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Abstract:

A nanoparticle is a small particle that ranges between 1 to 100 nanometers in size. Undetectable by the human eye,
nanoparticles can exhibit significantly different physical and chemical properties to their larger material counterparts. Metal
oxide nanoparticles pollution has become a major environmental concern due to its widespread production and usage.
The potential toxic effects of nanoparticles on human and animal health have been investigated, but their impact on urban
animals remains poorly understood. This study provides evidence that exposure to metal oxide nanoparticles leads to
significant toxicity in the ovarian and respiratory tissues of urban animals. These findings highlight the importance of
monitoring and controlling the release of nanoparticles into the environment to protect the health of animals and humans.
Thus, the effects of metal oxide nanoparticles on urban animals provides valuable insights into the potential risks and
environmental safety concerns. Continued research in this field is crucial for sustainable development and protection of

both human and animal health.
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1. Introduction

The impact of nanoparticles on biological systems has
emerged as a subject of immense concern in recent years,
captivating the attention of researchers and scientists alike.
Specifically, the ramifications of nanoparticles on the re-
productive system and respiratory tissues of urban animals
have garnered noteworthy scrutiny. The comprehension of
the potential perils associated with the exposure to metal
oxide nanoparticles assumes paramount importance in eval-
uating the environmental safety of these minuscule entities
(Exbrayat et al. 2015; Brohi et al. 2017). The increasing
prevalence of nanoparticle utilization across diverse indus-
tries has further accentuated the urgency of understanding
their implications. These diminutive particles boast an ar-
ray of distinctive properties that render them exceptionally
versatile and invaluable in an expansive spectrum of applica-
tions. However, as the utilization of nanoparticles continues
to surge, apprehensions have been duly raised regarding
their potential repercussions on the environment and the liv-
ing organisms inhabiting it, including animals. Particularly,
the profound impact of copper oxide nanoparticles (CuO
NPs) on the reproductive system of animals has elicited sig-

nificant attention from the scientific community (Anreddy
2018; De Jong et al. 2019).

2. Understanding nanoparticles

Nanoparticles, which are meticulously crafted substances,
exhibit unique and discernible characteristics in comparison
to their larger-scale equivalents. These minute entities can
be classified into diverse categories, encompassing metal-
based nanoparticles like gold and platinum, carbon-based
nanoparticles such as carbon nanotubes, and metal oxide
nanoparticles like titanium oxide. What distinguishes these
nanoparticles is their ability to infiltrate the human body
through a range of diverse entry points, including intra-
venous injection, inhalation, or ingestion (Sims et al. 2017
Santacruz-Mdarquez et al. 2021a).

2.1 Transplacental penetration

One aspect that warrants attention is the phenomenon of
transplacental penetration of nanoparticles, denoting the
capacity of nanoparticles to traverse the placental barrier
and attain the nascent fetus. Empirical investigations have
demonstrated that specific nanoparticles, including gold
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nanoparticles and carbon nanotubes, exhibit the ability
to cross the placental barrier and amass in the tissues of
the developing fetus. This observation gives rise to ap-
prehensions regarding plausible developmental complica-
tions and genetic irregularities in the subsequent progeny.
Consequently, the transplacental migration of nanoparticles
emerges as a significant area of concern warranting further
exploration and investigation (Braydich-Stolle et al. 2010;
Ema et al. 2017; Aratjo et al. 2020).

2.2 Mechanisms of nanoparticle toxicity

The toxicity associated with nanoparticles, such as CuO
NPs, can be attributed to a multitude of underlying mech-
anisms. Among these mechanisms, the primary one in-
volves the generation of reactive oxygen species (ROS) and
subsequent induction of oxidative stress. CuO NPs have
the capability to incite the production of ROS within cells,
which in turn can lead to detrimental cellular damage and
impair various physiological processes. The heightened
levels of ROS induced by CuO NPs can disrupt the delicate
balance of antioxidant defense mechanisms, thereby insti-
gating oxidative stress and resulting in tissue damage (He
et al. 2023). In addition to their ability to induce oxidative
stress, CuO NPs have also been observed to elicit genotoxic
effects through the infliction of DNA damage. The inter-
action between CuO NPs and DNA molecules can trigger
the occurrence of DNA strand breaks and chromosomal
aberrations, thus contributing to genotoxicity. It is worth
noting that this genotoxicity can potentially give rise to long-
term consequences, including the development of cancerous
cells. Furthermore, the direct interaction between CuO NPs
and cellular membranes can be deemed a crucial aspect in
understanding their toxicity, as it leads to membrane dis-
ruption and subsequent compromise of cell integrity. This
interaction can result in membrane damage, disturbances in
ion balance, as well as alterations in various cell signaling
pathways. Ultimately, these disturbances have the potential
to culminate in cell death or dysfunction (Braydich-Stolle
et al. 2010; Buchman et al. 2019).

