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ABSTRACT 

 

Improvement in nanotechnology has identified promising silver nanoparticles (AgNPs) for many biomedicine 

applications. To assess the toxicity of silver nanoparticles in vivo, histopatological examinations of experimental 

mice were studied. Forty adult male Sprague-Dawley rats were randomly divided into five groups and orally 

treated AgNPs in different doses (30,125,300,700 mg/kg) during the 28-days. After paraffin embedding and 

hematoxylin and eosin (H&E) and periodic acid Schiff (PAS) staining, histopathological changes evaluated in 

kidney using light micrographs. The obtained results showed a decrease in diameter of convoluted tubules, 

glomerulus diameter, Bowman’s space thickness and number of mesangeal cells in 30 and 125 and 300 mg/kg 

treated groups. These changes are more evident in 125 mg/kg of AgNPs group (P<0.05). The other histological 

changes in the tubules of rats affected by AgNPs included loose of brush border, basement membrane 

irregularity, necrosis, vacuolar degeneration and Congestion. The other glomerular and interstital alterations of 

rats affected by AgNPs included: basement membrane thickness, accumulation of mesangial matrix, necrosis and 

infiltration of inflammatory cells. These histological alterations were also more evident in rats exposed to 125 

mg/kg of AgNPs. In 700 mg/kg group, no major changes in the structural component of the kidney were 

observed while occasional foci of inflammatory cell infiltrates were present. 
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INTRODUCTION 

 
Recent progress in nanotechnology deeply 
improved the potential applications in the 
domestic, industrial, and biomedical fields. Among 
several metallic nanoparticles that are involved in 
daily supplications, silver nanoparticles (AgNPs) 

is the most frequently used because of to their 
special chemical, physical and biological 
properties[1]. The number of AgNPs-containing 
products has grown from less than 30 in 2006 to 
over 435 in the 2015 [2].  
 
There  are  growing  danger  about  elevated  
industrial  wastes  for  nanoparticles  in soil and 
water and environmental exposure to these 
materials [3, 4]. Due to small sizes  of  AgNPs,  the  
silver  can  entry  into human body via different 
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routs including; ingestion[5], inhalation[6] and  
skin[7]. Depending on the size and concentration, 
accumulation of silver nanoparticles has been 
reported in various organ such as: kidneys, lungs, 
nervous system and liver [8, 9]. In vitro and in 
vivo evidences support the suggestion that AgNPs 
induce cytotoxicity and inflammatory effects in 
different kinds of cells and tissues [8, 10, 11].  
 
Previously published study resulted that 
numerous metallic elements have toxic effect on 
kidney that preferentially accumulate and 
produce cellular injury in the this organ[12, 13]. 
Kim et al, demonstrated that, in rats after 
ingestion, silver nanoparticles are efficiently 
internalized in the glomeruli and basement 
membranes of renal tubules[9]. Chen et al showed 
histological damage to proximal tubular cells in 
mice exposed via oral administration to copper 
NPs[14]. Abdelhalim et al., also observed 
nephrotoxic effect of gold nanoparticles on the 
histochemical and histological alterations in the 
renal tissues [15]. Gui et al showed nephrotoxicity 
of titanium dioxide nanoparticles, assessed by 
physiological and gene expression modifications 
in mice exposed via oral gavage[16].  
 
Production of reactive oxygen species (ROS) and 
the release of cytokines are suspected to be the 
mechanisms by which metal nanomaterials induce 
toxicity which in turn triggers cellular changes 
including DNA damage and apoptosis[17].  
 
While nanotoxicity research is now gaining 
attention, but possible histological alterations in 
the renal tissues following exposure to AgNPs in 
animals and humans remain unclear. In this study, 
renal histopathological changes of rats were 
exposed for 28 consecutive days to AgNPs on 30, 
125, 300 and 700 mg/kg body weight were 
studied. 

