
------------------------------------------------------------------------------------------------------ 
Citation: Egypt. Acad. J. Biolog. Sci. (B. Zoology) Vol. 15(1) pp: 53-67(2023) 

DOI: 10.21608/EAJBSZ.2023.288521 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
. 

 

 

 

. 

www.eajbs.eg.net 

Vol. 12 No. 2 (2020) 

 
Vol. 15 No. 1 (2023) 

 

http://www.eajbs.eg.net/


------------------------------------------------------------------------------------------------------ 
Citation: Egypt. Acad. J. Biolog. Sci. (B. Zoology) Vol. 15(1) pp: 53-67(2023) 

DOI: 10.21608/EAJBSZ.2023.288521 

Egypt. Acad. J.  Biolog. Sci., 15(1):53-67(2023) 

Egyptian Academic Journal of Biological Sciences 

B. Zoology 
ISSN: 2090 – 0759 

http://eajbsz.journals.ekb.eg/ 

 

 

 

Assessment of Reproductive Toxicity of Silver Nanoparticles on Male Albino Mice 

"Mus musculus" 

 

Marwa S. Fadl, Abd-El-karim M. Abdellateif, Ahmed A. Khandel and Adel A. 

Aboella 

Zoology Department, Faculty of Science, Fayoum University, Egypt 

E-mail*: ama20@fayoum.edu.eg 

_______________________________________________________________________ 

ARTICLE INFO 

 

Article History 

Received:19/1/2023 

Accepted:22/2/2023 
Available:27/2/2023 
 ---------------------- 

Keywords: 

Silver 

nanoparticles 

(AgNPs), 

reproductive 

toxicity, testis, 

sperm analysis, 

comet assay.                                                     
 

 

 ABSTRACT 

               Regarding the fast development of nanotechnology and its 

various applications, the present study was carried out to estimate 

the potential toxic effect of silver nanoparticles (AgNPs) on the 

fertility of male albino mice. Thirty-five adult male mice were 

randomly divided into 5 groups (7 mice per group) as the following: 

the first group (GP1) was the control group which was orally 

administered distilled water. The second group (GP2) and the third 

group (GP3) were orally administrated silver nanoparticles (62.5 

mg/kg/d & 125 mg/kg/d, respectively) for 35 days. The fourth group 

(GP4) and the fifth group (GP5) were orally administrated silver 

nanoparticles (62.5 mg/kg/d & 125 mg/kg/d, respectively) for 35 

days then they were left 15 days without treatment for natural 

recovery and they were allowed to mate. Changes in the body or 

testicular weights or gonadosomatic index were recorded. Sperm 

analysis (sperm viability, motility, count and morphology) and 

damage in epididymal sperm DNA (comet assay) also were 

investigated. The results confirmed that silver nanoparticles have a 

toxic effect on male mice testis that leads to male infertility with 

high doses by reducing the number of sperms and increasing 

abnormalities in sperm motility and morphology.    

  

     INTRODUCTION 

 

              Nanoparticles are associated with modern science; they have a great scientific 

interest as they can be used in many fields of life. For example, in medicine, their ability 

to deliver drugs in the optimum dosage range often results in increased therapeutic 

efficiency of the drugs, weakened side effects and improved patient compliance (Alexis et 

al., 2008). Also, foods and beverage products have been reported to contain NPs (Vance 

et al., 2015). Among these nanoparticles silver nanoparticles (AgNPs) are widely used in 

a variety of applications as anti-bacterial agents in the health industry, food storage, textile 

coatings and a number of environmental applications where the cotton fibers containing 

AgNPs showed high anti-bacterial activity against Escherichia coli (Chen and Chiang, 

2008). Also, AgNPs are widely used in consumer products, medical device coatings, 
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optical sensors, and cosmetics, in the pharmaceutical industry, the food industry, in 

diagnostics, orthopedics, and drug delivery, as anticancer agents, and have ultimately 

enhanced the tumor-killing effects of anticancer drugs. In addition, AgNPs have been 

frequently used in many textiles, keyboards, wound dressings, and biomedical devices 

(Gurunathan et al., 2015) and in some disinfecting medical devices (Cho et al., 2005; Jain 

and Pradeep, 2005; Li et al., 2008). 

Many studies investigated the effects of subchronic oral and inhalation toxicity of 

AgNPs in rodents (Kim et al., 2010; Park et al., 2010). In these studies, it was found that 

the accumulation of silver nanoparticles was observed in the blood and all tested organs, 

including the liver, spleen, kidneys, thymus, lungs, heart, brain, and testes. The problem 

comes from the highly oxidative activity of AgNPs which releases silver ions, these ions 

result in numerous negative effects on biological systems by inducing cytotoxicity, 

genotoxicity, immunological responses, and even cell death (Chernousova et al., 2013; 

Cho et al., 2013).  

AgNPs can easily pass through the blood-brain barrier (BBB) by transcytosis of 

capillary endothelial cells or into other vital areas or tissues (Tang et al., 2010). AgNPs 

have a bad effect on the cell cycle and can result in the induction of DNA hypermethylation 

which may have a negative effect on the epigenomic level (Mytych et al., 2016). Also, 

AgNPs negatively affected male fertility because they have been found to reach the testes 

after administration (Kim et al., 2010; Lee et al., 2013). The negative effect of AgNPs 

appears when they reduce Glutathione (GSH) levels through the inhibition of GSH 

synthesizing enzyme (Piao et al., 2011). GSH is considered one of the vital endogenous 

antioxidant scavengers that can bind to and reduce ROS. Thus GSH mediated antioxidant 

scavenge system is a critical defense system for cell survival (Dewanjee et al., 2009). 

