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ABSTRACT

This review was designed to shed light on the application of nanoparticles (NPs) and their toxic effects of on the reproductive health
of males and females. The use of nanoparticles (NPs) has increased in recent years in various industries due to its small size and
physical and chemical properties. This article reviews the effect of different types of metal-based (e.g., silver, gold, zinc oxide) and
carbon-based (e.g., graphene oxide) affect reproductive systems in animal models. In males Scientific studies indicate that
exposure to various types of nanoparticles (NPs) leads to decreased sperm quality, testicular damage, oxidative stress, hormonal
imbalance, programmed cell death in reproductive tissues, weak sperm formation, reduced sperm count and motility, In females,
research has indicated that exposure to nanoparticles (NPs) causes hormonal disturbance and decreased fertility due to the
formation of reactive oxygen species (ROS) and impact on the functions of the endocrine glands also exposure to nanoparticles
(NPs) leads to oxidative stress and cellular damage in ovarian tissue, which disrupts follicle formation and hormone regulation, as

well as causing morphological changes in the reproductive organs and preventing uterine implantation.
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One of the key biological processes is reproduction, which
functions to create a new organism (ALkhashab et al., 2021;
Agwaan, 2023; Tirpak et al., 2021), reproductive efficiency
plays an important role in livestock breeding systems and
affects farm production and profitability (ALkhashab et al.,
2021). The rate of animal reproduction determines the
effectiveness of milk and meat production (Smith et al.,
2018). Nanoparticles (NPs) have been used in recent years,
as research has indicated their toxicity to female
reproductive organs (Blum et al., 2012), the use of
nanoparticles (NPs), as their small size gives them unique
characteristics that enhance medical procedures and
technological processes (Massanyi et al., 2020; Rasool
et al., 2025). Despite the many benefits of nanoparticles
NPs, information about their impact on health and the
environment is limited (Masséanyi et al., 2020). Numerous
studies have shown that nanoparticles have negative
effects on gametes of male and female reproductive organs,
as nanoparticles are toxic to testicular tissue, reduce
sperm quality and their ability to fertilize, disrupt the
endocrine function of males and females, alter the level of
sex hormones, increase programmed cell death and
damage the ovaries in females (Brohi et al., 2017).
Nanopatrticles (NPs) are made with very small sizes on the
nanometer scale and have a high surface area (Taha and
Ismail, 2023), they are made from minerals, polysaccharides
and proteins (Falchi). The size of nanoparticles ranges
between 1-100 nanometers and they exist in the natural
environment due to physical, chemical and biological
processes (Khan et al., 2019). Nanoparticles enter cells
and cause functional disorders such as increased oxidative
stress inside cells or the production of a type of reactive
oxygen species (ROS) (Xuan et al., 2023). Nanoparticles
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accumulate in a variety of cell types and are distinguished
by their capacity to cross the blood-brain barrier and the
placenta. Over time, the toxicity of nanoparticles increases
upon reproduction (Karthik et al., 2024). Nanoparticles are
characterized as relatively complex molecules with three
layers and their properties are determined by their central
components (Khan et al., 2019). Numerous chemical and
physical characteristics of nanoparticles include their large
surface area, sensitivity and magnetic, optical and thermal
properties (Gupta et al., 2022). Through the circulatory and
lymphatic systems, nanoparticles are absorbed and
transported to numerous organs, including the reproductive
system (Ober). In the laboratory, nanoparticles generate
reactive oxygen species (ROS), which are harmful
(Mahmoudi et al., 2010). The large surface areas and small
size of nanoparticles help them pass easily through the
cell membrane (Gopinath et al., 2008). Research has found
that the toxicity of iron oxide nanoparticles causes changes
in the acidity and concentration of serum (Nel et al., 2006).
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The chemical nature, shape and size of nanoparticles are
responsible for the toxicity of nanoparticles, the large
surface areas and ability to penetrate cells are the cause
of the toxic effects of nanoparticles (Santacruz-Marquez
et al., 2021).

