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A B S T R A C T   

Silver nanoparticles (Ag-NPs) can easily cross through the blood-testis barrier and encourage reproductive 
dysfunction. This study investigated the protective effects of yttrium oxide nanoparticles (YO-NPs) on sexual 
behavior and spermatotoxicity induced by Ag-NPs in male mice. Twenty-four male mice were separated into four 
groups and injected intraperitoneally once a week as the following: group I (Ag-NPs at the dose of 40 mg/kg), 
group II (YO-NPs at the dose of 40 mg/kg), group III (Ag + YO NPs at the doses of 40 mg/kg, each) and group IV 
(control; distilled water). After 35 days of the injections, the sexual behavior, oxidative parameters in testis, 
sperm parameters, serum testosterone, apoptotic germ cells and testicular histology were evaluated. Our findings 
showed that Ag-NPs decreased the weight of the reproductive organs, sexual behavior, oxidative defense pa
rameters, sperm count and motility of male mice. In addition, the apoptotic cells in testicular cross-sections and 
TBARS level increased after Ag-NPs exposure when compared to other groups. However, the YO-NPs had pro
tective effects in the studied parameters of testicles and minimized the Ag-NPs toxicity in male mice. In 
conclusion, the results revealed that the toxicity of Ag-NPS altered testicular functions in male mice that were 
effectively ameliorated by YO-NPs.   

1. Introduction 

Silver-nanoparticles (Ag-NPs) are extensively utilized in many ap
plications such as food packaging, anticancer drugs, antimicrobial 
agents, dye effluent treatment and industrial purposes due to their 
physical, chemical, and biological properties [1–6]. However, these 
usages increase the discharge of Ag-NPs in the environment and interact 
with the health of living organisms [7–9]. The major biological de
teriorations of Ag-NPs are membranes injuries, protein dysfunction, 
mitochondrial destruction, DNA damage and ROS production [10,11]. 
Fetotoxicity and neurobehavioral disorders in mice offspring were found 
after prenatal exposure of Ag-NPs [12,13]. Furthermore, they encourage 
apoptosis and histological alteration in hepatocytes and associate with 
genotoxicity in lymphocytes of mice [14]. Meanwhile, Ag-NPs have the 
capability to accumulate in different organs, penetrate the biological 
barriers and cause toxic stress in many tissues [15]. 

Some studies have shown the negative effects of Ag-NPs on repro
ductive indicators such as increasing abnormal sperm, altering testes 
structure, decreasing the expression of spermatogenesis genes, lowering 
serum testosterone, enhancing apoptosis in germ cells and disrupting 
hormonal regulation of reproductive processes in the male rats [16–21]. 
Moreover, the small size of Ag-NPs has a toxic effect on germ cells by 
decreasing the sperm concentration, increasing DNA damage and 
changing oxidative stress levels [22,23]. 

Recently, many studies investigated some products to relieve the 
toxic effects of nanoparticles (NPs). With high surface reactivity and 
biocompatibility, NPs of yttrium oxide (Y2O3) could be a promising 
agent in the field of nano-medicine [24]. Furthermore, although the 
toxicity effects of YO-NPs were observed at high concentrations [25], 
however, their protective functions were reported at low doses as a 
therapeutic, neuroprotective and detoxicant substance [26–28]. The 
injected rat once a day by YO-NPs at dose 45 mg/kg for two weeks 
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recovered the pancreas from oxidative stress, apoptosis, necrosis and 
toxicity resulted by diazinon [29,30]. The role of YO-NPs is clearly via 
anti-pancreatitis activity and via decreasing the oxidative stress in 
mitochondria and endoplasmic reticulum induced by cerulein hyper
stimulation [31]. Another study has shown that the combination of 
cerium oxide and YO-NPs provides potential protection against 
apoptosis and lipid peroxidation in the brain of rat treated with lead 
[32]. In addition, YO-NPs are excellent antioxidants for scavenging free 
radicals and treating retinal degeneration after acute light stress [33]. To 
our best knowledge, no studies are available for the effects of Ag-NPs 
and YO-NPs in combination in order to exploring the therapeutic ef
fects of YO-NPs to reduce the toxicity of Ag-NPs on the reproductive 
parameters in male mice. However, the objective of this study was to 
investigate the ameliorating effects of YO-NPs against Ag-NPs - induced 
reproductive function of male mice such as organs weight, sexual 
behavior, oxidative stress, sperm parameters, testosterone concentra
tion, cellular apoptosis and histological evaluations. 

