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ABSTRACT:

A number of thousands of distinct nanoparticles are known to exist today, but there are currently no clear guidelines for assessing their
possible toxicity and managing their exposure. These guidelines cover the introduction of nanoparticles as well as their characteristics,
including chemistry, chemical composition, size, shape or morphology, surface charge, and location can affect their biological impacts
and activities. Either a safe particle or a harmful one can arise from a particular feature. Because of their small size, nanoparticles can
enter the body by a number of different routes, enter the bloodstream and lymphatic system, reach organs and tissue, and only interact
with biological structures. hence impairing their regular processes in various ways. A synopsis of the toxicology knowledge pertaining
to the specificity of nanoparticles, whether they are ambient contaminants or technological instruments, is given in this paper. The
objective is to draw attention to their possible risk and to give a fair assessment of all the significant issues and areas that require
immediate attention.
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1. INTRODUCTION:

The prefix "nano" in the word "nanoparticle" (NP) is derived from the ancient Greek language and means "dwarf,"
meaning that the particle is much smaller than most particles, with a diameter of less than 100 nanometres (10-9m),
ranging from 1 to 100nm [1-5].

The most notable of these are heavy metals like nickel, cadmium, manganese, zinc, titanium, gold, antimony, silicon and
their metal oxides, carbon, and others that can be engineered or accidentally released into the environment. However, a
wide range of chemicals with various shapes and characteristics can be categorized as nanomaterials. Incidental
nanoparticles (NPs) can originate from many industrial processes and are present in the surrounding ecosystems. They
are mostly produced by coal, natural gas, and oil power plants. Incidental nanoparticles (NPs) can originate from many
industrial processes and are present in the surrounding ecosystems. They are mostly produced by coal, natural gas, and
oil power plants. Designed and manufactured NPs have been used in a variety of biomedical sectors, mostly to enhance
therapeutic treatments and diagnostic instruments.

Fossil fuel burning, solid waste incineration, and traffic emissions can all produce nanoparticles. In these situations, NPs
may consist of a complicated blend of several chemical compositions.

A complex NPs mixture could also be formed in the armed forces shooting ranges as a result of the explosion of bombs
developing very higher temperatures; adhering to this, surrounding materials may be pulverized, to the rocks to the soil,
and easily transported as a fine suspension not only in air as well as in water. The resulting inorganic and metallic
powders are frequently insoluble and nonbiodegradable particles; because of their small size, they can be released into
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the environment and remain there indefinitely. The primary anthropogenic sources of NP exposure, their release into the
environment and workplace, and the ensuing occupational or public exposure through a variety of entry and translocation
pathways into the human body are all detailed in Fig. (1). The focus on the NPs peculiarity originates from their
nanoscale size that leads to a very high surface given to all distinct reactions. Although several created nanoparticles
have shown great promise in a number of disciplines, a number of negative impacts have emerged that have raised
concerns. Indeed, there may be some similarities between accidently released NPs and designed NPs.

may have a number of detrimental consequences on human health in common. NPs can infiltrate the human body and
build up as foreign substances in organs and tissues regardless of their usage or source. Because of this, a new field of
study called nanotoxicology was recently established with the goal of examining the harmful consequences of
nanomaterials on the environment and human health [6,7].

This review attempts to assess the special characteristics of particles with nanoscale dimensions, which should be
considered in order to shed light on their harmful consequences. This summary of the toxicology of NPs, whether they
are environmental pollutants or technological instruments, aims to characterize their possible hazard and offer a fair
update on all the significant subjects pertaining to their numerous applications.

Fig. (1). Human exposure to NPs. Main anthropogenic sources of NPs, their release in the work place and
environment, the subsequent occupational or public exposure through several ways of entry and translocation
into human body [146].

Particle Aspect Connected to their Activity:
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It is now widely acknowledged that the mechanisms behind the uptake, translocation, biological, and toxicological
effects of nanoparticles (NPs) are heavily influenced by their physical characteristics. To obtain reliable studies, it is
essential to first characterize the NPs' size, shape, surface charge and surface area, hydrophilicity, agglomerate and
aggregate formation, as well as their solubility, chemical, and geometrical properties. The size plays a significant role in
influencing the reactivity since it affects the surface area. In actuality, it can either increase or decrease the area involved
in the particular effect: the smaller the particles, the higher the surface to volume ratio and, often, the more noticeable
their reactivity.

There are numerous cases to support that. For example, after intravenous treatment in rats, the bigger gold nanoparticles,
ranging in size from 50 to 250 nm, were discovered primarily in the liver, spleen, and blood, while the smaller ones,
measuring 10 nm, were widely dispersed throughout many organs. This indicates that the tissue distribution of gold
nanoparticles is size dependent. [8]

Along with their water solubility, nickel particles' carcinogenic potential has been continuously linked to their size.
Larger particles are phagocytized by macrophages, while particles smaller than 200 nm are likely to infiltrate the
epithelial cells. The fate of these particles is also determined by their surface charge: In contrast to crystalline nickel
sulphide (NiS) and sub sulphide (Ni3S2) particles, which are negatively surface charged, amorphous positively charged
surface particles do not penetrate cells. Through phagocytosis, y surface charges infiltrate cells [9] (Fig. 2).

The acidic pH of endocytic vacuoles can then dissolve them. By doing this, a steady supply of Ni2+ ions is made
available, which can then enter the nuclear components of cells and, through direct or indirect mechanisms, induce a
variety of nuclear damage. These include promutagenic DNA damage, disruption of the DNA repair system, and
epigenetic effects in chromatin, particularly on histone acetylation and methylation. All of these mechanisms may
contribute to the known carcinogenic potential of Ni (II) particles [10–25].

Nanotoxicology:

Since any inherent properties of particles will likely be emphasized with the increase in surface area per unit mass
[149,150], research now shows that harmless bulk materials have the opinion that the smaller the particles, the more
reactive and toxic are their effects. This is one of the main factors that may make nanotechnology potentially dangerous
to human health, even though it is what makes it so useful in industry and medicine. However, the distinct kind of
toxicity brought on by surface alteration is the particular worry with nanotechnology. It has been demonstrated that the
surface chemistry (coating) of nanoparticles and in vivo surface changes play a major role in enhanced endocytosis,
which includes the possibility of inflammatory and prooxidant activities [151, 149]. Increased pulmonary toxicity
(granuloma development, inflammation, etc.) Cell death may arise from oxidative stress brought on by free radicals
produced when particles contact with cells. Following nanoparticle endocytosis, evidence of mitochondrial distribution
and oxidative stress response was seen. Because of their small size, nanoparticles may act as haptens to change the
structure of proteins, changing their function or making them antigenic, which could increase the likelihood of
autoimmune reactions [152].
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Fig. (2). Model of phagocytosis mechanism and intracellular dissolution of nickel sulphide particles into cells and
the potential cellular nuclear damages. Crystalline nickel sulphide particles were selectively phagocytized by the
cells, while amorphous NiS particles were not. Afterwards, phagocytized nickel sulphide particles were dissolved
in the cytoplasm by the acidification of cellular vacuoles and the nickel ions released produced selective damage in
heterochromatin. Adapted from [16]

The genome destroying capacity of both metal and metal oxide NPs that have been modified has been examined,
oxidative DNA mechanisms along with impairments of gene expression and strand breaks have been reported based on
in vitro experiments [27]. Moreover, charged gold NPs of 1.5 nm size cause cell death by apoptosis, while neutral gold
NPs lead to necrosis in HaCaT cell lines [26]. Therefore, it seems that the particle surface may also play an important
role concerning toxicity, as it determines the initial direct contact with living things and cell surface and aspects. NPs
might not make it to the cellular nucleus in this scenario, but [28–31].

The following Table 1 from [32] lists the most prevalent biological consequences associated with the physical and
chemical characteristics of nanoparticles:

The geometrical and structural forms that give NPs their belt, tube, wire, sphere, and fiber appearances (Fig. 3) are
crucial in assessing their harmful bioactivity, and it appears that the long wire or fiber is the shape that should be of the
most concern. The fibers cannot be eliminated by the normal clearing procedures of the alveolar macrophages, which are
supposed to be in charge of eliminating inhaled pollutants.

For instance, even though TiO2 NPs with a size of 200 nm are thought to be comparatively biologically inert material in
vivo and in vitro, but TiO2 nano-belts longer than 15 m are extremely toxic particles that cannot be sequestered inside
the cells into a lysosome, which makes them persistent in the lung where they can cause an inflammatory reaction and
release of inflammatory cytokines [56] with potentially harmful consequences. The same effect is seen with various
forms of asbestos and silica, and it has been reported that certain types of carbon nanotubes can also cause asbestos-like
pathologies in mice [57]. Therefore, the size and form of the material appear to be the determinant factor in causing
inflammation in vivo, instead of its chemical composition. Long-term exposure to manufactured asbestos-like wiring can
cause fatal illnesses like lung fibrosis fibres.
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Translocation and Entry methods:

Particles' physical and chemical characteristics influence their capacity to enter the body through particular pathways as
well as their likelihood of being retained or otherwise moving through the body to various organs or tissues. NPs can
enter the body in a variety of ways (Fig. 4), but the three primary pathways are ingestion through the digestive tract, skin
penetration, and inhalation through the respiratory tract.

Inhalation:

One of the most frequent ways that people get exposed is thought to be by inhalation. The size of the particles appears to
be the primary determinant of how much dust and other airborne particles enter, deposit, or eventually go to other
locations.

Permeation:

The risk of NPs dermal exposure is a topic of scientific debate and concern, and the findings around this are still up for
debate. Since the skin acts as a protective barrier and NPs can only pass through the top layers of the epidermis before
penetrating the area near the hair follicles, the majority of research on the uptake, delivery, and distribution of NPs in and
through the skin indicates that the associated toxicity appears to be negligible.

Table (1). Toxicokinetic findings and biological effects due to physicochemical properties of NPs. Reprinted with
permission from Elsevier [32].

Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

Size

15 nm gold
nanoparticles

(NPs)

Most widespread organ
distribution including blood,
liver, lung, spleen, kidney,
brain, heart, stomach in mice

Biodistribution of the
nanoparticles

[33]

15 and 50 nm gold NPs
Pass blood–brain barrier
(BBB) in mice

Blood Brain Barrier (BBB)
permeability

[33]

40–50 nm gold NPs

Activation of membrane
receptors in

SK-BR-3 cells

[34]

50 nm gold NPs Maximum uptake by Hela
cells

[35]

50 nm quantum dots
Efficient receptor-mediated
endocytosis in Hela cells

[36]

1–10 nm silver NPs Exclusively attach to HIV-
1

[37]

1–10 nm silver NPs Penetrate inside the bacteria [38]
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Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

Shape

Open-ended Single-
walled carbon
nanotubes (SWNTs)

Efficient blocking of ion
channels in

CHO cells

Spherical shaped close-
ended

SWNTs are comparatively
less reactive

[39]

Spherical gold NPs Higher uptake by Hela cells
Rod-shaped gold NPs
showed less uptake

[35]

Carbon particles, except

C60CS

Stimulated human platelet
aggregation in vitro and
accelerated the rate of
vascular thrombosis in rat
carotid

arteries

Biological reactivity:
mixed carbon
nanoparticles

(MCNs) single-walled
carbon nanotubes
(SWNTs) > multiwalled
carbon nanotubes

(MWNTs)

[40]

Filomicelles
(Filamentous micelles)

More efficient for drug
delivery than their
spherical counterparts in

rats and mice

[41]

Surface
area/volume

ratio

TiO2 (300 cm2 surface
area)

Increased lymph-node
burdens and Inflammation

More reactive in rats as
compared to BaSO4 (200
cm2 surface area)

[42]

TiO2 and BaSO4 with
same surface area

Inflammatory effects were
similar

Inflammation [42]

Ultrafine carbon black
particles (270 m2/g
surface area)

Cause greater pulmonary
toxicity in rats

Increased reactivity in
comparison with larger-
sized carbon black
particles (22 m2/g surface
area)

[43,
44]

Chemical
composition

Incorporation of 1%
(w/w) manganese
doping into titania

particles

Increase in UVA absorption
and reduction in free radical

generation via surface
reactions

[45]
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Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

Carbon nanomaterials
Different geometric
structures exhibit quite
different cytotoxicity in vitro

The cytotoxicity follows a
sequence order:

SWNTs > MWNTs >
quartz > C60 on alveolar
macrophages isolated

from guinea pigs

[46]

Metal traces associated
with the commercial
carbon nano-

tubes

A dose- and time-dependent
increase of intracellular
reactive oxygen spe-

cies and a decrease of the
mitochondrial membrane
potential in rat

macrophages (NR8383) and
human

A549 lung cells

More reactive as compared
to purified carbon
nanotubes

[47]

However, the skin is porous to nanomaterials, and hair follicles and glands provide holes on the skin surface that can act
as channels of entry, particularly for ultra-fine materials [104]. In fact, it has been shown that several NPs can pass
through the derma and enter the systemic vascular system through lymph nodes. Millions of people use a variety of
cosmetics and personal care products that contain nanoparticles on a daily basis, including shampoo, toothpaste,
deodorant, soap, sunscreen, cream, foundation, face powder, perfume, and eye shadow, to mention a few. As a result, 33
million Americans use sunscreen products every day, and many more occasionally [135]. Changes to the skin may
improve the uptake of NPs because they may act as entry points for both bigger and finer particles [145].

Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

Quantum dots core
metalloid complexes of
Cadmium, Cd

Can cross the blood–brain
barrier and placenta, and are
systemically distributed to
all bodily tissues, with liver

and kidney being target
organs of

toxicity

A probable carcinogen [48]

Quantum dots core
metalloid complexes of
Selenium, Se

A marked impact on the
local ecosystem resulted
from elevated
environmental

[48]
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Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

concentrations of Se

Ag, MoO3, Fe3O4, Al,
MnO2 and W (Tungsten)

Ag was highly toxic
whereas, MoO3moderately
toxic and Fe3O4, Al,

MnO2 and W (Tungsten)
displayed less or no toxicity
at the doses tested

on in vitro rat liver derived
cell line

(BRL 3A)

Reduced cell proliferation
and death

[49]

La0.7Sr0.3MnO3 (LSMO)
nanoparticles doped with
cerium (La0.7-

xCexSr0.3MnO3 were

0 x 0.7) and

La ySryMnO3

nanoparticles with
different values of y

(La/Sr ratio)

Low cytotoxicity in Ce-
doped samples as well as in
samples with reduced La/Sr
ratio as revealed by in vitro
studies on HT-1080 (human

fibrosarcoma) and A431
(human skin/carcinoma)
cells

Improved cell
proliferation upon

Ce doping

[50]

Surface
charge

Neutral NPs and low
concentration anionic
NPs

Drug delivery applications
to brain in rats [51]

Cationic NPs
Toxic effect at the blood
brain barrier in rats

[51]

Anionic NPs at lower
concentrations

Superior uptake rates as
compared to neutral or
cationic NPs at the same
concentrations in rats

[51]

Positive surface charged
poly(amidoamine)
dendrimers

Deposition into tissues is
higher than neutral surface
dendrimers in B16

Higher deposition in
tissues

[52]
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Physicochemical Property Toxicokinetic Findings Biological Effects Ref.

melanoma and DU145
human prostate cancer
mouse tumor model

Coating of respirable
quartz surface with
aluminium lactate

or polyvinyl-pyridine-N-
oxide

(PVNO)

Inhibits DNA strand
breakage and formation of
8-hydroxy-

deoxyguanosine in human
lung

epithelial cells

Reduction in toxicity [53]

Aggregation

state

Rope-like agglomerates
of carbon nanotubes

Induced more pronounced
cytotoxic effects than well
dispersed carbon nanotubes
in human MSTO-211H

cells

Cytotoxicity [54]

The majority of the particles are typically deposited in the nose, mouth, and larynx, but the smallest grains can either
reach the bronchial tree, where they can be retained and cause their harmful effects, or they can translocate to other
different sites. Epidemiological studies conducted on miners and refinery workers exposed to metal particles have shown
a correlation between exposure and the incidence of cancer to the respiratory tract (lung and nasal cancer) [58]. The
tendency of nickel workers exposed to nickel-containing dusts to develop cancers of the nasal cavities was first reported
in 1933. The pattern of negative effects on the retention sites seems specific to a particular particle; for instance, asbestos
fibres deposit primarily on airways bifurcations and cause fibrosis "spots" following acute exposure; they manifest as
fibrotic nodules in chronic beryllium disease and emphysema in "coal workers" via lymphatic pathways along the
airways [59–61].
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Fig. (3). The classification of NPs based on shape or morphology, size, composition and agglomeration state.
Adapted from [55]

In any event, as Table 2 [62] summarizes, the locations of retention have inflammatory and detrimental consequences on
cellular targets and metabolic activity. The smallest particles, particularly ultrafine ones, can go to different organs and
tissues after being inhaled. According to multiple studies, nanoparticles (NPs) from ultra-fine dusts and aerosols provide
the greatest risk following inhalation exposure [89–92].

According to reports, the primary mechanism for the translocation is alveolar epithelial cell endocytosis [93]. Numerous
studies have been conducted on the translocation of ultra-fine particles, including carbon, zinc, iridium, manganese,
manganese oxide, and others, to various organs [89,90,94-98].

Animal studies have demonstrated the short-term transfer of metal nanoparticles from the lungs into the bloodstream and
to target organs. For instance, ultra-fine radiolabelled iridium particles, which are around 20 nm in size, have been
discovered in numerous extra-pulmonary organs, primarily the kidneys, liver, spleen, heart, and brain, one week after rats
were exposed for one hour through inhalation [99]. Large amounts of intratracheally administered gold nanoparticles
(approximately 30 nm in size) and TiO2 (about 20 nm in size) were discovered in the platelets inside the pulmonary
capillaries of rats within 30 minutes of exposure [20]. Because of this characteristic, it is hypothesized that nanoparticles
cause platelets to aggregate, which in turn causes blood clots to develop.

After 12 weeks of inhalation in rats, 20 nm titanium dioxide nanoparticles demonstrated a greater translocation to the
interstitial locations and a longer retention duration in the lungs compared to bigger nanoparticles (250 nm) with the
same crystalline structure [100].
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Debris of micro and nanoparticles was found in the organs and blood of patients with metallic orthopedic implants [101,
102] or worn dental prosthesis [103] using scanning electron, environmental scanning electron microscopy, and X-ray-
micro evaluated with an energy dispersive system technique.

Fig. (4). The main pathways for NP exposure, absorption, transport, and possible hazards. The orange boxes show
possible translocation channels, the red boxes show possible harm, the blue boxes show the main uptake routes,
and the grey boxes show the source of NPs exposure [147]

It is important to highlight that there are notable differences between metallic and non-metallic species in terms of
particle chemistry [104-106]. Actually, following inhalation, in contrast to non-metallic nanoparticles sized between 4
and 200 nm, which move very little or hardly at all, metallic nanoparticles smaller than 30 nm enter the blood circulatory
system quickly in instillation trials conducted on healthy animals [107,108].

The process by which NPs are transported from the pulmonary site to the brain, the most vulnerable organ, following
inhalation exposure has received a lot of attention lately.

Professional groups at risk of occupational exposure to metal NPs include, among others, manganese mining, welding,
and manufacturing personnel, as well as welders in stainless steel facilities exposed to fumes and dusts. Manganese NPs
were observed to be transported from the nasal epithelium to the brain's olfactory bulb and a progressive along the axons
of olfactory neurons in these instances harm to the central nervous system's ability to function has been proven.
[89,90,91-98, 109-117]

According to Oberholster et al., rats exposed for seven days by inhalation had 30 nm-sized MnO2 NPs moved from the
lungs to the olfactory organ [104], from whence they might enter the brain [6,89]. Reactive oxygen species are created
when MnO2 NPs are inhaled, and this leads to oxidative stress in the brain. Studies conducted on biopsies from city
dwellers have also shown the potential role of ambient air NPs in neurological disorders [118].

Interestingly, whereas bulk TiO2 is thought to be innocuous, the effects of fine dusts of bio persistent TiO2 nanoparticles
appear to be comparable to the long-term inflammatory processes associated with asbestos fibre inhalation [119].
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TiO2 is widely used to give opaqueness or brightness to a wide range of items, including toothpaste, paints, colorants,
plastics, papers, foods, and many more. To improve defense against UV rays, TiO2 NPs are also utilized in sunblock’s,
skin care products, and cosmetics. Recently, an intriguing evaluation was released that summarizes the risk assessment
for nanoproducts' carcinogenic potential [120]. Despite conflicting findings and a lack of comprehensive and definitive
epidemiological research on carcinogenesis, some data support the possibility that nanoparticles can cause tumours: in
sensitive animal models, high concentrations of carbon nanotubes (CNTs) in various forms, as well as fine (<2.5 m) and
ultrafine (<100 nm) TiO2 particles, can cause cancer of the respiratory tract.