Through the inhibition of GSH synthesizing enzyme AgNPs raised intracellular ROS (Piao 

et al., 2011). The increase in intracellular ROS activates cell death-regulating pathways 

by inducing apoptosis (Li et al., 2016).  

Silver nanoparticles negatively affect the male reproductive system. It can pass 

through the blood-testis barrier (Schrand et al., 2010). A study on silver nanoparticles 

showed the effects of these NPs on buffalo sperm parameters, which showed a dose-

dependent decrease in sperm viability without a change in sperm motility at a 

concentration of 50 mg/kg (Pothuraju et al., 2013). Also, another study showed that silver 

nanoparticles can negatively affect sperm parameters. For example, it could damage sperm 

membranes and/or penetrate the cells, as a result increasing free radicals, including ROS, 

that cause membrane lipid peroxidation and, in consequence, loss of motility and viability, 

and can damage the sperm membrane and flagellum structure, finally leading to sperm 

motility and morphology defect (Yoshida et al., 2004; Aziz et al., 2004; Braydich-Stolle 

et al., 2005). Additionally, Miresmaeili et al. (2013) showed a significant decrease in the 

number of primary spermatocyte and spermatid cells at doses of 50, 100 and 200 mg/kg. 

It has been indicated that AgNPs noticeably decreased spermatogonial stem cell 

proliferation by some intracellular pathways (Braydich-Stolle et al., 2010). 
 

Another study indicated that injecting Wistar mice with AgNPs via the tail vein 

resulted in an obvious decrease in sperm count. Not only the decrease in number but also 

more morphological changes were observed, folded, amorphous spermatozoa, cells 

lacking or showing a small hook, and cells with undulating or elongated heads were the 

most common abnormalities found (Gromadzka-Ostrowska, et al., 2012; Lafuente, et al., 

2016). Moreover, exposure of murine sperm cells to AgNPs reduces the success rate of in 

vitro fertilization, delays following blastocyst formation, and down-regulates gene 

expression responsible for embryonic development (Yoisungnern et al., 2015).  Lee et al. 

recorded that AgNPs concentrations in the testes and brain did not return to the normal 
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control levels, even after the 4-month recovery period, showing that silver clearance is 

difficult across biological barriers, such as the BBB or BTB (Lee et al., 2013). The present 

study aimed to evaluate the repro-toxic effects of silver nanoparticles on adult male mice 

Mus musculus and evaluate their natural recovery. 

 

    MATERIALS AND METHODS 

 

Chemicals: 

             The material used in this research was silver nanoparticles (CAS Number: 7440-

22-4, Sigma-Aldrich, USA). It was dissolved in distilled water. Silver nanoparticle, < 100 

nm particle size, contains PVP as a dispersant, 99.5 % trace metals basis.  

Experimental Animals: 

             Experimental animals used in this study were male mice (Mus musculus) 

approximately aged 8 weeks with an average weight of 28±3 gm animals were purchased 

from Vacsera, Egypt (VACSERA vivarium, Helwan, Egypt). Mice were acclimated to the 

lab environment for 7 days under normal conditions of lightning and ventilation. Animals 

were separated and housed in plastic cages with stainless steel mesh lids and given the 

standard diet and water ad-libitum during the experimental period. 

Experimental Design: 

             Thirty-five mature male Mus musculus mice weighing 28±3 g were used in the 

present study. Under the same conditions, mice were randomly divided into 5 groups of 7 

animals each. Animals of different experimental groups were exposed to oral doses of 

silver nanoparticles as follows: 

 
Mice in groups 1, 2 & 3 were sacrificed at the end of the 5th week whereas mice in groups 4&5 at the end 

of the 7th week. Animals of the control (GP1) and the first two treated groups (GP2, GP3) were orally 

treated for 35 days (a period of one spermatogenesis cycle in male albino mice (Clermont, 1972). 

  

Reproductive Performance Study: 

               The fertility and the reproductive performance of both control and treated groups 

were studied at the end of treatment. Each male of the different studied groups was housed 

with a virgin untreated female 1:1 for 10 days (to complete two estrus cycles). Vaginal 

plugs were observed daily, the day on which the vaginal plug is detected is considered day 

zero of gestation. The mating index is calculated as the number of males mated and 

resulting in a vaginal plug over the number of males cohoused with females multiplied by 

100 and expressed as the percent. The fertility index is expressed as the number of males 
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who sired a litter over the number of males resulting in a vaginal plug multiplied by 100 

and expressed as a percentage (Hafez, 1970). 

Evaluation of Body and Testes Weights and Gonadosomatic Index: 

  During the experimental period, the body weight of each animal was recorded 

weekly. The testis was dissected out, cleaned and weighed. The gonadosomatic index 

(GSI) was calculated by dividing the testis weight by the body weight of each animal and 

expressed as the percentage (Predes et al., 2007). 

Sperm Analysis: 

             The mice were sacrificed 24 h after the last dose. The left epididymis was removed 

and placed in a pre-warmed petri dish containing 0.1 ml of calcium and magnesium-free 

Hank's solution at 37˚C. The tissue was minced with scalpels for approximately 1 min. 

and placed in a 37˚C incubator for 15 min. The epididymis was processed for sperm 

motility, viability, count, and sperm abnormalities. 

Sperm Motility: 

              The sperm motility was evaluated according to the method of Ekaluo et al. 

(Ekaluo et al., 2013), two drops of sperm suspension were put on a microscope slide and 

covered with a cover slip and examined under the microscope at 40x magnification. The 

number of progressively motile sperm was recorded and divided by the total number of 

spermatozoa counted and expressed as a percentage. 

Sperm Viability: 

              In order to determine sperm viability Eosin- Nigrosin stain method (Björndahl, et 

al., 2003) was used. Equal volumes of sperm suspension and stain were mixed and on 

glass slides, smears were prepared and left to dry in the air before checking for viability 

then percentage viability was calculated by dividing the number of live sperm by the total 

number of sperm counted. 