2. Materials and methods 

2.1. Chemicals 

The nanoparticles and chemicals were purchased from Sigma- 
Aldrich (Inc., NSW, Australia and St. Louis MO, USA) unless otherwise 
stated. 

2.2. Animals 

Twenty-four male mice (SWR/J, 25− 35 g, age ~75 days) were 
housed for one week before the experiment in the experimental room to 
adapt with stable temperature (~25 ◦C), 12-h dark-light period and free 
access to standard food and water. 

2.3. NPs preparation and examination 

NPs were dissolved in distilled water and scattered by ultrasonic 
vibration (VGT-800, 40 kHz, China) for 40 min, followed by stirring on a 
vortex machine before every injection of each animal. No agglomeration 
of the NPS suspensions was observed visually during the short time 
(approximately 2− 5 min). 

A Rigaku Benchtop Miniflex X-ray diffractometer (XRD, analyser 
with Cu–Kα radiation), transmission electron microscope (TEM, FEI 
Morgagni 268), and scanning electron microscope (SEM, IRMC- 
INSPECT S50) were used to characterize the silver nanoparticles (Ag- 
NPs, Mw =107.87 g/mol) and yttrium-oxide nanoparticles (YO-NPs, Mw 
=225.81 g/mol). 

2.4. Experimental design 

The males were separated into four groups, six animals in each cage 
and they were injected intraperitoneally (0.2 mL/animal) once a week 
as follows: group I received Ag-NPs at a dose of 40 mg/kg of bw, group II 
received YO-NPs at a dose of 40 mg/kg of bw, group III received the 
mixture of both Ag-NPs and YO-NPs (40 mg/kg+40 mg/kg of bw), and 
finally group IV received distilled water (control). After 35 days of the 
weekly injections, the sexual behavior, oxidative parameters in testis, 
sperm parameters, serum testosterone and histological evaluations were 
performed. This study was designed as an in vivo experiment and was 
approved by the Institutional Review Board (IRB) of Imam Abdulrah
man Bin Faisal University (IAU) (Dammam, Saudi Arabia). 

2.5. Body weight assessment 

The males were weighed every seven days of the experiment, while 
the weights of reproductive organs (testes, prostate gland, seminal 
vesicle and epididymidis) were recorded immediately after dissecting 

the animals. 

2.6. Sexual behavior 

According to Abu-Taweel [34], the parameters of sexual behavior of 
the treated male mice were estimated during three hours by placing 
age-matched female in the same cage. The number of times of mounting, 
copulation frequency, approach and following, threatening and biting, 
nose or vagina smelling, rears and wall rears, squat, wash and digging of 
male mice were recorded. 

2.7. Sperm count and motility 

After recording the sexual behavior, the males were sacrificed and 
their epididymis was separated from the right testicle of dissected mice. 
A small piece (two millimeters) was taken from the caudal epididymis, 
placed in 35-mm petri dish containing two milliliters of phosphate 
physiological solution (PBS) at 37 ◦C and placed in shaker incubator 
(Daiki, Seoul, Republic Korea) for eight minutes. The sperm count and 
their motility were evaluated according to the procedure of Li, et al. 
[35], Abu-Taweel [34] and Al-Mutary and Abu-Taweel [36]. 

2.8. Testosterone level analysis 

Blood samples were collected directly from the animal heart in 
heparinized tube and centrifuged by refrigerated centrifuge (Hermle, 
Baden-Württemberg, Germany) to obtain the serum and stored at -20 ◦C 
until testosterone concentration assessment according to the commer
cial kits’ procedure. 

2.9. Testicular histology 

Some of the excised testes from experimental groups were fixed in 10 
% formaldehyde saline, embedded in paraffin wax, cut into 5 μm thick 
sections, placed on coated glass slides (Yancheng Yongda, Jiangsu, 
China) and were stained by hematoxylin and eosin for morphometric 
examination of the testis tissue according to the method of Cordeiro, 
et al. [37]. 

