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 Background: Antimicrobial resistance in hospital pathogens is an important concern. It can cause longer hospital stays, in-
crease costs, and contribute to increased mortality and morbidity in hospitalized patients. The aim of this study 
was to categorize and identify gram-negative bacilli capable of ESBLs production and to study the effect of MIC 
silver nanoparticles on bacteria strains and then study them in Wistar rats.

 Material/Methods: A total of 186 clinical samples in 3 hospital of Isfahan city was studied during 8 months. The ESBL assay was 
performed by disk diffusion method. Minimum inhibitory concentration (MIC) values were determined by agar 
dilution method. Additionally, ESBLs production was examined by using the standard ESBL disc and DDT (dou-
ble disk approximation test) procedures. Student’s T-test and ANOVA were used for statistical analysis of the 
data. The ESBL-producing bacteria were then subjected to minimum concentrations of silver nanoparticles and 
then examined in Wistar rats.

 Results: Of the 186 patients studied, 140 (75.3%) had gram-negative bacilli containing ESBL and 46 (24.7%) had gram-
negative bacilli without ESBL and the most prevalent bacteria was identified as Klebsiella pneumonia, with es-
pecially strong resistance to cefotaxime. All of these bacteria were sensitive to the silver nanoparticle solution 
with density of 100 ppm, but the 4 nm size did not show any significant difference from control group Wistar 
rats at 6 months.

 Conclusions: The results seem to indicate a direct correlation between silver nanoparticle solution concentration and the di-
ameter of growth zone for ESBL-producing bacteria. Assays in our study were in vitro; if use of silver nanopar-
ticle particles in vivo proves to be with adverse effects, it could be a valuable alternative to antibiotics.
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Background

Patients attending hospitals are exposed to hospital and non-
hospital acquired infections (particularly multi-drug-resistant 
bacteria). One of the most important factors involved in nos-
ocomial infections and related death is infection with gram-
negative bacilli, affected by medical intervention type and pa-
tient-related factors [1]. Prescription of antibiotics is usually the 
first treatment attempted (with some exceptions). Bacterial re-
sistance to these drugs and beta-lactamase and inhibitors are 
growing, and the clinical benefits of these drugs are endan-
gered [2]. In gram-negative bacilli, the most important means 
of bacterial resistance against beta-lactam antibiotics is the 
production and release of various beta-lactamase enzymes. 
Among these bacteria, more than 340 types of enzymes have 
been detected and identified [3].

These enzymes are carried by the genes located on the bacteri-
al chromosome or, alternatively, the genes on the plasmid and 
transposons [4]. ESBL-producing microorganisms challenge phy-
sicians responsible for infection control, clinical microbiologists, 
and researchers working on new antibiotics). These enzymes can 
hydrolyze the third- and fourth- generation cephalosporins such 
as ceftazidime, cefotaxime, cefepime, and aztreonam. Currently, 
imipenem has been considered the drug of choice for treating 
infections caused by ESBL-producing microorganisms [3].These 
enzymes are inhibited by beta-lactamase inhibitors such as cla-
vulanic acid, tazobactam, and sulbactam. The best tool for as-
sessment of ESBL-producing bacteria is the reduction of their 
susceptibility to cefotaxime, ceftriaxone, ceftazidime, and aztre-
onam. After performing phenotypic confirmatory testing, which 
is specified by viewing the synergistic effect between an indica-
tor and a cephalosporin lactamase inhibitor (usually clavulan-
ic acid), it can be used by screening with the MIC method. Less 
than 2 Mu grams per milliliters will be considered as a measure 
for the concentration of producing ESBL. An appropriate criterion 
for testing has been presented by the National Committee for 
Clinical Laboratory Standards (NCCLS) [5]. However, ESBL produc-
tion in bacteria can be confirmed only by performing the above 
experiments. Since the emergence of resistant microorganisms 
with ESBL is currently increasing world-wide, there is great de-
mand for improved methods for controlling these bacteria. The 
characteristics and antimicrobial properties of silver ions have 
been identified in the past. These ions have been used largely in 
anti-bacterial catheters, burn bandages, and dental procedures 
[6]. The advent of nanotechnology has created opportunities to 
explore the anti-bacterial effects of metal nanoparticles. The an-
tibacterial effects of these particles, due to their small size and 
large surface: volume ratio, make more contact and exert more 
impact over the surrounding environment. Silver nanoparticles 
have greater antibacterial activity in comparison to other met-
al nanoparticles [7] and there are many theories on the mecha-
nism of anti-bacterial action of silver nanoparticles. It is widely 

