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ABSTRACT
Green Synthesized Cerium oxide nanoparticles (CeO2NPs) have sparked a lot of interest in numerous disciplines of science and Technology during
the past decade. A wide range of biological resources has been employed in synthesizing CeO2NPs, including plants, microorganisms, and other
biological products. Biosynthesis procedures, current knowledge, and prospects in the synthesis of Green synthesis of CeO2NPs are also discussed.
Neurodegenerative diseases, such as aging, trauma, Alzheimer's and Parkinson's, and other neurological problems, are linked to higher oxidative
stress and superoxide radicals generation. Cerium oxide nanoparticles' antioxidant properties suggest that they may be useful in the treatment of
CNS diseases. The biological antioxidant benefits of cerium oxide nanoparticles on extending cell and organism lifespan, preventing a free radical
attack, and preventing trauma-induced neurological damage are discussed in this section. CeO2NPs, an aspect of nanotechnology, would emerge as a
novel drug delivery carrier through therapeutic strategies. In several diseases oxidative stress and inflammation. CeO2NPs exhibited a remarkable
ability to switch between+3 and+4 oxidation states making this an efficient therapeutic option and an effective drug delivery agent. Further Reactive
oxygen and nitrogen species. The overall goal of this study is to provide reasonable insight into CeO2NPs as new therapeutic agents and to solve the
challenges, of safely and effectively employing these CeO2NPs for efficient management of Central Nervous System diseases.
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INTRODUCTION
Disorders of the central nervous system are a major source of
disease burden globally and contribute significantly to health loss
over time [1-4]. The worldwide burden of illness is shifting from
communicable to chronic non-communicable diseases and from
infant death to morbidity as a result of population expansion and
aging [3, 4]. Epidemiological changes are increasing the worldwide
burden of chronic illnesses, especially in low-income countries. Such
as cancer and disorders of the central nervous system. A paradigm
change from a single disorder strategy to one that emphasizes
treatment for patients with numerous disorders is represented by
comorbidity or co-morbidity (the occurrence of two or more chronic
health conditions in a person) [5-7]. Multiple sclerosis, breast
cancer, melanoma, and testicular cancer have all been linked to
central nervous system disorders in several epidemiological studies
and meta-analyses over the last several decades [8-16]. Meanwhile,
epidemiological data suggest a lower cancer risk in conditions like
Alzheimer's disease, and Parkinson's disease is all examples of
neurodegenerative diseases that damage the brain and central
nervous system [15-25]. A meta-analysis evaluated the incidence of
cancer in more than 50 observational studies, which included data
from more than 570,000 people from various backgrounds took part
in the study (including eight illnesses of the central nervous system,
including Alzheimer's Illness, ALS, and autism spectrum disorder
schizophrenia with other mental illnesses, such as Down syndrome,
Parkinson's disease, and multiple sclerosis eight malignancies that
can only be found in a certain part of the body, including brain,
breast, colorectal, lung, prostate, testicular, leukemia and
melanoma)In the recent decades, the development of fresh
methodologies form the building of Nano formulations
(nanocarriers) for the effective transport of medicinal molecules
provides a wide variety of biotechnological applications. Adaptive
nanostructured materials can transport medications to the target
locations with reduced dose frequencies and in a (spatial/temporal)
regulated way to lessen the negative effects observed with standard
therapy. In particular, they allow eliminating the primary important

concerns faced with conventional pharmacological therapies like the
nonspecific dispersion, rapid\sclearance, unregulated release of
medicines, and limited bioavailability. The overall outcome is a
sensitive decrease in toxicity and/or unpleasant effects. CeO2NPs
have been widely used because of their unique surface chemistry as
well as their stability and biocompatibility [26, 27]. These CeO2NPs
are 1-100 nm-sized and presently manufactured via physical and
chemical means [26-28]. One of the most common uses of greensynthesized CeO2NPS is in the treatment of central nervous system
disorders, bacterial and fungal infections, as well as cancer and
insecticide resistance [15, 19, 21]. Reducing solvents in these
processes poses several hazards to biodiversity and the
environment. Because they generate unstable and potentially toxic
N. P. s, these methods are less effective [8, 9]. Research is now
embracing Green Synthesis, a safer and less dangerous method. This
technique uses a broad variety of natural resources, including plants,
bacteria, and any other kind of biological material. Phytochemicals,
including ketones, amines, enzymes, and phenols that are assumed
to be held considered for the stabilization and reduction of bulk ions
into nanoparticles, are abundant in these biological extracts [10-14].
Antioxidant properties are among the most often employed
biological functions. Numerous studies have found this to be the case
that the antioxidant properties of CeO2NPs may be achieved in a
variety of different methods [9]. Bacteria are killed by the reactive
oxygen species (ROS) production in the cell of CeO2NPs [8, 15]. The
method of action needs more investigation. In this evaluation, we
would like to pay particular attention to the following areas.
CeO2NPs have been synthesized using a wide variety of biological
resources. With a focus on antibacterial properties, synthesis and
therapeutic uses are examined.
Search strategy

PubMed, EMBASE, Google scholar, sci-finder, and Web of Science
were searched to identify eligible studies. We searched databases
from January 2011 to 2021 August 15, 2021. We employed the
following keywords and MeSH searches: (Green synthesis of Cerium
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oxide nanoparticle) and (Central nervous or neurodegenerative
diseases). We did not use the language restriction. For more eligible
studies, we retrieved the reference lists of relevant articles or
reviews.
Methods of green synthesis of cerium oxide nanoparticles

