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ABSTRACT: Silver nanoparticles (AgNPs) are widely used in industrial 
and medical applications. However, there is a growing concern about 
the potentialities of AgNPs to induce genotoxicity and DNA damage 
in humans. In this study, genotoxic and histopathological effects of 
AgNPs were investigated in mice using two well-characterized genetic 
assays: mouse bone marrow micronuclei (MN) and mouse sperm mor-
phology assays. Swiss albino mice (total N=18) were exposed to varying 
concentrations (3,000mg/Kg, 4,000mg/Kg, 5,000mg/Kg and 6,000mg/
Kg) of AgNPs for 5 consecutive days and observed for 30 days after-
wards. Distilled water and colchicine were used as negative and posi-
tive controls, respectively. The MN assay showed that the frequency of 
micronuclei induction increased with AgNP concentration. Statistically 
significant differences (p<0,05) were observed for the micronucleus fre-
quency in the blood erythrocytes in all the test concentrations. Sperm 
head morphology assay also revealed various types of abnormal sperm 
head morphology and there was statistically significant increase in fre-
quency of sperm abnormalities. Histopathological profiles of the liver 
also showed enlarge sinusoids, irregular portal tract, and dose-depen-
dent vacuolation. These results suggest that AgNPs is genotoxic and 
represent a serious health risk to human heatlh.

Key words: silver nanoparticles, histopathological, sperm morphology, 
genotoxicity, micronucleus.

RESUMEN: Genotoxicidad y evaluación histopatológica de nano-
partículas de plata en ratones albinos suizos. Las nanopartículas de 
plata (AgNPs) son ampliamente utilizadas en la industria y la medicina. 
Sin embargo, existe una creciente preocupación acerca de las poten-
cialidades de los AgNPs para inducir genotoxicidad y daño del ADN en 
seres humanos. En este estudio, se investigaron los efectos genotóxicos 
e histopatológicos de los AgNPs en ratones utilizando dos ensayos ge-
néticos: micronúcleos de médula ósea de ratón (MN) y ensayos de mor-
fología de espermatozoides de ratón. Un total de 16 ratones de peso 
medio de 25-30g se expusieron a concentraciones variables (3,000mg/
Kg, 4,000mg/Kg, 5,000mg/Kg y 6,000mg/Kg) de AgNP durante 5 días 
consecutivos y se observaron durante 30 días. Usé agua destilada y 
colchicina como controles negativos y positivos, respectivamente. El 
ensayo MN mostró que la frecuencia de inducción de micronúcleos au-
mentó con lasconcentraciones de AgNPs. En todas las concentraciones 
de ensayo hubo diferencias estadísticamente significativas (p<0,05) en 
la frecuencia micronuclear de eritrocitos sanguíneos. Hubo varios tipos 
de morfología anormal de la cabeza del espermatozoo y aumento es-
tadísticamente significativo en la frecuencia de anormalidades esper-
máticas. Los perfiles histopatológicos del hígado también mostraron 
sinusoides de aumento, tracto portal irregular y aparición de vacuola-
ción dependiente de la dosis. Estos resultados sugieren que los AgNPs 
son genotóxicos y plantean un serio riesgo para la salud de los seres 
humanos considerando su uso en dispositivos médicos, hogar y varios 
tipos de productos de consumo.

Palabras clave: nanopartículas de plata, histopatológico, morfología 
espermática, genotoxicidad, micronúcleo.

In recent years, nanomaterials, also known as nano-
particles (NPs) are useful during production process of 
most of the consumer products used in our everyday life 
(Foldbjerg & Autrup, 2013; Grosse, Evje & Syversen, 2013; 
Contado, 2015). The application of nanoparticles (NPs) is 
widespread and has been extensively used in therapeu-
tic and diagnostic agents, drug delivery systems, medical 
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services, food containers and cosmetics (Echegoyen & 
Nerin, 2013). ZnO-NP has biocidal effect and so there is 
safety concern of its usage (Demir, Kaya & Kaya, 2014). 
Furthermore, potential genotoxic effects of nanopar-
ticles have been a subject of debate among scientists 
(Heim et al., 2015). For example, recent study suggests 
that Zinc oxide NPs is potentially genotoxic and capable 
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of inducing DNA double strand breaks (Heim et al., 2015). 
Similar study by Ghosh et al. (2012) also reported that 
Titanium dioxide (TiO2) nanoparticle could be potentia-
lly genotoxic. A study carried out by Braydich-Stolle et al. 
(2010) revealed that AgNPs disrupt GDNF/Fyn kinase sig-
naling in spermatogonial stem cells. 