TiO2 is widely used to give opaqueness or brightness to a wide range of items, including toothpaste, paints, colorants,
plastics, papers, foods, and many more. To improve defence against UV rays, TiO2 NPs are also utilized in sunblock’s,
skin care products, and cosmetics. Recently, an intriguing evaluation was released that summarizes the risk assessment
for nanoproducts' carcinogenic potential. Despite conflicting findings and a lack of comprehensive and definitive
epidemiological research on carcinogenesis, some data support the possibility that nanoparticles can cause tumours: in
sensitive animal models [121-126] high concentrations of carbon nanotubes (CNTs) in various forms, as well as fine
(<2.5 m) and ultrafine (<100 nm) TiO2 particles, can cause cancer of the respiratory tract.

Table (2). summarizes the in vitro and in vivo assessments of NPs' toxicity with an emphasis on experimental
targets for the liver, brain, skin, and lungs. Reprinted from Elsevier with permission [61].

Target NPs
Concentration
(time/size)/route of
administration

Cellular
target

Animal
target Major outcomes Ref.

Lung SWCNT 1.56-800 g/mL (24 h)
A549 human
lung cancer
cells

Low acute cytotoxicity was
further reduced by dispersion
of SWCNTs in serum.

[63]

SWCNT

47 mg on days 0 and 7
(follow-up:

4 months) Intravenous
infusion

Nude mice

No significant inflammatory
changes were observed,
however, particle deposition
in liver macrophages was
observed.

[64]

MWCNT

0.5, 2 or 5 mg/animal
(3 and 15 days)
Intratracheal
instillation

Sprague-

Dawley rats

Dose-dependent increase in
inflammatory markers post-
BAL. Dose-dependent
fibrotic change and
interstitial granuloma
formation.

[65]

Silica NP

10-100 g/mL (24 h, 48
h and

72 h)

A549 human
lung cancer
cells

Dose- and time-dependent
decrease in cell viability: up
to 50% reduction at highest
dosage after 72 h. Oxidative
stress indicated as
mechanism of cytotoxicity.

[66]
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Target NPs
Concentration
(time/size)/route of
administration

Cellular
target

Animal
target Major outcomes Ref.

Silica NP 25 g/mL (24 h)

A549 human
lung cancer
cells HepG2
cells RPMI
2650

human nasal
septal

epithelial
cells N2a

mouse
neuroblast

cells

Nuclear protein aggregation
and subsequent interference
with gene expression

resulting in inhibition of
replication, transcription and
cell proliferation.

[67]

Silica NP

33-47 g/cm2 (small
NP), 89-

254 g/cm2 (larger NP)
(24 h)

EAHY926
endothelial
cells

Size-dependent reduction in
viability with smaller
particles in the nanoscale
exhibiting higher toxicity
compared to particles >100
nm.

[68]

Silica NP

20 mg/animal (1 or 2
months)

Intratracheal
instillation

Wistar rats

Nano-sized silica particles
produced relatively lower
pulmonary fibrosis compared
to micro-sized silica
particles. This is

thought to be due to the
translocation of ultrafine
Nano silica away from the
lung parenchyma.

[69]

Silver
NP

515 g/m3 (6 h/day, 5
days/week for 13
weeks) Inhalation

Sprague-

Dawley rats

Dose- and time-dependent
increase in blood Ag
nanoparticle concentration
was

observed along with
correlating increases in
alveolar inflammation and
small granulomatous lesions.

[70]
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Target NPs
Concentration
(time/size)/route of
administration

Cellular
target

Animal
target Major outcomes Ref.

Dermal
Silver
NP

0.76-50 g/mL (24 h)
A431 (human
skin
carcinoma)

No evidence for cellular
damage up to a concentration
of 6.25 g/mL. Morphology

changes at concentrations
between 6.25 and 50 g/mL
with concomitant rise in

GSH, SOD and lipid
peroxidation. DNA
fragmentation suggests cell
death by apoptosis.

[71]

Silver
NP

0-1.7 g/mL (24 h) HEK cells

Significant dose-dependent
decrease in cell viability at a
critical concentration of

1.7 g/mL with concomitant
rise in inflammatory
cytokines (IL-1, IL-6, IL-8,
and TNF-).

[72]

Silver
NP

Silver-coated wound
dressing

‘Acticoat’ (1 week)

Human

burns
patient

Reversible hepatotoxicity
and argyria-like discoloration
of treated area of skin,
elevated plasma and urine
silver concentrations and
increased liver enzymes.

[73]

Target NPs
Concentration
(time/size)/route of
administration

Cellular
target

Animal
target Major outcomes Ref.

TiO2 NP 15 g/cm2 (24 h)

HaCaT
(keratinocyte
cell line),
human dermal
fibroblasts,
human
immortalized
sebaceous

Cytotoxicity was observed
affecting cellular functions
such as cell proliferation,
differentiation and mobility
resulting in apoptosis.

[74]
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gland cell line
(SZ95)

TiO2 NP
NP containing
sunscreen

Human

volunteers

Increased skin permeation of
NP when sunscreen was
applied at hairy skin of
human volunteered.

[75]

Silica NP
70, 300 and 1000 nm
in size

XS52 (murine
Langerhans
cells)

Size-related toxicity with
faster cellular uptake of
smaller particles and
concomitant higher toxicity.

[76]

Silica NP 30-300 g/mL (48 h)
CHK (human
keratinocytes)

Reduced cell viability. [77]

Gold NP

95, 142 and 190
g/mL (13 nm)

13, 20 and 26 g/mL
(45 nm) (3 or 6 days)

CF-31 (human
dermal
fibroblasts)

Cytotoxicity was size- and
dose-dependent. Larger
particles (45 nm) exhibited
greater toxicity at smaller
doses (10 g/mL) compared to
smaller ones (13 nm) which
only exhibited cytotoxicity at
a concentration of 75 g/mL.

[78]

Gold NP
0.8-15 nm in size (48
h)

SK-Mel-28
(melanoma
cells), L929
mouse
fibroblasts

Maximum cytotoxicity with
smaller NP

(1.4 nm) characterized by
apoptosis and necrosis.

[79]

Liver Gold NP

8 mg/kg/week (3-100
nm in size)

(4 weeks)
Intraperitoneal

BALB/C
mice

Naked NP: severe adverse
effects with resultant death
with particles ranging from

8 to 37 nm in diameter.
Microscopically,

Kupffer cell activation in the
liver and lung parenchymal
destruction was observed.

Surface modified NP: elicited
increased host immune
response and improved
cytocompatibility.

[80]
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Gold NP

0.17, 0.85 and 4.26
mg/kg body weight
(13 nm in size) (30
min after injection for
7 days)

Intravenous

BALB/C
mice

NPs were found to
accumulate in liver and
spleen. Significant
upregulation of inflammatory
cytokines (IL-1, 6, 10 and
TNF-) with subsequent
apoptosis of hepatocytes at
highest concentrations (4.26
mg/kg). No significant
changes in the liver at lower
doses.

[81]

Silica NP

50 mg/kg (50, 100 or
200 nm in size) (12,
24, 48 and 72 h, 7
days)

Intravenous

BALB/C
mice

Size-dependent hepatic
toxicity with inflammatory
cell infiltrates. Macrophage-

mediated frustrated
phagocytosis of larger

NP (100 and 200 nm) resulted
in release of pro-
inflammatory cytokines and
cell infiltrates within hepatic
parenchyma.

[82]

Silica NP

2 mg/kg (20-25 nm in
size) (24 h)

Intravenous

Nude mice

Greatest accumulation of NP
in liver, spleen and intestines
but no pathological changes
were observed with small NP

(<25 nm). Near-total
excretion of NP via the
hepatobiliary system.

[83]

CdSe QD
62.5, 250 and 1000
g/mL (24 h)

Primary rat
hepatocytes

Cytotoxicity was thought to
be due to the release of free
cadmium ions which could
not be fully eliminated by
ZnS coating of the OD core.

[84]
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Target NPs
Concentration
(time/size)/route of
administration

Cellular
target

Animal
target Major outcomes Ref.

CdSe QD
62.5, 100 and 250
g/mL (24, 48 or 72 h)

HepG2 cells

Dose-dependent
cytotoxicity. In extreme
conditions (250 g/mL for 72
h) a reduce-in cell viability
of almost 40% was observed
which correlated with an
increase in free cadmium ion
concentration of 1.51 ppm.

[85]

Brain Gold NP

(12.5 nm in size) (40,
200 or

400 g/kg/day for 8
days)

Intraperitoneal

C57/BL6
mice

Small amounts of NP were
able to cross the BBB but
did not induce evident
neurotoxicity. [86]

Silver NP

30, 300 or 1000
mg/kg/day for 28 days
(60 nm in size) Per
oral

Sprague-

Dawley
rats

Dose-dependent
accumulation of NP was
observed in the brain and
other organs suggesting
systemic distribution after
oral administration. ALP
and cholesterol in-creased
significantly in high-dose
group (1000 mg/kg/day)
indicating hepatotoxicity.

[87]

CdSe QD

0.68 mg containing 50
nmol Cd

(13.5 nm in size) (6 h)

Intraperitoneal

ICR mice

Relatively high amounts of
Cd ions found in brain tissue
but no signs of inflammation
or parenchymal damage
were observed.

[88]

There is proof of clot formation and inflammatory cell activation from in vitro investigations on the effects of several
NPs of varying sizes and sources on the host response [127]. Nickel, antimony, and silver nanoparticles have also been
shown to increase platelet aggregation, fibrin polymerization, and its cross-linking. Cobalt, titanium, and iron
nanoparticles have been shown to activate macrophage phenotypes that secrete larger quantities of tumour necrosis factor,
a member of a class of cytokines that trigger the acute phase reaction and contribute to systemic inflammation.
Furthermore, SEM research revealed that these particles' translocation seemed to have a negative impact on important
organs, particularly the cardiovascular system.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 225

Engineered nanoparticles are made to have extremely specific characteristics, and current work has been done to explore
ways to increase their activity in the industrial and medicinal fields. Silver nanoparticles for their antimicrobial properties
in surgical instruments, bone prostheses, and contraceptive devices; quantum dots, semiconductor nanocrystals, for in
vivo imaging and diagnostics and cell labelling; carbon and gold nanoparticles for inhaled and oral drug delivery,
frequently as chemotherapeutic agents; and zinc and titanium oxide for creams and sunscreen preparations.

Despite all of these examples, studies testing the potential negative effects of manufactured nanoparticles have been
ongoing recently, and a number of issues regarding their use have been brought up.

The available in vitro and in vivo data following the assessment of the effects of engineered nanoparticles are compiled
in Table 2. Depending on the target organs (liver, brain, derma, lung), the concentration, size, timing, and mode of
administration of the NPs, as well as the cellular, animal targets (mice, rats), or human volunteers, the main results have
been gathered. It is obvious that there are discrepancies between the data from in vitro and in vivo trials, and
extrapolating findings from cell culture research to humans can result in misunderstandings and perhaps unwarranted
anxiety.