 

MATERIALS AND METHODS 

 
Animals 

The protocol of this study was approved by the 
ethics committee of Hamadan University of 
Medical Sciences.  Forty male Sprague-Dawley rats 
weighing between 180 - 200 g were obtained from 
Hamadan Medical University (Hamadan, Iran), 
and were housed in the animal house under 
controlled environment of 21±2°C and 50±15% 
humidity with a 12-h light/dark cycle. The animals 

were allowed free access to food and water during 
the 28-days of the experimental period. 
	

Nanosilver Particles 

AgNPs (CAS No. 7440-22-4) were purchased in 
powder form from US Research Nanomaterials, 
Inc. (Houston, TX, USA). ). The purity of the 
nanosilver particles was more than 99%. Ag NPs 
powder was suspended as described  in the 
previous study[18]. Deionized water was used for 
the dispersion of Ag-NPs into concentrations of 
30, 125, 300, and 700 mg by vigorous vortexing, 
followed by sonication for 5 min. The particle-size 
distribution (PSD) of the Ag-NPs was analyzed 
using dynamic light-scattering instrument (DLS; 
Malvern, Nano ZS ZEN- 3600, UK).  
	

Experimental design 

The rats were randomly divided into five groups 
(n=8 in each). Animals in four groups were treated 
with 30, 125, 300, or 700 mg/kg AgNPs solution 
for 28 days by oral gavage and the control group 
received equal volumes of deionized water. The 
day after the last administration, body weight was 
measured and then rats were sacrificed, two 
kidneys of each rats were quickly harvested, 
excised and immersed in 10% neutral buffered 
formalin solution for histopathological analysis. 
	

Histopathological Study 

The fixed tissues were processed routinely, 
embedded in paraffin, sectioned, deparaffinized 
and rehydrated. Sections were cut into 5 um 
sections by the rotary microtome, mounted and 
stained with hematoxylin and eosin using the 
standard technique. Special staining techniques, 
periodic acid schiff (PAS) stained to assess the 
glomerular changes and tubular basal lamina and 
brush border. All the images were obtained 
through a transmitted light microscope (Nikon 
E800 research microscope) with video camera 
(motic 2000) and motic images 2.0 software for 
the acquisition of the differences in 
histomorphology of all studied groups.  
	

Statistical analysis 

Statistical analysis was performed using the SPSS 
11.0 soft-ware, and the data are shown as mean± 
standard deviation (SD). One-way analysis of 
variance and Tukey test was used to determine 
differences between groups. To compare selected 
pairs of groups, p-value less than 0.05 was 
considered significant. 
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RESULTS 

 
In this study no mortality occurred in any of the 
experimental groups, and no alterations were 
observed in the appearance and behavior of 
AgNPs treated rats in comparison with the control 
ones.  
	

Characterization	of	silver	nanoparticles	

To identify the diameter of the silver 
nanoparticles, the AgNPs suspension was 
subjected to dynamic light scattering (DLS) 
analysis. It demonstrated a hydrodynamic 
diameter peak, with an average size of 200-300 
nm, which was considerably larger than that 
indicated in product’s information (< 100 nm). 
 

Histopathological changes 

Histopathological changes were evaluated in three 
components: Tubular, Glomerular and Interstitial. 
The sections from control rats showed that 
structures of renal tissue including, proximal and 
distal convoluted tubules, renal corpuscles and the 
interstitial tissue of tubules were intact and no 
cellular and tissue damages were found (Figs.1 
and 2). 

 

Tubular alterations 

For the evaluation of the toxicity of AgNPs on 
renal tubules, basic parameters including: 
diameter of renal proximal and distal tubules 
were measured, other tubular changes as Brush 
border, basement membrane, necrosis, 
dissociation of cells, cloudy swelling, 
vacuolization, nuclear changes (anisokaryosis, 
pyknosis, karyorrhexis and karyolysis) and 
formation of Hyaline cast, were also qualified on 
basis of grading was used to score the histological 
alterations: (−) absent; (+) mild; (++) moderate; 
(+++) severe (Fig. 1, Table 1). 
 

