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Abstract: Nanotechnology, nanomedicine and nanotoxicology are complementary disciplines whose
primary objective is to refine human life. Just nanomedicine offers probably the greatest potential for
improving the human condition and quality of life as it plays an important role in the diagnosis and
treatment of various diseases. Nanomaterials (NMs) have unique properties (size < 100 nm, a large
surface area to mass ratio, an ability to bind and carry other ingredients) allowing their use in the
drug delivery, imaging diagnostics and therapy. Nanoparticles (NPs) can easily pass-through
biological barriers and thus can achieve a specific target, Toxicology of nanoparticles is poorly
understood as there are no sufficient methods to test nanoparticles for health, safety and
environmental impacts, especially in the size range lower than 50nm. Therefore, it is important to
obtain information about the potential toxicity of NPs in order to avoid such a serious unwilling
effect. One of the key issues of using NMs in nanomedicine is demonstration of balance between
therapeutic efficacy and safety.
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Introduction

Nanoparticles have risen rapidly during the last few years to be one of the most superior
research scopes, and has captured the interest of researchers from several fields. A nanomaterial /
nanoparticle is defined as a material / particle having a physico-chemical structure greater than
typical molecular / atomic dimensions with at least one dimension less than 100 nm. Nanomaterials
are regarded as the core elements of nanotechnology for creating materials with intriguing features,
and their higher surface area-to-volume ratio gives them specialized and enhanced qualities. [1].

In the last decade, and due to their novel characteristics such as electrical conductivity, physico-
chemical, thermal and mechanical proper, nanoparticles and nanotechnology have attracted much
attention from scientific researchers and are being incorporated into all spheres of our life from health
care to consumer products and crop protection through their applications in medicine, biology,
optoelectronics, material science and pharmaceutical industries and their global market is expected
to exceed several billion euros annually [2,3]. Enormous nanoparticles/nanomaterials have already
been produced commercially including fullerene derivatives, nanowires, and nanotubes [4].

Silver, gold, platinum, and other noble metal nanoparticles have been commonly employed as
novel anti-inflammatory and anti-microbial and antiviral treatments for cholera, cancer, and various
other diseases. [5]. The rapid evolving and expanding of NPs have been leading to more anxiety and
questions raised about the risk associated with the use and application of NPs on human health and
the environment. A wide range of physical, chemical, and hybrid procedures are employed in the
creation of nanoparticles [6-8], including reduction methods [9], sonochemical [10], microemulsion
[11], and microwave techniques [12]. Unfortunately, even though many of these techniques are quick
to create, they include potentially harmful substances, are labor-intensive, result in unwanted
byproducts, and have expensive and complicated purifying procedures [13]. Furthermore, these
techniques cause harmful substances to adhere to the nanoparticles, or nanosized materials, which
could negatively impact their use in medicine. [14].
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Consequently, it is necessary to identify safe, efficient, and innocuous ways to produce
nanoparticles. Many scientists have attempted in recent years to develop secure, economical, and
environmentally friendly nanoparticles from various biological, chemical, and physical sources. [15].

An emerging field in nano-toxicology is the evaluation of prospective hazards connected with
nanotechnology. The intrinsic toxicity of nanoparticles rises as their size decreases within the
nanoscale range. While metals like copper, silver, gold, and aluminum are harmful in bulk, their
toxicity may increase as particle size decreases. Extended exposure to nanoparticles could lead to
health and environmental risks. [4].

Through the skin, bloodstream injection, or inhalation, nanoparticles can enter the body. With
regard to their small size, they could additionally be able to cross the blood-brain barrier [4]. At
tissues, inner cell, cellular, organ, and protein levels, nanoparticles can influence biological behavior
by interacting with enzymes and proteins and changing gene expression [1]. Numerous in vitro, in
vivo, genomic, and bio-distribution studies can fully understand the toxicity of nanoparticles.
Nanoparticles” size, chemical makeup, surface characteristics, the ability to dissolve, aggregation
behavior, bio-kinetics, and biopersistence all affect how they interact with their surroundings [16].
Lastly, a number of safety precautions should be implemented to lessen the hazards that using
nanoparticles offers to human health and the environment.

The numerous functions of different organic and inorganic nanoparticles will be briefly
investigated in this review, in addition to the biological characteristics of nanoparticles employed in
biomedical applications such bio-imaging, antimicrobials, and therapies. Additionally, the effects of
nanoparticles on human health will be discussed, with an emphasis on the risks and hazards to
human health that are connected to nanoparticles.

Types of Nanoparticles

As mentioned before there is a wide variety of synthetic nanomaterials.

