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Original Article

Abstract
Background and aims: Recently, silver nanoparticles (AgNPs) have received much attention for their possible usage in various fields. This 
study examined the effect of AgNPs on the histopathological changes in the prostate of rats.
Methods: In this study, 40 male adult Wistar rats were divided into five equal groups (n=8 in each group). AgNPs were given orally to the 
four experimental groups at doses of 30, 125, 300, and 700 mg/kg for 28 consecutive days. The control group received deionized water. 
After performing hematoxylin and eosin (H&E) staining and Masson’s trichrome staining, the histological changes in the prostate of rats 
were evaluated. 
Results: Histological evaluation showed that the acinar epithelial height and alveolar folds decreased, but vacuoles in the epithelial cells 
and accumulation of blood vessel increased in the groups treated with AgNPs at doses of 30 and 125 mg/kg. The collagen content also 
increased significantly in these groups (30 mg/kg: P=0.03 and 125 mg/kg: P=0.002). Furthermore, the groups treated with AgNPs at doses 
of 300 and 700 mg/kg showed relative normalization acini and epithelial lining and the amount of their content.
Conclusion: According to the results of current study, oral administration of AgNPs for 28 days had effects on prostate, indicating the 
toxicity of AgNPs.
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Introduction 
Nanotechnology is a multidisciplinary scientific field of 
applications manufactured at the molecular level. Due 
to its increasing progress, nanotechnology can cause 
revolutionary advances across such sciences as medicine, 
communications, genomics, and robotics (1). The 
extensive use of nanoparticles (NPs) is based on their 
distinctive chemical and physical properties, such as large 
surface area, small size, and high reactivity potential (2).

Silver nanoparticles (AgNPs) are one of the most 
common types of NPs that are widely used in different 
products including medicine, food industry, textiles, 
electronics, and pharmaceutical preparations (3,4). 

AgNPs can enter the body through different ways, such 
as injection, inhalation, oral, and dermal route. Since 
AgNPs are being used in different food products, including 
water and liquid beverages, nutritional supplements, 
toothpastes, and drug carriers, the digestive tract is the 
notable absorption route for them (4,5). 

In vitro and in vivo investigations have shown that 

exposure to AgNPs can lead to inflammatory reaction (6), 
DNA damage (7), and histological changes in the kidneys, 
lungs, liver, endocrine, and the male reproductive system 
(8). There are several studies on the toxic effects of AgNPs 
on the testis and sperms (9-11). The potential adverse 
effect of administrating AgNPs orally on the histology of 
prostate, which is one of the male accessory sex glands, 
has not been addressed well. Thus, this study aimed to 
investigate the potential toxic effect of oral subchronic 
exposure to AgNPs on histology of the prostate in rats. 

Material and Methods
AgNP solution
AgNPs in powder form (CAS No. 7440-22-4) was 
dispersed in deionized water and prepared concentrations 
of 30, 125, 300, and 700 mg/kg using vigorous vortexing 
sonication for 5 minutes.

The size distribution of the NPs was analyzed using 
dynamic light-scattering (DLS; Malvern, Nano ZS ZEN-
3600, UK). 
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Administration of AgNPs
In this study, 40 adult male Wistar rats with weights of 180-
200 g were used. The rats were kept in the animal house 
under a natural light/dark cycle with standard conditions 
of 21±2°C and 50±5% humidity. The rats were divided 
into five equal groups (four intervention vs. one control). 
The four experimental groups were administered orally 
with 30, 125, 300, and 700 mg/kg AgNPs for 28 days and 
the rats in the control group received equal volumes of 
deionized water. At the end of the treatment period, body 
weight was measured, and the animals were sacrificed. 
For histological study, the anterior lobes of prostates were 
removed and fixed in 10% neutral buffered formalin.

Histological Study
Formalin-fixed prostatic tissues were processed routinely, 
blocked in paraffin after gradient dehydration, sectioned, 
deparaffinized, and rehydrated. The 5 um sections 
prepared using the rotary microtome and stained with 
hematoxylin and eosin (H&E). Masson’s trichrome 
staining was also used to assess the collagen density. 
The images for histological examination were obtained 
through light microscope with video camera (Motic 
2003). The ImageJ software was used for the acquisition 
of the collagen density. 