Previous studies have shown that silver nanoparticles 
(AgNPs) have strong antibacterial, antiviral and antifun-
gal effects (Wijnhoven et al., 2009; Birgit et al., 2013). Due 
to these useful properties AgNPs have been used in the 
manufacture of most consumer products in recent times 
(Birgit et al., 2013) and as a matter of fact AgNPs is among 
the most popular nanomaterials used in material science, 
most importantly as the constituents for treating wound 
and burn related infections; drug delivery in cancer 
and retinal therapies (Kalishwaralal, Barathmanikanth, 
Pandian, Deepak & Gurunathan, 2010). However, the-
re is a growing concern on the safety of nanoparticles. 
More worrisome on the safety of these nanoparticles 
is the fact that some of them are used in food additi-
ves (Contado, 2015), cosmetics and coatings (Heim et 
al., 2015). Quite a number of toxicological studies have 
been carried out to show that AgNPs has toxic effects on 
aquatic animals (Asharani, Wu, Gong & Valiyaveetti, 2008; 
Bar-Ilan, Albrecht, Fako, Furgeson, 2009; Bilberg, Doving, 
Beedholm & Baatrup, 2011). 

In a similar study by Kim et al. (2008), AgNPs was re-
ported to exert genotoxic effects in rats (Kim et al., 2008; 
and in humans: Kim, Kim, Lee, Oh & Chung, 2011). Results 
from Grosse et al. (2013) also suggested that exposure 
of rat brain endothelial RBE4 cells to AgNPs impaired the 
membrane function of these cells although the effect 
was shown to be dependent on particle size, surface 
area, exposure time and dose. In vitro and in vivo ge-
notoxicity studies by Ghosh et al. (2012) suggested that 
AgNPs is capable of producing reactive oxygen species 
(ROS) and inducing apoptosis and necrosis in both plant 
and animal system. AgNPs can enter the cell by diffusion 
or endocytosis to cause mitochondrial dysfunction lea-
ding to the damage or mutation of protein and nucleic 
acid ultimately inhibiting cell proliferation (Ahamed, 
2010). Imani et al.,(2015) have reported that AgNPs can 
induce significant changes in hematological profiles of 
rainbow trout. Cheraghi et al. (2013) also reported sig-
nificant decrease in haematological parameters (erythro-
cyte, leucocyte and haemoglobin counts) of rats that 
were gavaged with AgNPs. It has also been documented 
that AgNPs could penetrate reproductive tissue throu-
gh biological barriers which may in turn reduce sperm 
viability and alter cellular functions, as well as embryo 
development (Taylor et al., 2012). Despite widely accep-
ted and demonstrated benefits of AgNPs particularly in 

manufacture of consumer products, recent evidences 
from studies conducted have implicated AgNPs as a 
toxic agent which no doubt could be worrisome to the 
populace. Therefore this study investigated genotoxic 
and histopathological effects induced by oral exposure 
of mice to varying concentrations of AgNPs using the 
sperm morphology and micronucleus assays.

MATERIALS AND METHODS

Test chemicals: The silver nanoparticle (AgNPs) was 
purchased from Sigma Aldrich, Germany with CAS num-
ber 1401-55-4. The particle size was 20nm with a concen-
tration of 0.02mg/ml in distilled water. The nanoparticle 
was in liquid form, colourless, odourless and delivered in 
a golden-brown bottle. Colchicine 0.05%was prepared 
for positive control, Eosin Y stain 1%, Giemsa stain 5% 
and powdered form of Maygrunwald stain were used. 