believed that silver nanoparticles penetrate into the bacteri-
al cell membrane, causing leakage and removal of intracellular 
material, ultimately causing bacteria death. It has been report-
ed that antibacterial effects of silver nanoparticles are reduced 
when their size is increased. This change in position is related 
to the particle shape. Spherical particles were used in most of 
the studies, but it was observed that triangular-shaped parti-
cles have more antibacterial properties than the spherical and 
rod-shaped particles. It has also been reported that the impact 
and effectiveness of antibacterial properties of silver nanopar-
ticles are also influenced by the type of microorganisms [6]. 
However, there is currently little evidence to support such a 
conclusion. Most of these studies were performed on the an-
tibacterial effects of silver nanoparticles in various ways on a 
very limited number of bacterial species. The purpose of this 
study was 3-fold. Firstly, we sought to determine the frequen-
cy of gram-negative bacilli producing extended spectrum beta-
lactamase enzymes (ESBLs) among the pathogenic bacteria-re-
sistant isolates from patients referred to wards in Gharazi, Sina, 
and Alzahra (SA) hospitals in Isfahan. Secondly, we investigat-
ed the anti-bacterial effect of silver nanoparticles on these re-
sistant bacteria with ESBL. Thirdly, we studied the minimum ef-
fective concentration of the silver nanoparticles solution on the 
above-mentioned bacteria in vitro and its effect on Wistar rats 
in vivo, and effects of their long-term usage in treatment of re-
sistant bacteria with ESBL in the hospital infections if no toxic 
effects were reported.

Material and Methods

Sampling

Different clinical samples were studied, including sputum, 
urine, blood, stool, wound secretions, throat secretions, cath-
eter samples, cerebrospinal fluid, and peritoneal and ascites 
fluid from patients in various departments of Gharazi, Sina, 
and Alzahra (SA) hospitals in Isfahan from 23/07/2010 through 
10/03/2011. The samples were obtained by simple random 
sampling method. All of the above clinical samples were from 
patients referred to these hospitals for treatment of their dis-
eases or who were hospitalized.

Identification of strains

The strains obtained from the patients by using the routine 
laboratory culture medium were isolated and identified. All of 
the media used in this section were obtained from Merck Co.

Susceptibility testing against antimicrobial agents

Susceptibility of the strains was studied against various anti-
microbial agents by using the agar disk diffusion method. The 

104
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Doudi M et al: 
Comparison of the effects of silver nanoparticles on pathogenic bacteria resistant…

© Med Sci Monit Basic Res, 2013; 19: 103-110

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

ANIMAL STUDIES



antibiotics used in this experiment included: ciprofloxacin and 
norfloxacin (BBL Company), ofloxacin, cefotaxime, ceftazidime, 
ceftriaxone, cefuroxime, cefixime, tetracycline, tobramycin, ami-
kacin, cotrimoxazole, piperacillin, and ticarcillin (Mast, UK). The 
antibiotics were identical for all of the isolates.

Two disks for synergism test

First the studied bacteria was spread in 3 directions on the sur-
face of Mueller-Hinton agar (MHA; Merck), similar to methods 
used in the agar disk diffusion test. The discs used were 20 µ 
per 10 µg amoxicillin/clavulanate disk (Iran Daroo) and 30 µg 
cefotaxime, ceftazidime, and ceftriaxone (Mast). The amoxi-
cillin/clavulanate disk was placed 20 mm from the center of 
MHA-coated plates in the medium containing the studied bac-
teria and other antibiotics in the plates. A positive result was 
defined as presence of an increased growth inhibition halo by 
creating synergy around the disk containing oxy immunoassay 
beta-lactam in the vicinity of the disk containing amoxicillin / 
clavulanate after 24 hours of incubation [8].

Two disks combined test

this test was performed by using the 30 µg ceftazidime and ce-
fotaxime disk, plus 20 µ per 10 µg ceftazidime/clavulanate and 
cefotaxime/clavulanate, obtained from the Mast Company [9].