2.3 Reproductive toxicity of copper oxide nanoparticles

The impact of exposure to CuO NPs on the reproductive sys-
tem of urban animals, such as zebrafish, can be profound, as
evidenced by a study conducted by Guizhu (Lue et al. 2023).
In this study, female and male zebrafish were subjected to
low concentrations of CuO NPs for a duration of 20 days.
The researchers observed that the structure of the zebrafish
ovary and testis suffered impairments, highlighting the vul-
nerability of these vital reproductive organs to the toxic
effects of CuO NPs. Moreover, the levels of 17-estradiol
(E2), a key female sex hormone, showed an increase in
both females and males, while the levels of testosterone
(T), a crucial male sex hormone, experienced a decrease.
This perturbation in sex hormone levels signifies the dis-
ruption inflicted by CuO NPs on the delicate balance of the
zebrafish reproductive system (Lue et al. 2023).

To gain a deeper understanding of the toxic mechanisms at
play, the researchers delved into the examination of gene
expression along the hypothalamic pituitary-gonad (HPG)
axis, a critical pathway involved in reproductive function.
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In female zebrafish, the levels of era/er23 and cyp19a were
found to be up-regulated, suggesting an increased activity
of estrogen receptors and aromatase, an enzyme involved
in estrogen synthesis. Similarly, in male zebrafish, the ex-
pression of erat/er2f3, Thr, hmgra/hmgrb, 3 hsd, and 17
hsd was up-regulated, indicating an elevated activity of
estrogen receptors, luteinizing hormone receptor, and key
enzymes involved in testosterone synthesis. In contrast, the
level of ar, an androgen receptor, was down-regulated in
both female and male zebrafish. These differential gene
expression patterns further reinforce the detrimental impact
of long-term exposure to low doses of CuO NPs on the
endocrine system, gonad development, and the intricate net-
work of genes within the HPG axis. The study conducted
by Guizhu (Lue et al. 2023) significantly contributes to the
existing body of toxicological data pertaining to the effects
of nanoparticles on aquatic vertebrates. By shedding light
on the reproductive toxicity caused by CuO NPs in urban
animals, this study offers invaluable insights into the poten-
tial risks associated with exposure to these nanoparticles.
An understanding of these effects is crucial for accurately
assessing the environmental safety of nanoparticles, as it
allows for informed decision-making and the implementa-
tion of appropriate measures to mitigate any potential harm
caused by these emerging contaminants. In conclusion,
the research conducted by Guizhu (Lue et al. 2023) brings
forth a wealth of knowledge on the adverse effects of CuO
NPs on the reproductive system of zebrafish, underscoring
the importance of continued investigation into the potential
hazards posed by nanoparticles in our urban ecosystems
(Sherins and Hodgen 1976; McAuliffe and Perry 2007;
Abou-ElNaga et al. 2017; Lue et al. 2023).

3. Impact on respiratory tissues

Apart from concerns surrounding reproductive toxicity,
there is also a growing apprehension regarding the impact of
Copper Oxide nanoparticles (CuO NPs) on the respiratory
tissues of urban animals. In order to explore this matter fur-
ther, a study conducted by aimed to investigate the effects
of CuO NPs on the respiratory tissues in a specific animal
model (Hou et al. 2017). To accomplish this, the researchers
exposed the animal model to varying concentrations of CuO
NPs and subsequently assessed the changes that occurred
in the structure and function of the lung tissue. It is well-
established that inhalation exposure to copper nanoparticles
can result in severe respiratory and cardiovascular diseases
(Yazdi et al. 2023).