Diameter of renal proximal and distal tubules 

As shown in Fig 3, the mean diameter of proximal 
tubule in the experimental groups of 30, 125 and 
300 mg/kg significantly decreased compared to 
the controls (p<0.05) and the mean diameter of 
distal tubule in the groups of 125 and 300 mg/kg 
significantly decreased compared to the controls 
(p<0.05).  
 

 

 
Control 

 
30mg/kg 

 
125mg/kg 

 
300mg/kg 

 
700mg/kg 

 

 
Figure 1:Light micrographs sections for tubular analysis of cortical region in kidney from control and 30, 125, 300, 700 mg/kg 

AgNS treated rats. Foamy degeneration in the vacuolated epithelial cells, congestion of the capillary loops and infiltration of 

inflammatory cells are shown. Haematoxylin& eosin (H&E) × 400 
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PAS staining 

 
 

Figure 2: Light micrographs sections of cortical region in kidney from 30 mg/kg (A) and control (B) AgNS treated rats. Brush 

border looseness and basement membrane irregularity were seen in30 mg/kg AgNS treated rats. Periodic acid Schiff (PAS) × 

400 

 
Table 1: Effec of AgNPs (30,125,300,700 mg/kg) for 28 days on tubular qualified criteria; The following grading scheme was 

used to score the histological alterations: (−) absent; (+) mild; (++) moderate; (+++) severe 

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

Brush border looseness - ++ ++ + + 
Basement membrane irregularity - + ++ + + 
Necrosis - ++ +++ + ++ 
Dissociation of cells - ++ +++ + ++ 
Cloudy swelling - + ++ + + 
Vacuolar degeneration - + ++ + ++ 
Anisokaryosis - +++ ++ + + 
Nuclear pyknosis - +++ ++ + + 
Karyolysis - ++ ++ - + 
Hyaline cast - + + - - 
Infiltration - +++ ++ + + 
Congestion - + +++ + ++ 

 
Proximal and distal diameter of tubules 

 

 

 
Figure 3: Effect of different doses of AgNPs (30,125,300,700 mg/kg) on diameter of tubules, proximal (A) and distal (B).  All data 

are presented in Mean ± SD. There were significant differences (P<0.05) between treated groups and relation to control group 

that has shown with a,b,c.a: compared to control group (P=0.00), b: compared to 30mg/kg  group (P=0.00), c: compared to 

125mg/kg group (P=0.00). d:compared to 700mg/kg  group (P=0.00), e: compared to 700 mg/kg group 
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A  
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Figure 4: Effect of different doses of AgNPs (30,125,300,700 mg/kg) on u space thickness (A), glomerulus diameter (B) and 

mesangeal cell number (C). All data are presented in Mean ± SD. There were significant differences (P<0.05) between treated 

groups and relation to control group that has shown with a,b,c,d. a: compared to control group,  b: compared to 30 mg/kg  

group,  c: compared to 125 mg/kg group, d: compared to 300mg/kg group, e: compared to 700mg/kg group 

 
Table 2:Effect of AgNPs (30,125,300,700 mg/kg) on glomerular qualified criteria; The following grading scheme was used to 

score the histological alterations: (−) absent; (+) mild; (++) moderate; (+++) severe 

 
GroupsAgNs(mg/kg) 

Control 30 mg/kg 125 mg/kg 300 mg/kg 700 mg/kg 
Glomerular changes& Stains 

Accumulation of mesangial matrix - ++ + + + 
Hypercellularity - + ++ - + 
Necrosis - + + + ++ 
Congestion - + ++ + ++ 
Infiltration of inflammatory cells - - - - - 
Hyalinization - - - - - 

 

Glomerular alterations 

For the evaluation of the toxicity of AgNPs on 
renal corpuscles, some parameters including: 
bowman’s space thickness, glomerulus diameter, 

glomerular basement membrane thickness, 
number of mesangeal cell were measured and also 
glomerular changes as accumulation of mesangeal 
matrix, hypercellularity, necrosis, Congestion and 
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infiltration of inflammatory cells were qualified on 
basis of grading was used to score the histological 
alterations: (−) absent; (+) mild; (++) moderate; 
(+++) severe (Table 2). 
 