2.10. Estimation of oxidative stress indices 

The oxidative biomarkers in testis were measured after homoge
nizing a small piece of the excised testis. The testicular tissue superna
tant was mixed with 1 mL TCA (20 %), 2 mL TBA (0.67 %), and then 
placed in a water bath at 100 ◦C for one hour, cooled, centrifuged, and 
finally obtained the supernatant for lipid peroxidation measurement. 
The thiobarbituric acid reactive substances (TBARS) were measured for 
lipid peroxidation at 535 nm in spectrophotometer (SHIMADZU, Tokyo, 
Japan) [38]. In addition, the supernatant was also applied for measuring 
some more oxidative stress indices like GSH, GST, SOD and CAT activ
ities according to the methods described in a previous study [39]. 

2.11. Apoptosis detection in testicular tissue 

A TUNEL Assay Kit HRP-DAB (ab206386, Abcam, UK) was used for 
detecting cell death in tissue sections of mice testis according to the 
manufacturer’s instructions. Briefly, the tissue sections were deparaffi
nized and rehydrated at room temperature. The sections on coated glass 
slides (Yancheng Yongda, Jiangsu, China) were incubated in Proteinase 
K solution for 20 min at room temperature and then rinsed with Tris- 
buffered saline (1X TBS: 20 mM Tris pH 7.6 and 140 mM sodium chlo
ride) for five minutes. To inactivate endogenous peroxidases, the dried 
slides were incubated in 100 μL of 3% H2O2 at room temperature for five 
minutes, washed with 1X TBS and left to dry. Then, the specimen was 
covered with 100 μL TdT (terminal deoxynuleotidyl transferase) equil
ibration buffer for 30 min and with 40 μL of TdT labeling mixture 
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solution for 90 min at room temperature. The slides were incubated in a 
stop buffer at room temperature for five minutes to terminate the la
beling reaction, and followed by washing with 1X TBS. Then, the sec
tions were covered with one hundred microliters of blocking buffer at 
room temperature for five minutes, with the conjugate solution for 30 
min and with diaminobenzidine (DAB) for 15 min respectively. Finally, 
the sections treated with methyl green counterstain, dehydrated with 
ethanol and mounted with DPX. The positive germ was colored as 
brown. The numbers of these cells were counted in twenty seminiferous 
tubules (S.T.) sections of each animal, and the S.T. was selected 
randomly. 

2.12. Statistical analysis 

GraphPad Prism 8.4.3 software was used for statistical analysis. The 
weight of reproductive organs, oxidative biomarkers, sperm parameters, 
serum testosterone level, apoptotic cells and morphometric measure
ments of testicular seminiferous tubes in triplicates were statistically 
analyzed by one-way ANOVA with Tukey’s multiple comparisons tests 
and expressed as mean ± SEM. The sexual behavior indices were sta
tistically performed by ANOVA and Mann-Whitney U test and expressed 
as median with range. A p-value of 0.05 or less was considered as 
significant. 

3. Results 

3.1. Morphological investigations of NPs 

SEM and TEM were used to study the morphologies, sizes, and mi
crostructures of nanoparticles. Images in Fig. 1(a–c) show the typical 
SEM micrographs of nano-sized YO-NPs, Ag-NPs, and a mixture of 50 % 
YO-NPs and 50 % Ag-NPs. The YO-NPs had a nebulous-structured 
morphology, and the Ag-NPs consisted of agglomerates of primary 
particles. 

The irregular-shaped, agglomerated nanoparticle formation of the 
YO-NPs, Ag-NPs, and the mixture were confirmed by TEM as shown in 
Fig. 1(d–f). Nanoparticles formed irregular-shaped agglomerates with a 
variation in size. The ImageJ® software (Version 1.48e, National In
stitutes of Health, USA) was used to measure the nanoparticle size. The 
mean particle sizes and standard deviations for the YO-NPs, Ag-NPs, and 
the mixture were 18 ± 5 nm, 19.5 ± 5 nm, and 14 ± 5, respectively. 
Fig. 1(f) shows the TEM image-contrast variations in the nanoparticle 
mixture which reflect a variation in atomic number, with the higher- 
atomic-number silver scattering X-rays more than the yttrium oxide 
nanoparticles. 