Nanoparticle mechanism

Different nanoparticles have different physical and
chemical properties, as well as differ in their size, shape
and surface properties (Taha and Ismail, 2023), they travel
through the blood stream to vital organs like the liver and
spleen, where the cells of the spleen’s reticuloendothelial
system (RES) capture them (Liu et al., 2008). They produce
reactive oxygen species (ROS) that contribute to the toxicity
of the spleen and their accumulation leads to inflammation,
cellular stress, DNA damage and programmed cell death
(Oberdorster et al., 2005; Capasso et al., 2014). Cu NPs
characterized by its small size, large surface areas and
ability to penetrate cells, causing severe toxic effects
(Santacruz-Marquez et al., 2021), According to some studies
(Santacruz et al., 2021; Sengul and Asmatulu, 2020),
Nanoparticles possess the capability to traverse the blood-
brain barrier as well as the placental barriers, enabling
them to infiltrate the brain, reproductive systems and
possibly the fetus. This can result in mitochondrial damage,
alterations to DNA and cell death. Furthermore, they are
also able to reach vital organs such as the liver, kidneys
and lungs.

The general mechanism by which nanoparticles
cause toxicity

Internalization of nanoparticles

Nanoparticles can trigger a significant inflammatory
response, which may impact the biological testis barrier
(BTB) and they are capable of breaching various biological
barriers that influence the reproductive system.
Furthermore, the genes that are crucial for the development
of the BTB (tight junction genes found in Sertoli cells) are
also components of the BTB and the accumulation of

nanoparticles leads to their crossing the BTB barrier and
infiltrating spermatogenic cells. in some studies, it was
found that nanoparticles accumulate in ovarian cells and
works to damage the local cellular environment of the
developing follicles and prevent egg formation (Gao
et al., 2012; Sun et al., 2013) nanoparticles interfere with
the development of oocytes (oogenesis) and negatively
affect the surrounding cellular environment of developing
follicles (Fig 1).

Oxidative stress

An imbalance between the body’'s defense mechanisms’
production of antioxidants and metabolism’s production of
reactive oxygen species (ROS) causes oxidative stress.
(Bhardwaj, 2020) decreased levels of CAT (catalase), GPx
(glutathione peroxidase), SOD (superoxide dismutase) and
glutathione reductase (GR), as well as diminished
intracellular concentrations of antioxidants such as GSH
(reduced glutathione) and ascorbic acid, were attributed to
TiO, NPs, which led to heightened ROS production and
increased malondialdehyde (MDA) levels, while also
diminishing the activity of antioxidant enzymes (Gurr et al.,
2005; Ramkumar et al., 2012). Research has indicated
that nano-TiO, can harm the DNA of sperm, resulting from
the direct impact of reactive oxygen species (ROS) on
genetic material through oxidative stress reactions
mediated by cells (Gao et al., 2012; Hong et al., 2015).
In sperm cells, the discharge of electrons via the electron
transport chain. The combination of the one-electron
reduction of molecular oxygen results in the generation of
reactive oxygen species (ROS) (An et al., 2021).

DNA damage

As nanoparticles in the nucleus cause DNA damage by
interacting with it or with proteins associated with it,
increased exposure to nanoparticles results in the
generation of ROS, DNA damage, oxidative stress and
subsequent genetic and reproductive toxicity, It has the
ability to enter the nucleus and inhibit the process of
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Fig 1: Nanoparticles induced female reproductive toxicity (Bhardwaj and Rathee, 2023).
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replication, transcription and cell proliferation, thus damaging
DNA (Geiser et al., 2005). Exposure to nanoparticles
causes DNA damage to sperm and male infertility (Meena
et al., 2015). It was found that some species produce
oxidizing substances to DNA, which causes instability in
the DNA structure and single-strand breaks. The pressure
resulting from oxidative stress caused by nanoparticles
leads to loss of fertility, In the laboratory, nanoparticles also
damage DNA and oxidative stress in follicular cells and
eggs, an increase in DNA damage was found (Courbiere
et al., 2013) and colleagues found that exposure to CeO,
nanoparticles causes DNA damage in granulosa cells.
When zebrafish (Danio rerio) larvae and adults were
exposed to plasmonic nanoparticles, particularly gold and
silver, DNA damage and ROS production were reported
(d’Amora et al., 2021).

