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Abstract 
A number of lifestyle-related factors, including smoking and obesity, as well as a number of 
environmental factors, such as exposure to dioxins, combustion products, and traffic exhaust gases, 
appear to have a deleterious influence on the testes and spermatogenesis. Because of its oxidation-
reduction (Redox) potential, copper functions as a cofactor in a variety of enzymes that are essential for 
basic metabolic functions. We assess how copper oxide nanoparticles (CuO-NPs) affected the male 
reproductive system and the probability of getting pregnant, both of which have not yet been studied. 
Four groups of creatures were chosen at random. The experimental group received daily doses of 50, 
100, and 150 mg/kg of CuO-NPs intraperitoneally (IP). According to the results of the histological 
investigation, CuO NPs treatment significantly enhanced Sertoli and Leydig cells as well as all testicular 
germ cells other than spermatozoa at a dose of 100 mg/kg in both the in vivo and in vitro stages. The 
150 mg group's spermatids and spermatocytes had significantly decreased as a result of CuO NP's 
harmful effects during the in vitro phase (P <0.05). We can therefore conclude that a buildup of CuO 
in high doses may result in a disruption of the CuO homeostasis, which may subsequently reduce male 
fertility. 
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1. Introduction 
Seminiferous tubules (STs) are the site of the 

intricate process known as spermatogenesis, which 
results in the development of the mature male gamete 
[1]. Recent research suggests that the entire 
spermatogenic process in healthy males takes between 
42 and 76 days [2] and involves a variety of cells, 
hormones, paracrine agents, genes, and epigenetic 
variables [1]. Numerous factors have been shown to 
affect sperm quality and quantity. Testes and 
spermatogenesis appear to be negatively impacted by  
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a number of lifestyle-related factors, including obesity 
and smoking, as well as a number of environmental 
factors, including exposure to dioxins, combustion 
products, and traffic exhaust fumes [3].  Many studies 
concentrate on specific minerals and biomaterials to 
aid in reducing harmful effects and enhancing the 
effectiveness of spermatogenesis [4-6]. 

Copper (Cu) is a necessary element for the 
proliferation and normal development of all living 
organisms [7]. Copper is a cofactor in numerous 
enzymes responsible for fundamental metabolic 

  © The Author(s) 2023 

https://jcbior.com/


Larijani et al. 

2 

processes because of its oxidation-reduction (Redox) 
potential [8]. Because both its decline and excessive 
rise can result in problems with male reproductive 
function, microelements such as copper plays a unique 
and significant role in how affect male fertility [7]. 
High concentrations of copper have been linked to 
decreased spermatozoa motility and number, as well 
as seminiferous tubule epithelial deterioration [9-11]. 
On the other side, there is strong evidence that 
indicates copper deficiency results in reduced 
spermatozoa quantity and motility as well as lower 
ejaculate volume [12, 13]. These studies all indicated 
that the concentration of copper in the testes should be 
carefully regulated. 

Nanoparticles (NPs) are matter particles with a 
size range of 1 to 100 nanometers that are commonly 
categorized as nanoscale in terms of their mobility and 
physical features (nm). Due to their extremely small 
size and huge surface area, NPs are widely used in a 
variety of fields. [14]. It is necessary to measure the 
effects of this nanoparticle in biological ways, 
especially on the reproductive system, due to the 
widespread demand and application of CuO-NPs in a 
variety of industries, including water treatment, textile 
manufacturing, food preservation, and agricultural 
practices [15], But the body of knowledge on this 
crucial topic is still lacking. As a result, in a recent 
study, we assessed the effects of CuO-NPs on the male 
reproductive system and the potential for pregnancy, 
both of which have not yet been investigated. 

 
2. Materials and Methods 

2. 1 Experimental animals 
Thirty healthy adult male NMRI (Naval Medical 

Research Institute) mice (6–8 weeks old) weighing 
28–32g were used in this study (Pasteur Institute, 
Tehran, Iran). The ethics committee of The Islamic 
Azad University's Science and Research Branch in 
Tehran gave its approval to this work. The animals 
were kept in typical laboratory conditions for at least a 
week before the experiment (i.e., 12 hours of darkness 
followed by 12 hours of light, 50% relative humidity, 
and 22 °C). Commercial rodent food (pellet) and water 
were available, and animal cages were kept free. 