 

Experimental Animal: Swiss albino mice (Mus muscu-
lus) of between 25-30g body weight were obtained from 
Department of Biochemistry, University of Ilorin, Nigeria, 
and acclimatized for two weeks before the start of the ex-
periment. They were kept in plastic cages with beddings 
made of saw dust all through the period of the experi-
ment. Animals were maintained under standard hygienic 
conditions with alternate 12h light and dark cycle and gi-
ven free access to mice chow and clean water ad libitum. 
Handling of animals was consistent with relevant guide-
lines on the care and use of laboratory animals (National 
Research Council, 2011). The mice were randomly divi-
ded into six groups of three animals per group. The de-
tails of animal groupings are as shown below:

•	 Group A served as negative control and received 
1,0ml of distilled water.

•	 Group B received 3,000mg/Kg of AgNPs

•	 Group C received 4,000mg/Kg of AgNPs

•	 Group D received 5,000mg/Kg of AgNPs

•	 Group E received 6,000mg/Kg of AgNPs.

•	 Group F served as positive control and received 25mg/
Kg of colchicine. 

The mice were administered various concentrations 
of AgNPs orally for five consecutive days using cannula 
and left for 30 days thereafter. Group F was administered 
colchicine and sacrificed 4 hours later.
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Micronucleus assay: The procedure of Bakare et al. 
(2009) was adopted with minor modifications for the mi-
cronucleus assay. After 5 consecutive days of IP exposure 
and 30 days of observation, six groups of mice (4 mice 
per group, 20-28g ) administered with varying concentra-
tions of the AgNPs 3,000mg/kg, 4,000mg/Kg, 5,000mg/
Kg, 6,000mg/Kg body weight were sacrificed including 
mice in the negative control group. About 4 hour prior to 
sacrifice, mice in the positive control group were injected 
with an aqueous solution of colchicine (2,5mg/Kg bw, IP). 
Bone marrow preparation for micronuclei assessment 
was according to the procedure of Bakare et. al., (2009). 
Briefly, the animals were sacrificed by cervical disloca-
tion. The femurs were removed from each and bone ma-
rrow flushed from the bones with Foetal Bovine Serum 
(Sigma Aldrich Cheme GmbH, Germany). Cells were cen-
trifuged at 3,000rpm for 10min and slides stained with 
May-Grunwald and Giemsa stains. At least 1,000cells/
animals were scored for micronuclei in polychromatic 
erythrocytes (MNPCE). The differential staining of PCEs 
(bluish-purple) and normochromatic erythrocytes (NCEs, 
pinkish-orange), and the relative size of the erythrocytes, 
are indices for differentiating them.

Sperm morphology assay: Sperm cell abnormali-
ties test was carried out using standard procedures of 
Wyrobek, Gordon and Burkhart (1983) and Bakare et al. 
(2009). A single intraperitoneal (IP) injection of 0,5mL 
of the respective dosage group was administered to 
the mice daily for 5 consecutive days. The same volume 
but were injected with an aqueous solution of colchi-
cine (2,5mg/Kg bw, IP) and double distilled water was 
administered to mice in the positive and negative con-
trol groups respectively. Mice were sacrificed and sperm 
cells were sampled from the cauda epididymes after 35th 
day from the first exposure. Four mice per dosage group 
were sacrificed by cervical dislocation and their cauda 
epididymes removed; sperm suspensions were then 

prepared from the cauda of each testis by mincing the 
cauda in normal saline and 1% eosin Y stain. The slides 
were air-dried and coded for subsequent microscopic 
examination at x1000. For analysis, 1 000 sperm cells 
were assessed from each mouse for sperm morpholo-
gical abnormalities according to the criteria of Wyrobek 
and Bruce (1975) and Bakare et al. (2009).

Histological examination: The preparation of tissue 
sections for histological examination under light micros-
cope followed the standard embedding and H-E stai-
ning protocol. Testes and liver were removed from the 
animals used for test and control. Slices of these organs 
were fixed in 10% neutral buffered formalin. Fixation was 
carried out after 48 hours after which organs were de-
hydrated by passing through ascending order of ethyl 
alcohol–water concentrations, cleared in xylene and 
sequentially embedded in paraffin wax blocks using ro-
tary microtome. Tissue sections of 3-5μm thick were cut, 
stained with Haematoxylin–eosin (H-E), then mounted in 
neutral DPX medium for morphological evaluation befo-
re microscopic examination at magnification 400 x.