The preparation of silver nanoparticles solutions

A solution of silver nanoparticles as a 4-liter vial was pur-
chased from Nano Nasb Tehran Pars Company. Particles were 
4 nm in size and were spherically shaped. Serial dilutions were 
prepared from the primary stock solution with a concentra-
tion of 500 ppm of silver nanoparticles. The obtained con-
centrations were 12.5, 25, 50, 100, 200, and 400 ppm. The 
blank disks were placed for 1 hour in 20 microliters of so-
lution of colloidal silver nanoparticles with the above-men-
tioned concentrations. Finally, these disks were placed on 
Mueller-Hinton agar (MHA) containing bacterial suspension 
equivalent to half a McFarland unit of the beta-lactamase-
positive bacteria isolated from clinical specimens from pa-
tients or the following standard bacteria: Enterobacter cloa-
cae 1003, Enterobacter aerogenes 1221, Escherichia coli 1399, 
Escherichia coli 1551, Escherichia coli 1270, Acinetobacter bau-
mannii 1318, Klebsiella oxytoca 1402, Klebsiella pneumoniae 
1290, Klebsiella pneumoniae 1058, Pseudomonas aeroginosa 
27853, Citrobacter freundii 1600, Proteus vulgaris 1079, and 
Serratia marcescens 1621.

In addition to the 7 listed concentrations of silver nanopar-
ticle solutions, another disk impregnated with distilled wa-
ter was placed in the above-mentioned environments as the 
control [10].

Determining MIC and MBC

The minimum inhibitory concentration (MIC) for bacterial 
growth and the minimum bactericidal concentration (MBC) 
using serial dilutions were prepared from the solutions of sil-
ver nanoparticles, TSB medium, and inoculated microbial sus-
pension, equivalent to half a McFarland unit.

Preparation of Wistar rats

This empirical study was conducted on 40 adult male Wistar 
rats. The animals were purchased from the Pasteur Institute 
in Tehran. They were kept study for 1 month in the animal 
room of Falavarjan Azad University in order to be prepared 
for the study. The laboratory animals were housed at proper 
temperature conditions (22±2°C) and sufficient light (12 hours 
light and 12 hours dark). The laboratory animals had a mean 
weight of 25±2.5 grams and were divided into 8 groups. The 
first group, which was called the control group, received 1 cc 
of normal saline in order to obtain identical shock effect from 
the injection treatment in both groups. The second group re-
ceived 1 cc of silver nanoparticles with concentrations of 50 
and 100 ppm. The injections were repeated for 5 consecu-
tive days. The method of injection was intraperitoneal in all 
groups. Blood sampling in rats was performed from the cor-
ner of the eyelid with a very thin tube at 3 and 8 days after 
the treatment. Serum ALT concentration was analyzed by us-
ing biochemical kits and spectrophotometer. Then, the mean 
of ALT serum concentrations were compared in the treated and 
control groups with each other. Finally, the effect of different 
solutions of silver nanoparticles was determined [11,12]. The 
significant difference between samples was considered to be 
1%. Also, in order to compare the rate of changes of ALT ac-
tivity in all treated groups after treatment, ANOVA was used 
in different concentrations of silver nanoparticles.

Results

We sampled 186 patients admitted to 3 hospitals (Gharazi, 
Sina, and Alzahra) in Isfahan during 8 months; 140 (75.3%) 
gram-negative bacilli with ESBL isolates and 46 (24.7%) gram-
negative bacilli without ESBL isolates were isolated and identi-
fied. Among the patients examined in this study, 176 isolates 
(61.5%) were from Alzahra (SA) hospital, 76 isolates (26.6%) 
were from Gharazi hospital, and 34 isolates (11.9%) were from 
Sina Hospital. Out of a total of 276 patients only 140 patients 
with gram-negative bacilli with ESBL were isolated and iden-
tified (Table 1).