Fullerenes

Fullerene’s nanoparticle composed entirely of 60 or more carbon atoms linked together in stable
structure. The fullerenes have been used for drug delivery and cosmetic products [17,18]. Many
researchers suggested that Ceo derivatives contain antioxidant activities greater than or equal to the
natural antioxidants, vitamins C and E [18]. The eco-toxicological testing of Ceo is difficult due to the
low water solubility of the compound. Therefore, organic solvents have been used instead of water,
which has been shown to interact with eco-toxic response. Therefore, research has shown that the
toxicity seen may really be due to the breakdown of tetrahydrofuran (THF), which was utilized as a
solvent for several of the early eco-toxicity studies on C60. [19]. Toxicity mainly depends on the dose;
As a result, it is not unexpected that other researchers have presented data suggesting that fullerenes
have toxic and pro-oxidant properties. Malik et al., [20] found that fullerenes were toxic on three cell
lines at doses above 50 ppb. Moreover, fullerenes induced membrane damage, confirming a role for
Reactive Oxygen Species (ROS). The ability of Ce to generate ROS causes necrotic cell death and
mitochondrial depolarization in a variety of cell lines [21].

Nanotubes

Carbon nanotubes (CNT) are 1-2 nm in diameter and have the same formulation of fullerene,
however, they are elongated to form tubular structures [22]. The single-wall carbon nanotubes
represent the simplest formula of nanotubes and known as (SWCNTs). Additionally, they can be
created as multi-wall carbon nanotubes (MWCNTs), which have lengths greater than 1 mm and
diameters up to 20 nm. [22]. CNTs are potentially the strongest, smallest fiber known. CNTs have
great tensile strength and considered to be 100 times stronger than steel, whilst being only one sixth
of its weight. They also have a large specific surface area and exhibit high conductivity, high
molecular adsorption and unique electronic properties capacity [23]. CNTs are currently being
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applied as, structural composites, hydrogen storage, batteries and super capacitors. The phagocytic
activity of macrophages may be impacted by carbon nanotubes (CNTs), which could limit their
capacity to eradicate an invasive infection. Dendritic cells, which are essential for triggering T and B
cell responses and tying both natural and adaptive responses together, may similarly be hampered
by CNTs. The body’s defense against infection is immunosuppressed as a result of this deficiency.
[23].

Nanowires

Nanowires are composed of ultrafine conducting metals such as iron or silver or semi-
conducting wire such as zinc oxide or silicon with a single crystal structure and a large aspect ratio
[22]. They have excellent magnetic and electronic optical properties [25]. Nanowires have promising
applications in electronic/ optoelectronic devices as well as in high-density data storage media [26-
28].

Quantum Dots

Quantum Dots (qdots) or the tiny nanocrystals, are the special class of semi- conductor crystal
that contain 1000 to 100000 atoms and exhibit an unusual alternative for commercial applications
such as display technology [29]. The electronic characteristics of quantum dots are determined by
their size and shape. Therefore, the color of light given off by a quantum dot is controlled just by
changing its volume. Smaller dots emit shorter wavelengths like green, while bigger dots emit longer
wavelengths like red [30]. Therefore, Fluorescent qdots are used as markers in biological imaging.
Quantum dots exhibit distinct ‘quantum size effects’. The light spectra emitted from a qdot vary
according to particle size which can be changed through careful control of the production stages. The
unique properties of using qdots as diagnostic tools have been illustrated in many studies [31,32].
Through the control of particle size and shape alteration, it is possible to target specific site inside the
patient body; such as a tumor, therefore allowing diagnosis of cancer without surgical needs [31,34].
Several quantum dots are prepared from hazardous elements, such as selenium, lead or cadmium,
which makes them potentially hazardous as well. Therefore, quantum dots are often coated with a
shell, to reduce leaching of this toxic component, and improve their stability and residence time in
blood [34].

In a breast cancer cell line, smaller quantum dots were found to be more toxic and causing
damage to the nucleus, plasma membrane and mitochondria [34-36].

Other Nanoparticles

This group of interested nanoparticles may be likely to be produced in larger quantities than
other forms of particles. It has a big variety in shape, size, and health perspectives.

Nano Silver

Scientists from a variety of fields have taken notice of it because it serves as one of the most
significant molecules in modern science (37). Nanoparticles of several noble metals, including silver,
gold, and platinum, have been used extensively as a novel anti-inflammatory and therapeutic agent
against microbial, viral, and cancerous disorders (12). AgNPs’ antibacterial properties encourage
their usage in numerous ecological and medicinal applications as well as in a range of consumer
goods. (13). These antimicrobial characteristic of AgNPs have provided an additional tool to fight
multi-drug resistant bacteria (15). Considering the increasing application of silver nanoparticles in
the biomedical field, studying their cytotoxic effects can be of great importance for the detection of
negative impact on human health (14). Toxicity of Silver has been around for a long time.
Inflammation and skin pigmentation are outcomes of consuming silver (38). However, Urbanska et
al.,, (39) reported that AgNPs have an inhibitory effect on the proliferation of cancer cells by the
suppression of chromosome segregation, which will result in improving the quality of life, increasing
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productivity, and reducing economic loss associated with the infectious disease in humans and
animals. Small number of studies have investigated nanosilver cytotoxicity and ecotoxicology.
Hussain et al. [40], suggested that the silver nanoparticle have strong oxidative stress since
glutathione was depleted, after they compared the effects of different nano- (silver, aluminium, iron
oxide, molybdenum and titanium dioxide) on the cell line of the rats’ liver (BRL3A). They found that
the mitochondrial function decreased and cytotoxicity increased by (5 to 50 pg/ml) of (15 nm
diameter) silver nanoparticles while it had no significant effect at iron oxide (30 nm), TiO2 (40 nm),
molybdenum (30 nm) and aluminium (30 nm).