Bowman’s space thickness 

The mean thickness of renal space in the 
experimental groups 30, 125 and 300 mg/kg 
decreased compared to the controls. However this 
change was significant and more prominent in 
125 mg/kg treated group (Fig 4). 
 
Mesangeal cell number 

As shown in Fig 4, The mean number of 
glomerular  mesangeal cells per glomerolus in the 
experimental groups of 30, 125 mg/kg 
significantly decreased compared to the controls 
(p<0.05) and the mean number of glomerular  
mesangeal cells per section in the groups of 300 
and 700 mg/kg insignificantly decreased 
compared to the controls (p>0.05).   
 
Glomerulus diameter 

As shown in fig 4, the mean glomerular diameter 
in the experimental group of 125 mg/kg 
significantly decreased compared to the controls 
(p<0.05). 
 
Interstitial tissue alterations 

For the assessment of the toxicity of AgNPs on 
interstitial tissue, some parameters including: 
Congestion, infiltration of inflammatory cells was 
studied. These histological alterations were also 
more evident in rats exposed to 30 and 125 mg/kg 
of AgNPs. 
 

DISCUSSION  

 
Nanotechnology improvements’ have identified 
potential candidates for many biomedical and 
biomedicine applications. AgNPs have entered the 
body through inhalation, ingestion, injection and 
dermal contact, resulting increase of silver 
concentration in various organs. However, an 
increasing number of reports suggest that AgNPs 
may be potentially toxic [19-21]. Some studies 
about the biodistribution of AgNPs in rats 
demonstrated a dose and size dependent 
accumulation of silver in different organ such as 
kidney [8, 19]. Therefore, AgNPs have the 
opportunity to interact with many stractural 
changes in this organ. Kim et al have reported that 
the AgNPs can dislocate into the rat kidneys 
following oral administration of AgNPs (60 nm 

particle size) over 28 and 90 days [8, 9]. In the 
present study, we extended the evidences to show 
orally AgNPs -treated (nominally < 100 nm 
diameter but actually ~200-300nm) adverse 
impact at kidney. 
 
After intragasteric exposure to the AgNPs, 
histological structure of the rat kidney sections 
showed common pathological alterations in 
tubules, glomerulus and interstitial tissue. These 
alterations could conduct to the beginning of acute 
and chronic renal disorder.  
 
Since glomerular filtration barrier, by having the 
primary site of blood filtration, is important in 
renal function, the basement membrane of was 
evaluated using PAS staining. Results showed that 
AgNPs could cause an increase in the thickness of 
basement membrane of glomerulus. In addition, 
congestion of blood cells in glomerulus and 
interstitial tissue was shown in morphological 
results of the present study. It is in agreement 
with the finding saying that blood flow directly 
depends on structural health and integrity of 
urinary filtration barrier[22, 23]. 
 
Results presented in this study confirmed that 
AgNPs administration caused marked changes in 
tubules in 125mg/kg group including 
degeneration and necrosis of the epithelial cells of 
tubules. These changes are accompanied by 
disorganization of proximal and distal tubules, 
loss of brush border and irregularity in the basal 
membrane, cloudy swelling, vacuolization, 
anisokaryosis, nuclear pyknosis and karyolysis 
epithelial lining cells and formation of hyaline 
casts. These alterations were more evident in the 
proximal convoluted tubules than the distal ones. 
The reason of these findings could be due to the 
fact that the proximal convoluted tubules are the 
primary sites of reabsorption and active transport. 
These alterations of the renal tissue of the AgNPs 
treated rats might show subacute renal injury. 
Kim et al have shown effects of AgNPs in rat on the 
function of kidney in the dose (125 mg/kg) during 
90 days intragastric administration[8].  
 