Sperm Count: 

             The epididymal sperm count was detected manually using the improved Neubauer 

hemocytometer by counting the heads under a light microscope. The count was recorded 

as the total number of sperm/ml (Ekaluo, et al., 2008). 

Sperm Abnormalities: 

              A volume of the sperm suspension was mixed with 1% eosin Y solution (10:1) 

for 30 min and smears were prepared on glass slides also were left to dry and then were 

examined for sperm (head, mid-piece and tail) abnormalities for every 200 spermatozoa 

per each slide. Abnormal sperm was calculated and expressed as the percentage according 

to Ekaluo et al. (Ekaluo, et al., 2009). 

Comet Assay: 

             The comet assay was performed to determine DNA damage as designated by 

(Singh, et al., 1988) with minor modifications. Observations were made at 400X 

magnification using a fluorescent Z\xmicroscope (Olympus) equipped with an excitation 

filter of 515-560 nm and a barrier filter of 590 nm. When possible, fifty cells per animal 

were analyzed for DNA migration. The tail length was measured from the trailing edge of 

the nucleus to the leading edge of the tail, using a calibrated scale in the ocular. The 

severity of DNA damage was measured by comparing comet tail lengths (μm) with the 

diameter of the nucleus of undamaged cells observed in the same field.  

Statistical Analysis: 

            Statistical analysis was performed using the analysis of variance (ANOVA) and 

Duncan’s Multiple Range tests to determine differences among treatment means at a 

significant level of p˂0.05 and highly significant at p˂0.01, Standard errors were also 

estimated (Dytham, 1999). All statistics were run on the computer using SPSS program. 

All curves were fitted with the computer program office (2007). The paper has been 
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approved by the scientific and ethical committee of Zoology Department, Faculty of 

Science - Fayoum University 2009. 

 

   RESULTS  

 

Firstly, the current study showed that silver nanoparticles have a lethal effect on mice 

treated with both high and low doses. The percent of mortality was 28.5% in GP3, 14.2% 

in GP4 and 42.9% in GP5 while there was no mortality in GP2. 

Effect of Silver Nanoparticles Treatment on Body and Testis Weights and 

Gonadosomatic Index of Male Mice: 

Table (1) showed that the body weight of the high dose (GP3) is high significantly 

decreased (p<0.01), (GP2) and (GP5) are significantly decreased (p<0.05) while (GP4) is 

not significantly decreased compared to the control group. Meanwhile, the testis weight is 

significantly decreased (p<0.05) in GP2, highly significantly decreased (p<0.01) in (GP3, 

GP5) and not significantly decreased in GP4 when compared with the control group. Also, 

it is evident from this table that there is an improvement in testis weight and 

gonadosomatic index% in GP4 and GP5 but doesn't go back to normal levels in GP5 when 

compared to the control group.   
 

Table 1: Final body weight, total testes weights and gonadosomatic index in male albino 

mice treated with silver nanoparticles for 35 days (GP2 & GP3) and treated with 

silver nanoparticles for 35 days and another 15 days of natural recovery (GP4 & 

GP5). 

 
Data are represented as the mean of samples ±SE. 

Means with the same letter for each parameter in the same column is not significantly different, otherwise, 

they do (Duncan multiple range test).  

 

Sperm Analysis:  

Sperm Count:  

 The epididymal sperm concentration in mice showed a highly significant reduction 

(p<0.01) (23.28±2.8, 26.5±2.7 and 14.2±2.8×106/mlm3 in G2, G3 and G5 respectively, 

and significant reduction (p<0.05) (44.20±2.8 ×106/mlm3) in G4 compared to control 

group (69.2±2.6×106/mlm3) as shown in Table 2 and Figure 1A.   
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Sperm Motility: 

 Results showed that all treated groups with AgNPs showed a highly significant 

(p<0.01) decline in the percent of progressive motility (2.7±3.00, 14±2.8 and 10.4±2.8) 

GP2, GP3, and GP5 respectively, compared to the control group (71.4±2.9) but GP4 showed 

an improvement in the percent of progressive motility (51.2±3.00), significant (p<0.05) 

reduction, in comparison with GP2 as shown in Table 2 and Figure 1B.    

Sperm Viability: 

Results showed that normal live sperms appeared whitish unstained, while dead 

sperms were stained and appeared pinkish (Fig. 1). It is obvious that low and high doses 

of AgNPs negatively affected the mice sperms and showed a highly significant decrease 

(p<0.01) in the sperm viability by a percent of (33.3±4.1%, 45±4.1% and 27.50±3.7%) 

GP2, GP3 and GP5 respectively, in comparison with that of the control group (73.4±4.00%) 

but GP4 showed a significant decrease (p<0.05) in the sperm viability by a percent of 

(61.7±4.2%) in comparison with that of the control group as shown in Table 2 and Figure 

1C.   

 

Table 2: Assessment of Sperm count (X106/mm3), motility and viability of male albino 

mice treated with silver nanoparticles for 35 days (GP2, GP3) and treated with 

silver nanoparticles for 35 days and with another 15 days for probable natural 

recovery (GP4 and GP5).  

 
Data are represented as mean of samples ±SE. 

Means with the same letter for each parameter in the same column is not significantly different, otherwise, 

they do (Duncan multiple range test). 
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Fig. 1: A. Sperm count (X106/mm3) in male albino mice in different studied groups. 

 B. Sperm Progressive Motility% in male albino mice in different studied groups. 

 C. Sperm viability% in male albino mice in different studied groups. 

 

Evaluation of Sperm Abnormalities: 

             The sperm abnormalities listed in (Table3) showed a highly significant increase 

in the incidence percent of sperm abnormalities in all silver nanoparticles treated groups 

compared with the control group. 
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Table 3: Types of the recorded sperm abnormalities in male albino mice in control and different 

treated with silver nanoparticles for 35 days (GP2 and GP3) and treated with silver 

nanoparticles for 35 days and another 15 days of natural recovery (GP4 and GP5). 