The frequency of the studied isolates were: urinary tract infec-
tions, 107 samples (38.8%); blood, 40 samples (14.5%), stool, 27 
samples (9.7%), sputum, 22 samples (7.9%), throat secretions, 
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21 samples (7.6%); cerebrospinal fluid and bone marrow, 16 
samples (5.8%); catheter, 14 samples (5.0%); bronchial secre-
tions, 13 (4.7%); wound secretions, 12 samples (4.3%); and 
abdominal cavity fluid, 4 samples (1.4%). Among the 3 stud-
ied hospitals, the one with the most clinical samples was the 
Specialized Alzahra (SA) hospital in the south of Isfahan. The 
most abundant was Klebsiella pneumoniae (37.2%) (Table 1). 
All clinical isolates were separated and investigated in terms of 
sensitivity and resistance to the following antibiotics: ceftazi-
dime (CAZ: 30 µg), cefotaxime (GTX: 30 µg), ceftriaxone (GRO: 

30 µg), cefixime (CFM: 5 µg), piperacillin (PRL: 30 µg), ticarcil-
lin (TC: 30 µg), tobramycin (TN: 30 µg), amikacin (AN: 30 µg), 
ciprofloxacin (CIP: 30 µg), norfloxacin (NOR: 30 µg), ofloxa-
cin (OFX: 30 µg), ceftizoxime (CT: 30 µg), cephalotin (CF: 30 
µg), penicillin (P: 10 µg), ampicillin amplifier (AM: 30 µg), and 
amoxicillin (AMX: 10 µg). The highest resistance in isolated 
strains was to penicillin, ampicillin, and cefotaxime antibiot-
ics. After reviewing the results of clinical isolates by the Bauer 
and Kirby method and using the antibiogram test, the produc-
tion of ESBL (on disk) was determined in 140 isolates resis-
tant to cephalosporins. ESBL discs showed broad-spectrum 
beta-lactamase in most of the clinical isolates. There was no 
growth inhibition zone around the cefotaxime disk, indicating 
the high resistance of the isolates. On the disk containing ce-
fotaxime/ceftazidime + clavulanic acid, the inhibition from the 
growth (equal to sensitivity) was clearly observed. The clini-
cal isolated samples along with the standard samples of bac-
teria were influenced by various solutions of silver nanopar-
ticles with the concentrations of: 12.5, 25, 50, 100, 200, and 
400 ppm. The inhibition zone diameter of each of the isolates 
was evaluated against the different concentrations of silver 
nanoparticle solutions (Table 2).

Three bacteria – Enterobacter aerogenes, Klebsiella oxytoca, 
and Citrobacter freundii – showed the highest growth inhibi-
tions against silver nanoparticle solution with the concentra-
tion of 100ppm among the clinical samples (Table 2). All of 
the clinical isolates of ESBL were sensitive to silver nanopar-
ticle solutions at concentrations of 200, 400, and 500 ppm. 
Finally, the results of susceptibility tests were studied for the 
standard bacteria samples against different concentrations of 
silver nanoparticle solutions (Table 3).

Row Isolate strain Frequency Percent

1 Klebsiella pneumoniae 52  37/15

2 Pseudomonas aeroginosa 31  22/14

3 Escherichia coli 23  16/45

4 Acinetobacter baumannii 10  7/14

5 Serratia marcescens 7  5/00

6 Enterobacter cloacae 6  4/28

7 Klebsiella oxytoca 5  3/57

8 Enterobacter aerogenes 3  2/14

9 Citrobacter freundii 2  1/43

10 Proteus vulgaris 1  0/70

11 Total 140 100

Table 1.  Frequency and percentage of gram-negative bacilli with 
ESBL, isolated from the patients of Gharazi, Sina, and 
Alzahra (SA) hospitals in Isfahan (p=0.01).

Row
Average inhibition zone diameter 

(mm)

Various concentration solution of nanosilver (ppm)

