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Abstract 

Background: Nanoparticles have wide range of application while there are some 

reports regarding their probable effects on male reproductive system and 

spermatozoa. 

Objective: The aim of this study was to evaluate the effect of different doses of 

silver nanoparticles (AgNPs) (70nm) on acrosome of rat spermatozoa and number of 

spermatogenic cells. 

Materials and Methods: In this experimental study, in experimental group, 32 male 

wistar rats (8 rats/group) received oral feeding AgNPs every 12 hr  in one 

spermatogenesis period (48 days) by means of gavages in 25, 50 , 100 and 200 

mg/kg concentration (experimental groups 1-4, respectively). The control group (8 

rats) was treated on schedule with distilled water. Spermatozoa were stained by 

triple staining protocol for acrosome reaction. Histological evaluation on testis 

sections was performed using tissue processing and hematoxylin-eosin (H&E) 

staining. 

Results: There was significant difference between the control group and the 

experimental group 1 for acrosome reaction (11.00±0.00 and 24.25±3.68, 

respectively, p=0.01). There was only significant reduction in spermatogonia cells in 

experimental group 4. Experimental groups 2, 3 and 4 showed a significant 

reduction in the number of primary spermatocytes and spermatids as well as 

spermatozoa. But there were no significant differences between different groups for 

Sertoli cell number and seminiferous tubule diameter. 

Conclusion: It seems that Ag NPs have acute and significant effects on 

spermatogenesis and number of spermatogenic cells and also on acrosome reaction 

in sperm cells. More experimental investigations are necessary to elucidate better 

conclusion regarding the safety of nanoparticles on male reproduction system. 
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Introduction 

 
anotechnology is the science in 
which materials are created and 
manipulated in nanoscale levels (1-

100nm). These nanoscale products have 
unique properties. For example, they have 
ultra-small size, large surface area to mass 
ratio, and high reactivity. Because of these 
properties, they are used as therapeutic and 
diagnostic agents, drug delivery systems, 
medical devices, food products and 
cosmetics. Increasingly, metal nanoparticles 
represent their benefits in both conventional 
technology and biomedical industries (1, 2). 
Also, the nanoparticles are small enough to 
penetrate even to a very small capillary in the 
body (3). They can move across in the body 
boundaries, penetrate to the cells, accumulate 

there, and may cause cancer, which inhibits 
fertility and creates defective offspring (4, 5).  

Silver nanoparticles (Ag NPs) is one of the 
most popular nanomaterials have been used 
in material science, such as one of the 
constituent elements of dental alloys, 
catheters, implant surfaces and for treating of 
wounds and burns related infections, as well 
as in drug delivery in cancer and retinal 
therapies (6, 7). But, there are some concerns 
about the safety of using Ag NPs in 
biomedical and in other industries (8, 9). One 
concern is about the probable impacts of Ag 
NPs on remote organs. The toxicity of Ag NPs 
was evaluated by in vivo studies which are 
shown that these materials may redistribute in 
different organs and have systemic 
complications such as weight loss and 
inflammation (10, 11). Theoretically, Ag NPs 
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may have some negative effect on human 
health and environment and their probable 
impact(s) on the male reproductive functions 
is remained to be clarified.  

There are rare studies regarding the effects 

of Ag NPs on testis as well as sperm function. 

In a recent study, the acute effects of 

intravenously administered a single bolus 

dose of Ag NPs showed on rat 

spermatogenesis and seminiferous tubules 

morphology (12).  Another investigation was in 

vitro evaluating of buffalo sperm parameters. 

The experiments revealed a dose-dependent 

decrease in sperm viability with no change in 

sperm motility suggesting the Ag NPs up to 50 

μg/ml concentration can be used for biological 

applications (13). To our knowledge there is 

no accurate study about the effect of Ag NPs 

on sperm acrosome reaction.  

Our main goal was to evaluate the impact 

of different doses of Ag NPs on sperm 

acrosome status as well as the number of 

spermatogenic cells (spermatogonia, primary 

spermatocytes, spermatid, spermatozoa, and 

Sertoli cells) following oral administration in 

rats. 

 

Materials and methods 
 

Materials 

The Ag NPs (Ag- 70 nm) were provided by 

Research Institute of Payamnour Yazd 

University (Figure 1). At the first, Ag NPs were 

dissolved in Phosphate Buffered Saline (PBS) 

and then used in final concentration of 25, 50, 

100 and 200 mg/kg. 