 
Data are represented as mean of samples ±SE. Means with the same letter for each parameter in the same 

column is not significantly different, otherwise, they do (Duncan multiple range test). 
 

Comet Assay: 

               Comet assay showed that silver nanoparticles stimulated statistically highly 

significant (P<0.01) increase in the average of the comet % from (8.26) in the control 

group to (12.97) in GP2, (17.75) in GP3, (15.75) in GP5 and not significant increase (8.79) 

in GP4. Tail length was significantly increased (p<0.05) by 3.87 in GP2 and 3.93 in GP5 

compared to the control group (2.86), a highly significant increase (p<0.01) by 6.20 in 

GP3 and there was no significant increase by 3.59 in GP4 when compared to the control 

group (2.86). The percent of DNA in comet tail showed a highly significant increase 

(p<0.01) (27.19 in GP2, 30.62 in GP3, 27.51 in GP5) and there was no significant increase 

(17.65 in GP4) compared to the control group (15.42). As well tail moment showed a 

highly significant increase (p<0.01) (1.13 in GP2, 1.42 in GP3 and 1.16 in GP5) and there 

was no significant increase (0.75 in GP4) compared to the control group (0.62). 

 

 

 

 

 

 

 

  

 

Table 4: Comet assay in the sperm of male albino mice treated with silver nanoparticles for 35 

days (GP2 & GP3) and treated with silver nanoparticles for 35 days and another 15 days 

of natural recovery (GP4 & GP5).  

 
Data are represented as mean of samples ±SE 

Means with the same letter for each parameter in the same column is not significantly different, otherwise, 

they do (Duncan multiple range test). 
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Fig. 2: Photographs of comet assay of sperms showing DNA damage induced in the 

sperms of control male albino mice and different treated AgNPs groups. 

 

     DISCUSSION 

 

               In the present study, mice treated with silver nanoparticles 62.5mg/kg and 125 

mg/kg body weight (GP2 and GP3), respectively for 35 days showed significant and highly 

significant decreases, respectively in their body weights in a dose-dependent manner 

compared with the control group, Also mice treated with 125 mg/kg body weight plus 15 

days of natural recovery (GP5)  showed a significant decrease in their body weights 

compared with the control group while mice treated with 62.5 mg/kg body weight plus 15 

days of natural recovery (GP4)  showed no significant decrease in their body weights 

compared with the control group. These results agree with the studies done by Shahare et 

al. who recorded that oral exposure of 5–20 nm silver nanoparticles in mice for 21 days to 

5 mg/kg/day of body weight resulted in a reduction in body weight (Shahare, et al., 2013) 

and also with another study of 13-week oral administration of 500 mg/kg/day of 60 nm 

silver nanoparticles of body weight in rats resulted in a decline in the body weight of male 

rats only (Kim et al., 2010). This decline in weight may be due to the overproduction of 

ROS. According to  Son, et al. (2015) and Rocca, et al. (2004), the disturbance in ROS 

homeostasis has been shown to be one of the major mechanisms through which 

nanoparticles cause toxicity to various physiological processes including white adipocytes 

functionality. Braydich-Strolle et al. (2010) used mouse stem cells and recorded that 

smaller silver nanoparticles are more expected to produce ROS and cause apoptosis. From 

the present and previous studies, AgNPs could cause weight loss by stimulating the 

production of ROS. 

 In the current study, we recorded a significant decline in the testis weight in GP2, 

a highly significant decrease in GP3 and GP5 while there was no significant decrease in 

GP4 when compared to the control group. While gonadosomatic index showed a 

significant decrease in GP2 and GP5, a highly significant decrease in GP3 and there no 

significant decrease in GP4 when compared to the control group.  So, GP4 showed an 

improvement in their body weight, testis weight and gonadosomatic index. The present 

study showed a significant increase in sperm abnormalities including, sperm motility, 

viability, count and morphology. This agreed with Gromadzka-Ostrowskaa et al. (2012) 

who reported that a size-dependent (20 nm and 200 nm), dose-dependent (5 and 10 mg/kg 

body mass) and time-dependent (24 h, 7 and 28 days) decrease in the epididymal sperm 

count in rats and an increase in a number of dead sperms after treatment with AgNPs. 

Also, Kruszewski et al. showed that AgNPs could react with cellular DNA and induce 

inflammation, oxidative damage and cellular dysfunction that resulted in genetic mutation 

and sperm cells with abnormal morphology (Kruszewski et al., 2011).  

  In another study, Miresmaeili et al. (2013) reported a significant decline in the 

mean number of primary spermatocytes, spermatids and sperm cells and backed this effect 

GP2  

 
GP3  

 

GP1  

 

GP4  

 

GP5  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6437600/#bib29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6437600/#bib34
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to the inhibitory role of AgNPs on cell proliferation. Also, Terzuoli et al. (2011) reported 

that increasing concentrations of AgNPs significantly reduced human sperm motility. As 

mentioned previously, AgNPs can induce ROS production and according to Aziz et al. 

(2004), ROS level is positively correlated with the proportion of sperm with amorphous 

heads, damaged acrosomes, midpiece defects, cytoplasmic droplets and tail abnormalities. 