 
2.2 Experimental design 
The mice were divided into five groups (one 

control, one sham and three experimental groups) for 
the in vivo studies and five groups (control, sham and 

three experimental groups) for the in vitro 
experiments. Each group had three mice. Both adult 
mice's testicles were taken out and cultured for two 
days with CuO-NPs as a supplement for the in vitro 
experimental groups. After that, fix and gauge. Drug 
solvent was used as a supplement for the sham group. 
For the in vivo groups, each experimental group 
received various dosages of CuO-NPs intraperitoneally 
via a single daily injection for five days, including 50 
mg/kg, 100 ml/kg, and 150 mg/kg. As with the other 
groups, the fictitious (sham) group received 1ml of 
distilled water. The intervention-free group served as 
the control. All groups were sacrificed under ether 
anesthesia eighteen days following the initial injection, 
and the testicles from each animal were dissected with 
Surgical Blade and placed in a Petri dish under sterile 
conditions. 

 

2.3 Preparation of CuO-NPs solution 
The distilled water was combined with the 

powdered copper oxide nanoparticles and vortexed. 
The solution was promptly injected into the animals in 
various doses based on the group to avoid powder 
settling. 

 
2.4 Sample preparation for histopathological 

analysis 
After surgery of mice and isolation of testes, each 

mouse's testes were embedded in paraffin after being 
dried in a graduated series of ethanol and fixed in 
Bouin's solution. Hematoxylin and eosin (H&E) 
staining was done on the samples after they had been 
sectioned by a microtome into 6 mm thick sections for 
histopathological analysis under a light microscope. 

 

2.5 The weight evaluation of mice in different 
groups 

Adult mice had their testes removed, and 
measurements were made of their weights, testicular 
sizes, and testes tubule and epididymis tubule 
diameters with ruler and scale. 

 

2.6 Histopathological analysis 
In several mouse groups, the quantity of Sertoli 

cells, Leydig cells, fibroblasts, blood vessels, 
seminiferous tubules, and epididymis tubules were 
counted. Various groups of mature sperms, 
spermatocytes, and spermatids were assessed in 
addition to the quantity of various spermatogonial 
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stem cells. Each sample was averaged after being 
counted four times. 

 

2.7 Statistical analysis 
The study's data were examined using SPSS 

software, version 21. Analysis of variance was used to 
compute and examine the statistical significance 
across groups using the one-way ANOVA test. At P 
0.05, the differences were deemed significant. 

 
3. Results 
3.1 The weight changes of mice 
The weight of mice treated with CuO-NPs does not 

significantly change after intraperitoneal injection. 
The mice's minor weight rise is caused by the right 
food storage and use conditions, although this change 
was not significantly different from the control group 
(Supplementary Table 1). 

  
3.2 The histopathological effects of CuO-NPs on 

the testes of mice  
Adult mice had their testes removed, and they 

were weighed. The findings of the macro and 
microscopic examination revealed that CuO-NPs had 
no appreciable impact on testicular weights, testicular 
dimensions, testicular tubule diameter, or epididymis 
tubules (Supplementary Table 2). 

 
3.3 The histopathological effects of CuO-NPs on 

the testicular cells of mice 
According to our findings, mice who received 

CuO-NPs at a dose of 100 mg/kg had significantly 
more Sertoli cells, Leydig cells, fibroblasts, 
seminiferous tubules, and epididymis tubules. Blood 
vessels, however, showed no discernible changes. We 
did not observe any statistically significant difference 
in the 50 mg/kg group. Sertoli cells, blood vessels, and 
Seminiferous tubules were all less prevalent in the 150 
mg/kg group, although Leydig cells and epididymis 
tubules were more prevalent. Only the decrease in 
Sertoli cells among the aforementioned alterations in 
the 150 mg/kg group was statistically significant 
(Supplementary Table 3). 