 

Animals 

In this experimental study, 32 male Wistar 

rats weighting between 200-250g at the age of 

45-50 days were used. Acrosome reaction 

was evaluated in 3 experimental groups (Exp. 

1, 2 and 3). For this purpose, the animals 

were assigned to 1 control and 3 experimental 

groups (8 rats / group). The animals were 

cared for in accordance with the guideline of 

laboratory animals at our university and the 

experimental proposal was approved by our 

university ethics committee. The experimental 

groups were received oral feeding of Ag NPs 

every 12hr in one spermatogenesis period (48 

days) by gavage in 25, 50, 100 and 200 mg/kg 

concentration. The control group was treated 

on schedule with distilled water. Experimental 

and control groups were kept under standard 

conditions (12-hour light/dark cycle at 22-

24oC, with free access to water and food). 

 

Epididymis sampling and histology 

evaluation  

After anesthetizing the rats by 

ketamine/xylazine (60 mg/kg and 6 mg/kg, 

respectively, Rotexmedica GmbH, Germany), 

their abdominal area was sterilized by 70% 

ethanol. The tail of epididymis was separated 

and washed with Ham’s-F10. Then, it was 

dissected in the same media and incubated 

for 30 min at 37oC. For evaluating and 

counting the spermatogenic cells 

(spermatogonia, primary spermatocytes, 

spermatid, spermatozoa, and Sertoli cells) 

perfusion and fixation procedure were 

performed for tissue samples.  

The samples were fixed by transcardial 

perfusion with 200 mL of saline (pH, 7.2), 

followed by 400 mL of 4% paraformaldehyde 

and then cut into blocks and embedded in 

paraffin. A series of 4µm thick sections at 

various levels (100-µm intervals) was cut from 

each block. After staining by hematoxylin–

eosin (H&E), tissue sections were examined 

by light microscope (Olympus, Tokyo, Japan) 

at a magnification of 100×.  

All types of cells were counted separately 

for control and experimental groups from 10 

seminiferous tubules that were randomly 

selected. Only round tubes were counted and 

the tubes with either oval or elliptical and lost 

cells were not considered. Different sections 

from the seminiferous tubules were prepared 

in order to determinate the seminiferous 

tubules changes and spermatogenic cells 

status (morphology, number and adhesion). 

Histological evaluation was approved by an 

expert histologist.  

 

Acrosome triple staining 

Acrosome triple staining was done 

according to previously described method with 

some modifications (14). Spermatozoa 

suspension was diluted with an equal volume 

of 2% trypan blue (Sigma Aldrich Chemie, 

Steinheim, Germany) and incubated at 370 C 

for 15 min. Suspension was centrifuged (600 

g for 5 min) at room temperature (RT). After 

several washings, the pellet was resuspended 
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in 1 mL PBS (PH=7.4) and centrifuged again 

as same as before.  

Sperm fixation was done with adding 2mL 

of 3% glutaraldehyde (Darmstadt, Germany) 

in 0.1 M cacodylate (Merck, Germany) buffer 

for 30-60 min. After fixative removing 

(centrifuging of suspension at 600 g for 5 min 

at RT), two smears from each samples were 

prepared. For staining, the slides were stained 

with 0.08% bismark brown solution (PH=1.8) 

and 0.8% rose bengal solution solute in 0.1 M 

tris buffer (Sigma Aldrich, Germany) (PH=5.3). 

The slides were dehydrated in ethanol, 

cleared in xylene, and mounted with entelan. 

Then, the total 200 sperm were counted for 

evaluation of acrosome reaction. Four groups 

of sperm were observed; A: Dead sperm 

without acrosome reaction= nucleus of sperm 

was dark-blue and acrosome area was pink. 

B: Dead sperm with reacted acrosome= 

nucleus of sperm was dark-blue and 

acrosome area was light-blue or colorless. C: 

Alive sperm without acrosome reaction= 

nucleus of sperm was brown and acrosome 

area was pink. D: Alive sperm with acrosome 

reaction= nucleus of sperm is brown and 

acrosome area is light-blue or colorless. 