In another study, Nel et al. (2006) demonstrated that AgNPs may raise the rates of 

abnormalities in sperm morphology and genetic mutations. Again, Baki et al. (2014) 

recorded a significant decline in sperm normal morphology of AgNPs treated animals 

which were dependent on the dose of these particles. Parallel with these results 

Mangelsdorf et al. (2003) revealed that a decrease in the total sperm count, increase in 

abnormal sperm morphology, impairment in the stability of sperm chromatin, or damage 

in sperm DNA leads to the disruption of spermatogenesis at any stage of cell 

differentiation. In addition, Takeda et al. (2009) reported that the damaged seminiferous 

tubules caused by a high dose of AgNPs may be related to the inhibitory role of these 

particles in cell proliferation, on cell cycle and the significant decline in sperm precursor 

cells or the release of them to the mid duct of seminiferous tubules. As well the study of 

Hofmann et al. (2005) showed that AgNPs interfere with spermatogonial stem cell 

proliferation in a dose-dependent and particle size-dependent manner. These abnormal 

effects were consistent with the results of the present study.  

              Furthermore, Garcia et al. (2014) reported that sub-acute (short-term) intravenous 

administration of AgNPs in male mice could be toxic to the male reproductive system and 

altered Leydig cell function and testosterone levels. Braydich-Stolet et al. (2005) revealed 

that silver nanoparticles could cross the sperm membrane and connect to mitochondria and 

the acrosome of sperm cells. Also, McAuliffe et al. (2007) showed that nanoparticles can 

cross cell membranes easily and even move across the blood-brain barrier and blood-testes 

barrier. Similar results were presented in rats by Miresmaeili et al. (2013).  

             Considering the genotoxic effect of AgNPs, comet assay is more efficient due to 

its sensitivity for detecting low levels of DNA damage. The present study showed clear 

DNA degradation in the nuclei of sperms resulting in an increase in the percentage of tail 

DNA in comparison with the control group. In this respect, various studies showed that 

AgNPs can stimulate oxidative stress and ROS generation (Wang et al., 2017). Also, 

Asharani et al. (2008) suggested that AgNPs can stimulate disruption of the mitochondrial 

respiratory chain, as a result, increased ROS production and disruption of ATP synthesis, 

and finally resulting in DNA damage.  El-Tohamy, (2012) found that the overproduction 

of ROS can be detrimental to the produced sperms as it is may have resulted in male 

infertility. This may be due to the effect of ROS on sperm DNA, as recorded by (Twigg et 

al., 1998) who reported that ROS affects the sperm genome, causing high frequencies of 

single and double-strand DNA breaks. They are also known to cause lipid peroxidation of 

sperm plasma membranes, resulting in the alteration of sperm function and fertilizing 

capacity (Duru et al., 2000). Moreover, Aitken and De Iuliis, (2009) showed that any 

damage to the sperm DNA increases the possibility of infertility, miscarriage, or serious 

disease in the offspring.  

CONCLUSION: 

              The results of the present study showed that silver nanoparticle exposure could 

stimulate toxicological effects on the testicular tissues, and spermatogenic process and 

affect sperm parameters negatively with potential risks and possible consequences on 

fertility and reproduction. 

 

 

 



Assessment of Reproductive Toxicity of Silver Nanoparticles on Male Albino Mice 

 

63 

      REFERENCES  

 

Ahamed, M., Karns, M., Goodson, M., Rowe, J., Hussain, S. M., Schlager, J. J., & Hong, 

Y. (2008). DNA damage response to different surface chemistry of silver 

nanoparticles in mammalian cells. Toxicology and applied pharmacology, 

233(3), 404-410.                    

Aitken, R. J., & De Iuliis, G. N. (2009). On the possible origins of DNA damage in human 

spermatozoa. MHR: Basic science of reproductive medicine, 16(1), 3-13. 

Alexis, F., Pridgen, E., Molnar, L. K., & Farokhzad, O. C. (2008). Factors affecting the 

clearance and biodistribution of polymeric nanoparticles. Molecular 

Pharmaceutics, 5(4), 505-515. 

AshaRani, P. V., Low Kah Mun, G., Hande, M. P., & Valiyaveettil, S. (2009). Cytotoxicity 

and genotoxicity of silver nanoparticles in human cells. ACS nano, 3(2), 279-290. 

Asharani, P. V., Wu, Y. L., Gong, Z., & Valiyaveettil, S. (2008). Toxicity of silver 

nanoparticles in zebrafish models. Nanotechnology, 19(25), 255102. 

Aziz, N., Saleh, R. A., Sharma, R. K., Lewis-Jones, I., Esfandiari, N., Thomas Jr, A. J., & 

Agarwal, A. (2004). Novel association between sperm reactive oxygen species 

production, sperm morphological defects, and the sperm deformity 

index. Fertility and sterility, 81(2), 349-354. 

Baki, M. E., Miresmaili, S. M., Pourentezari, M., Amraii, E., Yousefi, V., Spenani, H. R., 

... & Mangoli, E. (2014). Effects of silver nano-particles on sperm parameters, 

number of Leydig cells and sex hormones in rats. Iranian journal of Reproductive 

Medicine, 12(2), 139-144. 

Björndahl, L., Söderlund, I., & Kvist, U. (2003). Evaluation of the one‐step eosin‐nigrosin 

staining technique for human sperm vitality assessment. Human 

Reproduction, 18(4), 813-816. 

Bosetti, M., Massè, A., Tobin, E., & Cannas, M. (2002). Silver coated materials for 

external fixation devices: in vitro biocompatibility and genotoxicity. 

Biomaterials, 23(3), 887-892. 

Braydich-Stolle, L. K., Lucas, B., Schrand, A., Murdock, R. C., Lee, T., Schlager, J. J., ... 

& Hofmann, M. C. (2010). Silver nanoparticles disrupt GDNF/Fyn kinase 

signaling in spermatogonial stem cells. Toxicological Sciences, 116(2), 577-589. 

Braydich-Stolle, L., Hussain, S., Schlager, J. J., & Hofmann, M. C. (2005). In vitro 

cytotoxicity of nanoparticles in mammalian germline stem cells. Toxicological 

Sciences, 88(2), 412-419. 