It has shown that tubular atrophy in diabetic 
nephropathy ultimately leads to end-stage renal 
disease[24]. Damage to the renal corpuscles 
indicated the widening of mesangial regions and 
accumulation of mesangial matrix, decreased the 
thickness of Bowman,s space and the diameter of 
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corpuscles. The Similar results also showed from 
work on toxic effect of gold nanoparticle[25]. 
 
Although the toxicity of nanoparticle is poorly 
understood, numerous in vitro and in vivo studies 
using different nanomaterials, have suggested that 
oxidative stress is a main reason of negative effect 
of nanoparticles use[26, 27]. The failure of 
homeostatic processes and generation of free 
radicals beyond the capacity of the body's 
defenses cause the oxidative stress occurs, 
resulting cellular injury and tissue damage[28]. 
Oxidative stress triggers the elevation of 
intracellular levels of reactive oxygen species 
(ROS). Conversely, the elevation in ROS in tissues 
is associated with destruction of vital molecules 
including DNA, lipids and proteins. ROS has a main 
role in the protection against exogenous chemical 
compounds. Therefore, elevated ROS levels can 
destruct cell and tissue structure and function and 
induce apoptosis or necrosis.  These alterations 
can ultimately result in pathological changes and 
lead to organ dysfunction or cancers[29, 30]. ROS 
generation is a main mechanism of  nanoparticles 
toxicity [31]. The unique properties of small size 
of of nanoparticles allows them to pass through 
cell membranes and other biological barriers and 
cause cellular dysfunction[18, 32]. The 
toxicological effects on kidney that have been 
showed in current study may be attributed to the 
same processes as suggested in studies mentioned 
above, although the particular mechanism needs 
further investigation. 
 
In this study the histological alterations were 
more evident in rats exposed to 30 and 125 mg/kg 
of AgNPs. In 700 mg/kg group, no major changes 
in the structural part of the kidney were observed 
while occasional foci of inflammatory cell 
infiltrates were present. After oral administration, 
the small intestine is the first site for absorption of 
nanoparticles. The large agglomeration size of 
AgNPs in high concentration may also have 
prevented their absorption from small intestine 
and so resulted in an insufficient availability of 
AgNPs to the kidney and affect this organ. Similar 
changes were observed by Kim et al and 
Mahmoudian et al in liver [8, 11].  
 

CONCLUSION 

 

In conclusion, histological changes in of kidney by 
AgNPs exposure could be due to AgNPs toxicity. 
These results confirmed glomerular, tubular and 

interstitial degeneration was severing in 30 and 
125mg/kg groups. One might conclude that these 
alterations are dose-dependent with lower ones 
induced more damage. 
 
Acknowledgments 

This study was funded by Vice-chancellor for 
Research and Technology, Hamadan University of 
Medical Sciences (No. 950207428). 

 
REFERENCES 

 
1. Zhang XF, Liu ZG, Shen W, Gurunathan S. 

Silver nanoparticles: synthesis, 
characterization, properties, applications, and 
therapeutic approaches. International Journal 
of Molecular Sciences. 2016; 17(9):1534. 

2. Vance ME, Kuiken T, Vejerano EP, McGinnis 
SP, Hochella Jr MF, Rejeski D, Hull MS. 
Nanotechnology in the real world: 
Redeveloping the nanomaterial consumer 
products inventory. Beilstein Journal of 
Nanotechnology. 2015; 6:1769. 

3. Wang P, Menzies NW, Dennis PG, Guo J, 
Forstner C, Sekine R, Lombi E, Kappen P, 
Bertsch PM, Kopittke PM. Silver nanoparticles 
entering soils via the wastewater–sludge–soil 
pathway pose low risk to plants but elevated 
Cl concentrations increase Ag bioavailability. 
Environmental Science & Technology. 2016; 
50(15):8274-81. 

4. Alt V, Bechert T, Steinrücke P, Wagener M, 
Seidel P, Dingeldein E, Domann E, Schnettler 
R. An in vitro assessment of the antibacterial 
properties and cytotoxicity of nanoparticulate 
silver bone cement. Biomaterials. 2004; 
25(18):4383-91. 