 

Statistical analysis 

SPSS 16 (Chicago, USA) was used for 

statistical analysis. The data were reported as 

mean±SD. The Kruskal-Wallis test was 

applied in order to compare between different 

groups. All the tests were two tails. Statistical 

significance was accepted at the level of 

p<0.05. 
 
 
 
 

      
Figure 1. Scanning electron microscopy of Ag NPs. Materials with size of less than 100 nano meter (nm) are considered as 

nanoparticles. As the both figures verify, the materials used in this study were categorized to nanoparticles.  

 
Results 

 

Acrosome reaction assay 

All sperm cells in each slide were counted 

and classified in A, B, C, and D (64 slides 

were evaluated). Significant trends only 

observed for acrosome reaction for rate of 

grade C in exp.1 compared to control 

(24.25±3.68 and 11.00±0.00, respectively, 

p<0.01). There was no significant difference 

between dead sperm cells with or without 

acrosome reaction in experimental groups 

compared to control group, while the results 

were positive for viable sperm cells in 

acrosome reaction between all control and 

experimental groups. Also, a dose-dependent 

increase in Ag NPs was observed only 

between the 2 and 3 experimental groups in 

alive spermatozoa with acrosome reaction 

group (D) (p=0.01, Table I).  

These finding indicated both live sperm 

with or without acrosom reaction were 

vulnerable to AgNPs compared to control 

group. On the other hand, increasing the 

number of dead sperm with intact acrosome 

and no acrosome after treatment with AgNPs 

precisely were consistent with the reduced 

number of spermatozoa and reflects the fact 

that AgNPs can impair both sperm cell viability 

and acrosome reaction. 
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The effect of concentration of silver 

nanoparticle on spermatogenic cells  

Despite reduction in spermatogonia 

percentage compared with other groups, it 

was only seen a significant reduction in 

experimental group 4 (200 mg/kg) (p=0.027, 

Figure 2). Microscopic studies showed a 

significant reduction in number of primary 

spermatocytes in all experimental groups 

except experimental group 1 (p=0.012, Figure 

3) as well as spermatids (p=0.03, Figure 4) 

and spermatozoa (p=0.03, Figure 5) 

compared to control group.  

But there were no significant differences 

between groups for Sertoli cell number when 

compared with control group (data not 

shown). 

 

Histological assessment 

In cross-section of testes, a fairly large 

number of seminiferous tubules have been 

observed that were surrounded by connective 

tissue. Despite a little reduction in the 

seminiferous tubules diameter, there is no 

significant changes in the diameter in the 

animals treated with Ag NPs in different doses 

48 days after oral administration (the time 

period of spermatogenesis) (data not shown). 

But due to releasing the spermatogonia cells, 

spermatid and primary spermatocytes into the 

duct of some seminiferous tubules and their 

separation from the wall were observed in 

experimental group 3 (Figure 6a) and 4 

(Figure 6b) compared with control group, 

clearly. 

 

Table I. Effect of different concentrations of Ag NPs on the percentage of alive and dead spermatozoa (mean ± SD) with and without 

acrosome reaction in vivo 

Parameters  Groups Mean ± SD p-value 

Dead sperm without acrosome reaction (A)  0.496 

 Control 19.00 ± 1.41  
 Experimental 1 29.25 ± 15.54  

 Experimental 2 33.66 ± 8.12  

 Experimental 3 31.17 ± 16.80  

Dead sperm with acrosome reaction (B)  0.316 

 Control 35.50 ± 0.71  

 Experimental 1 26.75 ± 14.10  
 Experimental 2 39.43 ± 6.53  

 Experimental 3 39.50 ± 14.67  

Alive sperm without acrosome reaction (C)  0.026 
 Control * 11.00 ± 0.00  

 Experimental 1 * 24.25 ± 3.68  
 Experimental 2 16.66 ± 4.41  

 Experimental 3 15.00 ± 4.00  

Alive sperm with acrosome reaction (D)  0.011 
 Control† 11.00 ± 0.00  

 Experimental 1$ 24.25 ± 3.68  

 Experimental 2 †$ 16.66 ± 4.41  
 Experimental 3 15.00 ± 4.00  

*, $,†: p<0.05. Kruskal-Wallis test was applied in order to compare between different groups. 