 
3.4 The histopathological effects of CuO-NPs on 

the testicular germ cells of mice 
Our findings demonstrated that animals given 

CuO-NPs at a dose of 100 mg/kg had an increase in the 
number of germ cells at all developmental stages, 

including B-type spermatogonia, spermatocytes, 
spermatids, and epididymal sperm. With the 
exception of epididymal sperms, this increase was 
statistically significant in all developmental stages. 
Additionally, although the difference between the 
control group and animals administered CuO-NPs at 
doses of 50 and 150 mg/kg was not statistically 
significant, the mice received somewhat more germ 
cells (Supplementary Table 4). 

In the in vivo phase of the investigation, mice that 
received CuO-NPs at a dose of 100 mg/kg had a rise in 
the number of germ cells in all developmental stages, 
such as B-type spermatogonia, spermatocytes, 
spermatids, as well as the number of Sertoli cells and 
fibroblasts. All types of germ cells had this rise, which 
was statistically significant. However, Sertoli and 
fibroblastic cells did not experience it. Despite the in 
vivo phase results, the number of type B 
spermatogonial stem cells, spermatocytes, and 
spermatids dropped in the 150 m/kg group. For 
spermatocytes and spermatids, this decrease was 
statistically significant. Although Sertoli and 
fibroblastic cell counts fell and the total number of 
germ cells increased somewhat in the 50 m/kg group, 
none of these changes were statistically significant. 

In this study, we indicated there were no 
significant differences between the 50 and 150 mg/kg 
groups (37±1.3 and 32±2.5, respectively), while the 
number of type B spermatogonial stem cells was 
considerably larger in the 100 mg/kg group than the 
control group (Figure 1). Additionally, the 100 mg/kg 
group had significantly more spermatocytes than the 
other groups (66.8±1.4), whereas the 150 mg/kg 
group had the fewest (21±2.3). These modifications 
both had statistical significance. The 50 mg/kg group 
did not differ significantly from the control group in 
any way (Figure 2). The number of spermatids was 
found to be equivalent to our spermatocyte number 
findings. The number of spermatocytes was 
significantly larger in the 100 mg/kg group than in any 
other group (268±5.5), whilst the 150 mg/kg group 
had the fewest (101±4.4). These modifications both 
had statistical significance. The 50 mg/kg group did 
not differ significantly from the control group in any 
way (Figure 3). Figures 4 and 5, respectively, depict 
alterations in fibroblasts and Sertoli cells. Between the 
groups, no discernible differences in these two types of 
cells were seen. Histopathological evaluation of 
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spermatogenesis cells showed in Figure 6 using H&E 
staining. 

 
4. Discussion 
Due to its potential for usage in pharmacological 

and biomedical applications, copper nanoparticles are 
widely used in a variety of industries. Consumption of 
copper nanoparticles above the allowable limit 
manifests harmful effects that result in cytotoxicity 
and cell death. Despite having differing outcomes in 
the in vivo and in vitro study phases, we were able to 
demonstrate that CuO-NPs have dose-dependent 
effects on the male mice's reproductive system in the 
current study. At a dose of 100 mg/kg in both the in 
vivo and in vitro phases, CuO-NPs treatment 
significantly increased Sertoli and Leydig cells as well 
as all testicular germ cells other than spermatozoa in 
epididymal tables. While in the in vitro phase, it was 
linked to a significant decrease in spermatids and 
spermatocytes and a non-significant decrease in 
spermatogonial stem cells, at the higher dose of 150 
mg/kg, it caused a non-significant increase of all germ 
cells and decrease of spermatozoa in epididymal 
tubules in the in vivo study. Numerous theories exist 
regarding the function of Cu in reproduction, and the 
findings of earlier investigations are quite erratic. Cu 
has been identified as a significant trace element that 
is particularly vital for the male reproductive system 