5. Bergin IL, Witzmann FA. Nanoparticle toxicity 
by the gastrointestinal route: evidence and 
knowledge gaps. International Journal of 
Biomedical Nanoscience and Nanotechnology. 
2013; 3(1-2):163-210. 

6. Ji JH, Jung JH, Kim SS, Yoon JU, Park JD, Choi 
BS, Chung YH, Kwon IH, Jeong J, Han BS, Shin 
JH. Twenty-eight-day inhalation toxicity study 
of silver nanoparticles in Sprague-Dawley 
rats. Inhalation Toxicology. 2007;19(10):857-
71. 

7. Crosera M, Bovenzi M, Maina G, Adami G, 
Zanette C, Florio C, Larese FF. Nanoparticle 
dermal absorption and toxicity: a review of 
the literature. International Archives of 
Occupational and Environmental Health. 
2009; 82(9):1043-55. 



Zohreh Alizadehet al J Res Med Dent Sci, 2018, 6 (1):43-51 
_____________________________________________________________________________________ 

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 1 | February 2018 50 

 

8. Kim YS, Kim JS, Cho HS, Rha DS, Kim JM, Park 
JD, Choi BS, Lim R, Chang HK, Chung YH, Kwon 
IH. Twenty-eight-day oral toxicity, 
genotoxicity, and gender-related tissue 
distribution of silver nanoparticles in 
Sprague-Dawley rats. Inhalation Toxicology. 
2008; 20(6):575-83. 

9. Kim YS, Song MY, Park JD, Song KS, Ryu HR, 
Chung YH, Chang HK, Lee JH, Oh KH, Kelman 
BJ, Hwang IK. Subchronic oral toxicity of silver 
nanoparticles. Particle and Fibre Toxicology. 
2010;7(1):20. 

10. Sambale F, Wagner S, Stahl F, Khaydarov RR, 
Scheper T, Bahnemann D. Investigations of 
the toxic effect of silver nanoparticles on 
mammalian cell lines. Journal of 
Nanomaterials. 2015; 16(1):6. 

11. Mahmoudian ZG, Sohrabi M, Lahoutian H, 
Javad M. Histological alterations and 
apoptosis in rat liver following silver 
nanoparticle intraorally administration. 
Entomology and Applied Science Letters. 
2016;3(5):27-35. 

12. Pujalté I, Passagne I, Brouillaud B, Tréguer M, 
Durand E, Ohayon-Courtès C, L'Azou B. 
Cytotoxicity and oxidative stress induced by 
different metallic nanoparticles on human 
kidney cells. Particle and Fibre Toxicology. 
2011;8(1):10. 

13. L'Azou B, Jorly J, On D, Sellier E, Moisan F, 
Fleury-Feith J, Cambar J, Brochard P, Ohayon-
Courtès C. In vitro effects of nanoparticles on 
renal cells. Particle and Fibre Toxicology. 
2008;5(1):22. 

14. Chen Z, Meng H, Xing G, Chen C, Zhao Y, Jia G, 
Wang T, Yuan H, Ye C, Zhao F, Chai Z. Acute 
toxicological effects of copper nanoparticles in 
vivo. Toxicology Letters. 2006; 163(2):109-
20. 

15. Abdelhalim MA, Jarrar BM. Renal tissue 
alterations were size-dependent with smaller 
ones induced more effects and related with 
time exposure of gold nanoparticles. Lipids in 
Health and Disease. 2011; 10(1):163. 

16. Gui S, Sang X, Zheng L, Ze Y, Zhao X, Sheng L, 
Sun Q, Cheng Z, Cheng J, Hu R, Wang L. 
RETRACTED ARTICLE: Intragastric exposure 
to titanium dioxide nanoparticles induced 
nephrotoxicity in mice, assessed by 
physiological and gene expression 
modifications. Particle and Fibre Toxicology. 
2013; 10(1):4.  