It is also evident that adopting a unifying protocol is essential first in order to obtain more realistic data. Furthermore, the
dosage and method of administering NPs must be extremely carefully considered, and in particular, long-term exposure
should be assessed in order to extrapolate data on humans.

In fact, among other findings from in vivo research, especially using rat and mouse models, 30 nm-sized gold
nanoparticles are delivered and localized in the alveolar epithelium in rats following interstitial instillation; in
experimental mice, 10 nm-sized quantum dots were discovered in the liver, lymph, and bone marrow. They have been
shown to cause an inflammatory reaction when placed in the alveolar tract, and they take two months in rats and roughly
two years in humans.

It is also evident that adopting a unifying protocol is essential first in order to obtain more realistic data. Furthermore, the
dosage and method of administering NPs must be extremely carefully considered, and in particular, long-term exposure
should be assessed in order to extrapolate data on humans.

In fact, among other findings from in vivo research, especially using rat and mouse models, 30 nm-sized gold
nanoparticles are delivered and localized in the alveolar epithelium in rats following interstitial instillation; in
experimental mice, 10 nm-sized quantum dots were discovered in the liver, lymph, and bone marrow. They have been
shown to cause an inflammatory reaction when placed in the alveolar tract, and they take two months in rats and roughly
two years in humans to be cleared.

After inhaling ultrafine silver nanoparticles, a significant amount of silver was found in the rat brain [128-131]. Silver
nanoparticles, which are 4–10 nm in size, reach the circulatory system after 30 minutes of rat inhalation trials and have
been discovered in the liver, kidney, and heart a day later. After a week [105], they were subsequently removed from
these organs. They have been transported from the liver into the small intestine through the biliary system.

Some new compounds, such as cerium and cerium oxides (CeO2), which are specifically utilized as diesel fuel additives
to lower fuel consumption, CO2 emissions, and to catalyse the burning of particles, provide an intriguing case study.

Initially regarded as a safe substance, recent findings have proved disputed. As only low absorption has been seen in the
lungs of people occupationally exposed to cerium, it has been claimed that the usage of nanosized cerium oxide is
unlikely to cause health harm [132, 133].

But according to a study on the possible impact of nanosized CeO2 particles on lung damage, male Spaghetti rats
exposed to the particles by tracheal instillation showed cytotoxicity and alveolar macrophage apoptosis, which may lead
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to lung fibrosis following inflammation and pulmonary stress. Lung tissue showed aggregates of cerium needles or fine
granules ranging in length from 30 to 60 nm, with longer needles after four weeks of exposure [134].

Protein-Nanoparticle Interactions:

Within the medical device community, it is now well accepted that material surfaces are modified by the adsorption of
biomolecules such as proteins in a biological environment [135, 136], and there is some consensus that cellular responses
to materials in a biological medium reflect the adsorbed biomolecule layer, rather than the material itself. However, the
importance of the adsorbed protein layer in mediating interactions with living systems has been slower to emerge in the
case of nanoparticle protein interactions. The key role of protein-nanoparticle interactions in nanomedicine and
nanotoxicity has begun to emerge recently with the development of the idea of the nanoparticle-protein “corona”. When
this dynamic layer of proteins (and other biomolecules) comes into touch with living systems, it instantly adsorbs on the
surfaces of the nanoparticles. The quantities of the more than 3700 proteins in plasma [137] and the kinetic on and off
rates (also known as equilibrium binding constants) of each protein for the specific nanoparticle will dictate the protein
corona's makeup at any given time. This corona might not appear right away.

attain balance while in contact with a biological fluid. The surface of the nanoparticle will initially be occupied by
proteins with high concentrations and high association rate constants, but these proteins may also dissociate rapidly to be
replaced by proteins with lower concentrations, slower exchange, and higher affinity. Since the protein corona is what the
cell "sees" and interacts with, it is the biological identity of a nanoparticle. Another way that especially small
nanoparticles, with their huge surface area as a binding interface, may cause protein mal-functioning that could result in
pathogenesis and negative health effects is through functional alterations of the proteins of such complexes [138].
According to a review of the literature on nanoparticle-protein binding, apolipoproteins are bound by the great majority
of nanoparticle types that have been investigated thus far [136].

Therefore, nanoparticles containing surface-adsorbed apolipoproteins may be able to penetrate cells by taking advantage
of the many receptors for apolipoprotein complexes at cell surfaces [139]. Apolipoprotein E has been shown to bind to
certain nanoparticles, which is pertinent if we take into account the problems of nanoparticle transport and fate in both
humans and animals [135]. Since apolipoprotein E is known to be important in trafficking to the brain, this could have
major effects on neurotoxicity and the development of neurotherapies [139].

Proteins adsorbed to nanoparticles are now directly influencing biology, according to the first reports of this phenomenon.
It has been demonstrated that 10 nm amorphous silica coated with albumin and single-walled carbon nanotubes (SWNTs)
cause anti-inflammatory reactions in macrophages, as evidenced by the inhibition of cyclooxygenase-2- (Cox-2)
activation by lipopolysaccharide in serum-free circumstances [140]. Precoating the nanoparticles with a non-ionic
surfactant (Pluronic F127) prevents albumin from adhering to them, which also prevents the nanoparticles' anti-
inflammatory effects. These findings imply that the adsorbed proteins play a significant part in regulating the toxicity and
absorption of SWNTs and nanosized amorphous silica [140].

It is unknown, nevertheless, whether albumin would stay attached to nanoparticles in competitive binding circumstances,
such those found in plasma or a cellular milieu, because these investigations were carried out in a serum-free
environment. When bare CdS QDs interact with human adult hemoglobin (Hb), the shape of Hb is drastically changed,
and the secondary structure's α-helix content drops from 72.5% to 60.8%. The sulphur atoms of the cysteine residues
establish direct bonds on the surface of the CdS QDs, according to the results of Raman spectra [141]. Controlling how
nanoparticles interact with proteins is becoming more and more common through the functionalization of nanoparticle
surfaces with peptides [137].

Discussion:
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The biokinetic assessment of artificial nanostructures and nanodevices is known as nanotoxicology. The rapid growth of
nanotechnology, which has been extensively employed in the pharmaceutical, medical, and engineering sectors over the
past 20 years, made this field of study necessary [142, 143]. The genesis of nanotoxicological concepts can be traced
back to particle toxicology and the ensuing harmful health effects of coal dust and asbestos fibres. The most frequent
targets of nanoparticles are tumours, endothelium, which are thin, specialized epithelial cells that line the inside surface
of lymph and blood vessels and act as gatekeepers to control the flow of materials together, and macrophages, which are
specialized host defense cells. The balance between the generation of reactive oxygen species (ROS) and the biological
system's capacity to detoxify or repair itself is upset when nanoparticles within these biological targets promote the
formation of prooxidants, particularly when exposed to light, UV light, or transition metals [142, 143]. The NADPH
oxidase in phagocytic cells, which is the goal of nanoparticle devices, can also create ROS. Both cellular redox signalling
and mitochondrial function can be altered by nanoparticles. By upregulating redox-sensitive transcription factors such as
nuclear factor kappa B (NFkB), activating protein (AP-1), extracellular signal regulator kinases (ERK) C-Jun, N-terminal
kinases JNK, and p38 mitogen-activated protein kinases pathways, oxidative stress brought on by nanoparticles has been
shown to exacerbate inflammation. The most significant documented harmful consequences of the therapeutically
utilized nanoparticles examined in this paper are compiled in (Fig. 5).

Fig. (5): An overview of the most significant documented harmful consequences of the medicinal nanoparticles
examined in this work [148].

CONCLUSION:
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Nanotechnology is a rapidly developing field of study whose potential is still up for dispute. In fact, a new field of study
called nanotoxicology has been established specifically to investigate the potential negative health effects of materials
with nanoscale dimensions. Numerous studies have been conducted recently to examine the potential actions of NPs, and
a number of issues about their utilization have been brought up.

Numerous investigations have examined the toxicity of nanoparticles, with the most serious issue pertaining to their
carcinogenic potential, which has been linked to both their chemistry and physical characteristics. Size, shape, and
surface appear to be more significant in all other indirect mechanisms that underpin cancer, while chemistry was thought
to be particularly relevant for oxidative DNA damage and the production of reactive oxygen species (ROS) engaged via
direct mechanisms.

By considering all the fascinating and intricate aspects of materials of nano size that underlie their interactions with
biological materials, a more accurate risk assessment can be determined. In conclusion, it is hoped that the increased
ongoing studies on nanotechnology and nanotoxicology will result in a greater awareness and understanding. As a result,
more caution and attention should be paid in the use, as well as in the manipulation and manufacturing of engineered as
well as unintentionally released NPs. In the end, chemistry, medicine, and biology should collaborate to shed light on all
the intricate molecular processes involved in toxicology related to the unique realm of nanoparticle.

REFERENCE:

[1] Mohanpuria, P.; Rana, N.K.; Yadav, S.K. Biosynthesis of NPs: technological concepts and future applications. J.
Nanopart. Res., 2008, 10, 507-517.

[2] Simate, G.S.; Iyuke, S.E.; Ndlovu, S.; Yah, C.S.; Walubita, L.F. The production of carbon nanotubes from carbon
dioxide – challenges and opportunities. JNGC., 2010, 19(5), 453-460.

[3] Ngoy, J.M.; Iyuke, S.E.; Neuse, W.E.; Yah, C.S. Covalent Functionalization for Multi-Walled Carbon Nanotube (o-
MWCNT) - Folic Acid bound bioconjugate. J. Appl. Sci., 2011, 11(15), 2700- 2711.

[4] Yah, C.S.; Iyuke, S.E.; Simate, G.S.; Unuabonah, E.I.; Bathgate, G.; Matthews, G.; Cluett, J.D. Continuous synthesis
of multiwalled carbon nanotubes from xylene using the swirled floating catalyst chemical vapor deposition technique. J.
Maters Res., 2011, 26(5), 623-632. a.

[5] Yah, C.S.; Simate, G.S.; Moothi, K.; Maphuta, S. Synthesis of large carbon Nanotubes from Ferrocene: The chemical
vapour deposition technique. Trends Appl. Sci. Res., 2011, 6(11), 1270- 1279. b.

[6] Nel, A.; Xia, T.; Madler, L.; Li, N. Toxic potential of materials at the nanolevel. Science, 2006, 311(5761), 622-627.

[7] Nemmar, A.; Hoet, P. H.; Vanquickenborne, B.; Dinsdale, D.; Thomeer, M.; Hoylaerts, M. F.; Vanbilloen, H.;
Mortelmans, L.; Nemery, B. Passage of inhaled particles into the blood circulation in humans. Circulation, 2002, 105(4),
411-414.