This is primarily due to the toxic nature of the particles,
which can be attributed to their ultrafine size, chemical re-
activity, and extended residence time in the atmosphere. As
the particles decrease in size, their ability to penetrate deep
into the lungs is enhanced. Consequently, owing to their
ultrafine size and prolonged retention time, nanoparticles
have the capacity to diffuse and accumulate in the alveolar
region.(Fahmy and Cormier 2009) Moreover, some of these
nanoparticles are capable of passing through the alveolar ep-
ithelium and capillary endothelial cells, thereby gaining ac-
cess to the cardiovascular system and other internal organs.
The outcomes of the aforementioned study demonstrated
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that exposure to CuO NPs resulted in significant alterations
within the respiratory tissues of the animal model under
investigation. Specifically, the lung tissue exhibited signs of
inflammation and oxidative stress, which were characterized
by heightened levels of pro-inflammatory cytokines and re-
active oxygen species (ROS) (Sims et al. 2017); (Elbakary
et al. 2018). Furthermore, the researchers also observed in-
stances of damage to the alveolar epithelial cells, as well as
fibrosis within the lung tissue. These findings indicate that
CuO NPs possess the potential to induce respiratory toxi-
city within urban animals. Furthermore, the inflammation
and oxidative stress that occur within the respiratory tissues
have the capacity to compromise lung function and overall
respiratory health. Therefore, it is imperative that further
studies be conducted in order to gain a comprehensive un-
derstanding of the mechanisms that underlie the respiratory
effects of CuO NPs (Hou et al. 2017).

4. Effects of NPs on ovarian tissues

Numerous investigations have demonstrated the deleterious
impacts that nanoparticles (NPs) have on the ovarian tissues
of animals (Santacruz-Marquez et al. 2021b). Multiple re-
search studies have underscored the potential toxicity that
NPs possess on the reproductive system, specifically on the
growth and operation of the ovaries. For example, experi-
ments conducted on rodents have proven that exposure to
specific types of NPs, such as silver nanoparticles (Ag-NPs)
and titanium dioxide nanoparticles (TiO,-NPs), can disturb
the normal physiological mechanisms of the ovaries, result-
ing in reproductive abnormalities and diminished fertility
(Rollerova et al. 2015; Steuber et al. 2016). In a study in-
volving mice, it was ascertained that exposure to Ag-NPs
measuring 25, 40, or 80 nm triggered oxidative stress in the
ovaries, which was characterized by the presence of reactive
oxygen species (ROS), DNA damage, and cell apoptosis.
These effects were more pronounced with smaller-sized
NPs, thus indicating that the size of NPs plays a substantive
role in their toxicity. Similarly, TiO,-NPs have been proven
to provoke DNA damage and apoptosis in the ovaries of
mice, consequently impeding their reproductive capacities.
Furthermore, investigations conducted on fish species, such
as zebrafish and trout, have furnished additional evidence
pertaining to the harmful effects of NPs on ovarian tissues.
Experiments carried out on zebrafish embryos that were ex-
posed to Ag-NPs revealed developmental anomalies in the
ovaries, including malformations and impaired functionality.
Similarly, trout that were subjected to TiO,-NPs exhibited
pathologies in the ovaries, such as edema and thickening
of the gill lamellae, as well as alterations in reproductive
gene expression. These findings unequivocally indicate that
NPs have the capability to disrupt the normal functioning
of ovarian tissues, thereby precipitating reproductive dys-
functions and a decline in fertility among urban animals
(Steuber et al. 2016; Santacruz-Marquez et al. 2021b).

5. Impact on embryo and offspring

Exposure to nanoparticles during the gestational period of
pregnancy can have deleterious consequences on the devel-
oping embryo and subsequent offspring. Scientific investi-
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gations have demonstrated that specific types of nanoparti-
cles, such as gold nanoparticles and silica-coated magnetite
nanoparticles, possess the capability to induce skeletal ab-
normalities and phenotypic flaws in the offspring (Ma et
al. 2018; Teng et al. 2021; Geng et al. 2023). Additionally,
other research studies have reported an augmented mor-
tality rate during the lactation phase and reduced growth
of offspring that have been exposed to nanoparticles. Fur-
thermore, it has been observed that nanoparticles have the
capacity to disrupt the expression of genes that are crucial
for embryonic development. This disruption can ultimately
result in abnormal development and potential birth defects
in the offspring. Although the precise mechanisms under-
lying these effects are still undergoing investigation, it is
evident that nanoparticles can have severe implications for
the health and overall well-being of the offspring (Sadrieh
et al. 2010; Shahin and Mohamed 2017; Wu et al. 2022).