Gold Nanoparticles

Gold nanoparticles have unique optical properties; therefore, it has been used extensively in
technology (e.g., photonics) and biology (e.g., bio-imaging), also they are used as safe carriers for
gene delivery and drug applications [41]. Gold nanoparticles contain nanorods and covered by gold
nano-shells have the ability to exert heat when excited by light at wavelengths from 700 to 800 nm.
This makes them to uproot the attacked tumors. The heat released from gold nanoparticles inside the
tumor increased rapidly when light is applied to the target tumor. Killing tumor cells in a treatment
also known as hyperthermia therapy. However, Semmler-Behnke et al. [42] demonstrated that gold
nanoparticles have the ability to penetrate the brain, kidney, spleen and liver tissues. Moreover, gold
nanoparticles were found to be accumulated in the fetus of the pregnant female rats.

Metal Oxides

A wide diversity of metal oxides nanoparticle have been developed. TiO: is one of the most
widely distributed metal oxide nanoparticles, which are being used in cosmetics and in sunscreens,
because their ability to reflect UV light. Regarding the application of TiO: as a sunscreen and in
cosmetics, many investigators studied the toxicity and ability of TiO: in dermal penetration [20].
Additionally, titanium dioxide (TiO2) is used in consumer items, increasing the risk of public
exposure. Researchers concluded that there is no significant dermal penetration, however, it is
interesting noting that when TiO2 compared to other nanomaterials, such as carbon black, cobalt or
nickel the TiO2 doesn’t induce lung inflammation [43,44].

Cerium dioxide (CeOz2) is used as a fuel additive to decrease exhaust emissions and fuel
consumption. A few studies have looked into CeO2 nanoparticles’ possible toxicity. Park et al. [45],
Lin et al. [46], and Fall et al. [47] observed that the time and dose induce the lipid peroxidation,
cytotoxicity and oxidative stress (glutathione and a-tocopherol depletion).

Silica dioxide nanoparticle (SiOz2): As it comes to silica’s toxicity, its crystallinity is essential.
Recently, Wolfram et al. [48] and Turci et al. [49] suggested that the silica nanoparticles have the
ability to generate free radicals, subsequently induce oxidative stress, and cause acute effects both in
vitro and in vivo.

Iron dioxide nanoparticles have been created for a variety of medical uses such as magnetic
resonance contrast agents for MRI. Unfortunately, less investigations have been made to study the
cytotoxicity of iron oxide nanoparticles [50]. However, using the neuronal cell line PC12, Pisanic et
al. [51] found the ability of iron oxide (Fex0s) nanoparticles to decrease neurite generation and to
induce a dose dependent cytotoxicity.

Nanoparticle Production Processes

Several methods are used for production of nanoparticles such as physical, chemical and hybrid
methods (52). These methods are used to improve the specific characters of nanoparticles including
surface properties, symmetry, yield, size (volume, diameter, length,), purity, ease of manipulation,
surface coating, and distribution. Unfortunately, in spite of being rapidly production methods, many
of them possess Utilization of hazardous chemicals, high power consumption, unwanted byproducts,
and wasteful and challenging purifying processes [8]. Additionally, these techniques cause harmful
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substances to adhere to the nanoparticles that may have a bad effect on the medical implementation
[8]. Methods used for the production of nanoparticles are divided into four categories:

1-  Gas phase processes; (high temperature evaporation, plasma synthesis and flame pyrolysis).

2-  Vapor synthesis and attrition methods including milling, alloying and grinding

3- Liquid or colloidal phase methods.

4-  Green methods: The development of safe, efficient, and innocuous processes for producing
nanoparticles is urgently needed. Many scientists have attempted in recent years to create safe,
affordable, and environmentally friendly nanoparticles from various biological sources. Several
authors have reported the extracellular synthesis of silver nano particles (AgNPs) using large
number of bacteria (gram-positive and gram-negative), and several eukaryotes (yeasts, fungi
and plant) [9,11].

Commercial Products using Nanotechnology

Personal Care

Irons and hair dryers used the nanoparticles to enhance the heat resilience and ion conductivity.
Soap, toothpaste and toothbrushes, Hair-care products (conditioner and shampoo) are made with
nano-silver and nano-gold for their ability to enhance the cleansing and antimicrobial efficiency [25].

Sunscreens and Cosmetics

Cosmetics and Sunscreens are considered the widest nanomaterial-containing products in the
market. Zinc oxide or titanium dioxide nanoparticles are potent component for the cosmetics and
sunscreens. Iron oxide nanoparticles are used in some lipsticks as a coloring agent, as well as, chitosan
nanoparticles is added to skin creams and hair conditioners to improve absorption (53).