17. Xu L, Li X, Takemura T, Hanagata N, Wu G, 
Chou LL. Genotoxicity and molecular response 

of silver nanoparticle (NP)-based hydrogel. 
Journal of Nanobiotechnology. 2012; 
10(1):16. 

18. Pourhamzeh M, Mahmoudian ZG, Saidijam M, 
Asari MJ, Alizadeh Z. The Effect of Silver 
Nanoparticles on the Biochemical Parameters 
of Liver Function in Serum, and the 
Expression of Caspase-3 in the Liver Tissues 
of Male Rats. Avicenna Journal of Medical 
Biochemistry. 2016; 4(2). 

19. Jiménez-Lamana J, Laborda F, Bolea E, Abad-
Álvaro I, Castillo JR, Bianga J, He M, Bierla K, 
Mounicou S, Ouerdane L, Gaillet S. An insight 
into silver nanoparticles bioavailability in 
rats. Metallomics. 2014; 6(12):2242-9. 

20. Carlson C, Hussain SM, Schrand AM, Braydich-
Stolle LK, Hess KL, Jones RL, Schlager JJ. 
Unique cellular interaction of silver 
nanoparticles: size-dependent generation of 
reactive oxygen species. J. Phys. Chem. B. 
2008;112(43):13608-19. 

21. Asare N, Instanes C, Sandberg WJ, Refsnes M, 
Schwarze P, Kruszewski M, Brunborg G. 
Cytotoxic and genotoxic effects of silver 
nanoparticles in testicular cells. Toxicology. 
2012; 291(1):65-72. 

22. Sánchez S, Aguilar RP, Genta S, Aybar M, 
Villecco E, Riera AS. Renal extracellular matrix 
alterations in lead-treated rats. Journal of 
Applied Toxicology. 2001;21(5):417-23. 

23. Ibegbulem CO, Chikezie PC, Dike EC. 
Pathological research on acute hepatic and 
renal tissue damage in Wistar rats induced by 
cocoa. Journal of Acute Disease. 2016; 
5(1):51-8. 

24. Fioretto P, Mauer M. Histopathology of 
diabetic nephropathy. InSeminars in 
nephrology. WB Saunders, 2007; 27(2):195-
207. 

25. Abdelhalim MA, Jarrar BM. The appearance of 
renal cells cytoplasmic degeneration and 
nuclear destruction might be an indication of 
GNPs toxicity. Lipids in Health and Disease. 
2011; 10(1):147. 

26. Wang F, Gao F, Lan M, Yuan H, Huang Y, Liu J. 
Oxidative stress contributes to silica 
nanoparticle-induced cytotoxicity in human 
embryonic kidney cells. Toxicology in vitro. 
2009;23(5):808-15. 

27. Ma P, Luo Q, Chen J, Gan Y, Du J, Ding S, Xi Z, 
Yang X. Intraperitoneal injection of magnetic 
Fe3O4-nanoparticle induces hepatic and renal 
tissue injury via oxidative stress in mice. 



Zohreh Alizadehet al J Res Med Dent Sci, 2018, 6 (1):43-51 
_____________________________________________________________________________________ 

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 1 | February 2018 51 

 

International journal of Nanomedicine. 2012; 
7:4809. 

28. Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, 
Chakraborty S, Dhama K. Oxidative stress, 
prooxidants, and antioxidants: the interplay. 
BioMed Research International, 2014. 

29. Aprioku JS. Pharmacology of free radicals and 
the impact of reactive oxygen species on the 
testis. Journal of Reproduction & Infertility. 
2013; 14(4):158. 

30. Rahman K. Studies on free radicals, 
antioxidants, and co-factors. Clinical 
interventions in aging. 2007; 2(2):219. 

31. Fu PP, Xia Q, Hwang HM, Ray PC, Yu H. 
Mechanisms of nanotoxicity: generation of 
reactive oxygen species. Journal of food and 
drug analysis. 2014; 22(1):64-75. 

32. Nel A, Xia T, Mädler L, Li N. Toxic potential of 
materials at the nanolevel. Science. 2006; 
311(5761):622-7. 

 