12.5 25 50 100 200 400 500

1 Klebsiella pneumoniae 0 2.11±0.18 3.890.98 6.85±1.85 14.96±0.88 18.44±0.34 19.99±0.84

2 Pseudomonas aeroginosa 0 1.14±0.25 3.35±1.45 7.25±2.54 16.11±0.58 19.99±0.38 23.23±2.33

3 Escherichia coli 0 3.43±0.18 8.11±0.88 10.43±0.64 11.79±2.88 16.38±0.84 19.01±0.85

4 Acinetobacter baumannii 0 4.35±1.02 6.78±1.67 9.99±1.18 10.53±0.79 15.46±0.99 16.23±1.25

5 Serratia marcescens 0 0 5.16±0.48 8.25±0.81 9.75±1.85 10.76±1.45 11.85±1.78

6 Enterobacter cloacae 0 0 7.89±0.58 10.11±2.93 12.32±0.77 13.27±2.99 15.09±1.08

7 Klebsiella oxytoca 0 1.25±0.45 3.25±2.11 12.78±1.48 14.51±1.97 16.44±1.74 18.29±1.49

8 Enterobacter aerogenes 0 5.48±1.45 9.59±1.11 11.77±0.93 15.19±0.57 20.38±0.18 23.55±0.99

9 Citrobacter freundii 0 6.99±0.58 8.28±0.78 12.43±2.11 14.22±0.54 16.11±2.05 18.00±1.52

10 Proteus vulgaris 0 0 6.11±0.05 10.50±1.57 11.51±0.71 11.69±1.11 15.06±0.59

Table 2.  Results of susceptibility tests of isolates from patients in Gharazi, Sina, and Alzahra (SA) hospitals against different 
concentrations of silver nanoparticle solutions of (ppm) (p =0/01).
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Escherichia coli 1551 was the most susceptible to silver 
nanoparticle solutions at the concentration of 100 ppm, and 
Enterobacter cloacae 1003 showed the greatest resistance 
among the standard bacteria samples. After performing the 
above tests and finding the MIC of silver nanoparticle solu-
tions on the growth of gram-negative bacteria with ESBL, this 
solution at 100 ppm was used on Wistar rats. The results of 
the weight changes in Wistar rats after the injection of silver 
nanoparticles are shown in Table 4.

There were no significant differences in the mean weight of 
Wistar rats before and after the injection of silver nanoparti-
cles with at the concentration of 100 ppm (Table 4). Finally, the 
results of the measurements of ALT hepatic factor in Wistar 
rats after the injection of silver nanoparticles at the concen-
trations of 50, 100, 200, and 400 ppm are shown in Figures 1 
and 2. Figure 1 was shown that 3 days after treatment of rats 
with silver nanoparticles, the mean ALT activity in the control 
group was 80.25±23. This increased to 96.33±20 three days 
after the injection of silver nanoparticles at a concentration of 
50 ppm. This difference was statistically significant (p=0.002). 
The mean ALT activity was 80.25±23 in the control group. 
The enzyme level fell to 73±38 at the concentration of 100 
ppm after 3 days. This difference was not statistically signif-
icant compared to the control group. At the concentration of 
50 ppm of silver nanoparticles, ALT activity on different days 
of treatment was compared. The Pearson’s correlation coef-
ficient was (r2=0/9994), indicating a significant correlation 

between the different mean serum ALT between control and 
treatment groups (Figure 3).

The present study was conducted to evaluate the effects of 
time of injection and concentration of injected silver nanopar-
ticles against the changes in serum ALT levels in male Wistar 
rats (at 50 ppm concentration of silver nanoparticles).

Row
Average inhibition zone diameter 

(mm)

Various concentration solution of nano-silver (ppm)

12.5 25 50 100 200 400 500

1 Klebsiella pneumonia 1290 0 0 0 8.85±0.28 9.89±0.89 10.95±0.19 12.55±0.55

2 Klebsiella pneumonia 1058 0 0 5.36±1.88 11.12±1.57 15.32±1.20 20.09±1.76 22.06±0.84

3 Pseudomonas aeroginosa 27853 0 0 0 8.44±1.63 10.46±2.66 11.88±1.25 13.81±1.29

4 Escherichia coli 1270 0 0 0 5.06±2.81 8.22±1.49 12.08±1.01 13.08±2.41

5 Escherichia coli 1399 5.54±0.11 11.11±2.64 10.52±1.86 12.45±1.53 17.75±1.33 20.21±0.99 20.20±0.80

6 Escherichia coli 1551 7 10.09±1.28 11.99±0.55 18.55±1.67 20.11±0.91 22.75±0.85 25.00±0.33

7 Acinetobacter baumannii 1318 0 2.75±1.45 8.08±1.36 10.44±0.39 11.69±1.58 12.00±1.66 15.18±0.98

8 Serratia marcescens 1621 0 8.46±0.89 10.43±1.65 9.97±1.36 12.33±0.85 13.05±1.25 16.34±2.01

9 Enterobacter cloacae 1003 0 0 0 0 8.08±0.85 10.09±0.77 11.99±1.99

10 Klebsiella oxytoca 1402 0 0 4.77±0.61 8.33±2.88 11.07±1.11 13.11±1.11 15.41±0.72

11 Enterobacter aerogenes 1221 0 0 0 5.23±1.58 7.88±1.18 9.66±0.44 12.33±1.77

12 Citrobacter freundii 1600 0 0 0 6.09±0.79 12.59±0.99 13.22±0.88 16.21±1.04

13 Proteus vulgaris 1079 0 0 3.98±0.16 10.11±o.65 9.79±1.35 15.01±1.13 15.00±1.22

Table 3.  Results of standard susceptibility tests of the standard bacteria samples against different concentrations of silver nanoparticle 
solutions (ppm) (p=0.01).