[8] De Jong, W. H.; Hagens, W. I.; Krystek, P.; Burger, M. C.; Sips, A. J.; Geertsma, R. E. Particle size-dependent organ
distribution of gold nanoparticles after intravenous administration. Biomaterials, 2008, 29(12), 1912-1919.

[9] Heck, J. D.; Costa, M. Influence of surface charge and dissolution on the selective phagocytosis of potentially
carcinogenic particulate metal compounds. Cancer Res., 1983, 43(12 Pt 1), 5652-5656.

[10] Grunstein, M. Histone acetylation in chromatin structure and transcription. Nature, 1997, 389(6649), 349-352.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 229

[11] Kasprzak, K. S. Possible role of oxidative damage in metal-induced carcinogenesis. Cancer Invest., 1995, 13(4),
411-430.

[12] Broday, L.; Peng, W.; Kuo, M. H.; Salnikow, K.; Zoroddu, M.; Costa, M. Nickel compounds are novel inhibitors of
histone H4 acetylation. Cancer Res., 2000, 60(2), 238-241.

[13] Zoroddu, M. A.; Kowalik-Jankowska, T.; Kozlowski, H.; Molinari, H.; Salnikow, K.; Broday, L.; Costa, M.
Interaction of Ni (II) and Cu (II) with a metal binding sequence of histone H4: AKRHRK, a model of the H4 tail.
Biochim. Biophys. Acta, 2000, 1475(2), 163- 168.

[14] Zoroddu, M. A.; Schinocca, L.; Kowalik-Jankowska, T.; Ko-zlowski, H.; Salnikow, K.; Costa, M. Molecular
mechanisms in nickel carcinogenesis: modeling Ni (II) binding site in histone H4. Environ. Health Perspect., 2002, 110
Suppl. 5, 719-723.

[15] Carrington, P. E.; Al-Mjeni, F.; Zoroddu, M. A.; Costa, M.; Maroney, M. J. Use of XAS for the elucidation of metal
structure and function: applications to nickel biochemistry, molecular toxicology, and carcinogenesis. Environ. Health
Perspect., 2002, 110 Suppl. 5, 705-708.

[16] Cangul, H.; Broday, L.; Salnikow, K.; Sutherland, J.; Peng, W.; Zhang, Q.; Poltaratsky, V.; Yee, H.; Zoroddu, M. A.;
Costa, M. Molecular mechanisms of nickel carcinogenesis. Toxicol. Lett., 2002, 127(1-3), 69-75.

[17] Zoroddu, M. A.; Peana, M.; Medici, S. Multidimensional NMR spectroscopy for the study of histone H4-Ni (II)
interaction. Dalton. Trans., 2007, 3, 379-384.

[18] Zoroddu, M. A.; Peana, M.; Medici, S.; Casella, L.; Monzani, E.; Costa, M. Nickel binding to histone H4. Dalton
Trans., 2010, 39(3), 787-793.

[19] Giri, N. C.; Passantino, L.; Sun, H.; Zoroddu, M. A.; Costa, M.; Maroney, M. J. Structural investigations of the
nickel-induced inhibition of truncated constructs of the JMJD2 family of histone demethylases using X-ray absorption
spectroscopy. Biochemistry, 2013, 52(24), 4168-4183.

[20] Peana, M.; Medici, S.; Nurchi, V. M.; Crisponi, G.; Zoroddu, M. A. Nickel binding sites in histone proteins:
Spectroscopic and structural characterization. Coordination Chem. Rev., 2013, 257(19-20), 2737-2751.

[21] K. S., Kasprzak. Cytotoxic, Mutagenic and Carcinogenic Potential of Heavy Metals Related to Human Environment.
NATO ASI Ser., Ser. 2, 1997, 26, 73-92.

[22] Costa, M. Molecular mechanisms of nickel carcinogenesis. Annu. Rev. Pharmacol. Toxicol., 1991, 31, 321-337.

[23] Salnikow, K.; Cosentino, S.; Klein, C.; Costa, M. Loss of thrombospondin transcriptional activity in nickel-
transformed cells. Mol. Cell. Biol., 1994, 14(1), 851-858.

[24] Lee, Y. W.; Klein, C. B.; Kargacin, B.; Salnikow, K.; Kitahara, J.; Dowjat, K.; Zhitkovich, A.; Christie, N. T.; Costa,
M. Carcinogenic nickel silences gene expression by chromatin condensation and DNA methylation: a new model for
epigenetic carcinogens. Mol. Cell. Biol., 1995, 15(5), 2547-2557.

[25] Hartwig, A. Current aspects in metal genotoxicity. Biometals, 1995, 8(1), 3-11.

[26] Schaeublin, N. M.; Braydich-Stolle, L. K.; Schrand, A. M.; Miller, J. M.; Hutchison, J.; Schlager, J. J.; Hussain, S.
M. Surface charge of gold nanoparticles mediates mechanism of toxicity. Nanoscale, 2011, 3(2), 410-420.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 230

[27] Singh, N.; Manshian, B.; Jenkins, G. J.; Griffiths, S. M.; Williams, P. M.; Maffeis, T. G.; Wright, C. J.; Doak, S. H.
NanoGenotoxicology: the DNA damaging potential of engineered nanomaterials. Biomaterials, 2009, 30(23-24), 3891-
3914.

[28] Barnes, C. A.; Elsaesser, A.; Arkusz, J.; Smok, A.; Palus, J.; Leniak, A.; Salvati, A.; Hanrahan, J. P.; Jong, W. H. d.;
Dziubatowska, E. b.; Ste pnik, M.; Rydzy ski, K.; McKerr, G.; Lynch, I.; Dawson, K. A.; Howard, C. V. Reproducible
Comet Assay of Amorphous Silica Nanoparticles Detects No Genotoxicity. Nano Lett., 2008, 8(9), 3069-3074.

[29] Xie, W.; Wang, L.; Zhang, Y.; Su, L.; Shen, A.; Tan, J.; Hu, J. Nuclear targeted nanoprobe for single living cell
detection by surface-enhanced Raman scattering. Bioconjug. Chem., 2009, 20(4), 768-773.

[30] Mehrabi, M.; Wilson, R. Intercalating Gold Nanoparticles as Universal Labels for DNA Detection. Small, 2007,
3(9), 1491-1495.

[31] Bhabra, G.; Sood, A.; Fisher, B.; Cartwright, L.; Saunders, M.; Evans, W. H.; Surprenant, A.; Lopez-Castejon, G.;
Mann, S.; Davis, S. A.; Hails, L. A.; Ingham, E.; Verkade, P.; Lane, J.; Heesom, K.; Newson, R.; Case, C. P.
Nanoparticles can cause DNA damage across a cellular barrier. Nat. Nanotechnol., 2009, 4(12), 876-883.

[32] Arora, S.; Rajwade, J. M.; Paknikar, K. M. Nanotoxicology and in vitro studies: the need of the hour. Toxicol. Appl.
Pharmacol., 2012, 258(2), 151-165.

[33] Sonavane, G.; Tomoda, K.; Makino, K. Biodistribution of colloidal gold nanoparticles after intravenous
administration: effect of particle size. Colloids Surf. B. Biointerfaces, 2008, 66(2), 274-280.

[34] Jiang, W.; Kim, B. Y. S.; Rutka, J. T.; Chan, W. C. W. Nanoparticle-mediated cellular response is size-dependent.
Nat. Nanotechnol., 2008, 3(3), 145-150.

[35] Chithrani, B. D.; Ghazani, A. A.; Chan, W. C. Determining the size and shape dependence of gold nanoparticle
uptake into mammalian cells. Nano Lett., 2006, 6(4), 662-668.

[36] Osaki, F.; Kanamori, T.; Sando, S.; Sera, T.; Aoyama, Y. A quantum dot conjugated sugar ball and its cellular
uptake. On the size effects of endocytosis in the subviral region. J. Am. Chem. Soc., 2004, 126(21), 6520-6521.

[37] Elechiguerra, J. L.; Burt, J. L.; Morones, J. R.; Camacho-Bragado, A.; Gao, X.; Lara, H. H.; Yacaman, M. J.,
Interaction of silver nanoparticles with HIV-1. J. Nanobiotechnol., 2005, 3, 6.

[38] Morones, J. R.; Elechiguerra, J. L.; Camacho, A.; Holt, K.; Kouri, J. B.; Ramirez, J. T.; Yacaman, M. J. The
bactericidal effect of silver nanoparticles. Nanotechnology, 2005, 16(10), 2346-2353.

[39] Park, K. H.; Chhowalla, M.; Iqbal, Z.; Sesti, F. Single-walled carbon nanotubes are a new class of ion channel
blockers. J. Biol. Chem., 2003, 278(50), 50212-50216.

[40] Radomski, A.; Jurasz, P.; Alonso-Escolano, D.; Drews, M.; Morandi, M.; Malinski, T.; Radomski, M. W.
Nanoparticle-induced platelet aggregation and vascular thrombosis. Br. J. Pharmacol., 2005, 146(6), 882-893.

[41] Geng, Y.; Dalhaimer, P.; Cai, S.; Tsai, R.; Tewari, M.; Minko, T.; Discher, D. E. Shape effects of filaments versus
spherical particles in flow and drug delivery. Nat. Nanotechnol., 2007, 2(4), 249-255.

[42] Tran, C. L.; Buchanan, D.; Cullen, R. T.; Searl, A.; Jones, A. D.; Donaldson, K. Inhalation of poorly soluble
particles. II. Influence of particle surface area on inflammation and clearance. Inhal. Toxicol., 2000, 12(12), 1113-1126.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 231

[43] Nikula, K. J.; Snipes, M. B.; Barr, E. B.; Griffith, W. C.; Henderson, R. F.; Mauderly, J. L. Comparative pulmonary
toxicities and carcinogenicities of chronically inhaled diesel exhaust and carbon black in F344 rats. Fundam. Appl.
Toxicol., 1995, 25(1), 80-94.

[44] Driscoll, K. E.; Carter, J. M.; Howard, B. W.; Hassenbein, D. G.; Pepelko, W.; Baggs, R. B.; Oberdorster, G.
Pulmonary inflammatory, chemokine, and mutagenic responses in rats after subchronic inhalation of carbon black.
Toxicol. Appl. Pharmacol., 1996, 136(2), 372-380.

[45] Wakefield, G.; Lipscomb, S.; Holland, E.; Knowland, J. The effects of manganese doping on UVA absorption and
free radical generation of micronised titanium dioxide and its consequences for the photostability of UVA absorbing
organic sunscreen components. Photochem. Photobiol. Sci., 2004, 3(7), 648-652.