3.2. 4.2. XRD analysis 

The International Centre for Diffraction Data (ICDD) powder 
diffraction file database (Card No. 89-5591) and the Joint Committee on 
Powder Diffraction Standards (Card No. 04-0783) were used to obtain 
XRD patterns of YO-NPs (Fig. 1g) and Ag-NPs (Fig. 1h), respectively. The 
crystalline nanoparticles contained no impurities or second-phase peaks. 
The average NP crystallite size (L) was determined by using Scherer’s 
equation [40], where k is the shape factor (0.94), λ is the X-ray wave
length (0.15419 nm), β is the line broadening at half the maximum in
tensity (the full width at half maximum, FWHM, in radians), and θ is the 
Bragg angle. 

L =
kλ

βcosθ
(1) 

Peaks at 2θ of 29.08◦ and 38.25◦ corresponded to (222) and (111) 
planes for the YO-NPs and Ag-NPs, respectively. The crystallite sizes YO- 
NPs and Ag-NPs were computed to be 11.14 and 19.97 nm, respectively. 
Comparable crystallite sizes were yielded by averaging particle di
ameters from TEM imaging. 

3.3. Body and reproductive organs weight 

Although there was an increase in the body weight of male mice 
during the experiment, no significance between the groups was noted 
(Fig. 2). The male mice exposed to Ag-NPs did not significantly differ in 
the relative weight (RW) of testes as compared to the control and YO- 
NPs groups, while the RW of the testes was increased significantly in 
the Ag + YO NPs group compared to Ag-NPs group (Fig. 2A). The RW of 
epididymis was significantly lower in Ag-NPs compared to control group 
and higher in Ag + YO NPs group in comparison with Ag-NPs group 
(Fig. 2B). The injection of male mice with Ag-NPs caused a significant 
depletion in the RW of the prostate compared to control group, and an 
increase in Ag + YO NPs and YO-NPs groups compared with control 
group (Fig. 2C). The RW of seminal vesicle was decreased significantly 
in YO-NPs group in comparison with Ag + YO NPs, Ag-NPs and control 
groups (Fig. 2D). 

3.4. Sexual behavior of male mice 

The male mice exposed to Ag-NPs showed a significant decrease in 
all sexual behaviour parameters in comparison to control group. More
over, YO-NPs demonstrated protective activity against Ag-NPs toxicity 
(Tables 1A and 1B) (Fig. 3). 

3.5. Sperm parameters and testosterone level 

Male mice injected with Ag-NPs showed a significant decrease in 
epididymis sperm count compared with control, YO-NPs and Ag + YO 
NPs groups (Fig. 4A). The total motility of epididymal sperm was 
significantly greater in non-treated males compared with Ag-NPs group 
and lower in Ag + YO NPs group in comparison with Ag-NPs group 
(Fig. 4B). A lowest immotile percent of sperm was found in treated 
groups; Ag-NPs, YO-NPs, and Ag + YO NPs compared to untreated group 
and in Ag + YO NPs group compared to Ag-NPs, YO-NPs groups 
(Fig. 4C). Furthermore, a lower percent of progressive motile sperm was 
found in Ag + YO NPs group compared with other groups at a significant 
level of P < 0.0001, and a higher percent in the control group in com
parison with Ag-NPs and YO-NPs (Fig. 4D). With regard to testosterone 
results, no significant differences between experimental groups were 
found (Fig. 5). 

3.6. Oxidative parameters in testis 

Results in Fig. 6(A–E) showed the effect of NPs on oxidative pa
rameters in the testis. A significant increase in TBARS level was noted at 
the Ag-NPs group in comparison with other groups. Furthermore, the 
GSH, GST, SOD and CAT results showed a decrease in their activities at 
Ag-NPs group compared to other groups. However, YO-NPs alone or 
with Ag-NPs had the ability to reduce the level of TBARS and to increase 
GSH, GST, SOD and CAT concentrations. 