Textiles

A big variety of textile products have been produced possessing interesting characters, such as
shrink-, wind-proof and hydrophilic fabrics as well as wrinkle-, and stain-resistant clothing, jackets,
socks, wear pants, neckties, sleepers, coats, gloves and shirts. Moreover silver nanoparticles have
been added into account of the antifungal and antibacterial characters of silver [25].

Food and Beverages

There is a great potential of nanotechnology in food products and beverage industry, which
could be used to provide antimicrobial coating for food contacting surface and packing. TiO: is used
as an improving substance in some meals and as a preventative in powdered foods like powdered
milk. [54].

Health

Silver with Nano-crystalline technology were added to the wound dressings that yield and
maintain antimicrobial barrier protection. Microcapsulated fragrance were added to mosquito
repellent sprays to increase the time and effect of the repellent [25].
Glasses

Glasses windows coated with TiO2 are highly antibacterial resistant and water-repellent, as well
as, nano-scale coat on windows surfaces are scratch- and wear-resistant [25].
Electronics and Computers

Hard disk drive, flash memories, and other hardware drives are built using nano-sized copper
and silicon wiring technology. Mobile phones contained Nano-silver, to remain free of odor and
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bacteria. Most of electronics in the market possess one or more nanomaterials (air conditioners, care
products, purifiers...) to improve their characters (increase shelf life, antibacterial...) [25].

Health Risk Assessments

There is no risk without exposure. Exposure evaluation is the process of qualitatively and/or
quantitatively assessment to estimate the uptake and/or intake of potential toxics nanoparticles in
soil, air, water, food and other nanoparticles sources [25].

Risk assessment of nanoparticles are essential to researchers and workers whose handling
nanomaterials and manufacturers, and all people exposed to the unfavorable effects of
nanomaterials.

However, the risk of exposure to the general public increases as the applications of
nanomaterials grow [55].

Risk that is associated when taking any particular substances can assessed as follow: Risk =
Hazard (toxicity) x Exposure (dose)

The nanoparticles producers should prove the safety of their products before being released to
the market, otherwise, their products could be hazardous, so the proper testing to health risk
assessment should be done.

The evaluation of nanoparticles” health risks may not be enough to evaluate nanomaterials
because of their unique physical or chemical properties; consequently, additional approaches or
tactics are required. Because changes in the precise attributes (size, surface area, etc.) of nanomaterials
can result in completely different dangers, Kobe [55] advised doing risk assessments of nanomaterials
individual circumstances in order to take advantage of the special properties of nanoparticles.

Accordingly, for nanomaterials more characteristics may be considered for human health risk
assessment, and it is known that a large number of nanoparticle characteristics may influence the
overall hazard [57].

The Scientific Committee on Emerging and Newly Identified Health Risks (2007), demonstrated
the following variables should be taken into account while developing techniques for nanomaterials:
Particles (size, number, charge and surface area)

Physio-chemical parameters

exposure dose metrics

Aggregation, agglomeration and dis-agglomeration states

Cover- shell coating, core and residue cover or inside the nanoparticles

o Ul L

Biological or cell behavior, such as, toxicological mechanisms, cellular uptake and
translocation.
7. Standard methods and recommended materials for nanoparticles evaluation.

Identifying the exposure routes, and assessing the duration, size, and timing or the doses of
exposure.

In order to build an exposure assessment to risk control, it is necessary to have sufficient
knowledge on the routes, sources and amounts of exposure. Prospective exposure pathways include
oral, dermal and inhalation, as well intravenous, intradermal and intraperitoneal injections in case of
medical administrations [55].

Exposure Routes

The exposure routes to the body are one of the crucial factors to be recognized when evaluating
the dangers connected to interaction with nanoparticles and nanomaterials. Three primary entry
points need to be taken into account:

1. Skin

2. Inhalation

3. Oral Exposure
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1. Dermal exposure

Skin is the direct and largest exposure route for NP, It is growing more widespread, especially
in the field of medicine delivery, where dermal creams and lotions have been made with nanoparticle
formulations. The body’s primary barrier of defense, the skin is the body’s initial line of defense
against environmental dangers and infections. The outermost layer of the skin, which is made up of
highly developed keratinocytes, provides the skin’s barrier function. These keratinocytes are kept
together by a layer of lipid lamellae that prevents water loss and provides barrier permeability. They
also have a natural moisturizing component that keeps the skin wet [58]. Therefore, skin is exposed
to potentially and distinct harmful substances within sprays, clothing or creams. However,
nanoparticles that are applied topically can penetrate the skin and be translocated to the circulation
cycle.

Nano-sized titanium dioxide (TiO2) (5-20 nm) has been shown to penetrate the hair follicles, as
well as the stratum corneum, and interact with the immune system [58]. Although zinc oxide (ZnO)
and titanium dioxide (TiO2) nanoparticles have been shown to be ineffective at penetrating the skin,
metallic nanoparticles smaller than 10 nm have been shown to be able to do so and deposit in the
stratum corneum’s deepest layers [59,60]. Regarding AgNP’s ability to permeate the skin, it has been
shown that particles smaller than 30 nm can do so, finally reaching the stratum corneum’s deepest
layers. In injured skin, this penetration is accelerated. Moreover, both in vivo (tissue biopsies and
tape stripping in weanling pigs) and in vitro (diffusion cell experiment) deep penetration of nano Ceo
into the stratum corneum has been demonstrated [61].