6. Environmental safety concerns

The employment of nanoparticles, including CuO NPs, on
a widespread scale raises apprehensions regarding their en-
vironmental safety. The release of nanoparticles into the
environment, whether it be through industrial processes or
through consumer products, has the potential to result in
their accumulation within aquatic ecosystems and urban
areas. It is of utmost importance to meticulously evaluate
the potential toxic effects of these nanoparticles on urban
wildlife and their associated ecosystems in order to ensure
their environmental safety. In order to ascertain the long-
term effects of nanoparticles on different organisms and
ecosystems, it is essential to conduct comprehensive studies,
such as the ones that have been discussed in this particular
article. These studies provide invaluable insights into the
potential risks that are associated with exposure to nanopar-
ticles. Furthermore, these studies contribute to the formula-
tion of guidelines and regulations that serve to mitigate the
environmental impact of nanoparticles (Kim et al. 2006; No-
hynek et al. 2007; Schug et al. 2013; Mohammadi-Aloucheh
et al. 2018; Ighalo et al. 2021).

6.1 Understanding the reproductive toxicity of CuO
NPs

Researchers have undertaken studies to investigate the re-
productive toxicity that is caused by CuO NPs in animals.
Female and male zebrafish were selected as model organ-
isms to assess the effects of CuO NPs on their reproductive
system. These zebrafish were subjected to low concentra-
tions of CuO NPs (10, 50, and 100 ug/L) for a duration
of 20 days. Upon the completion of the exposure period,
it was observed that the structure of the zebrafish ovaries
and testes had been compromised. Furthermore, there was
an increase in the levels of 173-estradiol (E2) in both fe-
male and male zebrafish, while the levels of testosterone (T)
were found to be diminished. These findings suggest that
an imbalance in sex hormones is induced by CuO NPs. In
addition, an analysis of the expression of genes along the
hypothalamic pituitary-gonad (HPG) axis, which plays a
pivotal role in reproductive function, was conducted. The
study revealed that several genes involved in the HPG axis
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Figure 1. CuO NPs have the potential to induce respiratory toxicity in animals. Inflammation and oxidative stress may

compromise lung function and overall respiratory health.

were up-regulated in both female and male zebrafish, while
others were down-regulated. These results provide evidence
that prolonged exposure to low doses of CuO NPs can lead
to endocrine disorders, hindered development of gonads,
and alterations in the expression of genes within the HPG
axis(Mavon et al. 2006; McAuliffe and Perry 2007; Gallo
et al. 2018)Mohammadi-Aloucheh et al,. 2021) .

6.2 Implications for environmental safety

The results obtained from this scientific investigation yield
significant and valuable perspectives into the toxicological
ramifications of nanoparticles on aquatic vertebrates, thus
making a substantial contribution towards the evaluation and
determination of environmental safety (Kumah et al. 2023).
It is worth noting that copper oxide nanoparticles are exten-
sively employed across a diverse range of industries, thus
warranting careful scrutiny and deliberation with regards to
their potential impact on the reproductive system of animals,
thereby arousing concerns and raising questions pertaining
to their broader environmental implications. Therefore, it
is of utmost importance to comprehend and grasp the un-
derlying mechanisms by which CuO NPs may influence
reproductive function, as this knowledge is indispensable
for the formulation and development of effective strategies
aimed at mitigating any potential negative effects that may
arise as a result of their usage and presence in the envi-
ronment (Kiss 2009; Suarasan et al. 2018; Yusefi-Tanha
et al. 2020; Martin et al. 2023)Mohammadi-Aloucheh et al,.
2021).

7. The role of nanotechnology in agriculture

The continuously increasing global human population
presents a significant challenge in terms of ensuring food se-
curity for this expanding population. It is imperative to find
innovative approaches to address this challenge and reduce
food wastage, which amounts to approximately 1.3 billion
tons of edible food materials wasted on an annual basis. In
this regard, nanotechnology has emerged as a promising

solution that offers various strategies to overcome the ob-
stacles associated with food and agricultural loss (Singh et
al. 2023; Philbrook et al. 2011; Neme et al. 2021) Rashidian
et al., 2021).