[46] Jia, G.; Wang, H.; Yan, L.; Wang, X.; Pei, R.; Yan, T.; Zhao, Y.; Guo, X. Cytotoxicity of Carbon Nanomaterials:
Single-Wall Nanotube, Multi-Wall Nanotube, and Fullerene. Environ. Sci. Technol., 2005, 39(5), 1378-1383.

[47] Pulskamp, K.; Diabate, S.; Krug, H. F. Carbon nanotubes show no sign of acute toxicity but induce intracellular
reactive oxygen species in dependence on contaminants. Toxicol. Lett., 2007, 168(1), 58-74.

[48] Hardman, R. A toxicologic review of quantum dots: toxicity depends on physicochemical and environmental factors.
Environ. Health Perspect., 2006, 114(2), 165-172.

[49] Hussain, S. M.; Hess, K. L.; Gearhart, J. M.; Geiss, K. T.; Schlager, J. J. In vitro toxicity of nanoparticles in BRL 3A
rat liver cells. Toxicol. In vitro, 2005, 19(7), 975-983.

[50] Kale, S. N.; Arora, S.; Bhayani, K. R.; Paknikar, K. M.; Jani, M.; Wagh, U. V.; Kulkarni, S. D.; Ogale, S. B. Cerium
doping and stoichiometry control for biomedical use of La0.7Sr0.3MnO3 nanoparticles: microwave absorption and
cytotoxicity study. Nanomedicine, 2006, 2(4), 217-221.

[51] Lockman, P. R.; Koziara, J. M.; Mumper, R. J.; Allen, D. D. Nanoparticle surface charges alter blood-brain barrier
integrity and permeability. J. Drug Target., 2004, 12(9-10), 635-641.

[52] Nigavekar, S. S.; Sung, L. Y.; Llanes, M.; El-Jawahri, A.; Lawrence, T. S.; Becker, C. W.; Balogh, L.; Khan, M. K.
3H dendrimer nanoparticle organ/tumor distribution. Pharm. Res., 2004, 21(3), 476-483.

[53] Schins, R. P.; Duffin, R.; Hohr, D.; Knaapen, A. M.; Shi, T.; Weishaupt, C.; Stone, V.; Donaldson, K.; Borm, P. J.
Surface modification of quartz inhibits toxicity, particle uptake, and oxidative DNA damage in human lung epithelial
cells. Chem. Res. Toxicol., 2002, 15(9), 1166-1173.

[54] Wick, P.; Manser, P.; Limbach, L. K.; Dettlaff-Weglikowska, U.; Krumeich, F.; Roth, S.; Stark, W. J.; Bruinink, A.
The degree and kind of agglomeration affect carbon nanotube cytotoxicity. Toxicol. Lett., 2007, 168(2), 121-131.

[55] Buzea, C.; Pacheco, II; Robbie, K. Nanomaterials and nanoparticles: sources and toxicity. Biointerphases, 2007,
2(4), MR17- MR71.

[56] Hamilton, R. F.; Wu, N.; Porter, D.; Buford, M.; Wolfarth, M.; Holian, A. Particle length-dependent titanium
dioxide nanomaterials toxicity and bioactivity. Part. Fibre Toxicol., 2009, 6, 35.

[57] Poland, C. A.; Duffin, R.; Kinloch, I.; Maynard, A.; Wallace, W. A.; Seaton, A.; Stone, V.; Brown, S.; Macnee, W.;
Donaldson, K. Carbon nanotubes introduced into the abdominal cavity of mice show asbestos-like pathogenicity in a
pilot study. Nat. Nanotechnol., 2008, 3(7), 423-428.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 232

[58] Sivulka, D. J.; Seilkop, S. K. Reconstruction of historical exposures in the US nickel alloy industry and the
implications for carcinogenic hazard and risk assessments. Regul. Toxicol. Pharmacol., 2009, 53(3), 174-185.

[59] Churg, A. M.; Green, F. H. Y. In Thurlbeck’s Pathology of the Lung; Churg, A. M., Myers, J. L., Tazelaar, H. D.,
Wright, J. L., Eds.; Thieme Medical Publishers, Inc.: New York, 2005.

[60] Brody, A. R.; Overby, L. H. Incorporation of tritiated thymidine by epithelial and interstitial cells in bronchiolar-
alveolar regions of as bestos-exposed rats. Am. J. Pathol., 1989, 134(1), 133-140.

[61] Chang, L. Y.; Overby, L. H.; Brody, A. R.; Crapo, J. D. Progressive lung cell reactions and extracellular matrix
production after a brief exposure to asbestos. Am. J. Pathol., 1988, 131(1), 156-170.

[62] Yildirim, L.; Thanh, N. T.; Lozado, M.; Seifalian, A. M. Toxi cology and clinical potential of nanoparticles. Nano
Today, 2011, 6(6), 585-607.

[63] Davoren, M.; Herzog, E.; Casey, A.; Cottineau, B.; Chambers, G.; Byrne, H. J.; Lyng, F. M. In vitro toxicity
evaluation of single walled carbon nanotubes on human A549 lung cells. Toxicol. In vitro, 2007, 21(3), 438-448.

[64] Schipper, M. L.; Nakayama-Ratchford, N.; Davis, C. R.; Kam, N. W.; Chu, P.; Liu, Z.; Sun, X.; Dai, H.; Gambhir, S.
S. A pilot toxicology study of single-walled carbon nanotubes in a small sample of mice. Nat. Nanotechnol., 2008, 3(4),
216-221.

[65] Muller, J.; Huaux, F.; Moreau, N.; Misson, P.; Heilier, J. F.; Delos, M.; Arras, M.; Fonseca, A.; Nagy, J. B.; Lison,
D. Respiratory toxicity of multi-wall carbon nanotubes. Toxicol. Appl. Pharmacol., 2005, 207(3), 221-231.

[66] Lin, W.; Huang, Y. W.; Zhou, X. D.; Ma, Y. In vitro toxicity of silica nanoparticles in human lung cancer cells.
Toxicol. Appl. Pharmacol., 2006, 217(3), 252-259.

[67] Chen, M.; von Mikecz, A. Formation of nucleoplasmic protein aggregates impairs nuclear function in response to
SiO2 nanoparticles. Exp. Cell. Res., 2005, 305(1), 51-62.

[68] Napierska, D.; Thomassen, L. C.; Rabolli, V.; Lison, D.; Gonzalez, L.; Kirsch-Volders, M.; Martens, J. A.; Hoet, P.
H. Size-dependent cytotoxicity of monodisperse silica nanoparticles in human endothelial cells. Small, 2009, 5(7), 846-
853.

[69] Chen, Y.; Chen, J.; Dong, J.; Jin, Y. Comparing study of the effect of nanosized silicon dioxide and microsized
silicon dioxide on fibrogenesis in rats. Toxicol. Ind. Health, 2004, 20(1-5), 21-27.

[70] Sung, J. H.; Ji, J. H.; Yoon, J. U.; Kim, D. S.; Song, M. Y.; Jeong, J.; Han, B. S.; Han, J. H.; Chung, Y. H.; Kim, J.;
Kim, T. S.; Chang, H. K.; Lee, E. J.; Lee, J. H.; Yu, I. J. Lung function changes in Sprague-Dawley rats after prolonged
inhalation exposure to silver nanoparticles. Inhal. Toxicol., 2008, 20(6), 567-574.

[71] Arora, S.; Jain, J.; Rajwade, J. M.; Paknikar, K. M. Cellular responses induced by silver nanoparticles: In vitro
studies. Toxicol. Lett., 2008, 179(2), 93-100.

[72] Samberg, M. E.; Oldenburg, S. J.; Monteiro-Riviere, N. A. Evaluation of silver nanoparticle toxicity in skin in vivo
and keratinocytes in vitro. Environ. Health Perspect., 2010, 118(3), 407-413.

[73] Trop, M.; Novak, M.; Rodl, S.; Hellbom, B.; Kroell, W.; Goessler, W. Silver-coated dressing acticoat caused raised
liver enzymes and argyria-like symptoms in burn patient. J. Trauma, 2006, 60(3), 648-652.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 233

[74] Kiss, B.; Biro, T.; Czifra, G.; Toth, B. I.; Kertesz, Z.; Szikszai, Z.; Kiss, A. Z.; Juhasz, I.; Zouboulis, C. C.; Hunyadi,
J. Investigation of micronized titanium dioxide penetration in human skin xenografts and its effect on cellular functions
of human skinderived cells. Exp. Dermatol., 2008, 17(8), 659-667.

[75] Bennat, C.; Muller-Goymann, C.C. Skin penetration and stabilization of formulations containing microfine titanium
dioxide as physical UV filter. Int. J. Cosmet. Sci., 2000, 22(4), 271-283.

[76] Nabeshi, H.; Yoshikawa, T.; Matsuyama, K.; Nakazato, Y.; Arimori, A.; Isobe, M.; Tochigi, S.; Kondoh, S.; Hirai,
T.; Akase, T.; Yamashita, T.; Yamashita, K.; Yoshida, T.; Nagano, K.; Abe, Y.; Yoshioka, Y.; Kamada, H.; Imazawa, T.;
Itoh, N.; Tsunoda, S.; Tsutsumi, Y. Size-dependent cytotoxic effects of amorphous silica nanoparticles on Langerhans
cells. Pharmazie, 2010, 65(3), 199- 201.

[77] Park, Y. H.; Kim, J. N.; Jeong, S. H.; Choi, J. E.; Lee, S. H.; Choi, B. H.; Lee, J. P.; Sohn, K. H.; Park, K. L.; Kim,
M. K.; Son, S. W. Assessment of dermal toxicity of nanosilica using cultured keratinocytes, a human skin equivalent
model and an in vivo model. Toxicology, 2010, 267(1-3), 178-181.

[78] Mironava, T.; Hadjiargyrou, M.; Simon, M.; Jurukovski, V.; Rafailovich, M. H. Gold nanoparticles cellular toxicity
and recovery: effect of size, concentration and exposure time. Nanotoxicology, 2010, 4(1), 120-137.

[79] Pan, Y.; Neuss, S.; Leifert, A.; Fischler, M.; Wen, F.; Simon, U.; Schmid, G.; Brandau, W.; Jahnen-Dechent, W.
Size-dependent cytotoxicity of gold nanoparticles. Small, 2007, 3(11), 1941-1949.

[80] Chen, Y. S.; Hung, Y. C.; Liau, I.; Huang, G. S. Assessment of the In vivo Toxicity of Gold Nanoparticles.
Nanoscale Res. Lett., 2009, 4(8), 858-864.