Cell apoptosis

Some ressearch (Wang et al., 2018; Li et al., 2009; Afifi et al.,
2016) has indicated that nanoparticles weaken the function
of mitochondria, causing the rupture of mitochondria
and an increase in ROS levels, which in turn leads to
programmed cell death.

Rout of entry of nanoparticles in animals
Ingestion

Nanoparticles pass through the air way with the help of
ciliated mucous cells and reach the stomach and spread
through the bloodstream to all organs of the body and affect
the movement of the digestive system and the mucous
layer lining the intestines (Geiser et al., 2005).

Inhalation/atilano breath

Nanopatrticles may gain entry into the body via inhalation of
aerosols, powder, or artificial, nanoparticles move to
different lung sites depending on their size, when they reach
the respiratory system, they cause toxic effects due to the
lack of rapid mechanisms for eliminating them (Wickett
and Visscher, 2006).

Skin penetration

The skin plays a major role in protecting against external
chemicals and ultraviolet rays, modifying the immune
response and controlling temperature (Kumar et al., 2023;
Rajamani et al., 2025).

Nanoparticle induced reproductive toxicity

Nanoparticles can enter blood, placenta and epithelial
obstructions to ensure regenerative tissues, but they can
moreover gather within the regenerative region, causing
damage to reproductive organs just like the ovaries, uterus
and gonads, nanoparticles too cause harm to germinal
stem cells, Sertoli cells and Leydig cells and adversely
influence semen and the number, shape and development
of sperm, in expansion to decreasing the number of develop
eggs and influencing the method of arrangement of
essential and auxiliary follicles (Brohi et al., 2017).
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Female reproductive toxicity