Groups
Mean weight of 

Wistar rats, after the 
injection (gr)

Mean weight of 
Wistar rats, before 
the injection (gr)

Control  210±3/52  220±3/19

Placebo  220/8±2/99  230±5/30

Treatment 1 
(2 days after of 
the injection)

 230/6±1/89  250/3±4/90

Treatment 2 
(10 days after 
the injection)

 270/3±1/79  260/9±4/80

Treatment 3 
(30 days after 
the injection)

 210/3±3/82  250/3±4/07

Table 4.  The mean weight of Wistar rats, before and after the 
injection of silver nanoparticles with the concentration 
of 100ppm (p=0.01).
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Discussion

We found that most of the clinical studied isolates from Gharazi, 
Sina, and Alzahra (SA) hospitals in Isfahan were associated with 
urinary tract infections (n=107, 38.8%), and discharge from the 
abdominal cavity was the lowest (n=4, 1.4%). In an epidemi-
ology study in Norway during 2002 and 2003, most hospital 
infections were related to urinary tract infections (53%), and 
the least common were surgical infections (5–7%) [8]. The re-
sults of the present study demonstrate that the most frequent 
gram-negative bacilli with ESBL was K. pneumoniae bacteria 
(37.2%) and the least frequent was Proteus vulgaris bacteria 
(0.7%). However, in a survey in Turkey in 2001, the most com-
mon bacteria isolated from nosocomial infections with ESBL 
were E. coli and Klebsiella spp., with a prevalence of 22.1% 
and the lowest was Acintobacter spp. (3.5%) and Serratia spp. 
(2.9%) [1]. Among the family of Enterobacteriaceae isolated 
from the patients in our study, there was very high resistance 
to narrow-spectrum cephalosporins (cefixime), and broad-spec-
trum cephalosporins (ceftazidime, cefotaxime, and ceftriax-
one), and there was sensitivity to cephamycin strain. On the 
other hand, the resistance to the antibiotics by many strains, 
especially to the third-generation cephalosporins, led to select 

these strains to examine the ability to produce ESBL. The se-
lective pressure caused by ESBL-producing strains and the in-
discriminate use of antibiotics has led to the emergence of 
resistant strains. The emergence and world-wide high preva-
lence of ESBL (and especially in Iran), and the fact that ESBL-
producing strains have caused unresolved problems for clin-
ical microbiologists and infection control clinicians [13], has 
focused attention on fighting these bacteria. Due to the dra-
matic antimicrobial effects of silver nanoparticles and their 
increasing use in various industries (e.g., health and beauty, 
catheters, antiseptic sprays, detergents, toothpaste), they were 
the most commonly used particles with daily utilization [10]. 
Spherical 4 nm silver nanoparticle solutions can produce the 
most growth inhibitory effects on gram-negative bacilli with 
ESBL at the concentrations of 100, 200, and 400 ppm (Table 
2). Our results demonstrate that the effects of silver nanopar-
ticle solutions are proportional to their dose. The same results 
have been achieved by Choi et al in 2008 [11]. There was no 
significant difference between the effects of silver nanoparti-
cles on the antibacterial-resistant bacteria with ESBL (Table 2) 
and the bacteria that are sensitive to several antibiotics with 
no ESBL (Table 3). It appears that the drug-resistant proteins 
that enabled the bacteria to avoid antibiotics do not have any 
impact on the efficiency of silver nanoparticles. Ria et al. in 
2009 arrived at the same conclusion on the capability of sil-
ver nanoparticles on bacteria resistant to multiple drugs with 
ESBL and drug-sensitive bacteria [7].