Cha, K., Hong, H. W., Choi, Y. G., Lee, M. J., Park, J. H., Chae, H. K., ... & Myung, H. 

(2008). Comparison of acute responses of mice livers to short-term exposure to 

nano-sized or micro-sized silver particles. Biotechnology Letters, 30, 1893-1899. 

Chen, C. Y., & Chiang, C. L. (2008). Preparation of cotton fibers with antibacterial silver 

nanoparticles. Materials Letters, 62(21-22), 3607-3609. 

Chernousova, S., & Epple, M. (2013). Silver as antibacterial agent: ion, nanoparticle, and 

metal. Angewandte Chemie International Edition, 52(6), 1636-1653. 

Cho, J. G., Kim, K. T., Ryu, T. K., Lee, J. W., Kim, J. E., Kim, J., ... & Kim, P. (2013). 

Stepwise embryonic toxicity of silver nanoparticles on Oryzias latipes. BioMed 

Research International, 2013. 1-7. 

Cho, M., Chung, H., Choi, W., & Yoon, J. (2005). Different inactivation behaviors of MS-

2 phage and Escherichia coli in TiO2 photocatalytic disinfection. Applied And 

Environmental Microbiology, 71(1), 270-275. 

Clermont, Y. (1972): Kinetics of Spermatogenesis in Mammmals. Physiolgical Review, 

52: 198–204. 



Marwa S. Fadl, et al. 64 

Dewanjee, S., Maiti, A., Sahu, R., Dua, T. K., & Mandal, V. (2009). Effective control of 

type 2 diabetes through antioxidant defense by edible fruits of Diospyros 

peregrina. Evidence Based Complementary and AlternativeMedicine, 2011, 40. 

Duru, N. K., Morshedi, M., & Oehninger, S. (2000). Effects of hydrogen peroxide on DNA 

and plasma membrane integrity of human spermatozoa. Fertility and sterility, 

74(6), 1200-1207. 

Dytham, C. (2011). Choosing and using statistics: a biologist's guide. John Wiley & Sons. 

Ekaluo, U. B., Erem, F. A., Omeje, I. S., Ikpeme, E. V., Ibiang, Y. B., & Ekanem, B. E. 

(2013). Aqueous leaf extract of guava: A non-toxic male fertility booster. Journal 

of Environmental Science, Toxicology and Food Technology, 3(2), 21-23. 

Ekaluo, U. B., Ikpeme, E. V., & Udokpoh, A. E. (2009). Sperm head abnormality and 

mutagenic effects of aspirin, paracetamol and caffeine containing analgesics in 

rats. The Internet Journal of Toxicology, 7(1), 1-9. 

Ekaluo, U. B., Udokpoh, A. E., Ikpeme, E. V., & Peter, E. U. (2008). Effect of chloroquine 

treatments on sperm count and weight of testes in male rats. Global Journal of 

Pure and Applied Sciences, 14(2), 175-177. 

El-Tohamy, M. M. (2012). The mechanisms by which oxidative stress and free radical 

damage produces male infertility. Life Science Journal, 9(1), 674-688. 

Garcia, T. X., Costa, G. M., França, L. R., & Hofmann, M. C. (2014). Sub-acute 

intravenous administration of silver nanoparticles in male mice alters Leydig cell 

function and testosterone levels. Reproductive Toxicology, 45, 59-70. 

Glei, M., Schneider, T., & Schlörmann, W. (2016). Comet assay: an essential tool in 

toxicological research. Archives of Toxicology, 90, 2315-2336. 

Gromadzka-Ostrowska, J., Dziendzikowska, K., Lankoff, A., Dobrzyńska, M., Instanes, 

C., Brunborg, G., ... & Kruszewski, M. (2012). Silver nanoparticles effects on 

epididymal sperm in rats. Toxicology Letters, 214(3), 251-258. 

Gupta, A., & Silver, S. (1998). Molecular genetics: silver as a biocide: will resistance 

become a problem?. Nature Biotechnology, 16(10), 888-888. 

Gurunathan S, Park JH, Han JW, Kim JH. Comparative assessment of the apoptotic 

potential of silver nanoparticles synthesized by Bacillus tequilensis and 

Calocybeindica in MDA-MB-231 human breast cancer cells: Targeting p53 for 

anticancer therapy. International Journal Nanomedcine, 2015; 10: 4203-4222.  

Hafez, E. S. E. (1970). Rabbits. Reproduction and breeding techniques for laboratory 

animals, 273-315. 

Heydrnejad, M. S., Samani, R. J., & Aghaeivanda, S. (2015). Toxic effects of silver 

nanoparticles on liver and some hematological parameters in male and female 

mice (Mus musculus). Biological Trace Element Research, 165, 153-158. 

Hofmann, M. C., Braydich‐Stolle, L., Dettin, L., Johnson, E., & Dym, M. (2005). 

Immortalization of mouse germ line stem cells. Stem cells, 23(2), 200-210. 

Iavicoli, I., Fontana, L., & Nordberg, G. (2016). The effects of nanoparticles on the renal 

system. Critical Reviews in Toxicology, 46(6), 490-560. 

Jain, P., & Pradeep, T. (2005). Potential of silver nanoparticle‐coated polyurethane foam 

as an antibacterial water filter. Biotechnology and Bioengineering, 90(1), 59-63. 

Kim, Y. S., Song, M. Y., Park, J. D., Song, K. S., Ryu, H. R., Chung, Y. H., ... & Yu, I. J. 

(2010). Subchronic oral toxicity of silver nanoparticles. Particle and Fibre 

Toxicology, 7, 1-11. 