The function of the female reproductive system is to
maintain the growth of the fetus, the system is considered
fragile compared to other systems due to the limited
number of female gametes compared to male gametes,
the sensitivity of this system to foreign bodies, the effect of
stress on female hormones and the occurrence of
abnormal growth of the fetus when a female reproductive
disorder occurs (Sun et al., 2013). The underlying
mechanisms of nanoparticle toxicity in biological systems
are unclear, the production of reactive oxygen species is
the cause of nanoparticle toxicity and the accumulation of
reactive oxygen species causes inflammation, cellular
stress, DNA damage and apoptosis (Oberdorster et al.,
2005; Capasso et al., 2014). Nanoparticles also have a
toxic effect on ovarian cells, causing damage to oocyte
formation, follicle maturation and altered sex hormone
levels (lavicoli et al., 2013). Some studies (Zhou et al.,
2019) have indicated that exposure to nano-TiO, causes a
decrease in the number of ovarian follicles and hinders
their development due to the destruction of the ovary, there
is also a significant decrease in the number of eggs,
fertilization rate, pregnancy rates and the number of births.
Recent studies have shown that prolonged exposure to
nano-TiO, has a negative impact on fertility and follicle
development due to its effect on the level of sex hormones
(Gao et al., 2012), (Zhao et al., 2013). It has been confirmed
that exposure of mice to nanoparticles reduces the level of
the hormone FSH, LH, Uterine tissues become fibrotic as
a result of exposure to MNPs. Which causes an increase
in the level of reactive oxygen species, thus causing
oxidative stress, which raises collagen and fibronectin
levels in the uterus, the ovaries and uterus also become
fibrotic as a result of the accumulation of reactive oxygen
species and thus an increase in the expression of proteins
associated with fibrosis and tissue damage (Wu et al.,
2022). Zhou et al. (2019) gave female mice a dose of TiO,
(2.5, 5, 10 mg/kg) for 90 days and observed a decrease in
body weight and the relative weight of the ovary and a
decrease in fertility, also deposition in the ovary caused an
increase in the number of follicles and an increase in the
level of sex hormones (Zhao et al., 2013). It was noted that
giving a dose of TiO, (10 mg/kg) for 90 days inside the
stomach caused ovarian damage, a change in functional
gene expression, an imbalance in mineral distribution, a
decrease in the progesterone hormone, an increase in
gene expression of the gene associated with estradiol
synthesis, a decrease in the fertility and pregnancy rate
and an increase in oxidative stress (Gao et al., 2012). It is
imperative to note that TiO, was infused into pregnant mice
through intravenous infusion at a dosage of 0.8 mg/mouse
which led to a decrease in uterine weight and an increase
in the rate of fetal absorption and that smaller nanoparticles
accumulate more than larger particles in the uterus
(Yamashita et al., 2011). According to one study nanometer
gold nanoparticles, specifically 1.4 nm gold NPs (AuNPs),
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accumulated on the uterine divider at concentrations two
orders of magnitude greater than those of 18 nm
nanoparticles (3 g/rat) or 80 nm nanoparticles (27 g/rat)
when managed intravenously at a dosage of 5 g per
microgram (Semmler-Behnke et al., 2014) . Concurring to
Yang et al. (2017), oxide attractive NPs (IOMNs) with a
estimate of 10 nm are more likely to enter the uterus of a
mouse than nanoparticles with sizes of 20, 30 and 40 nm.
Ovarian dysfunction, changes in gene expression patterns
and changes in the expression of genes involved in
inflammatory and immune reactions, oxidative stress, ion
transport and cell diffusion and the transcription and activity
of ovary oxidoreductase are all induced when animals are
subjected to TiO, nanoparticles (5-6 nm) at a dosage of 10
mg/kg body weight. The researcher Wei et al. (2021)
indicated that when silver nanoparticles are injected into
the stomachs of pregnant mice using an intravenous
feeding needle, they are transferred from the mother to the
fetus and through breastfeeding. Pregnant mice uncovered
to cadmium oxide (CdO) nanoparticles at a day-by-day
measurement of 230 g/m? by inward breath encounter
changes within the weights of the placenta and uterus,
changes within the expression levels of uterine estrogen
receptors (ER) and ER and a diminish within the sum of
17-estradiol, according to the research. By altering the
hormonal environment of the uterus, the cadmium ions
that are produced by CdO nanoparticles hinder the process
of blastocyst implantation (Blum et al., 2012).

Exposure to MNPs through the digestive system
causes a decrease in estradiol and progesterone level
and an increase in the level of FSH, LH hormones in the
serum and female endocrine disorders (Wei et al., 2022),
it causes oxidative stress by raising hydrogen peroxide
levels and lowering antioxidant enzyme levels; the effect is
dose-dependent (Haddadi et al., 2022; Wei et al., 2022;
An et al., 2021). Through an increase in inflammatory
cytokines and reduce in anti-inflammatory cytokines, MNPs
also impair the structure of the ovaries, uterus and
endocrine glands (Hou et al., 2021; Afonina et al., 2017).
By decreasing such as the thickness of uterus and number
and diameter of uterine arteries, MNPs prevent embryos
from implanting. These nanoparticles can also move from
mother’s body to fetus and reach different fetal tissues,
brain, liver, kidneys, lungs and heart, disrupting immunological
and metabolic processes (Jeong et al., 2022). Agreeing to
investigate, fetuses amass Cuco NPs after brief introduction,
this phenomenon also occurs during oxidative stress, along
with the production of reactive oxygen species (ROS) (He
et al., 2020).

