodic Antibacterial Effects of Nano silver Dilutions 
on Pseudomonas aeruginosa
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Tukey test showed that nanosilver was the best antibac-
terial material in this study (Figures 1 and 2). In S. aureus 
bacteria plates, in the first stage the antibacterial effects 
of amoxicillin were more. T-test statistical analysis also 
confirmed inhibition zones of two antibacterial materi-
als were different and Tukey test confirmed the antibac-
terial effects of amoxicillin were the best (Table 2, Figures 
3, 4). 

In the first three months follow up (time 1) in S. aureus 
and P. aeruginosa bacteria, nanosilver antibacterial effects 
were better than amoxicillin. T-test statistical analysis 
confirmed that zone of two antibacterial materials were 
different and Tukey test showed that nanosilver was the 
best antibacterial material in this time period (Tables 2 
and 3). In bacteria S. mutans at this stage, the antibacterial 
effect of amoxicillin was more than nanosilver effect. T-
test statistical analysis confirmed that inhibition zone of 
two antibacterial materials were different and Tukey test 
confirmed the antibacterial effects of amoxicillin was the 
best (Table 1, Figure 1). The results of the first follow up 
were repeated in the second (month 6) and third (month 
9) follow-ups (Tables 1, 2, 3 and Figures 1, 3, 5). 

5. Discussion
According to the results of the study no changes in an-

timicrobial effects of pure nanosilver solution were ob-
served, except against S. mutans. Results indicate the high 
stability of the antimicrobial properties of this new prod-
uct against bacteria during the study time. The range of 
antimicrobial activity of nanosilver solution against S. 
mutans in the first and second phases of the study was 
from pure to 1/160 dilution. In seems that by passing the 
time, the high concentrations were less effective and the 
low concentrations have lost their antimicrobial activity 
against S. mutans. Reduction in antimicrobial activity of 
amoxicillin against S. mutans was also remarkable.

The antimicrobial activity of nanosilver solution 
against S. aureus in the first phase of the study was from 
pure to 1/80 dilution. In the second, third and fourth 
phases, the range of antimicrobial activity were between 
pure to 1/40 dilution. So there was a slight decrease in 
antimicrobial activity of the dilutions. Reduction of anti-
microbial effect of amoxicillin against S. aureus was also 
slight. Amoxicillin was not effective against P. aeruginosa. 
The range of antimicrobial activity of nanosilver solu-
tion against P. aeruginosa in the first phase of the study 
was from pure to 1/80 dilution. In the second, third and 
fourth phases, the range of antimicrobial activity were 
between pure to 1/40 dilution. Totally there was a slight 
decrease in antimicrobial activity of nanosilver solution 
against P. aeruginosa.

Few studies have been conducted to evaluate the anti-
microbial stability of nanosilver and the major goals of 
them were to study the stability of silver nanoparticles' 
size, deposition and retention on surfaces. Yan and 
Chong (2002-USA) study on nanosilver colloidal solution 

containing nanosilver particles with the size between 1 
to 100 nm, investigated size and stability of nanosilver 
colloidal solution. In Yan study the size and stability of 
nanosilver particles in fresh solution was compared with 
the solution which was maintained at room temperature 
for study time. The size of particles did not change and 
they were not deposited after 110 days (19). In our study, 
we showed the effects of nanosilver particles not based 
on their shape, but due to their antibacterial effects and 
despite the different ways of nanosilver preparation, the 
results of our study was consistent with the mentioned 
study. In Kim et al. study, antimicrobial effect and stabil-
ity of nanosilver particles bonded with silica Nanopar-
ticles (NSS) produced by using Gamma rays at room 
temperature, was evaluated by using the fungus growth. 
Antifungal effects of silver nanoparticles were stable for 
at least 24 months (20) that was consistent with the re-
sults of our study during nine months.

In another study conducted by Lin and colleagues a hy-
per branch polymer was used to measure the mechani-
cal anti-microbial stability of nanosilver particles. It was 
shown that 12 nm-nanosilver particles maintain up to 
94% of their antimicrobial properties against bacteria, 
S.aureus and Escherichia coli subsequent 50 times wash-
ing up (21). Lin et al. examined properties of nanosilver 
particles durability that is somewhat consistent with 
our study. However, Hong Lin investigated antimicrobial 
properties of nanosilver against two strains of bacteria 
and more emphasis was on the physical stability, but we 
tested antibacterial properties of nanosilver solution on 
three strains of bacteria in duration of nine months.

The Lei study showed that the stability properties of 
nanosilver suspension is highly dependent on the envi-
ronment PH (22), while in our study time was the main 
variable. In this study the antimicrobial effects of nanosil-
ver were measured against three species of bacteria. Anti-
bacterial stability of nanosilver solution was remarkable 
against S. aureus and P. aeruginosa. Reduction of antibac-
terial properties were observed in lower concentrations 
of nanosilver and control antibiotic. In this case, addi-
tional information was not obtained from other studies, 
it can be stated that this was a new kind of research and 
further studies is needed to evaluate different properties 
of this product in long-time and the results can be used 
in the formulation and design of health materials and an-
timicrobial drugs producing by silver nanoparticles.
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