2. Inhalation

Since inhalation is likely the most frequent way for nanoparticles to enter the body, targeted and
regulated medication delivery through the lungs has gained popularity as a development field. For
designed nanoparticles in nano-carrier systems for drug delivery, inhalation offers a simple entry
point, enabling targeted, regulated, and non-invasive distribution.

A collection of NPs is suspended in a gaseous phase called Nano aerosol, leading to deposition
of nanoparticles in the lung. In a study by Baker et al.[62], fullerenes nanoparticles were not shown
to induce inflammation and not detected in the blood following nasal inhalation by rats for 3 hours
of exposure, therefore they suggested that fullerenes do not translocate to other organs from their
exposure site. In contrast, in another investigation by Naota et al. [63], higher concentrations (200
pg/mouse) were found to exhibit a pro- inflammatory response and could be absorbed after 24h of
exposure.

3. Oral exposure:

Food, water, medications, cosmetics, drug delivery devices, swallowing nano-aerosols, or hand-
to-mouth particle transmission are all ways that nanomaterials might enter the gastrointestinal tract.
The oral route is the simplest and most patient-acceptable way to deliver drugs; however, because of
the numerous challenges involved, including the degradation caused by stomach acid and the
elimination caused by the effects of the first pass, the stability and ultimate levels of the drug that
enters the systemic circulation are called into question. Systems of nanoparticles provide an answer
to the issues related to drug ingestion. Chitosan nanoparticles are one type of nanoparticle used in
oral medication administration. These nanoparticles may remove tight junctions in the intestinal
tract, extending the amount of time in the gastrointestinal (GI) tract and allowing them to pass
through the stomach epithelium. They are also biocompatible, non-toxic, and mucoadhesive. In in
vivo diabetic rat models, chitosan nanoparticles coated with insulin have been demonstrated to
improve insulin’s bioavailability and absorption, lowering blood glucose levels [64].

Cross-exposure between the lung and GIT is common because inhalation is the most common
way for nanoparticles to enter the body and because it is so close to the GI tract. Jani et al. [65] has
found the translocation of nanoparticles and potential intestinal absorption. Larsen et al. [44] showed

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1362.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2025 d0i:10.20944/preprints202506.1362.v1

potential translocation of titanium oxide nanoparticles 150-500 nm used in sunscreen into the spleen
and liver throughout gut. Nanoparticles can pass through the gastrointestinal mucosa in four
primary ways: enterocyte-mediated transcellular uptake, M-cell uptake, persorption, and
paracellular uptake. Although data indicates that enterocytes are capable of picking up particulates,
their major job is to absorb and transport nutrients systemically [65].

Fullerenes nanoparticles show a very low toxicity, no lethality and was not absorbed by body
organs, but instead the majority was excreted in the faeces within 48 hours subsequent oral
administration to rats and mice [66]. However, in a study by Folkmann et al. [67], they observed that
fullerenes nanoparticles exhibited oxidative DNA damage in lung and liver subsequent oral exposure
via corn oil or saline. It has been observed that AgNP accumulation and pathogenic reactions are
most prevalent in the Gl tract. In rats given AgNP orally, several investigations have shown damaged
intestinal glands and microvilli, aberrant pigmentation, and rise in intestinal goblet cells [68,69].

Injection

In health risk assessment, Injection of nanoparticles via intravenous in experimental animals is
a very important fate used in determining risk assessment. De Jong et al. [70] injected gold NPs
intravenously with diameters of 10, 50, 100 and 250 nm to rats to determine particle size-dependent
organ distribution, and observed oxidative stress in the rat liver cells, also they found widespread
presence in various organ systems including, heart, lungs, kidneys, testis, thymus and brain of 10 nm
gold NPs. In addition, Flesken et al. [71] injected the NPs subcutaneously, intraperitoneally and
intravenously to mice to assess the risk and biomedical imaging of magnesium/ aluminium
nanoparticles.

Dose Metrics

For health risk assessment; three dose metrics are employed: surface area, particle mass and
particle number as adviced by Environmental Protection Agency [73]. There are a great verity and
complexity in the other characters of nanoparticles that make generalization of the dosimetry to all
nanoparticles difficult. Although, Particle surface area has been shown to be a better risk dosimetry
than particle mass or number for assessing dose-response relationships [25].

Strategy for Health Effects of Nanomaterials Assessment

A multi-tiered strategy is suggested to evaluate the adverse effects of nanoparticles on health.,
and is controlled by many factors: availability and cost of nanoparticles; diversity; and needs to
develop alternative methods for risk assessment [73] Figure 1.
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FIGURE 1: The health risk assessment paradigm.