and has a critical ecophysiological role in a variety of 
cells and tissues. Therefore, it is essential for healthy 
reproduction and good spermatogenesis to consume 
this vitamin on a daily basis in a fair amount. 
Ceruloplasmin, superoxide dismutase (SOD1, SOD3, 
and Cu/Zn SOD) group of metallothionein, and 
cytochrome c oxidase (COX), which are all present at 
all stages of gametogenesis as well as in the somatic 
cells of the testis and epididymis, are just a few 
examples of the bioactive molecules and enzymes that 
require copper as an essential metal cofactor [12, 16]. 
Due to Cu's redox potential, one of its crucial functions 
in the male reproductive system is participation in the 
balancing of oxidative stress status and protecting 
cellular structure and function from oxidative damage 
[17]. This is because Cu is one of the key components 
of the SOD [18], a key antioxidant enzyme that 
dismutases O2 to produce oxygen (O2) and H2O2. 
Diamine oxidase (DAO), another significant Cu-
dependent enzyme, is present in very high quantities 
in seminal human plasma and is responsible for the 
breakdown of polyamines [12, 16, 19]. Additionally, it 
has been demonstrated that azoospermic males have 
lower levels of Cu in their seminal plasma than healthy 
men [20, 21]. Cu significantly improved sperm count, 
sperm motility, semen volume, and progressive 
motility [22, 23].  

 

 

 

 

 

Figure 1. Comparing the number of Spermatogonial 

stem cells in different groups of mice at in vitro phase 

of study (Data is presented as mean and standard 

deviation [SD]; *P <0.05). 

Figure 2. Comparing the number of Spermatocytes in 

different groups of mice at in vitro phase of study 

(Data is presented as mean and standard deviation 

[SD]; *P <0.05; **P <0.01). 
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According to the findings of an in vitro study using 
buffalo ejaculate, copper addition to semen culture 
media at low doses may increase the total antioxidant 
capacity and provide better protection of sperms 
through the processes of dilution, equilibration, and 
freeze-thawing than that in control. However, higher 
concentrations had detrimental effects on the sperm 
[24]. Another study had shown that the enzymatic 
activity of Cu/Zn SOD Cu, which defends 

spermatogonial stem cells during early 
spermatogenesis against ROS attack, was boosted 
when Cu was added to the testicular cell culture [25]. 
Because Celino and Tabassomi's financing supported 
the positive effect of copper on sperm quality, the 
findings of their study were identical to those of 
Anchordoquy et al. they demonstrated that adding 
copper sulfate at a concentration of 40 g/dL to the 
medium used to cultivate bovine spermatozoa 

 

Figure 3. Comparing the number of Spermatids 

in different groups of mice at in vitro phase of 

study (Data is presented as mean and standard 

deviation [SD]; ** P<0.01). 

Figure 4. Comparing the number of Sertoli cells in 

different groups of mice at in vitro phase of study 

(Data is presented as mean and standard 

deviation). 

Figure 5. Comparing the number of fibroblasts in 

different groups of mice at in vitro phase of study 

(Data is presented as mean and standard 

deviation). 
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improved total and progressive sperm motility, sperm 
viability, and functional sperm membrane integrity 
[26]. Free Cu is a highly reactive element that has the 
potential to produce free radicals, which can seriously 
damage proteins and DNA [27]. Copper oxide 
nanoparticles may prevent the release of 
gonadotropins and testosterone, which would 
ultimately prevent the spermatogenesis process from 
taking place [28]. Rajabi et al. research are also 
revealed that exposure to CuO-NPs disrupts the 
process and structure of gonadal spermatogenesis and 
causes oxidative stress and cellular disintegration [15]. 
Male rats' blood-testis barriers have been shown to be 
permeable by CU NPs, which can then kill Sertoli, 
Leydig, and germ cells [29]. Additionally, oral Cu 
treatment in rats causes testicular structural 
abnormalities such as atrophic and sclerotic tubules 
and an increase in apoptosis, along with a decrease in 
spermatogonial and Sertoli cells [8]. Guo et al. have 
reported the most likely molecular mechanism of the 
disordered spermatogenesis caused by copper sulfate 
(CuSO4) [31]. They demonstrated how CuSO4 
decreases antioxidant activity while increasing ROS 
generation. Additionally, CuSO4 increased the 
amounts of cleaved caspase-3, cleaved caspase-8, 
cleaved caspase-9, caspase-12, cleaved-PARP, and Bax 
while simultaneously decreasing the expression of Bcl-
2. Eventually, sperm concentration and motility are 