Kmieć Z. (2001). Cooperation of liver cells in health and disease. Advanced Anatomical 

Embryology. Cell Biology; 161: III-XIII, 1-151.  



Assessment of Reproductive Toxicity of Silver Nanoparticles on Male Albino Mice 

 

65 

Kruszewski, M., Brzoska, K., Brunborg, G., Asare, N., Dobrzyńska, M., Dušinská, M., ... 

& Refsnes, M. (2011). Toxicity of silver nanomaterials in higher 

eukaryotes. Advances in Molecular Toxicology, 5, 179-218. 

Lafuente, D., Garcia, T., Blanco, J., Sánchez, D. J., Sirvent, J. J., Domingo, J. L., & 

Gómez, M. (2016). Effects of oral exposure to silver nanoparticles on the sperm 

of rats. Reproductive Toxicology, 60, 133-139. 

Lee, J. H., Huh, Y. M., Jun, Y. W., Seo, J. W., Jang, J. T., Song, H. T., ... & Cheon, J. 

(2007). Artificially engineered magnetic nanoparticles for ultra-sensitive 

molecular imaging. Nature Medicine, 13(1), 95-99. 

Lee, J. H., Kim, Y. S., Song, K. S., Ryu, H. R., Sung, J. H., Park, J. D., ... & Yu, I. J. 

(2013). Biopersistence of silver nanoparticles in tissues from Sprague–Dawley 

rats. Particle and Fibre Toxicology, 10(1), 1-14. 

Lee, T. Y., Liu, M. S., Huang, L. J., Lue, S. I., Lin, L. C., Kwan, A. L., & Yang, R. C. 

(2013). Bioenergetic failure correlates with autophagy and apoptosis in rat liver 

following silver nanoparticle intraperitoneal administration. Particle and Fibre 

Toxicology, 10, 1-13. 

Lee, Y., Kim, P., Yoon, J., Lee, B., Choi, K., Kil, K. H., & Park, K. (2013). Serum kinetics, 

distribution and excretion of silver in rabbits following 28 days after a single 

intravenous injection of silver nanoparticles. Nanotoxicology, 7(6), 1120-1130. 

Li, Q., Mahendra, S., Lyon, D. Y., Brunet, L., Liga, M. V., Li, D., & Alvarez, P. J. (2008). 

Antimicrobial nanomaterials for water disinfection and microbial control: 

potential applications and implications. Water Research, 42(18), 4591-4602.  

Li, Y., Guo, M., Lin, Z., Zhao, M., Xiao, M., Wang, C., ... & Zhu, B. (2016). 

Polyethylenimine-functionalized silver nanoparticle-based co-delivery of 

paclitaxel to induce HepG2 cell apoptosis. International Journal of 

Nanomedicine, 11, 6693-6702. 

Mangelsdorf, I., Buschmann, J., & Orthen, B. (2003). Some aspects relating to the 

evaluation of the effects of chemicals on male fertility. Regulatory Toxicology 

and Pharmacology, 37(3), 356-369. 

McAuliffe, M. E., & Perry, M. J. (2007). Are nanoparticles potential male reproductive 

toxicants? A literature review. Nanotoxicology, 1(3), 204-210. 

Miresmaeili, S. M., Halvaei, I., Fesahat, F., Fallah, A., Nikonahad, N., & Taherinejad, M. 

(2013). Evaluating the role of silver nanoparticles on acrosomal reaction and 

spermatogenic cells in rat. Iranian Journal of Reproductive Medicine, 11(5), 423-

430. 

Mytych, J., Zebrowski, J., Lewinska, A., & Wnuk, M. (2017). Prolonged effects of silver 

nanoparticles on p53/p21 pathway-mediated proliferation, DNA damage 

response, and methylation parameters in HT22 hippocampal neuronal 

cells. Molecular Neurobiology, 54, 1285-1300. 

Nel, A., Xia, T., Madler, L., & Li, N. (2006). Toxic potential of materials at the 

nanolevel. science, 311(5761), 622-627. 

Park, E. J., Bae, E., Yi, J., Kim, Y., Choi, K., Lee, S. H., ... & Park, K. (2010). Repeated-

dose toxicity and inflammatory responses in mice by oral administration of silver 

nanoparticles. Environmental Toxicology and Pharmacology, 30(2), 162-168. 

Piao, M. J., Kang, K. A., Lee, I. K., Kim, H. S., Kim, S., Choi, J. Y., ... & Hyun, J. W. 

(2011). Silver nanoparticles induce oxidative cell damage in human liver cells 

through inhibition of reduced glutathione and induction of mitochondria-involved 

apoptosis. Toxicology Letters, 201(1), 92-100. 



Marwa S. Fadl, et al. 66 

Pothuraju, R., & Kaul, G. (2013). Effect of silver nanoparticles on functionalities of 

buffalo (Bubalus bubalis) spermatozoa. Advanced Science, Engineering and 

Medicine, 5(2), 91-95. 

Predes, F. S., Monteiro, J. C., Paula, T. A., & da Matta, S. L. (2017). Evaluation of rat 

testes treated with Arctium lappa L: Morphometric study. Brazilian Journal of 

Morphological Sciences, 24(2), 112-117 

Raj, A., Shah, P., & Agrawal, N. (2017). Dose-dependent effect of silver nanoparticles 

(AgNPs) on fertility and survival of Drosophila: An in-vivo study. PLoS 

One, 12(5), e0178051. 

Rocca, A., Mattoli, V., Mazzolai, B., & Ciofani, G. (2014). Cerium oxide nanoparticles 

inhibit adipogenesis in rat mesenchymal stem cells: potential therapeutic 

implications. Pharmaceutical Research, 31, 2952-2962. 

Schrand, A. M., Rahman, M. F., Hussain, S. M., Schlager, J. J., Smith, D. A., & Syed, A. 