Effect of nano on the male reproductive system

Nanopatrticles affect reproductive health and reduce fertility
(Pinho et al., 2020), due to its tiny stature, it can accumulate
in the testicles, prostate and epididymis through blood or
be administered directly to these organs, resulting in organ
poisoning (Wang et al., 2018). Studies have shown the
negative effects of TiO, on the male reproductive system
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(Morgan et al., 2017) and its ability to generate reactive
oxygen species (ROS) and damage DNA and programmed
cell death (Iftikhar et al., 2021). When administered by
injection at a dose of 40 mg/kg/B.W. for 35 days, silver
nanoparticles (Ag-NPs) modify the structural composition,
functionality and sexual behavior of testicular tissue, as
well as affect testicular function when infused at a dosage
of 40 mg/kg of body weight over a period of 35 days.
Silver nanoparticles when administered intravenously to
male rats the concentration of luteinizing hormone in
plasma and sex hormone in the testes are changed
(Dziendzikowska et al., 2016). Male mice given water
soluble carbon nanotubes (MWCNTS) intravenously
experienced increased oxidative stress, decreased
seminiferous tubule thickness and accumulation in the
testis (Knez, 2013). Male mice were given intravenous gold
nanoparticles (Au NPs) Testicular aggregation in BALB/c
mice has been connected to negative impacts on the male
regenerative system, including alterations in testicular
histology, 0.5 ml of 20 and 40 mg/kg/B.W. of copper
nanoparticles (Cu NPs) administered intraperitoneally for
3, 6 and 9 days caused a decrease in body weight and an
increase in the weight of the reproductive organs (prostate
gland, seminal vesicle, testes and epididymis). Additionally,
it was discovered that the weight of tunica albuginea had
significantly increased (Al-Bairuty et al., 2016). Nanoparticles
have harmful impacts on Leydig cells (Fig 2) causing a
disruption in the production of testosterone produced by
Leydig cells, excessive or insufficient production of this
hormone is considered harmful (Zirkin and Papadopoulos,
2018). The production of testosterone is influenced by tit
zinc oxide nanoparticles (70 nm at concentrations of 5-
20 pg/ml for durations of 3-24 hours), which build up in the
cytoplasm and nucleus of Leydig cells. According to
research done by (Takeda et al., 2009). When titanium
dioxide nanoparticles (TiO,-400 mg dose) with a diameter
of less than 300 nm were infused, which comes about
appeared a critical diminish in sperm generation, a
mutilated testicular morphology, extended seminiferous
tubules and a lower sertoli cell number.

Exposure to unique dosages of silver nanoparticles
(3000 mg/kg/B.W., 4000 mg/kg/B.W., 5000 mg/kg/B.W. and
6000 mg/kg/B.W.) administered consecutively for five days,
followed by observation for thirty days reduced Sertoli cells,
abnormalities in testicular shape, Expanded seminiferous
tubules and diminished sperm generation were observed
following a period of 90 days during which subjects
received 85 and 20 A ug/kg/B.W./day, fresh semen was
subjected to exposure of 44 mg/ml of Au NPs (9 nm) in a
recent experiment; about 25% of the spermatozoa lost their
ability to move. A treatment involving 20 nm Mn304
nanoparticles over the course of a year results in a decline
in fertility among mice due to poor sperm quality, as
supported by subsequent research (Zhang et al., 2020;
Hashemi et al., 2016). The ability of SSCs to regenerate
their stem cell population and produce self-progenitor cells
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that undergo spermatogenesis to generate sperm is limited
by silver nanoparticles (Griswold, 2016). According to one
study, nano-TiO, can penetrate the blood-testis barrier and
build up in the testicles, which reduce sperm motility and
quantity while increasing the proportion of sperm exhibiting
abnormalities, resulting in a lower fertility rate of offspring
(Komatsu et al., 2008; Gao et al., 2013). The number of
spermatocytes and spermatid cells dramatically dropped
after five days of intraperitoneal injection of TiO,
nanoparticles at doses of 50, 100 and 150 mg/kg
(Dehghani and Noori, 2014). Gao et al. (2013) gave mice
2.5, 5 and 10 mg/kg of TiO, nanoparticles intragastrical for
90 days. This caused the nanoparticles to accumulate in
the testicles, resulting in abnormalities in the sperm,
testicular lesions, changes in the serum level of sex
hormones and changes in the expression of genes linked
to sperm formation. Hong et al. (2015) illustrated that male
mice were subjected to intragastric administration of TiO,

nanoparticles at doses of 2.5, 5, 10 and 30 mg/kg over
duration of 60 consecutive days.