 

 

 
Figure 2. The comparison between control and experimental groups at mean percentage of spermatogonia cells. There was a 

decreasing trend in experimental groups for spermatogonia cells from control to exp4 (except exp3) and exp4 showed significant 

difference compared to other groups. * Significant reduction has been observed in experimental group 4. (p=0.027) compared with 

control group. 
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Figure 3. The comparison between control and experimental groups at mean percentage of primary spermatocytes. A decreasing 

trend was seen from control to exp4 group and exp2, exp3 and exp4 showed significant difference. * Significant reduction has been 

observed in experimental group 2, 3, 4. (p=0.012) compared with control group. 

 

 

 

 

 
Figure 4. The comparison between control and experimental groups at mean percentage of spermatids. The spermatid cells showed 

decreasing reduction from control group to exp4 group. * Significant reduction has been observed in experimental group 2, 3, 4. 

(p=0.03) compared with control group. 

 

 

 

 
Figure 5. The comparison between control and experimental groups at mean percentage of spermatozoa. Spermatozoa showed 

decreasing trend in experimental group with increasing dose of silver nanoparticles. * Significant reduction has been observed in 

experimental group 2, 3, 4. (p=0.03) compared with control group. 

* 
* * 
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Figure 6. The effect of Ag NPs on seminiferous tubules. a) The separation of primary spermatocytes and spermatogonia cells from 

tubules wall in experimental group 3 has been observed (magnification 1000 ×).b) The separation of spermatogonia cells and 

spermatocytes and releasing of sperm precursor cells to mid-duct of seminiferous tubules in experimental group 4 has been shown 

(magnification 400 ×). R; blood vessel, G; spermatogonia cell, ST ; primary spermatocyte, D ;Leydig cell. 

 
Discussion 

 
In our study, the acute effects of oral 

administered AgNPs (70nm) at different doses 
(25, 50,100,200 mg/kg) on the spermatogenic 
cells count and acrosome reaction in sperm 
cells on the male Wistar rats were evaluated. 
Our results showed that oral administration of 
Ag NPs can impair acrosome reaction in rats.  

The studies were carried out on C18-4 cell 
line by Braydich-Stoll et al showed that 
nanoparticles such as silver and aluminum 
nanoparticles were able to cross sperm 
membrane and connected to mitochondria 
and acrosome of sperm cells (15). The study 
results showed that percentage of dead sperm 
with and without acrosome reaction compared 
with viable sperm in the same condition and 
between experimental groups has increased. 
This increase was dose dependent and sperm 
with abnormal morphology has reached to 
maximum at concentration 200 mg/kg. (Table 
I). It can be attributed to the effect of AgNPs 
on DNA. It could react with cellular DNA and 
stimulated inflammation and oxidative damage 
and cellular dysfunction that created genetic 
mutation and sperm cells with abnormal 
morphology (16). 

Despite a few reductions in the 
seminiferous tubules diameter, there are no 
significant changes in the diameter in the 
animals treated with Ag NPs in different doses 
after 48 days (the time period of 
spermatogenesis in rats) but releasing the 
spermatid and spermatocytes into the duct of 
some seminiferous tubules were observed 

(Figure 6). Many in vivo studies have shown 
that chemicals and metals, such as chromium, 
cadmium or lead can decrease the diameter 
of seminiferous tubules epithelial cells and in 
consequence the seminiferous tubules lumen 
(17, 18).  

Our histological evaluation on testes 
tissues indicated some damaged tubules in all 
experimental groups that was in line with 
study by Takeda and Suzuki (19). Also, 
significant decrease in mean number of 
primary spermatocytes, spermatids and sperm 
cells in all experimental groups except group 1 
(25mg/kg) may be related with Ag NPs 
inhibitory role in cell proliferation. Some 
evidences about the effect of nanoparticles on 
spermatogonial stem cells (SSCs) indicated 
that they can cause the reduction of cell 
proliferation in these cells (20).  

It seems that reduction of FYN kinase (the 
member of the Src family kinase involved in 
the proliferation of spermatogonia, which are 
abundant in Sertoli cells) activity is the main 
reason of decreasing the cell numbers in 
spermatogenesis. FYN kinases play a role in 
the adhesion of spermatogenic cells such as 
spermatids to Sertoli cells and decreasing 
these proteins disturbed spermatid adhesion 
to Sertoli cells and sperm reduction (21). 