Statistical analysis:  Data was analyzed using the 
analysis of variance (ANOVA) and Duncan multiple range 
test on SPSS package. The data were presented as Mean± 
Standard error of mean. Group mean value at 5% level of 
confidence (p<0.05) was considered significant.

RESULTS 

Results of frequency of nuclear abnormalities in mice 
treated with AgNPs are shown in Table 1. This revealed 
that frequency of nuclear abnormalities is concentra-
tion-dependent such that at 6000mg/Kg of AgNps, the 
total nuclear abnormalities (235) compared with negati-
ve control (24).

TABLE 1
Frequency of nuclear abnormalities in mice treated with various concentrations of AgNPs

Concentration (mg/Kg) MN BN EN CN PM FG KS Total Mean Sd
Negative control 08 05 03 02 03 02 01 24 3,43 2,37
3000 102 46 11 - 03 - - 162 40,50 45,05
4000 69 85 32 2 4 - - 192 38,40 37,61
5000 136 35 34 - - 01 - 206 51,50 58,51
6000 70 75 33 18 39 - - 235 47,00 58,51
Positive control 116 105 55 6 3 8 13 306 43,71 49,00

*MN: micronucleus, BN: binucleated, EN: enucleated , CN: creanated, PM: polymorphic, FG: fragmented, KS: kidney shape.
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Results of frequency of sperm cell morphology ab-
normalities in mice treated with AgNPs are shown in 
Table 2. These results revealed that frequency of abnor-
malities reached its peak at 6 000mg/Kg of AgNps, the 
total sperm head abnormalities was 200 compared with 
negative control (distilled water) which was 3.

Frequency of MN and other nuclear abnormalities ob-
served in mice treated with AgNPs are shown in Figure 
1, 2 and 3. MN frequency reached its peak at 6 000mg/
Kg of AgNps indicating that the induction of MN was 
concentration-dependent.

Histopathological results of the liver are presented in 
plates A, B, C and D of Figure 4 and histopathological re-
sults of the rat testis after exposure to AgNPs are shown 
in plates A,B, C and D of Figure 5. 

DISCUSSION

Genotoxic and cytotoxic potentials of AgNPs in this 
study are demonstrated in the results of MN and abnor-
mal morphology sperm cells. Concentration-dependent 
increases in micronuclei and abnormal sperm cells as 

TABLE 2
Summary of sperm cell abnormality types and frequency in male mice after 35days of exposure to AgNPs

Concentration/(mg/Kg) WHA AH FT NH TH FH LT Total Abnormalities
Distilled water 1 - 1 0 1 --- --- 03
3000 29 30 62 8 3 --- --- 132
4000 27 10 58 – --- 37 1 133
5000 19 20 80 4 --- 10 --- 133
6000 43 47 73 7 6 14 10 200
Total (mg/Kg) 149 127 290 15 4 61 23 680

*WHA- Wrong Hook Attachment, AH- Amorphous Head, FT- Folded Tail, NH- No Hook, TH- Two Heads, FH- Folded Hook, LT- Long Tail.

Fig 1. Frequency of MN and other various type of nuclear abnormalities observed in mice treated with AgNPs.
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Fig 2. Various types of abnormal sperm cells observed. (Magnification 1000×). A. Cell with normal nucleus, B. Micronucleus cell, C. 
Binucleated cell, D. Cell with fragmented nucleus.

Fig 3. Different types of Sperm cell Abnormalities observed after exposure to AgNPs A. Normal mouse sperm cell, B. No hook, C. 
Amorphous head, D. Double heads, E. Long tail, F. Wrong hook attachment (Magnification 1000×).