[81] Cho, W. S.; Cho, M.; Jeong, J.; Choi, M.; Cho, H. Y.; Han, B. S.; Kim, S. H.; Kim, H. O.; Lim, Y. T.; Chung, B. H.
Acute toxicity and pharmacokinetics of 13 nm-sized PEG-coated gold nanoparticles. Toxicol. Appl. Pharmacol., 2009,
236(1), 16-24.

[82] Cho, M.; Cho, W. S.; Choi, M.; Kim, S. J.; Han, B. S.; Kim, S. H.; Kim, H. O.; Sheen, Y. Y.; Jeong, J. The impact
of size on tissue distribution and elimination by single intravenous injection of silica nanoparticles. Toxicol. Lett., 2009,
189(3), 177-183.

[83] Kumar, R.; Roy, I.; Ohulchanskky, T. Y.; Vathy, L. A.; Bergey, E. J.; Sajjad, M.; Prasad, P. N. In vivo
biodistribution and clearance studies using multimodal organically modified silica nanoparticles. ACS Nano, 2010, 4(2),
699-708.

[84] Derfus, A. M.; Chan, W. C. W.; Bhatia, S. N. Probing the Cytotoxicity of Semiconductor Quantum Dots. Nano Lett.,
2003, 4(1), 11- 18.

[85] Das, G. K.; Chan, P. P.; Teo, A.; Loo, J. S.; Anderson, J. M.; Tan, T. T. In vitro cytotoxicity evaluation of
biomedical nanoparticles and their extracts. J. Biomed. Mater. Res. A., 2010, 93(1), 337-346.

[86] Shukla, R.; Bansal, V.; Chaudhary, M.; Basu, A.; Bhonde, R. R.; Sastry, M. Biocompatibility of gold nanoparticles
and their endocytotic fate inside the cellular compartment: a microscopic overview. Langmuir, 2005, 21(23), 10644-
10654.

[87] Kim, Y. S.; Kim, J. S.; Cho, H. S.; Rha, D. S.; Kim, J. M.; Park, J. D.; Choi, B. S.; Lim, R.; Chang, H. K.; Chung, Y.
H.; Kwon, I. H.; Jeong, J.; Han, B. S.; Yu, I. J. Twenty-eight-day oral toxicity, genotoxicity, and gender-related tissue
distribution of silver nanoparticles in Sprague-Dawley rats. Inhal. Toxicol., 2008, 20(6), 575-583.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 234

[88] Kato, S.; Itoh, K.; Yaoi, T.; Tozawa, T.; Yoshikawa, Y.; Yasui, H.; Kanamura, N.; Hoshino, A.; Manabe, N.;
Yamamoto, K.; Fushiki, S. Organ distribution of quantum dots after intraperitoneal administration, with special reference
to area-specific distribution in the brain. Nanotechnology, 2010, 21(33), 335103.

[89] Elder, A.; Gelein, R.; Silva, V.; Feikert, T.; Opanashuk, L.; Carter, J.; Potter, R.; Maynard, A.; Ito, Y.; Finkelstein, J.;
Oberdorster, G. Translocation of inhaled ultrafine manganese oxide particles to the central nervous system. Environ.
Health Perspect., 2006, 114(8), 1172-1178.

[90] Elder, A.; Oberdorster, G. Translocation and effects of ultrafine particles outside of the lung. Clin. Occup. Environ.
Med., 2006, 5(4), 785-796.

[91] Geldenhuys, W. J.; Lockman, P. R.; McAfee, J. H.; Fitzpatrick, K. T.; Van der Schyf, C. J.; Allen, D. D. Molecular
modeling studies on the active binding site of the blood-brain barrier choline transporter. Bioorg. Med. Chem. Lett., 2004,
14(12), 3085-3092.

[92] Henriksson, J.; Tallkvist, J.; Tjalve, H. Transport of manganese via the olfactory pathway in rats: dosage
dependency of the uptake and subcellular distribution of the metal in the olfactory epithelium and the brain. Toxicol.
Appl. Pharmacol., 1999, 156(2), 119-128.

[93] Yacobi, N. R.; Malmstadt, N.; Fazlollahi, F.; DeMaio, L.; Marchel letta, R.; Hamm-Alvarez, S. F.; Borok, Z.; Kim,
K. J.; Crandall, E. D. Mechanisms of alveolar epithelial translocation of a defined population of nanoparticles. Am. J.
Respir. Cell. Mol. Biol., 2010, 42(5), 604-614.

[94] Kreyling, W. G.; Semmler, M.; Erbe, F.; Mayer, P.; Takenaka, S.; Schulz, H.; Oberdorster, G.; Ziesenis, A.
Translocation of ultrafine insoluble iridium particles from lung epithelium to extrapulmonary organs is size dependent
but very low. J. Toxicol. Environ. Health A., 2002, 65(20), 1513-1530.

[95] Oberdorster, G.; Sharp, Z.; Atudorei, V.; Elder, A.; Gelein, R.; Lunts, A.; Kreyling, W.; Cox, C. Extrapulmonary
translocation of ultrafine carbon particles following whole-body inhalation exposure of rats. J. Toxicol. Environ. Health
A., 2002, 65(20), 1531- 1543.

[96] Oberdorster, G.; Utell, M. J. Ultrafine particles in the urban air: to the respiratory tract--and beyond? Environ.
Health Perspect., 2002, 110(8), A440-A441.

[97] Persson, E.; Henriksson, J.; Tallkvist, J.; Rouleau, C.; Tjalve, H. Transport and subcellular distribution of
intranasally administered zinc in the olfactory system of rats and pikes. Toxicology, 2003, 191(2-3), 97-108.

[98] Semmler, M.; Seitz, J.; Erbe, F.; Mayer, P.; Heyder, J.; Oberdor ster, G.; Kreyling, W. G. Long-term clearance
kinetics of inhaled ultrafine insoluble iridium particles from the rat lung, including transient translocation into secondary
organs. Inhal. Toxicol., 2004, 16(6-7), 453-459.

[99] Kreyling, W. G.; Semmler-Behnke, M.; Moller, W. Ultrafine particle-lung interactions: does size matter? J. Aerosol.
Med., 2006, 19(1), 74-83.

[100] Oberdorster, G.; Ferin, J.; Lehnert, B. E. Correlation between particle size, in vivo particle persistence, and lung
injury. Environ. Health Perspect., 1994, 102 Suppl. 5, 173-179.

[101] Gatti, A. M.; Montanari, S.; Gambarelli, A.; Capitani, F.; Salvatori, R., In-vivo short- and long-term evaluation of
the interaction material-blood. J. Mater. Sci. Mater. Med., 2005, 16(12), 1213-1219.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 235

[102] Gatti, A. M.; Rivasi, F. Biocompatibility of micro- and nanoparticles. Part I: in liver and kidney. Biomaterials,
2002, 23(11), 2381- 2387.

[103] Ballestri, M.; Baraldi, A.; Gatti, A. M.; Furci, L.; Bagni, A.; Loria, P.; Rapana, R. M.; Carulli, N.; Albertazzi, A.
Liver and kidney foreign bodies granulomatosis in a patient with malocclusion, bruxism, and worn dental prostheses.
Gastroenterology, 2001, 121(5), 1234-1238.

[104] Oberdorster, G.; Oberdorster, E.; Oberdorster, J. Nanotoxicology: an emerging discipline evolving from studies of
ultrafine particles. Environ. Health Perspect., 2005, 113(7), 823-839.

[105] Takenaka, S.; Karg, E.; Roth, C.; Schulz, H.; Ziesenis, A.; Heinzmann, U.; Schramel, P.; Heyder, J. Pulmonary and
systemic distribution of inhaled ultrafine silver particles in rats. Environ. Health Perspect., 2001, 109 Suppl. 4, 547-551.

[106] Geiser, M.; Rothen-Rutishauser, B.; Kapp, N.; Schurch, S.; Kreyling, W.; Schulz, H.; Semmler, M.; Im Hof, V.;
Heyder, J.; Gehr, P. Ultrafine particles cross cellular membranes by nonphagocytic mechanisms in lungs and in cultured
cells. Environ. Health Perspect., 2005, 113(11), 1555-1560.

[107] Chen, J.; Tan, M.; Nemmar, A.; Song, W.; Dong, M.; Zhang, G.; Li, Y. Quantification of extrapulmonary
translocation of intratracheal-instilled particles in vivo in rats: effect of lipopolysaccharide. Toxicology, 2006, 222(3),
195-201.

[108] Wiebert, P.; Sanchez-Crespo, A.; Falk, R.; Philipson, K.; Lundin, A.; Larsson, S.; Moller, W.; Kreyling, W. G.;
Svartengren, M. No significant translocation of inhaled 35-nm carbon particles to the circulation in humans. Inhal.
Toxicol., 2006, 18(10), 741-747.

[109] Racette, B. A.; Tabbal, S. D.; Jennings, D.; Good, L.; Perlmutter, J. S.; Evanoff, B. Prevalence of parkinsonism and
relationship to exposure in a large sample of Alabama welders. Neurology, 2005, 64(2), 230-235.

[110] Bowler, R. M.; Koller, W.; Schulz, P. E. Parkinsonism due to manganism in a welder: neurological and
neuropsychological sequelae. Neurotoxicology, 2006, 27(3), 327-332.

[111] Bowler, R. M.; Roels, H. A.; Nakagawa, S.; Drezgic, M.; Diamond, E.; Park, R.; Koller, W.; Bowler, R. P.;
Mergler, D.; Bouchard, M.; Smith, D.; Gwiazda, R.; Doty, R. L. Dose-effect relationships between manganese exposure
and neurological, neuropsychological and pulmonary function in confined space bridge welders. Occup. Environ. Med.,
2007, 64(3), 167-177.

[112] Harris, R. C.; Lundin, J. I.; Criswell, S. R.; Hobson, A.; Swisher, L. M.; Evanoff, B. A.; Checkoway, H.; Racette, B.
A. Effects of parkinsonism on health status in welding exposed workers. Parkinsonism Relat. Disord., 2011, 17(9), 672-
676.

[113] Wang, Y.; Xue, J.; Cheng, S.; Ding, Y.; He, J.; Liu, X.; Chen, X.; Feng, X.; Xia, Y. The relationship between
manganism and the workplace environment in China. Int. J. Occup. Med. Environ. Health, 2012, 25(4), 501-505.

[114] Lucchini, R. G.; Martin, C. J.; Doney, B. C. From manganism to manganese-induced parkinsonism: a conceptual
model based on the evolution of exposure. Neuromolecular. Med., 2009, 11(4), 311- 321.