Tier 1: In vitro assays: are the vital study or the essential part of all tiered approaches for
assessing the risk of nanomaterials. In vitro tests can evaluate excretion, metabolism, distribution and
absorption experiments at the intracellular and cellular levels, pulmonary, cardiovascular,
reproductive, neurological, immunological and the carcinogenic effects of nanoparticles in vitro [72].
In vitro studies conduct screening, comparative and rapid toxicity assay of a wide varieties of
nanomaterials. These studies are useful to understand mechanisms and modes of action of toxicity at
the molecular level, using the cells/tissues of potential target organs (skin, Lung, intestine,
gastrointestinal tract, respiratory tract).

Tier 2: In vivo assays. They evaluate the bio-kinetics and animal/in vivo toxicity of
nanomaterials, and provide information on the gastrointestinal, pulmonary, and dermal cancer
toxicities associated to translocation of nanoparticles by different exposure pathways. In addition,
this tier can perform the cardiovascular, reproductive, neurological and immunological toxicity to
evaluate the systemic toxicity of nanoparticles [72].

Tier 3: Studies of Physio-chemical properties.

This tier studies the physio-chemical characters of nanoparticles that are related to their in vivo
and in vitro toxicity to evaluate their surface properties and interactions with biological molecules
[72]. The surface properties of nanomaterial can be assayed using different techniques: atomic force
microscopy, zeta potentials, X-ray photoelectron spectroscopy and secondary ion mass spectroscopy
[55].

Physio-chemical Characters
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The physio-chemical characters of nanoparticles are different from micrometer-sized particles
with same chemical structure. Evaluation of the physio-chemical characters is a necessary step in the
nanoparticles risk assessment. Different properties should be examined when evaluating the
nanoparticles risks, including nanoparticles structure, size, surface reactivity, surface area, surface
morphology, shape, size distribution, coating, crystallinity, amorphocity, solubility aggregates and
impurities [74,75].

Based on the literature, there are many factors affecting the toxicity of nanomaterials: size, shape,
dose and number of particles to the target tissue, agglomerate / aggregate state, surface properties
and method of particle synthesis [55].

There is a critical need to understand which physico-chemical properties of nanomaterials are
important for determining their toxicity or impact on human health.

Translocation

Since there is evidence of nanoparticle translocation and systemic distribution, it is necessary to
evaluate the impact of exposure on the circulatory system and the risk that goes along with it [76].
The heart, kidney, bone marrow, bladder, brain, and spleen are the secondary organ sites of
translocation, with the liver perhaps serving as the primary site, in the case of systemically absorbed
nanoparticles. Various physico-chemical charecters, including, shape size and surface charge are
affected the Translocation potential of nanomaterials [77].

Nanotoxicity

The amount of how a material can cause harm to living things is known as its toxicity. Toxicology
is the study of how these compounds interact and affect living things. It is therefore crucial to
consider both the advantages that these nanoparticles offer and any potential risks of exposure, as
interactions between living things, the environment, and different nanoparticles become increasingly
frequent. The study of the negative impacts of nanoparticles on living things and the environment is
known as nanotoxicology, according to the fundamental definitions of toxicity [78]. The field of
nanotoxicology seeks to address some of the questions concerning the safety of exposure to
nanoparticles and to present unambiguous, definitive information about the interaction between
biological systems and nanoparticles, including their physicochemical properties and concentration
metrics.

Another crucial element to take into account is the process by which nanoparticles transmit their
toxicity [79]. Toxicological research does face certain difficulties, though, like extrapolating from one
species to another, particularly from animals to people, predicting in vivo toxicity using in vitro
experiments, and evaluating inter-individual variability. There should be standardization in a
number of toxicity study-related domains, such as reference materials, toxicity test procedures, and
dose metrics [73].

Nanoparticle Toxicity in the GI Tract

One of the major surfaces in the body that every internalized nanoparticle would encounter is
the GI tract [80]. Ingestion of nanoparticles is likely one of the most frequent exposure pathways,
second only to inhalation. Although the toxicity of AgNP in the lungs after inhalation has been
extensively studied, the toxicity caused by ingesting and the ensuing consequences are still unclear
[81]. Long-term exposure to silver through ingestion has been shown to cause systemic argyria;
however, a complete cytotoxic profile of AgNP effects on the GI tract is still necessary. Through a
variety of absorption mechanisms, the GI tract can absorb and internalize things at the nanoscale.
AgNP may eventually enter the bloodstream after being absorbed and delivered to the liver and other
organs in the body [69]. The range of chemicals that nanoparticles will come into touch with must be
explored while assessing their toxicity to the GI system. The physicochemical profile of the particles
and the ensuing biological response may be influenced by a variety of substances, including partially
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digested food, the commensal gut microflora that live in the intestine, and various biological fluids
that occur during the digestive process, such as stomach acid and bile [82].

Nanoparticle Toxicity and the Immune System

The body’s protection against external substances like viruses and particles depends heavily on
the immune system. To create a comprehensive picture of how nanoparticles interact with immune
cells and the reaction they elicit, it is crucial to comprehend this intricate and sophisticated system
while researching nanoparticle toxicity [83]. The immune-modulatory effects of nanoparticles, both
in their pure form and after they interact with biological proteins to change the reactions they elicit,
have been the subject of several research. Both the positive and negative effects of nanoparticles on
the immune system have been examined in these investigations (84-86).