One of the key applications of nanotechnology in agriculture
is the development of novel nanoantimicrobials, which have
the potential to revolutionize the field. Metal nanoparticles,
such as copper nanoparticles (CuNPs), have demonstrated
remarkable antimicrobial properties that can be effectively
utilized for managing plant diseases. The utilization of
CuNPs as a tool for combating plant pathogens, including
bacteria, fungi, and viruses, has proven to be highly effec-
tive (Rajeshkumar et al. 2019; Phan et al. 2020; Rojas et
al. 2021) .

The use of nanotechnology in agriculture holds great
promise in addressing the challenges faced by the global
food industry. By harnessing the potential of nanomateri-
als, it is possible to enhance food production and reduce
wastage significantly. Nanotechnology offers a wide range
of innovative approaches, including the development of
nanoantimicrobials, to combat plant diseases and ensure the
health and productivity of crops (Hotessa Halake, Muda
Haro, et al. 2022).

Nanoantimicrobials, such as CuNPs, have been extensively
studied and have shown great potential in managing plant
diseases. The unique properties of CuNPs, such as their
small size and high surface area-to-volume ratio, enable
them to interact with pathogens at a molecular level and
inhibit their growth. This antimicrobial activity of CuNPs
has been observed against a wide range of plant pathogens,
making them a versatile and effective tool in the field of
agriculture (El-Saadony et al. 2022).

In addition to their antimicrobial properties, nanomaterials
have the potential to revolutionize other aspects of agri-
culture as well. For example, the use of nanosensors can
enable real-time monitoring of plant health and environmen-
tal conditions, allowing for precise and targeted application
of resources such as water and fertilizers. Nanocarriers can
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also be utilized to deliver nutrients and pesticides directly
to plants, minimizing wastage and enhancing their efficacy
(Hotessa Halake, Muda Haro, et al. 2022).

Furthermore, nanotechnology can also play a crucial role
in improving the nutritional quality of crops. Nanoparti-
cles can be used to fortify crops with essential nutrients,
such as iron and zinc, to address micronutrient deficiencies
in certain regions. This approach holds great potential in
tackling malnutrition and improving the overall health and
well-being of populations (Neme et al. 2021; Hotessa Ha-
lake, Muda Haro, et al. 2022).

In conclusion, the growing global human population
presents a significant challenge in terms of ensuring food
security. However, nanotechnology offers innovative solu-
tions to overcome these challenges and reduce food wastage.
The development of nanoantimicrobials, such as CuNPs,
holds great promise in managing plant diseases and enhanc-
ing crop productivity. Furthermore, the use of nanosensors,
nanocarriers, and nanoparticle fortification can revolution-
ize various aspects of agriculture, including resource man-
agement and crop nutrition. By harnessing the potential
of nanotechnology, it is possible to address the challenges
of food security and pave the way for a sustainable and
prosperous future (Singh et al. 2023).

7.1 Utilizing CuNPs for food preservation

Food preservation is an extremely crucial component in
the realm of ensuring the safety of consumable goods and
minimizing the detrimental effects of food spoilage. A
notable area that has been explored in the quest for achiev-
ing this objective is the utilization of CuNPs, or copper
nanoparticles, which possess promising potential in inhibit-
ing the proliferation of microorganisms responsible for food
spoilage. In order to harness the inhibitory effects of CuNPs
against various food spoilage bacteria, researchers have ded-
icated their efforts towards the development of agar-based
nanocomposite films that incorporate these nanoparticles.
These innovative films have exhibited remarkable efficacy
in preventing the growth of food spoilage microorganisms,
thereby proving their value as packaging materials that can
tangibly extend the shelf life of diverse food products (Arfat
et al. 2017; Mohammadi-Aloucheh et al. 2018).

Moreover, the antimicrobial activity of CuNPs has been
found to be particularly noteworthy in the context of com-
bating the prevalence of common food-borne pathogens,
such as Salmonella enterica and Campylobacter jejuni. The
application of CuNPs in the realm of food preservation not
only contributes towards diminishing the risk of foodborne
illnesses, but also serves as a formidable instrument in bol-
stering the overall safety of food products. By incorporating
CuNPs into food preservation practices, it becomes possi-
ble to enhance the protection against the aforementioned
pathogens, which can inflict severe harm upon human health.
This pioneering approach, therefore, deserves significant
recognition due to its ability to revolutionize the realm of
food safety and safeguard the well-being of consumers. Con-
sequently, it is imperative to further explore and exploit the
immense potential that CuNPs possess in order to optimize
their effectiveness and foster the continued advancement of
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food preservation practices (Sportelli et al. 2019; Mamman
et al. 2023).