Our data showed a significant reduction of 
sperm cell number in all experimental groups 
except exp. group 1. It might be due to the 
effect of nanoparticles on cell cycles and 
significant decrease of sperm precursor cells 
or release of them to the mid duct of 
seminiferous tubules. We did not find any 
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significant difference for the number of Sertoli 
cells in any exp. groups. It may be possible 
that this slight decrease is related to the 
increased production of nitric oxide (NO) in 
Sertoli cells (22).  

In line with our findings, it was shown that 
TiO2 (Titanium dioxide) nanoparticles could 
cross the blood-testes barrier (BTB) and form 
aggregates/agglomerates in Sertoli cells. This 
in turn, caused a reduction in their number 
and led to damage and disorganization of the 
seminiferous tubules. Damaged tubules were 
observed in scattered seed clusters 
throughout the testicular tissues (23). 
 

Conclusion 
 

In conclusion, our study showed the Ag 
NPs even in small size have acute and 
significant effects on spermatogenesis and 
number of spermatogenic cells and also on 
acrosome reaction in sperm cells. Also, high 
doses of Ag NPs (100 and 200 mg/kg) had a 
negative effect on spermatogenesis process 
and can influence reproductive potential in 
animal models. More experimental 
investigations are necessary to elucidate 
better conclusion regarding the safety of 
nanoparticles on reproduction system while it 
seems these materials should be used in 
medicine and industries with more caution.  
 

Acknowledgements 
 

The authors would like to especially thank 
Farimah Shams for her assistance in 
statistical analysis of this study. This study 
was supported by a grant from the Research 
Deputy, Shahid Sadoughi University of 
Medical Sciences, Yazd, Iran. 
 

Conflict of interest 
 

There is no conflict of interests with this 
study. 

References 
 
1. Scampicchio M, Arecchi A, Mannino S. Optical 

nanoprobes based on gold nanoparticles for sugar 
sensing. Nanotechnology 2009; 20: 135501. 

2. Johnston HJ, Hutchison G, Christensen FM, Peters 
S, Hankin S, Stone V. A review of the in vivo and in 
vitro toxicity of silver and gold particulates: particle 
attributes and biological mechanisms responsible for 
the observed toxicity. Crit Rev Toxicol 2010; 40: 328-
346. 

3. Brooking J, Davis S, Illum L. Transport of 
nanoparticles across the rat nasal mucosa. J Drug 
Target 2001; 9: 267-279. 

4. Borm PJA, Kreyling W. Toxicological hazards of 
inhaled nanoparticles-potential implications for drug 
delivery. J Nanosci Nanotechnol 2004; 4: 521-531. 

5. Chen Y, Xue Z, Zheng D, Xia K, Zhao Y, Liu T, et al. 
Sodium chloride modified silica nanoparticles as a 
non-viral vector with a high efficiency of DNA transfer 
into cells. Curr Gene Ther 2003; 3: 273-279. 

6. Chen X, Schluesener H. Nanosilver: a nanoproduct 
in medical application. Toxicol Lett 2008; 176: 1-12. 

7. Kalishwaralal K, Barathmanikanth S, Pandian SR, 
Deepak V, Gurunathan S. Silver nano-A trove for 
retinal therapies. J Control Release 2010; 145: 76-
90. 

8. Kumar A, Vemula PK, Ajayan PM, John G. Silver-
nanoparticle-embedded antimicrobial paints based 
on vegetable oil. Nat Mater 2008; 7: 236-241. 

9. Sung JH, Ji JH, Yoon JU, Kim DS, Song MY, Jeong 
J, et al. Lung function changes in Sprague-Dawley 
rats after prolonged inhalation exposure to silver 
nanoparticles. Inhal Toxicol 2008; 20: 567-574. 

10. Kim YS, Song MY, Park JD, Song KS, Ryu HR, 
Chung YH, et al. Subchronic oral toxicity of         
silver nanoparticles. Part Fibre Toxicol 2010; 7: 20-
31. 

11. Dziendzikowska K, Gromadzka-Ostrowska J, Lankoff 
A, Oczkowski M, Krawczyńska A, Chwastowska J, et 
al. Time‐dependent biodistribution and excretion of 
silver nanoparticles in male Wistar rats. J Appl 
Toxicol 2012; 32: 920-928. 