3.7. Testis morphometric and apoptosis cells 

Fig. 7 shows the results of epithelial, lumen, seminiferous tubules 
diameters in the testis, with no significant differences between groups. 
In contrast, an increase was found in apoptotic cells per seminiferous 
tubule cross-section in Ag-NPs group compared to control and YO-NPs 
groups. In addition, the apoptotic cells in seminiferous tubules 
decreased after exposure with Ag + YO-NPs compared to Ag-NPs group 
(Fig. 8). The extensive apoptotic cells in testis were shown in sper
matogonia and spermatocytes in Ag-NPs and Ag + YO-NPs groups 
(Fig. 9). 

4. Discussion 

Recently, with the rapid development in the uses of nanoparticles in 
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Fig. 1. SEM micrographs of (a) yttrium-oxide nanoparticles, (b) silver nanoparticles, (c) nanoparticles mixture; TEM micrographs of (d) yttrium-oxide nanoparticles, 
(e) silver nanoparticles, (f) nanoparticle mixture; XRD patterns of (g) yttrium-oxide, and (h) silver nanoparticles. 
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the medical and industrial fields, many researchers have focused on 
devising new methods to reduce the toxicity of these materials [41–44]. 
In this study, we have examined the sexual behavior, body and weight of 
reproductive organs, spermatotoxicity, serum testosterone level, 
apoptosis in germ cells, testicular histopathology and antioxidant bio
markers in the testis of mice exposed to Ag-NPs and the protective effects 
of YO-NPs against Ag-NPs toxicity. The results demonstrated the prop
erties of antioxidant potency of YO-NPs against the toxic effects induced 
by Ag-PNs in male mice. 

The animal weight is utilized as a helpful indicator to decide the 
toxicity of drugs on the treated animals [45]. Some studies have 
mentioned a decrease in body weight of animals during the experiment 
of Ag-NPs treatment [46,47]; however, others have not noted any sig
nificant change [16,48]. In our results, although there was no significant 
change observed in body weight of male mice, the Ag-NPs is clearly 
found to have toxic effects on testes, epididymis and prostate relative 
weights. These findings in the toxicity of NPs on reproductive organs of 
treated animals are consistent with the observations of Thakur, et al. 
[49], Olugbodi, et al. [50] and Greco, et al. [51], but are in conflict with 
other studies which revealed that the exposure to Ag-NPs has no effect 

on testicular weight [22,52–54]. Our results in the oxidative biomarkers 
of the testicle showed an increase in oxidative stress (TBARS molecules) 
and a decrease in anti-oxidative protein (GSH) and enzymes (GST, SOD 
and CAT) levels in males treated with Ag-NPs. The decrease in testicular 
weight and an increase in oxidative stress due to exposure to Ag-NPs 
demonstrated that there were direct interferences with the spermato
genesis process [50]. Moreover, Ag-NPs can penetrate the blood testic
ular barrier and reach the seminiferous tubules and affect sperm 
production and quality [55]. The lowering in sperm count, total and 
progressive motility and increasing in immotile sperm in this study are 
consistent with those of Lafuente, et al. [16]. The characteristics of 
Ag-NPs (such as a size and shape) can impair mitochondrial function 
before penetration their membrane [56]. In addition, the increased ROS 
after Ag-NPs exposure may contribute to consume the endogenous an
tioxidants and interfere with mitochondrial respiratory chain and lead 
to weak sperm motility [57,58]. A previous report mentioned that NPs 
accumulate in the tails and heads of spermatozoa and reduce 25 % 
sperm motility [59]. It is well known that testosterone contributes in the 
regulation of spermatogenesis. In this study, there was no change in the 
testosterone level between the groups despite the decrease in sperm 

Fig. 2. The body weight of male mice during the experiment for 35 days, Data represented as mean ± SEM.  

Table 1A 
Parameters of sexual behavior of the treated male mice estimated during three hours by placing age-matched female in the same cage.  