In conclusion, the integration of CuNPs into the domain of
food preservation presents a compelling avenue towards en-
suring the safety of food products and mitigating the adverse
effects of food spoilage. The development of agar-based
nanocomposite films containing CuNPs has showcased their
inhibitory effects against a wide range of food spoilage bac-
teria, thereby making them invaluable as packaging materi-
als that can effectively hinder microbial growth and extend
the shelf life of consumable goods. Additionally, the re-
markable antimicrobial activity of CulNPs against common
food-borne pathogens further emphasizes their potential in
reducing the risk of foodborne illnesses and elevating the
overall safety of food products. The utilization of CuNPs in
food preservation practices, therefore, warrants comprehen-
sive exploration and exploitation to maximize their efficacy
and propel the continuous progress in the field of food safety
(Arfat et al. 2017).

7.2 CuNPs as plant nutrients

Plants necessitate a variety of nutrients to facilitate their
growth and development. Among these nutrients, copper
holds a paramount importance as an indispensable micronu-
trient for plants. Its role in fundamental processes such as
chlorophyll synthesis, protein and carbohydrate metabolism,
and overall plant growth cannot be undermined (Rai et
al. 2018; Bahrulolum et al. 2021). In light of this, re-
searchers have delved into exploring the potential of CuNPs
as plant nutrients. These nanoparticles possess the unique
ability to offer plants with a form of copper that is read-
ily available and easily absorbed. Research has demon-
strated that CuNPs can exert a positive influence on seed
germination as well as root growth in various crops, includ-
ing soybean and chickpea. Furthermore, the application
of CuNPs has been found to contribute to enhanced plant
growth and increased crop yield in wheat. Nonetheless, it is
imperative to acknowledge that the concentration of CuNPs
must be carefully regulated, as excessive amounts can have
detrimental effects on plant growth. This underscores the
significance of establishing appropriate dosage and applica-
tion methods to ensure optimal outcomes (Song et al. 2016;
Saran et al. 2018; Bakshi and Kumar 2021).

7.3 CuNP:s for insect pest and disease management

In addition to their crucial role as vital nutrients for plants,
copper nanoparticles (CulNPs) have exhibited tremendous
potential in the management of pests and diseases in the
field of agriculture. For many years, copper has been
employed as a potent fungicidal agent to safeguard crops
against devastating fungal diseases. However, the unique
properties of CuNPs have further augmented their antimi-
crobial efficacy, enabling them to effectively combat an
extensive array of plant pathogens, including both fungi and
bacteria (Dassanayake et al. 2021).

Numerous researchers have conducted studies to showcase
the remarkable effectiveness of CuNPs in controlling a wide
range of diseases such as downy mildew, blight, and rust
in diverse crops such as tea, banana, cocoa, citrus, and cof-
fee. Furthermore, the utilization of CuNPs in the realm
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Figure 2. Nanotechnology provides solutions for food security challenges through the development of nanoantimicrobials
and innovative applications, implying that nanotechnology can revolutionize agriculture, offering sustainable solutions for

the future.

of organic farming as a plant protectant has also been ex-
plored, thereby offering a sustainable approach to disease
management. Nevertheless, it is crucial to note that there
is still a requirement for additional research endeavors in
order to optimize the application methods of CuNPs and
simultaneously minimize their potential environmental im-
pact, ensuring a balance between effective pest and disease
management and ecological sustainability (Headrick 2021).