12. Gromadzka-Ostrowska J, Dziendzikowska K, Lankoff 
A, Dobrzyńska M, Instanes C, Brunborg G, et al. 
Silver Nanoparticles Effects on Epididymal Sperm in 
Rats. Toxicol Lett 2012; 214: 251-258. 

13. Pothuraju, R, Kaul G. Effect of Silver Nanoparticles 
on Functionalities of Buffalo (Bubalus Bubalis) 
Spermatozoa. Adv Sci Eng Med 2013; 5: 91-95. 

14. Talbot P, Chacon RS. A triple-stain technique for 
evaluating normal acrosome reactions of human 
sperm. J Exp Zool 1981; 215: 201-208. 

15. Braydich-Stolle L, Hussain S, Schlager JJ, Hofmann 
MC. In vitro cytotoxicity of nanoparticles in 
mammalian germline stem cells. Toxicol Sci 2005; 
88: 412-419. 

16. Nel A, Xia T, Mädler L, Li N. Toxic potential of 
materials at the nanolevel. Science 2006; 311: 622-
627. 

17. Yang YJ, Lee SY, Kim KY, Hong YP, Acute testis 
toxicity of bisphenol A diglycidyl ether in Sprague-
Dawley rats. J Prev Med Public Health 2010; 43: 
131-137. 

18. Shafiab M, Bakht J, Razuddin B, Hayat Y, Zhang 
GP. Genotypic difference in the inhibition of 
photosynthesis and chlorophyll fluorescence by 
salinity and cadmium stresses in wheat. J Plant Nutr 
2011; 34: 315-323. 

19. Takeda K, Suzuki KI, Ishihara A, Kubo-Irie M, 
Fujimoto R, Tabata M, et al. Nanoparticles 
transferred from pregnant mice to their offspring can 
damage the genital and cranial nerve systems. J 
Health Sci 2009; 55: 95-102. 

20. Braydich-Stolle LK, Lucas B, Schrand A, Murdock 
RC, Lee T, et al. Silver nanoparticles disrupt 
GDNF/Fyn kinase signaling in spermatogonial stem 
cells. Toxicol Sci 2010; 116: 577-589. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
25

-1
1-

17
 ]

 

                               7 / 8

http://www.ncbi.nlm.nih.gov/pubmed?term=Johnston%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Hutchison%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Christensen%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Peters%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Peters%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Hankin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed?term=Stone%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20128631
http://www.ncbi.nlm.nih.gov/pubmed/?term=particle+attributes+and+biological+mechanisms+responsible
http://www.ncbi.nlm.nih.gov/pubmed?term=Xue%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=12762484
http://www.ncbi.nlm.nih.gov/pubmed?term=Zheng%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12762484
http://www.ncbi.nlm.nih.gov/pubmed?term=Xia%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12762484
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12762484
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12762484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sodium+chloride+modified+silica+nanoparticles+as+a+non-viral+vector+with+a+high+efficiency+of+DNA+transfer+into
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalishwaralal%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20359511
http://www.ncbi.nlm.nih.gov/pubmed?term=Barathmanikanth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20359511
http://www.ncbi.nlm.nih.gov/pubmed?term=Pandian%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20359511
http://www.ncbi.nlm.nih.gov/pubmed?term=Deepak%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20359511
http://www.ncbi.nlm.nih.gov/pubmed?term=Gurunathan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20359511
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silver+nano%E2%80%94A+trove+for+retinal+therapies.%22+Journal+of+Controlled+Release
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18204453
http://www.ncbi.nlm.nih.gov/pubmed?term=Vemula%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=18204453
http://www.ncbi.nlm.nih.gov/pubmed?term=Ajayan%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=18204453
http://www.ncbi.nlm.nih.gov/pubmed?term=John%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18204453
http://www.ncbi.nlm.nih.gov/pubmed?term=Ji%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoon%20JU%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18444009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lung+function+changes+in+Sprague-Dawley+rats+after+prolonged+inhalation+exposure+to+silver+nanoparticles
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed?term=Ryu%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed?term=Chung%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=20691052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Subchronic+oral+toxicity+of+silver+nanoparticles
http://www.ncbi.nlm.nih.gov/pubmed?term=Dziendzikowska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Gromadzka-Ostrowska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Lankoff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Lankoff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Oczkowski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Krawczy%C5%84ska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed?term=Chwastowska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22696427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Time%E2%80%90dependent+biodistribution+and+excretion+of+silver+nanoparticles+in+male+Wistar+rats
http://www.ncbi.nlm.nih.gov/pubmed/?term=Time%E2%80%90dependent+biodistribution+and+excretion+of+silver+nanoparticles+in+male+Wistar+rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Dziendzikowska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed?term=Lankoff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed?term=Lankoff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed?term=Dobrzy%C5%84ska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed?term=Instanes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed?term=Brunborg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22982066
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silver+Nanoparticles+Effects+on+Epididymal+Sperm+in+Rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Braydich-Stolle%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16014736
http://www.ncbi.nlm.nih.gov/pubmed?term=Hussain%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16014736
http://www.ncbi.nlm.nih.gov/pubmed?term=Schlager%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=16014736
http://www.ncbi.nlm.nih.gov/pubmed?term=Hofmann%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16014736
http://www.ncbi.nlm.nih.gov/pubmed?term=Hofmann%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16014736
http://www.ncbi.nlm.nih.gov/pubmed/?term=In+vitro+cytotoxicity+of+nanoparticles+in+mammalian+germline+stem+cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Nel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16456071
http://www.ncbi.nlm.nih.gov/pubmed?term=Xia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16456071
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A4dler%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16456071
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16456071
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=20383046
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=20383046
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=20383046
http://www.ncbi.nlm.nih.gov/pubmed?term=Hong%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=20383046
http://www.ncbi.nlm.nih.gov/pubmed/?term=Acute+testis+toxicity+of+bisphenol+A+diglycidyl+ether+in+Sprague-Dawley+rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Lucas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20488942
http://www.ncbi.nlm.nih.gov/pubmed?term=Schrand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20488942
http://www.ncbi.nlm.nih.gov/pubmed?term=Murdock%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20488942
http://www.ncbi.nlm.nih.gov/pubmed?term=Murdock%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20488942
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20488942
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silver+nanoparticles+disrupt+GDNF%2FFyn+kinase+signaling+in+spermatogonial+ste
https://ijrm.ir/article-1-418-en.html