Group 
Median number (with ranges) of acts and postures 

Approach Following Naso-Nasal 
contact 

Naso-Genital 
contact 

Mount Pelvic thrust Threat Bite 

Control 
30.00 
(27.00–33.00) 

21.00 
(17.00–42.00) 

5200 
(49.00–72.00) 

43.00 
(30.00–60.00) 

10.00 
(9.00–12.00) 

6.00 
(6.00–9.00) 9.00 (6.00–18.00) 

6.00 
(3.00–9.00) 

Ag-NPs 
6.00 *** 
(0.00–9.00) 

10.00 *** 
(5.00–13.00) 

22.00 *** 
(18.00–26.00) 

18.00 *** 
(8.00–2200) 

3.00 *** 
(0.00–3.00) 

0.00 *** 
(0.00–3.00) 

63.00 *** 
(33.00–78.00) 

12.00 ** 
(3.00–15.00) 

YO-NPs 27.00 
(18.00–30.00) 

20.00 
(14.00–25.00) 

55.00 
(42.00− 66.00) 

42.00 
(28.00− 45.00) 

8.00 
(6.00− 9.00) 

5.00 
(2.00− 7.00) 

15.00 (11..00 – 
20.00) 

8..00 
(2.00–12.00) 

Ag + YO 
NPs 

16.00 ### 
(10.00− 21.00) 

15.00 # 
(11.00–17 .00) 

45.00 ## 
(25.00–48.00) 

30.00 # 
(6.00–24.00) 

6.00 # 
(0.00–7.00) 

4..00 # 
(0.00–5.00) 

21.00 ## 
(18.00–30.00) 

9.00 
(5.00–13.00) 

**and significantly different (p < 0.05, p < 0.01 and p < 0.001 ) respectively from the control.#,##and### significantly different from Ag-NPs by ANOVA and Mann- 
Whitney U test. 

Table 1B 
Parameters of median numbers of acts and postures behavior of the treated male mice during sexual activities estimated during three hours by placing age-matched 
female in the same cage.  

Groups 
Median number (with ranges) of acts and postures 
Wall rears Rears Wash Squat Digging 

Control 22.00 (17.00–30.00) 16.00 (14.00–18.00) 4.00 (3.00–6.00) 1.00 (0.00–2.00) 7.00 (2.00–10.00) 
Ag-NPs 4.00 ** (3.00–8.00) 2.00 *** (1.00–4.00) 1.00 ** (0.00–2.00) 9.00 *** (2.00–12.00) 1.00 *** (1.00–4.00) 
YO-NPs 19.00 (13.00− 22.00) 13.00 (11.00–14.00) 5.00 (00.00− 7.00) 2.00 (00.00–3.00) 8.00 (1.00–11.00) 
Ag + YO NPs 14.00 ### (10.00− 18.00) 9.00 # (4.00–9.00) 3.00 # (00.00− 4.00) 5.00 # (00.00− 6.00) 6.00 # (3.00− 9.00) 

and significantly different (p < 0.01 and p < 0.001) respectively from the control.# and ### significantly different (p < 0.05 and p < 0.001). 
from Ag-NPs by ANOVA and Mann-Whitney U test. 

G.M. Abu-Taweel et al.                                                                                                                                                                                                                        



Toxicology Reports 8 (2021) 1121–1130

1126

Fig. 3. A-D. The relative weight of testes, epididymis, prostate and seminal vesicle of male mice at the end of experiment, Data represented as mean ± SEM.  

Fig. 4. A-D. The sperm parameters of epididymis male mice at the end of experiment, Data represented as mean ± SEM.  
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count after Ag-NPs exposure which conflicts with the observation by 
Olugbodi, et al. [50]. The spermatogenesis passes through many phases 
before ending sperm production inside the lumen of the seminiferous 
tubule. The toxicity of Ag-NPs may work on these stages and induce 
germ cells apoptosis in mice testis which thereby reduce sperm count. 
Supportively, our findings in apoptosis detection in testis cross-sections 

confirmed extensive apoptotic cells observed after exposure to Ag-NPs. 
Furthermore, it is well known that germ cells do not produce 
androgen receptors (ARs), and Sertoli cells are the only testicle cells able 
to generate these ARs [60–62], wherefore another possible toxicity of 
Ag-NPs in this study may be via ARs in Sertoli cells. 