F. (2010). Metal‐based nanoparticles and their toxicity assessment. Wiley 

interdisciplinary reviews: Nanomedicine and Nanobiotechnology, 2(5), 544-568. 

Shahare, B., Yashpal, M., & Gajendra. (2013). Toxic effects of repeated oral exposure of 

silver nanoparticles on small intestine mucosa of mice. Toxicology Mechanisms 

and Methods, 23(3), 161-167. 

Sharma, H. S., Ali, S. F., Hussain, S. M., Schlager, J. J., & Sharma, A. (2009). Influence 

of engineered nanoparticles from metals on the blood-brain barrier permeability, 

cerebral blood flow, brain edema and neurotoxicity. An experimental study in the 

rat and mice using biochemical and morphological approaches. Journal of 

Nanoscience and Nanotechnology, 9(8), 5055-5072. 

Sharma, H. S., Hussain, S., Schlager, J., Ali, S. F., & Sharma, A. (2010). Influence of 

nanoparticles on blood–brain barrier permeability and brain edema formation in 

rats. In Brain edema XIV (pp. 359-364). Springer Vienna.                                                          

Singh, N. P., McCoy, M. T., Tice, R. R., & Schneider, E. L. (1988). A simple technique 

for quantitation of low levels of DNA damage in individual cells. Experimental 

Cell Research, 175(1), 184-191. 

Sleiman, H. K., Romano, R. M., Oliveira, C. A. D., & Romano, M. A. (2013). Effects of 

prepubertal exposure to silver nanoparticles on reproductive parameters in adult 

male Wistar rats. Journal of Toxicology and Environmental Health, Part 

A, 76(17), 1023-1032. 

Son, M. J., Kim, W. K., Kwak, M., Oh, K. J., Chang, W. S., Min, J. K., ... & Bae, K. H. 

(2015). Silica nanoparticles inhibit brown adipocyte differentiation via regulation 

of p38 phosphorylation. Nanotechnology, 26(43), 435101. 

Sung, J. H., Ji, J. H., Yoon, J. U., Kim, D. S., Song, M. Y., Jeong, J., ... & Yu, I. J. (2008). 

Lung function changes in Sprague-Dawley rats after prolonged inhalation 

exposure to silver nanoparticles. Inhalation Toxicology, 20(6), 567-574. 

Takeda, K., Suzuki, K. I., Ishihara, A., Kubo-Irie, M., Fujimoto, R., Tabata, M., ... & 

Sugamata, M. (2009). Nanoparticles transferred from pregnant mice to their 

offspring can damage the genital and cranial nerve systems. Journal of Health 

Science, 55(1), 95-102. 

Tang, J., Xiong, L., Zhou, G., Wang, S., Wang, J., Liu, L., ... & Xi, T. (2010). Silver 

nanoparticles crossing through and distribution in the blood-brain barrier in 

vitro. Journal of Nanoscience and Nanotechnology, 10(10), 6313-6317. 

Terzuoli, G., Iacoponi, F., Moretti, E., Renieri, T., Baldi, G., & Collodel, G. (2011). In 

vitro effect of silver engineered nanoparticles on human spermatozoa. Journal of 

the Siena Academy of Sciences, 3(1), 27-29. 



Assessment of Reproductive Toxicity of Silver Nanoparticles on Male Albino Mice 

 

67 

Trickler, W. J., Lantz, S. M., Murdock, R. C., Schrand, A. M., Robinson, B. L., Newport, 

G. D., ... & Ali, S. F. (2010). Silver nanoparticle induced blood-brain barrier 

inflammation and increased permeability in primary rat brain microvessel 

endothelial cells. Toxicological Sciences, 118(1), 160-170. 

Twigg, J., Fulton, N., Gomez, E., Irvine, D. S., & Aitken, R. J. (1998). Analysis of the 

impact of intracellular reactive oxygen species generation on the structural and 

functional integrity of human spermatozoa: lipid peroxidation, DNA 

fragmentation and effectiveness of antioxidants. Human reproduction (Oxford, 

England), 13(6), 1429-1436. 

Vance, M. E., Kuiken, T., Vejerano, E. P., McGinnis, S. P., Hochella Jr, M. F., Rejeski, 

D., & Hull, M. S. (2015). Nanotechnology in the real world: Redeveloping the 

nanomaterial consumer products inventory. Beilstein Journal of 

Nanotechnology, 6(1), 1769-1780. 

Wang, E., Huang, Y., Du, Q., & Sun, Y. (2017). Silver nanoparticle induced toxicity to 

human sperm by increasing ROS (reactive oxygen species) production and DNA 

damage. Environmental Toxicology and Pharmacology, 52, 193-199. 

Yeo, S. Y., Lee, H. J., & Jeong, S. H. (2003). Preparation of nanocomposite fibers for 

permanent antibacterial effect. Journal of Materials Science, 38, 2143-2147. 

Yoisungnern, T., Choi, Y. J., Woong Han, J., Kang, M. H., Das, J., Gurunathan, S., ... & 

Kim, J. H. (2015). Internalization of silver nanoparticles into mouse spermatozoa 

results in poor fertilization and compromised embryo development. Scientific 

Reports, 5(1), 1-13. 

Yoshida, Y., Itoh, N., Saito, Y., Hayakawa, M., & Niki, E. (2004). Application of water-

soluble radical initiator, 2, 2′-azobis-[2-(2-imidazolin-2-yl) propane] 

dihydrochloride, to a study of oxidative stress. Free Radical Research, 38(4), 

375-384. 

 


	cb035df3aaa885bae097ff9072ee8cfc4f68affc250c156570c53cfa8a7d40bf.pdf
	cb035df3aaa885bae097ff9072ee8cfc4f68affc250c156570c53cfa8a7d40bf.pdf