Fig 4. Photomicrographs of the histopathology of the liver. A. normal liver with slightly enlarged hepatic tract and irregular si-
nusoids (treated with distilled water), B. grossly distorted architecture of the liver tissue C. irregular portal tracts surrounded by en-
larged sinusoids, D. positive control group with colchicines showing an abnormal liver with high level of vacuolation. S. Sinusoids, 
H. Hepatic Tract, D. Distortion, P. Portal Tract, V. Vacuolation.
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observed in this study suggest DNA damage and geno-
toxic effects of AgNPs. One possible reason for this ob-
servation could be that once the cells take up the AgNPs, 
cell cycle arrest might have occurred Therefore, different 
DNA repair mechanisms available in the cell, apoptotic 
propensities and cellular integrity of the whole genome 
may have all been compromised by the exposure of the 
cells to AgNPs. It is also plausible to suggest that AgNPs 
or liberated silver ion may have interacted directly with 
proteins or genomic DNA thereby causing disruption 
in DNA backbone and possible genomic imbalance. 
Another piece of evidence for concentration-dependent 
and statistically significant increase in abnormal sperm 
head morphology observed in this study is that AgNPs 
has been previously reported by Braydich-Stolle et al. 
(2010) to disrupt GDNF/Fyn kinase signaling in sperma-
togonial stem cells. Foldbjerg and Autrup (2013) also 

attributed these abnormalities to possible formation of 
reactive oxygen species (ROS) by AgNPs, which then in-
teracts with and damage proteins or DNA. Study carried 
out by Ghosh et al. (2012) has also previously suggested 
that AgNPs can induce programmed cell death (apop-
tosis) and necrosis in both plant and animal systems. 
Ghosh et al. (2012) reported that AgNPs can possibly in-
duce DNA breakage in human lymphocytes. 

The structure of the sperm cell is very essential for 
fertilization and pregnancy outcome. Sperm abnormali-
ties have long been associated with male infertility and 
sterility in most species (Saacke, 2001). Increase in induc-
tion of abnormal sperm cell morphology observed in 
this study is in consonance with the work of Kruszewski 
et al. (2011) who reported that AgNPs could react with 
cellular DNA and stimulate inflammation, oxidative 
damage and cellular dysfunction that lead to genetic 

Fig 5. Photomicrographs of mices’ testes. A. There was normal architecture of seminiferous tubules in mice group treated with 
distilled water, B. Showed slight infiltration of the seminiferous tubules, C. Slight hypertrophic seminiferous tubules but with high 
infiltration after exposure to 6,000 mg/kg of AgNPs, D. Severe hypertrophic seminiferous tubules after exposure to colcichine in 
positive control group. L. Lumen of seminiferous tubule, BM. Basal membrane, IS. Interstisium,. SE. Seminiferous epithelium.
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mutation and sperm cells with abnormal morphology. In 
contrast, with the work of Miresmaeili et al. (2013), the 
frequency of sperm abnormalities in this study was in-
dependent of treatment concentrations. This could be 
due to the different sizes of AgNPs used in both studies. 
Mangelsdorf, Buschmann and Orthen (2003) reported 
that the decrease in the total sperm count, increase in 
abnormal sperm shape, impair in stability of sperm chro-
matin or damaged in sperm DNA results in the disruption 
of spermatogenesis at any stage of cell differentiation. It 
is not surprising that were statistically significant increa-
se in abnormal sperm cell induction observed in this 
study because previous study has also suggested that 
AgNPs can cause DNA breakage in human lymphocytes 
(Ghosh et al., 2012).

Infiltrations of the seminiferous tubule observed in 
mice after exposure to varying concentrations of AgNPs 
may possibly suggest that genotoxic effects of AgNPs. 
This result is consistent with a study carried out by Amin, 
et al., (2015) which reported that accumulation of silver 
in different organs occurred in the order; lung>liver>-
kidney>testes. The enlarged and irregular sinusoidal 
spaces observed in liver of exposed mice could be due 
to degeneration of the hepatocytes caused by the geno-
toxic action of the AgNPs. Abdelhalim and Jarrar (2011) 
and Alizadeh et al. (2016) have also previously reported 
hepatocytes atrophy and dilation of sinusoidal space in 
the liver of mice treated with gold and silver nanopar-
ticles. Park et al. (2010) however, reported a different 
accumulation trend of kidney>testis>liver>brain>lung. 
Yavasoglua et al. (2008) and Takeda et al. (2009) sugges-
ted that sloughing is caused by the effects of the che-
mical on microtubules and intermediate filaments of the 
sertoli cells which may naturally lead to tubular atrophy. 
In summary, this study suggests that AgNPs is geno-
toxic to mice and could possibly exert the same effect 
in human. We therefore suggest that further cellular and 
molecular investigations should be done to better un-
derstand the molecular mechanisms involved.
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