The significant decreases in the sexual behavior indices of male mice 
after Ag-NPs treatment were noted in this study. These results do not 
concur with Garcia, et al. [63], who stated that no effects on sexual 
behavior of CD1 mice were observed after intravenous injection with 
Ag-NPs at a dose 1 mg/kg over 12 days. The decreasing in reproductive 
weights and non-significant change in testosterone level in this study 
may give a possible explanation of Ag-NPs effects on appetite and 
thereby the sexual behavior. Egecioglu, et al. [64] reported that the 
appetite hormone (ghrelin) is required for sexual behavior in male mice. 

Recently, the uses of NPs to resist the toxic effects on reproductive 
system induced by some molecules have been grown [65–67]. Because 
of the redox chemistry of YO-NPs, they were completely known as an 
antioxidant characteristic to fight free radicals [29]. In this study, 
YO-NPs revealed protective activities in the testes, epididymis and 
prostate weights and sperm count, although we did not observe these 
effects on sperm motility. Interestingly, the best effect on the antioxidant 
defense system of treated males was evident by minimizing TBARS level 
and enhancing anti-oxidative parameters (GSH, GST, CAT, and SOD). 
Similarly, it has been found that ZnO-NPs decreased testicular-stress and 

Fig. 5. The serum testosterone concentration in male mice at the end of 
experiment, Data represented as mean ± SEM. 

Fig. 6. A-E. The oxidative parameters in testis of male mice at the end of experiment, Data represented as mean ± SEM.  
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enhanced the antioxidant markers [67,68]. In this study, YO-NPs 
effectively reduced the testicular apoptotic induced by Ag-NPs in male 
mice. Hosseini, et al. [69] found that YO-NPs enhanced the survival rate 
of rat pancreatic islets and ameliorated the oxidative stress-mediated 
apoptotic pathway. In addition, YO-NPs rescue cellular membranes 
from oxidative stress-induced cell injury and therefore form cell 
apoptosis [70]. Also, investigating sperm count, reproductive organs 
weight and testicular apoptotic showed that YO-NPs reduced the toxicity 
stress caused by Ag-PNs. Furthermore, Ce-NPs improved the sperm 
count, motility and viability after toxicity malathion-induced in rats 
[71]. Despite the effectiveness of YO-NPs to reduce the Ag-NPs toxicity 
during this study in some parameters, however, this activity is not 
shown in all parameters. It may be better to pre-treat the animals with 
YO-NPs instead of the treatment after Ag-NPs exposure [33]. However, 
the NPs effects differ depending on the synthesis method (chemical or 
biological synthesis) and coating agent used [43,44]. 

In conclusion, Ag-NPs were capable of suppressing the weight of 
reproductive organs, sexual behavior, sperm count and motility, and 
oxidative defense proteins in male mice. Furthermore, Ag-NPs increased 
MDA level and apoptotic cells in testicular tissue of male mice. 

Fig. 7. A-C. The epithelial, lumen and seminiferous tubule diameters of the testis, Data represented as mean ± SEM.  

Fig. 8. Apoptotic cells per seminiferous tubule cross-sections, Data represented 
as mean ± SEM. 

Fig. 9. TUNEL detection of apoptotic cells in seminiferous tubule cross-sections in control and Ag-PNs groups. Scale bar =20 μm, Data represented as mean ± SEM.  
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Interestingly, YO-NPs improved Ag-NP-induced spermatotoxicity and 
testicular oxidative stress in male mice. 
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M. Gómez, Effects of oral exposure to silver nanoparticles on the sperm of rats, 
Reprod. Toxicol. 60 (2016) 133–139. 

[17] L. Falchi, W.A. Khalil, M. Hassan, W.F.A. Marei, Perspectives of nanotechnology in 
male fertility and sperm function, Int. J. Vet. Sci. Med. 6 (2) (2018) 265–269. 

[18] M. Thakur, H. Gupta, D. Singh, I.R. Mohanty, U. Maheswari, G. Vanage, D.S. Joshi, 
Histopathological and ultra structural effects of nanoparticles on rat testis 
following 90 days (Chronic study) of repeated oral administration, 
J. Nanobiotechnol. 12 (2014), 42-42. 

[19] S.M. Ahmed, S.A. Abdelrahman, S.M. Shalaby, Evaluating the effect of silver 
nanoparticles on testes of adult albino rats (histological, immunohistochemical and 
biochemical study), J. Mol. Histol. 48 (1) (2017) 9–27. 
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