It has been demonstrated that nanoparticles can cause inflammation and an immunological
reaction. For example, carbon nanotubes (CNTs) can interfere with macrophages’ phagocytic activity,
making it more difficult for them to eradicate an invasive disease. Dendritic cells, which are essential
for triggering T and B cell responses and tying the innate and adaptive responses together, may
similarly be hampered by CNTs. Immunosuppression brought on by this deficiency lowers the
body’s resistance to infection [87]. Because of their interactions with immune cells, such as
macrophages, which release cytokines and recruit immune cells, AgNP have been identified as
powerful inducers of an inflammatory response, with ROS generation frequently playing a role [88].
IL-1p production, a strong cytokine engaged in innate immunity that has extensive systemic effects
via activating inflammation, is one of these AgNP-mediated reactions [89]. AgNP’s role in its release
emphasizes the immunological importance of these nanoparticles, which may have pathological
repercussions or exacerbate pre-existing conditions.

The immune system interactions of nanoparticles can be dictated to provide desired immuno-
modulatory effects, as was previously described. The potential of modified nanoparticles as antigen-
presenting cells and carriers of immune stimulatory chemicals for vaccination has been brought to
light by an examination into these particles [83]. Additionally, nanomaterials are being researched as
possible adjuvants. Adjuvants are crucial vaccine ingredients that increase an antigen’s
immunogenicity and bolster a protective immune response. AgNP has been considered as a possible
adjuvant, and a study using mice’s ovalbumin (OVA) and bovine serum albumin (BSA) showed
notable adjuvant effects. Leukocyte recruitment and elevated levels of certain antibodies
demonstrated AgNP’s potential use as an adjuvant in biomedicine [86]. Although these preliminary
results are encouraging, given their toxicity, AgNP application as an adjuvant is still a way off. Many
questions remain unanswered by the two-sided argument for nanoparticle interaction with the
immune system, including the range of responses induced by exposure, the impact of
physicochemical transformation upon entry on responses induced, and where to strike a balance
between the beneficial and detrimental effects of both naturally occurring and engineered
nanoparticles on the immune system.

Liver Toxicity

High amounts of AgNP have been observed in mice 24 hours after exposure, indicating that the
liver in particular is a crucial location for nanoparticle deposition after ingestion, metabolism, and
final excretion. Additionally, inhalation offers a pathway to the liver. Nanoparticles may enter the GI
system and settle in the liver as a result of mucocilliary clearance. Liver damage, including
inflammation and bile duct hyperplasia, can result from nanoparticle accumulation [90]. One of the
primary routes for the excretion of nanoparticles has also been found to be the liver. There is evidence
that gold and polystyrene nanoparticles are excreted through the hepato-biliary secretion, which is
thought to be the primary route of intestinal nanoparticle secretion. The accumulation of
nanoparticles in bile canaliculi indicates that bile plays a significant role in intestinal secretion and
fecal nanoparticle removal [90]. During digestion, the liver, in particular, works closely with the GI
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tract and plays a significant role in the detoxification of numerous toxic chemicals. In addition to
highlighting the liver as a primary location of particle accumulation, other investigations have
documented harm in response to exposure to nanomaterials [68].

Lung Toxicity

Many particles induced oxidative stress and inflammation in the lung without translocate
through the portal entry to the blood [91,92]. The techniques needed to formulate possible carriers to
induce uptake and the different access points have been revealed by a variety of studies into the
processes of nanoparticle absorption in the lung. The properties of the nanoparticle frequently
determine the pathway of entry as well as the biological reaction caused. Entry might happen by a
transcellular process mediated by certain receptors, paracellular uptake, or mucus penetration
[93,94].

Kidney Toxicity

Kidney plays the main role in blood filtration and the metabolic wastes excretion and regulate
the acid-base balance, electrolyte composition and extracellular fluid volume, subsequently the total
body homeostasis. Kidney may be a main target organ of exposure to nano-TiO2 through different
routes into the body. It has been found that there is an association between kidney toxicity and nano-
TiO2. By leading to oxidative nitrative-stress sensitive cell signaling, the copper nanoparticles caused
kidney injury and cell destruction. Additionally, research has demonstrated that gold nanoparticles
are extensively absorbed by the kidneys, leading to nephrotoxicity and the onset of eryptosis
(erythrocyte death). Xiao et al. [95] suggested that kidney toxicity can be induced by ZnO:
nanoparticles in related with oxidative stress through reactive oxygen species.

Future Challenger for Risks- Assessment of New Nanomaterials

Nanotechnology is the promising and innovative technology; novel nanomaterials has become
one of the most promising areas of science. Nanoparticles are frequently used in electronics,
photovoltaics, catalytic processes, environmental and the space engineering, the cosmetics sector, and
medicine and pharmacy due to their inherent qualities. With regard to their toxicological evaluation,
all of these novel products presented toxicologists with new difficulties. It is important that all
nanoparticles are considered for cytotoxic profile investigation. TiO2 is an exceptional instance of a
metallic nanoparticle that warrants further research because it is frequently found in consumer
goods, particularly food items, which increases the danger of exposure. To ascertain the possible
dangers posed after exposure, a thorough cytotoxic profile of these nanoparticles must be carried out.