8. Mechanisms of action of CulNPs against
microbes

The antimicrobial action of CuNPs is ascribed to several
mechanisms that have been extensively studied and doc-
umented in scientific literature. When CuNPs come into
contact with microbial cells, they exhibit a remarkable abil-
ity to release copper ions, which subsequently interact with
the cell wall, thereby initiating a cascade of events that
ultimately culminate in the generation of reactive oxygen
species (ROS) and membrane damage. This intricate pro-
cess has been found to disrupt various cellular metabolic
pathways, leading to oxidative stress and interfering with
protein synthesis and DNA structure. Consequently, the
cumulative effect of these multifaceted actions results in the
inevitable demise of the microbial cell (Rong-Mullins et
al. 2017; Phan et al. 2020; Salah et al. 2021; Ma et al. 2022).
It is worth noting that the size of CuNPs, along with their
electrostatic properties, collectively contribute to the over-
all susceptibility of microbes to the antimicrobial activity
of CuNPs. Moreover, the specific composition of micro-
bial cell walls and membranes also plays a pivotal role in
determining the extent to which these organisms are af-
fected by the presence of CuNPs. For instance, certain
microbes possess cell walls and membranes that possess
intrinsic characteristics rendering them more resistant to
the antimicrobial action of CuNPs, thereby necessitating a

comprehensive understanding of these intricate mechanisms
in order to devise effective and targeted nano-based antimi-
crobial strategies (Essa and Khallaf 2016; Rong-Mullins
et al. 2017; Mohammadi-Aloucheh et al. 2018; Ermini and
Voliani 2021; Rojas et al. 2021)

9. Concerns and future perspectives

However, despite the numerous benefits associated with
the use of CuNPs in agriculture and food sectors, it is im-
perative to consider the potential risks and environmental
implications that may arise from their application. It is in-
cumbent upon researchers and scientists to delve deeper into
the accumulation, biomagnification, and biotransformation
of nanoparticles in food crops, as further investigation is
necessary to ensure the safe and sustainable implementation
of these nanoparticles in these crucial sectors. By conduct-
ing rigorous studies and assessing the potential long-term
effects of CuNPs on the environment and living organisms,
we can gain valuable insights into the optimal dosage and
application methods of CuNPs, with the ultimate goal of
minimizing any negative repercussions that may arise (Pan-
dit et al. 2017).

Moreover, it is imperative to explore alternative materials
and approaches that can be employed in order to reduce
the over-reliance on CuNPs, thereby mitigating any poten-
tial harm to the environment. By diversifying our range of
antimicrobial agents and developing more environmentally
friendly solutions for agriculture and food production, we
can contribute to a more sustainable and resilient future.
Therefore, it is imperative that future research endeavors
focus on expanding our knowledge base in this field, as
this will undoubtedly pave the way for the development of
safer and more effective strategies that can be employed in
various sectors. In conclusion, the antimicrobial action of
CuNPs is indeed a fascinating field that holds immense po-
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tential for the betterment of society, and it is our responsibil-
ity to ensure that this potential is harnessed in the most pru-
dent and sustainable manner possible (Longmire et al. 2008;
Pandit et al. 2017).

10. Conclusion

The effects of nanoparticles, specifically copper oxide
nanoparticles, on the reproductive system and respiratory
tissues of urban animals are of great concern. Studies have
shown that exposure to CuO NPs can lead to reproductive
toxicity, disrupting the endocrine system and impairing
gonad development. Furthermore, CuO NPs can induce
respiratory toxicity, causing inflammation, oxidative
stress, and tissue damage in the lungs. Understanding the
mechanisms underlying nanoparticle toxicity is essential
for evaluating the environmental safety of nanoparticles.
The generation of reactive oxygen species, genotoxicity,
and membrane interactions are among the key mechanisms
by which nanoparticles exert their toxic effects. To ensure
environmental safety, further research is needed to assess
the long-term effects of nanoparticles on urban animals
and their ecosystems. This research will contribute to the
development of strategies and regulations to minimize the
potential risks associated with nanoparticle exposure. In
conclusion, the study of the effects of nanoparticles on
urban animals provides valuable insights into the potential
risks and environmental safety concerns. Continued
research in this area is crucial for sustainable development
and the protection of both human and animal health.
The use of nanoparticles, particularly copper oxide
nanoparticles, in agriculture and food sectors has the
potential to revolutionize these industries. CuNPs offer
unique properties that can be harnessed for plant protection,
food preservation, and improved crop yield. However, it is
essential to consider the potential environmental and health
impacts of CuNPs and develop sustainable and responsible
approaches for their use. Further research is needed to
fully understand the mechanisms of action of CuNPs and
optimize their application in agriculture and food systems.
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