Statistical Analysis 
SPSS software version 16.00 (SPSS Inc., USA) was used 
for statistical analysis. Data were expressed as means ± 
standard error (SE). The results were statistically analyzed 
using one-way ANOVA with subsequent Tukey’s test. To 
compare the selected pairs of groups, probability level of 
<0.05 was considered as statistically significant.

Results
Characterization of Silver Nanoparticles
The AgNPs suspension was analyzed under dynamic 
light scattering (DLS) for size. The results showed the 
hydrodynamic diameter in range of 200-300 nm (Figure 
1).

Body and Organ Weight
Table 1 shows the body weight gain and prostate weight. 

There were no significant (P>0.05) dose-related changes 
in the body weight gains and prostate weight in the treated 
rats compared to the control ones.  

Histological study
H&E-stained sections
The histological changes of the prostate gland in the rats 
administered with AgNPs were analyzed. The results 
showed that the acinar epithelial height and alveolar folds 
decreased and the acini lined by flattened epithelium.   
The vacuoles in the epithelial cells, thickness of muscle 
fibers, the ratio of parenchyma to stroma, and the blood 
vessel accumulation were increased in treated rats. Prostate 
of rats treated with 30 and 125 mg/kg AgNPs revealed 
more prominent histological changes compared to the 
rats treated with 300 and 700 mg/kg AgNPs (Table 2 and 
Figure 2).

Masson’s trichrome staining
Masson’s trichrome quantified the intensity of collagen 
deposition. The collagen intensity increased in the groups 
treated with AgNPs at the doses of 30 mg/kg (P=0.03) 
and 125 mg/kg (P=0.002) compared to the control. The 
collagen content was almost similar in normal renal tissues 
in groups treated with AgNPs at the doses of 300 and 700 
mg/kg (Figure 3). 

Discussion
AgNPs are used in many food and medical products. Many 
studies suggest that AgNPs could potentially be toxic (12-
16). Despite lots of benefits of AgNPs, a dose-dependent 

Table 1. Body weight gain and prostate weight of rats after oral treatment with 
AgNPs for 28 days 

Group Body weight gain Prostate weight (g)

Control 72.72±19.50 0.54±0.11

30 mg/kg 61.02±8.045 0.32±0.14

125 mg/kg 76.63±18.57 0.45±0.15

300 mg/kg 64.52±7.98 0.65±0.15

700 mg/kg 67.05±2.29 0.58±0.09

* No significant difference was seen (P=0.1)
Data are expressed as mean ± SD.

Table 2. Effect of treatment with AgNPs (30, 125, 300, and 700 mg/kg) for 28 days on prostate qualified histological criteria

Control 30 mg/kg 125 mg/kg 300 mg/kg 700 mg/kg

Folded secretory alveolar ++ - - - +

Vacuoles in the epithelial cells - + + - -

Thickness of muscle fibers - +++ +++ ++ +

Level of parenchyma to stroma - ++ ++ + -

Blood vessel accumulation + ++ +++ +++ ++

Epithelial heights + - - + +

Secretory content + ++ +++ + +

Note. The (−) absent, (+) mild, (++) moderate, and (+++) severe schemes were used to score the histological alterations.
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study to monitor impact of AgNPs exposure on animal 
and human health seems to be necessary. The results of 
studying biodistribution of AgNPs in rats have shown that 
they are dose- and size-dependent. The accumulation of 
AgNPs in different cells, such as reproductive cells, causes 
changes in sperm parameters (17-20). An in vivo toxicity 
experiment was performed on Sprague–Dawley rats, orally 
treated for 28 days with nano-silver by Kim et al at doses of 
30, 300, and 1000 mg/kg per day (17). The current study 
extended these concentrations with some modification 
to assess whether AgNPs treated orally can have adverse 
impacts at prostate of rats. 

There were no significant dose-related changes in the 
body weight gains and weight of prostate of the rats. These 
results agree with those of Kim et al (18) that did not 
show any significant changes in body and prostate weight 
relative to various concentrations of AgNPs during the 28-
day experiment by oral and inhalation exposures. 