Overall summary

The growing use of nanoparticles (NPs) in several
industries and their possible harmful effects on both male
and female reproductive health are highlighted in this
review. It looks at the effects of several kinds of metal-
based NPs (such silver, gold and zinc oxide) and carbon-
based NPs (like graphene oxide) on the reproductive
systems of animals. Male NP exposure has been
associated with reduced sperm quality, testicular injury,
oxidative stress, hormonal imbalances and reproductive
tissue cell death, which results in decreased motility, sperm
count and sperm production (Fig 3). Exposure to NPs in
female’s results in oxidative stress, which damages
ovarian tissue, interferes with follicle growth and impacts
endocrine functioning, as well as hormonal imbalances
and lower fertility. Safety considerations in general.
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RECOMMENDATIONS

Implementing thorough safety precautions is crucial due
to the increasing use of nanoparticles (NPs) in a variety of
industries and their possible negative effects on reproductive
health. To reduce occupational and environmental
exposure, regulatory bodies should set stringent rules for
the manufacture, processing and disposal of NPs.
To determine acceptable exposure thresholds and clarify
the mechanisms underlying NP-induced reproductive
harm, more investigation is required. To maximize the safe
use of nanoparticles while preserving reproductive health,
a multidisciplinary strategy combining toxicology,
reproductive biology and nanotechnology is necessary.
By putting these suggestions into practice, we can better
strike a balance between health protection and technology
development.

While the primary focus of this review is on the toxic
effects of nanoparticles on the reproductive systems of
animals, it is highly encouraged to incorporate discussions
on physiology, health and nutrition to provide a
comprehensive understanding of the biological impacts.
Including online supplementary materials such as datasets,
videos, or interactive modules related to these topics could
greatly enhance the educational value and engagement for
readers. In addition, the inclusion of fundamental elements
of culture, biodiversity and ecological management may give
a larger perspective to the environmental effects of exposure
to nanoparticles. This interrelationship of these factors, can
lead to a more comprehensive understanding of
nanotoxicology, thereby raising awareness for sustainable
practices and ecological preservation.

CONCLUSION

Due to their potential health risks, the toxic effects of
nanoparticles on male and female reproductive systems have
received increasing scientific attention, because of their
diminutive size and elevated reactivity, nanoparticles are able
to easily break through biological barriers and alter cellular
and molecular structures in reproductive tissues. Exposure
to nanoparticles has been linked to decreased male sperm
motility, DNA damage and sperm quality, ultimately affecting
fertility. Testicular tissue may experience oxidative stress,
inflammation and apoptosis as a result of these particles,
causing testosterone synthesis and spermatogenesis to be
disrupt Similarly, in females, nanoparticles may interfere with
ovarian function by inducing oxidative stress, follicular atresia
and hormonal imbalances, which can compromise ovulation
and overall reproductive health. Furthermore, nanoparticles
have the potential to cross placental barriers, posing risks to
fetal development, including teratogenic effects and growth
retardation. The mechanisms underlying these detrimental
effects include inflammation, reactive oxygen species
production and disruption of cellular signaling pathways that
are critical for reproductive processes. A number of variables,
including particle size, dosage, exposure time and
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nanoparticle makeup, affect how toxic a substance is.
The potential reproductive risks necessitate cautious
evaluation and regulation of nanoparticle exposure, despite
promising applications in industry and medicine. In conclusion,
while nanoparticles hold significant technological promise,
their adverse impacts on reproductive health warrant
comprehensive research to establish safe exposure limits
and protective strategies, ensuring both male and female
reproductive integrity are preserved.
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