Miresmaeili et al 

430                                                        Iranian Journal of Reproductive Medicine Vol. 11. No. 5. pp: 423-430, May 2013 

21. Maekawa M, Toyama Y, Yasuda M, Yagi T, Yuasa S. 
Fyn tyrosine kinase in Sertoli cells is involved in 
mouse spermatogenesis. Biol Reprod 2002; 66: 211-

221. 
22. Yoshida S, Hiyoshi K, Ichinose T, Takano H, Oshio 

S, et al. Effect of nanoparticles on the male 
reproductive system of mice. Int J Androl 2008; 32: 

337-342. 
23. Kobayashi N, Naya M, Hanai S, Nakanishi J. 

Reproductive and developmental toxicity studies of 
manufactured nanomaterials. Reprod Toxicol 2010; 

30: 343-352. 

24. Maekawa M, Toyama Y, Yasuda M, Yagi T, Yuasa S. 
Fyn tyrosine kinase in Sertoli cells is involved in 
mouse spermatogenesis. Biol Reprod 2002; 66: 211-

221. 
25. Yoshida S, Hiyoshi K, Ichinose T, Takano H, Oshio 

S, et al. Effect of nanoparticles on the male 
reproductive system of mice. Int J Androl 2008; 32: 

337-342. 
26. Kobayashi N, Naya M, Hanai S, Nakanishi J. 

Reproductive and developmental toxicity studies of 
manufactured nanomaterials. Reprod Toxicol 2010; 

30: 343-352. 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
25

-1
1-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://www.ncbi.nlm.nih.gov/pubmed?term=Maekawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Toyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yasuda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuasa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiyoshi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Ichinose%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Takano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Oshio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Oshio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+nanoparticles+on+the+male+reproductive+system+of+mice.+International+journal+of+andrology
http://www.ncbi.nlm.nih.gov/pubmed?term=Maekawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Toyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yasuda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuasa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11751285
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiyoshi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Ichinose%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Takano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Oshio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed?term=Oshio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18217983
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+nanoparticles+on+the+male+reproductive+system+of+mice.+International+journal+of+andrology
https://ijrm.ir/article-1-418-en.html
http://www.tcpdf.org