Two of the most important hepatic enzymes are alanine-ami-
no-transferase (ALT) and serum glutamic pyruvic transami-
nase (SGPT) [15]. With injuries to the liver, the concentrations 
of these enzymes change in the blood serum. By proving the 
harmful effects of silver nanoparticles to the liver, it could be 
possible to demonstrate their indirect effects by this serum 
enzyme on the liver. There was no significant difference be-
tween the mean values of ALT between different groups of 
Wistar rats (Figures 1 and 2). However, at the 50 ppm concen-
tration of silver nanoparticles, the liver injury in rats induced 
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Figure 1.  Comparison of mean serum ALT levels in the control 
and treatment groups, after three days of treatment 
with various concentrations of silver nanoparticles.
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Figure 3.  Comparison of mean serum ALT levels in the control 
and treatment groups with various concentrations of 
silver nanoparticles.
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Figure 2.  Comparison of mean serum ALT levels in the control 
and treatment groups, after 8 days of injection in 
various concentrations of silver nanoparticles.
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by intraperitoneal injection causes severe irritation in the ox-
idant system of these cells. The most damage to the liver cells 
at low concentrations (such as 50 ppm) was caused 3 days 
after the injection (Figure 1). Eight days after the injection of 
silver nanoparticles, the liver damage returned (Figure 3). The 
other liver enzymes activated and neutralized the effects of 
silver nanoparticles after 3 days. One of these enzymes was 
metalothioneine. The above-mentioned enzymes combined 
with silver nanoparticles and caused their deactivation. The 
oxidative damage due to silver nanoparticles with these con-
centrations was not investigated. The balance of oxidant-an-
tioxidant system of hepatocytes were gone towards the ox-
idant properties after 3 days. According to these findings, it 
can be concluded that the injection of silver nanoparticles in 
the adult male Wistar rats with a concentration of 100 ppm 
did not cause liver toxicity. However, the exact determination 
in this case requires several other experiments with different 
shapes and concentrations of silver nanoparticles on these rats 
in order to decide if silver nanoparticle solutions can be used 
in humans. In our study there was no significant change in the 
weight of the liver or liver factors of the rats after intraperito-
neal injection of 100 ppm of silver nanoparticles. The chang-
es that developed in ALT levels after the injection returned to 
normal condition after 8 days.

Various reports have demonstrated that significant amounts 
of nanoparticles injected to the body are absorbed by the liv-
er. The reticuloendothelial system in this organ can gradually 
remove the accumulated nanoparticles from the body [15,16]. 
In the present investigation, the silver nanoparticle with 4 nm 
diameter and spherical shape was used for study of aminoter-
ansferase pathways in hepatocytes. In fact, free radicals from 
the silver nanoparticle particles have attacked hepatocytes and 
released ALT into the serum. Therefore, the probable reason 
for slight changes in some liver factors is the accumulation of 
nanoparticles in the liver. The levels of these accumulations 

decreased and the liver function returned to normal after 12 
days. Susan et al demonstrated that with the changes in di-
ameter and concentration of nanoparticles, their distribution 
in body tissues caused different effects. Smaller particles more 
easily penetrate the cells and the effects are more harmful [17]. 
Hepatocyte damage induced by intraperitoneal injection of sil-
ver nanoparticles in rats has possibly caused severe irritation 
of oxidant pathway in these cells. In 1989, Machiedo showed 
that free radicals induced by nanoparticles can cause cell mem-
brane destruction [18]. On the other hand, world-wide use of 
different silver nanoparticles, especially in Iran, requires more 
accurate studies on the effects of these nanoparticles on he-
patocytes. The use of laboratory rats as animal models, and 
various treatment methods and nanoparticles with different 
concentrations and shapes, presents new horizons for further 
research to investigate applications of nanotechnology [19]. 
In 2010 Sriram et al proved that silver nanoparticles can acti-
vate caspase mitochondrial enzymes, especially Caspase3 in 
lymphoid cancerous cells, and could cause apoptosis in dif-
ferent cells in long-term treatment with different nanoparti-
cles [20]; the mean diameter of the silver nanoparticles was 4 
nm. Probably (only at the concentration of 50 ppm) the hepa-
tocyte cell membranes were damaged and aminotransferase 
released to the serum. Thus, the destructive effects of silver 
nanoparticles on these cells can be attributed to the diame-
ter of the silver ions.

Conclusions

We conclude that use of silver nanoparticles in vitro in small 
amounts did not cause any toxicity or special disorders in in 
vivo conditions in Wistar rats. However, it is necessary to con-
duct further investigations on the molecular effects of silver 
nanoparticles with different concentration and shapes in he-
patocyte of Wistar rats before use on humans.
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