In current study, the histological examinations showed 
that dose-dependent AgNPs induced lesions in prostate 
gland. There were increased vacuoles in epithelial cells, 
the acini lined by flattened epithelium with cystic changes 
and increased secretory material in their lumina, and 
widened stroma at doses 30 and 125 mg/kg AgNPs, 
while the prostatic alveoli at 300 and 700 mg/kg showed 
prostatic tissue with acini and epithelial lining and the 
contents were relatively the same as control group. The 
results of this study showed that these changes were more 
frequent in groups treated with 30 and 125 mg/kg AgNPs 
concentrations, indicating toxicity induction by these 
doses.  

The activity of the prostate was dependent on 
stimulation by the testicular hormones. It was shown that 
the prostatic epithelium was very sensitive to androgen 
deprivation (21). A decrease was detected in testosterone 
in rats’ treatment with AgNPs (22).

Results of this study revealed the marked deposition 
of collagen within the stroma in the 30 and 125 mg/kg 
treated groups. Interstitial tissue fibrosis involves excessive 
accumulation of collagen fibrils and is a feature of many 
diseases that progress to chronic prostatic changes (23). 
NPs can cause induced stress oxidative, which increase 
glycation  of collagen fibers (24,25). 

In confirmation of the effect of toxic substances on 
vacuolar degeneration and acini changes, the results of 
the effect of non-carcinogenic dose of cadmium (26), 
carbimazole (27), and different kinds (28-30) of NPs 
showed almost the same results.

Figure 1. Dynamic light scattering (DLS) results of the 
characterization of silver nanoparticles.

Figure 2. Effect of silver nanoparticle on histology of prostate tissue 
in rats (H&E staining ×10). (A) Control group has normal structure, 
the acini lined with folded cuboid epithelium, and empty lumen. 
(B and C) The groups treated with 30 and 125 mg/kg AgNPs show 
acini with flattened lining epithelium (the acini with cystic atrophy 
appearance) and decreased folding and increased secretion in acini. 
(D and E) The groups treated with 300 and 700 mg/kg AgNPs show 
tissue compact acini; the epithelial lining, folding, and contents 
were relatively the same as control group. 

Figure 3. The collagen deposition in prostate of rats treated with 
30, 125, 300, and 700 mg/kg concentrations of AgNPs. Data are 
shown in mean ±SD. Significant differences shown as: a: compared 
to control group (P=002), b: to 125 mg/kg group (P=0.01), c: to 300 
mg/kg group (P=0.007). and d: to 700 mg/kg group (P=0.001).
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Regarding vascular alterations, it seems this inflammatory 
response results from the oxidative stress caused by AgNPs 
and leads to vascular congestion (31). 

 Because of the strong oxidation potential, the excessive 
amounts of reactive oxygen species are induced by NPs. 
This could result in the destruction of organelle structures 
and different biomolecules, that finally lead to necrosis 
and apoptosis (32,33).

The increased activity of the testicular marker enzyme, 
γ-Glutamate trans peptidase (γ-GT), prostate specific 
antigen (PAP) (34), increased serum prostate-specific 
antigen level (PSA) and acyl carrier protein (ACP) 
might indicate injury of the prostate gland (35). The 
elevated PSA level probably indicates the disruption of 
the cellular basement membrane within the prostate 
gland acini and ducts leading to leakage of PSA into the 
prostatic parenchyma, and eventually increasing its serum 
concentration (36). 

In addition to morphological changes, some marker 
changes have also been found in different nanoparticles 
threatening in prostate  (29,37). Recent studies showed 
an increase in PSA, PAP concentrations, γ-GT, and ACP 
activity after ZnONPs (37) and nano-sized titanium 
dioxide treatment (29).

In the present study, it seems that the more sever 
histological changes in rats administrated by 30 and 125 
mg/kg concentrations and slight damage in 300 and 
700 mg/kg/d concentrations are due to translocation 
of AgNPs into prostate. In addition, it might be due to 
the agglomeration of AgNPs used in this study (~250 
nm hydrodynamic diameter agglomerates). After oral 
administration, the small intestine is the first site for 
absorption of NPs. The large agglomeration size of AgNPs 
in high concentration may also have prevented their 
intestinal absorption and so resulted in an insufficient 
amount being available to the prostate. Similar changes 
were observed by Kim et al (17) and Kulthong et al (38). 

Conclusion
The present study demonstrated that AgNPs induced 
histological changes in prostate and fibrosis by repeated 
oral administration. 
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