[115] Gitler, A. D.; Chesi, A.; Geddie, M. L.; Strathearn, K. E.; Hamamichi, S.; Hill, K. J.; Caldwell, K. A.; Caldwell, G.
A.; Cooper, A. A.; Rochet, J. C.; Lindquist, S. Alpha-synuclein is part of a diverse and highly conserved interaction
network that includes PARK9 and manganese toxicity. Nat. Genet., 2009, 41(3), 308-315.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 236

[116] Remelli, M.; Peana, M.; Medici, S.; Delogu, L. G.; Zoroddu, M. A. Interaction of divalent cations with peptide
fragments from Parkinson's disease genes. Dalton Trans., 2013, 42(17), 5964-5974.

[117] Medici, S.; Peana, M.; Delogu, L. G.; Zoroddu, M. A. Mn (II) and Zn (II) interactions with peptide fragments from
Parkinson's disease genes. Dalton Trans., 2012, 41(15), 4378-4388.

[118] Calderon-Garciduenas, L.; Reed, W.; Maronpot, R. R.; Henriquez Roldan, C.; Delgado-Chavez, R.; Calderon-
Garciduenas, A.; Dragustinovis, I.; Franco-Lira, M.; Aragon-Flores, M.; Solt, A. C.; Altenburg, M.; Torres-Jardon, R.;
Swenberg, J. A. Brain inflammation and Alzheimer's-like pathology in individuals exposed to severe air pollution.
Toxicol. Pathol., 2004, 32(6), 650-658.

[119] Becker, H.; Herzberg, F.; Schulte, A.; Kolossa-Gehring, M. The carcinogenic potential of nanomaterials, their
release from products and options for regulating them. Int. J. Hyg. Environ. Health, 2011, 214(3), 231-238.

[120] Becker, H.; Herzberg, F.; Schulte, A.; Kolossa-Gehring, M. The carcinogenic potential of nanomaterials, their
release from products and options for regulating them. Int. J. Hyg. Environ. Health, 2011, 214(3), 231-238.

[121] Wang, J.; Xu, Y.; Yang, Z.; Huang, R.; Chen, J.; Wang, R.; Lin, Y. Toxicity of carbon nanotubes. Curr. Drug
Metab., 2013, 14(8), 891-899.

[122] Moller, P.; Folkmann, J. K.; Danielsen, P. H.; Jantzen, K.; Loft, S. Oxidative stress generated damage to DNA by
gastrointestinal exposure to insoluble particles. Curr. Mol. Med., 2012, 12(6), 732- 745.

[123] Yang, K.; Liu, Z. In vivo biodistribution, pharmacokinetics, and toxicology of carbon nanotubes. Curr. Drug
Metab., 2012, 13(8), 1057-1067.

[124] Trouiller, B.; Reliene, R.; Westbrook, A.; Solaimani, P.; Schiestl, R. H. Titanium dioxide nanoparticles induce
DNA damage and genetic instability in vivo in mice. Cancer Res., 2009, 69(22), 8784- 8789.

[125] Wang, Y.; Chen, Z.; Ba, T.; Pu, J.; Chen, T.; Song, Y.; Gu, Y.; Qian, Q.; Xu, Y.; Xiang, K.; Wang, H.; Jia, G.
Susceptibility of young and adult rats to the oral toxicity of titanium dioxide nanoparticles. Small, 2013, 9(9-10), 1742-
1752.

[126] Tang, Y.; Wang, F.; Jin, C.; Liang, H.; Zhong, X.; Yang, Y. Mitochondrial injury induced by nanosized titanium
dioxide in A549 cells and rats. Environ. Toxicol. Pharmacol., 2013, 36(1), 66-72.

[127] Guildford, A. L.; Poletti, T.; Osbourne, L. H.; Di Cerbo, A.; Gatti, A. M.; Santin, M. Nanoparticles of a different
source induce different patterns of activation in key biochemical and cellular components of the host response. J. R. Soc.
Interface, 2009, 6(41), 1213- 1221.

[128] Takenaka, S.; Karg, E.; Roth, C.; Schulz, H.; Ziesenis, A.; Heinzmann, U.; Schramel, P.; Heyder, J. Pulmonary and
systemic distribution of inhaled ultrafine silver particles in rats. Environ. Health Perspect., 2001, 109 Suppl. 4, 547-551.

[129] BeruBe, K.; Balharry, D.; Sexton, K.; Koshy, L.; Jones, T. Combustion-derived nanoparticles: mechanisms of
pulmonary toxicity. Clin. Exp. Pharmacol. Physiol., 2007, 34(10), 1044-1050.

[130] Hagens, W. I.; Oomen, A. G.; de Jong, W. H.; Cassee, F. R.; Sips, A. J. What do we (need to) know about the
kinetic properties of nanoparticles in the body? Regul. Toxicol. Pharmacol., 2007, 49(3), 217-229.

[131] Medina, C.; Santos-Martinez, M. J.; Radomski, A.; Corrigan, O. I.; Radomski, M. W. Nanoparticles:
pharmacological and toxicological significance. Br. J. Pharmacol., 2007, 150(5), 552-558.



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 237

[132] Porru, S.; Placidi, D.; Quarta, C.; Sabbioni, E.; Pietra, R.; Fortaner, S. The potential role of rare earths in the
pathogenesis of interstitial lung disease: a case report of movie projectionist as investigated by neutron activation
analysis. J. Trace Elem. Med. Biol., 2001, 14(4), 232-236.

[133] Park, B.; Donaldson, K.; Duffin, R.; Tran, L.; Kelly, F.; Mudway, I.; Morin, J. P.; Guest, R.; Jenkinson, P.;
Samaras, Z.; Giannouli, M.; Kouridis, H.; Martin, P. Hazard and risk assessment of a nanoparticulate cerium oxide-based
diesel fuel additive - a case study. Inhal. Toxicol., 2008, 20(6), 547-566.

[134] Ma, J. Y.; Zhao, H.; Mercer, R. R.; Barger, M.; Rao, M.; Meighan, T.; Schwegler-Berry, D.; Castranova, V.; Ma, J.
K. Cerium oxide nanoparticle-induced pulmonary inflammation and alveolar macrophage functional change in rats.
Nanotoxicology, 2011, 5(3), 312- 325.

[135] I. Lynch, T. Cedervall, M. Lundqvist, C. Cabaleiro-Lago, S. Linse, and K. A. Dawson, “The nanoparticle—protein
complex as a biological entity; a complex fluids and surface science challenge for the 21st century,” Advances in Colloid
and Interface Science, vol. 134-135, pp. 167–174, 2007.

[136] T. Cedervall, I. Lynch, M. Foy, et al., “Detailed identification of plasma proteins adsorbed on copolymer
nanoparticles,” Angewandte Chemie International Edition, vol. 46, no. 30, pp. 5754–5756, 2007.

[137] I. Lynch and K. A. Dawson, “Protein-nanoparticle interactions,” Nanotoday, vol. 3, no. 1-2, pp. 40–47, 2008.

[138] P. J. A. Borm and W. Kreyling, “Toxicological hazards of inhaled nanoparticles—potential implications for drug
delivery,” Journal of Nanoscience and Nanotechnology, vol. 4, no. 5, pp. 521–531, 2004.

[139] H. R. Kim, K. Andrieux, S. Gil, et al., “Translocation of poly (ethylene glycol-co-hexadecyl) cyanoacrylate
nanoparticles into rat brain endothelial cells: role of apolipoproteins on receptor-medicted endocytosis,”
Biomacromolecules, vol. 8, no. 3, pp. 793–799, 2007.

[140] D. Dutta, S. K. Sundaram, J. G. Teeguarden, et al., “Adsorbed proteins influence the biological activity and
molecular targeting of nanomaterials,” Toxicological Sciences, vol. 100, no. 1, pp. 303–315, 2007.

[141] X.-C. Shen, X.-Y. Liou, L.-P. Ye, H. Liang, and Z.-Y. Wang, “Spectroscopic studies on the interaction between
human hemoglobin and CdS quantum dots,” Journal of Colloid and Interface Science, vol. 311, no. 2, pp. 400–406, 2007.

[142] M. Kurath and S. Maasen, “Toxicology as a nanoscience? — Disciplinary identities reconsidered,” Particle and
Fibre Toxicology, vol. 3, article 6, pp. 1–13, 2006.

[143] A. V. Kabanov, “Polymer genomics: an insight into pharmacology and toxicology of nanomedicines,” Advanced
Drug Delivery Reviews, vol. 58, no. 15, pp. 1597–1621, 2006.

[144] Skin Cancer, F. iVillage Survey Results from May 2007, 2008.

[145] Blundell, G.; Henderson, W. J.; Price, E. W. Soil particles in the tissues of the foot in endemic elephantiasis of the
lower legs. Ann. Trop. Med. Parasitol., 1989, 83(4), 381-385.

[146] Toxicity of Nanoparticles - Scientific Figure on ResearchGate. Available from:
https://www.researchgate.net/figure/Fig-1-Human-exposure-to-NPs-Main-anthropogenic-sources-of-NPs-their-release-
in-the_fig1_263293761 [accessed 11 Feb 2025]



International Journal of Advance Research Publication and Reviews, Vol 2, no 9, pp 208-238, September 2025 238

[147] Zoroddu, Maria & Medici, Serenella & Ledda, Alessia & Nurchi, Valeria & Lachowicz, Joanna & Peana,
Massimiliano. (2014). Toxicity of Nanoparticles. Current medicinal chemistry. 21.
10.2174/0929867321666140601162314.

[148] El-Ansary, Afaf & Khalaf, Sooad. (2009). On the Toxicity of Therapeutically Used Nanoparticles: An Overview.
Journal of toxicology. 2009. 754810. 10.1155/2009/754810.

[149] G. Nighswonger, A Medical Device Link MD& DI column: new polymers and nanotubes add muscle to prothetic
limbs, 1999, http://www.devicelink.com/mddi/archive/99/08/ 004.html.

[150] G. Oberdorster, Toxicology of airborn environment and ¨ occupational particles, January 2006,
http://www2.envmed. rochester.edu/envmed/tox/faculty/oberdoerster.html.

[151] G. Oberdorster, E. Oberd orster, and J. Oberd orster, “Nanotoxicology: an emerging discipline evolving from
studies of ultrafine particles,” Environmental Health Perspectives, vol. 113, no. 7, pp. 823–839, 2005.

[152] S. K. Klimuk, S. C. Semple, P. N. Nahirney, et al., “Enhanced anti-inflammatory activity of a liposomal
intercellular adhesion molecule-1 antisense oligodeoxynucleotide in an acute model of contact hypersensitivity,” Journal
of Pharmacology and Experimental Therapeutics, vol. 292, no. 2, pp. 480–488, 2000.