When creating a toxicity study for nanoparticles, there are numerous factors to take into account,
including:

It is necessary to think about research into the potential interactions with different biological
beings and their capacity to elicit a biological response.

Many scientists have acknowledged that the traditional risk evaluation of chemicals is not
possible to apply to manufactured nanomaterials due to significant limits and uncertainties. This fact
presents new scientific and toxicological obstacles, which means that environmental legislators and
health and safety authorities will not have much help in the years to come in to control the
manufacturing of nanoparticles. [96,97]. The future challenge facing scientists for engineered
nanomaterials are toxicity database, testing nanomaterials for the assessment of their health and
safety, the promotion of alternative nanotoxicity test methods, the facilitation of international
cooperation, the creation of guidelines for exposure assessments, and the encouragement of
environmentally sustainable nanotechnology wuse. Therefore, monitoring and intervention
procedures must be put in place as soon as possible to keep this technology more helpful than
destructive.
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Advanced designed approach: Despite the rapid advancements in nanotechnology, there is now
a knowledge gap in the construction of suitable measurement equipment for risk assessment. To
assess nanoparticles in environmental systems, there are currently few, costly, time-consuming, and
ineffective quantitative analytical methods available [98]. Until enough baseline data on
nanoparticles has been collected, extrapolating their toxicity and pathology at the ecosystem level is
challenging, if not impossible [99].

The development of efficient analytical tools that can clarify the mechanisms influencing the fate
and movement of delivered nanoparticles in water, soil, and sediments, as well as how these
interactions are influenced by various environmental variables, is urgently needed because the
current standard methods for easily detecting and monitoring nanoparticles in the environment are
inefficient and inaccurate [100].

As part of a biological monitoring tool, biomarkers can also be employed to detect nanoparticles
in environmental systems. For nanotechnology to be a reliable method of cleaning up a variety of
contaminants without endangering the environment, engineering advancements must be
successfully applied.

To closely monitor and restrict the usage and distribution of nanoparticles in the ecosystem,
legislative or regulatory procedures as well as municipal legal or regulatory measures must be
devised [101]. Controlling the advancement and application of nano-remediation technologies is a
major problem brought on by the widespread use of nanotechnology. Developing countries,
meanwhile, must work more to closely enforce laws pertaining to nanotechnology. For example,
India lacks the resources, knowledge, and political will to effectively manage the risks associated
with nanotechnology that could impact its vast population [102]. In the middle of India and the
United Kingdom are the United States, Japan, and Australia. The production, distribution, use, and
disposal of raw materials may all be seriously jeopardized by the limitations of current laws on NMs.
To proactively control the complexity of nanotechnology and avoid any unintended effects from
exposure to nanoparticles, a multifaceted strategy that includes advanced research, public education,
media coverage, and integrated legislation will be crucial [101].

As nanotechnology advances, the nano-toxicity evaluations must be updated promptly and
adhered to rigorously in order to provide reliable, reproducible, and significant toxicological data
that will help prevent the cell harm linked to NMs. Furthermore, all novel nanomaterial or
application of nanotechnology must be evaluated separately, on a case-by-case basis, and all material
properties must be taken into consideration because the physical and chemical characteristics of
nanoparticles can differ significantly from those of larger particles of the same substance [25].

The green methods of nanoparticles synthesis, bio-nanoparticles, in addition to legislative
actions, are necessary to address current environmental and social issues. The number of real-world
uses for tailored nanotechnology is growing quickly. Utilizing nanoscale technology for
environmental applications is made possible by this inventive and promising technology as well as
the suggested enhanced comprehension of nanoparticles in both fundamental and field
demonstrations in well-characterized surroundings.

Conclusion

This review established clear that when pondering adding nanoparticles to consumer goods,
some caution should be exercised. Given the evidence of the harm that nanomaterials can cause at
low doses, it is imperative that a certain amount of caution be exercised when considering them for
consumer usage. Realistic factors like concentration metrics and the way that nanomaterials interact
with the various parts of living systems should be considered when developing tests to determine
the risk associated with those materials. This will give precise information on the possible risks that
nanomaterials pose to both people and the environment. The produced toxicity of nanomaterials
following various exposure routes and the critical function of specific bodily fluids in regulating
inflammation and toxicity have also been highlighted in this survey. Additionally, it draws attention
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to the immunological importance of nanomaterials when they enter the bloodstream and trigger the
immune system to respond. These results show that much more research is needed to completely
understand the toxic potential of nanomaterials after exposure, and that these responses vary based
on physio-chemical factors and may worsen pre-existing conditions or cause new diseases. This
review emphasized the existing knowledge about the possible risks of nanoparticles, not as a
hindrance to industry innovation and expansion, but rather as a reason to exercise caution when
choosing to employ metallic nanoparticles.
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