decreased, sperm concentration is decreased, and the 
rate of sperm malformation is increased due to 
oxidative stress-mediated DNA damage and germ cell 
apoptosis. Additionally, it has been demonstrated in 
another study that exposure to CuSO4 in rats lowers 
the quality of their sperm, inhibits the release of the sex 
hormone and gonadotropin, as well as the anti-
oxidative activity of the testes, which in turn reduces 
spermatogenesis [11]. Recently, Chen et al. also looked 
into the causes and molecular mechanisms of CuO-
NPs cytotoxicity. They discovered that sperm quality, 
fructose content, and sex hormone release was 
reduced after 28 days of exposure to CuO-NPs at doses 
of 44, 88, and 175 mg/kg/day. Additionally, nano-
copper enhanced the rate of sperm malformation and 
the amount of oxidative stress and caused aberrant 
structural alterations in testicular tissue. They came to 
the conclusion that cell apoptosis and autophagy are 
closely associated to nano-copper-induced damage 
after excessive exposure in testicular tissues and 
spermatogenesis through controlling the Akt/mTOR 
signaling pathway [32]. 

CuO-NPs was introduced directly to the culture 
media in free form during in-vitro culture, which as 
previously noted can result in significant oxidative 
damage [33]. We believe that the increased number of 
somatic and spermatogenic cells in the testis at a dose 
of 100 mg/kg may be related to copper's crucial role in 

 
 
Figure 6: Histopathological evaluation of spermatogenesis using H&E staining: a; control group with10x magnification, b: control 

group with 20x magnification, c; dose 50 mg/kg group with10x magnification, d: dose 50 mg/kg group with 20x magnification, e; 

dose 100 mg/kg with10x magnification, d: dose 100 mg/kg with 20x magnification, g; dose 150 mg/kg with10x magnification, h: 

dose 150 mg/kg with 20x magnification. In section b, d, f, and h: A; Spermatogonia B; Spermatocyte C; spermatid D; Sperm E. 

Sertoli. 
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maintaining the balance of oxidative stress as well as 
its involvement in the processes of both mitotic and 
meiotic cell divisions, as it may activate mitosis cycles 
and cell divisions and speed up growth and 
development processes at physiological or slightly 
elevated concentrations. However, with increasing 
doses, this relationship may become more 
pronounced. We discovered through histological 
analysis that the epididymis had thicker tunica and 
tubes. These results support the hypothesis that CuO-
NPs exposure at large concentrations inhibits cell 
development and proliferation and, combined with its 
toxic effects, causes cell and tissue necrosis and 
degeneration. Additionally, as the dose was increased, 
spermatids gathered in the lumen of the seminiferous 
tubules, indicating that differentiation had stopped. In 
addition, we observed that the number of 
spermatogenic cells dropped, the tunica's thickness 
rose, and the tubules developed pits in histological 
analyses. There were many atrophic cells in the in vitro 
samples, and the treated sample had more 
degenerated cells than the control, which supports the 
harmful effects of high-dose CuO-NPs. Overall, the 
findings of this study demonstrate that CuO-NPs has a 
dual potential that includes both toxicity and the 
promotion of growth and development processes. This 
chemical is highly hazardous at large concentrations 
and can cause tissue necrosis as well as cell death. 

Due to this study, we can draw the conclusion that 
an accumulation of Cu in high dosages may cause a 
disruption of the Cu homeostasis, which might 
therefore impair male fertility. It follows that a 
considerable decrease in male fertility, anomalies at 
the sperm level, male gonad, and sex hormone 
synthesis are caused by both copper excess and 
deficiency. Consequently, we should refer to copper as 
"a double-edged sword" in the context of male fertility. 
Also we reasoned that the differences in outcomes 
between the in vitro and in vivo phases might be due 
to the blood-testis barrier present in living animals, 
which would delay the rate of CuO-NPs exposure in 
comparison to direct exposure in the in vitro.  
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