Nanoparticles may be made using a variety of physicochemical
techniques. Toxic solvents, high temperatures, and high pressure are
required in all methods, all of which are bad for the environment
[22, 24]. Low yields, high costs, extensive downstream processing,
and volatility all contribute to their ineffectiveness [6, 9]. There is a
rising need for nanostructures that can solve these issues [5, 8].
Researchers are presently using green synthesis techniques to tackle
all of these issues. In developing environmentally acceptable N. P. s,
for example, plant, microbial, and additionally, natural materials
from various sources were used to reduce and stabilize [24].
CeO2NPs have also been created using a variety of physical, chemical,
and biological methods [8]. Because of its biocompatibility and
safety, the latter is often used in biomedical, pharmaceutical, and
food applications. Using a green technique may result in higher
yields, longer-term stability, and improved morphologies, among
other advantages [6, 8, 29].
Cerium oxide nanoparticles from plant sources

Plant extracts, microbial derivatives, and other biological derivatives
have all been used in the green manufacture of CeO2NPs. Because of
the amount of reducing and stabilizing substances in plants, as well
as their accessibility and safety, they have shown to be the most
effective source in this respect [25, 26]. CeO2NPs nanoparticles have
been synthesized using plant materials, including leaves, flowers,
stems, and other similar parts [26]. In the early stages of green
synthesis research, the emphasis has been on extracts from leaves.
An array of metabolites/phytochemicals found in plant extracts,
such as ketones, carboxylic acids, phenolic acids, and ascorbic acid,
serve as reduction and stabilization agents [27]. To make plantbased CeO2NPs a bulk metal salt is combined with the extract, and
the reaction is initiated. Is completed to nanoparticles by
phytochemicals [28]. The production of these nanoparticles is first
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demonstrated by a color shift from colorless to yellowish, brownish,
or white, and then described using various spectroscopic and
imaging methods [30]. Moringa oleifera L leaf extract was used to
make CeO2NPs with 100 nm dimensions and spherical
morphologies. Antibacterial and wound-healing capabilities have
been discovered in the NPs [31]. CeO2NPs were synthesized using an
antibacterial leaf extract from Gloriosa Superba as a reducing and
stabilizing agent [32]. 3.9 nm-sized crystalline CeO2NPs were
produced from an extract of Hibiscus sabdariffa. Nanoparticles with a
diameter of 63.6 nm were synthesized using the gel extract of the
medicinal plant Aloe Barbadensis [33]. It has been shown that the
nanoparticles of CeO2 that have been synthesized exhibit excellent
antioxidant properties. For the green synthesis of CeO2NPs with high
photocatalytic activity and a monodispersed shape of 3–5 nm, extracts
from the leaves of Jatropha curcus were used. CeO2NPs with a
diameter of 24 nm, which has good antibacterial properties against
both gram-negative and gram-positive bacteria, are created using the
Oleo Europaea leaf extract. Pseudospherical CeO2NPs were
synthesized using Origanum majoranaextracts (20 nm). According to
FT-IR studies, the decrease is due to the presence of different phenolic
and flavonoids components in the extract. Rubia cordifolia leaf fusions
were used to create CeO2NPs. Hexagonal N. P. s with a diameter of 26
nm were found using spectroscopy and microscopy. It has been shown
that the biogenic CeO2NPs also have powerful anti-cancer properties.
From 5 to 55 nm in diameter, nanorods are available. When Pedalium
murex L. was exposed to a salt aqueous solution at ambient
temperature, CeO2NPs with substantial antibacterial activity were
formed. As a bio template, China rose petals were employed to create a
unique, 7-nm diameter Ceria Nanosheet that was easy to fabricate
[34]. Reaction temperature, pH, duration, the concentration of salt
precursor or plant extracts, and plant component utilized may have
contributed to the observed differences in size [35]. It was found that
plant-derived CeO2NPs were exceptionally stable throughout a wide
variety of experimental settings [36]. Nanoparticles derived from
green ceria, for example, have no physiochemical alterations in liquid
solution. Biogenic CeO2NPs on the other hand showed excellent
thermal stability and lasted longer, proving their long-term stability
and endurance. Displays the plants employed in the biogenic
production of CeO2NPs to this point.

Table 1: Green synthesis of CeO2NPs from various plants sources

Name
Moringa Oleifera
Lemon Grass
Prosopis Fractal
China Rose
Euphorbiatirucalli
Azadirachta Indica
Aloe vera
Aloe Barbadensis
Walnut
Watermelon
Morus Nigra
Origanum majorana
Elaeagnus Angustifolia
Orange

Part
Peel
Grass
Aerial
Petal
Stem
Leaf
Leaf
Leaf
Shell
Fruit Juice
Fruit
Leaf
Leaf
Fruit

Nanoparticle
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2

Cerium oxide nanoparticles from microorganisms
Secondary metabolites found in microbes make them capable of
producing nanoparticles naturally. CeO2NPs of different shapes and
sizes have been created by microorganisms over the past few decades,
along with other nanoparticles. Synthesizing CeO2NPs from microbes
is an environmentally benign and cost-effective method [50, 51].
CeO2NPs bulk salt is reduced and stabilized into matching
NanoParticles primarily by enzymes and proteins, as well as their
heterocyclic derivatives. Stability, water dispensability, and
fluorescence characteristics of micro-biogenic CeO2NPs were
enhanced while they were less agglomerated. While Aspergillus niger
extract has been acquired, cubic fluorite N. P. s with a spherical shape
or an average size of 5 nanometers were obtained (nm). There was

Shape
Spherical
Spherical
Nanosheet
Flaky
Spherical
Spherical
Spherical
Spherical
Irregular
Irregular
Spherical
Spherical
Cubic

Size (NM)
45
10-45
30
7
37-40
10-1
2-3
63
9-1
36
7.5
20
42
20-25

Reference
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]

evidence of a phenyl group, a carboxylic group (known to play a role in
N. P. reduction), and a hydroxyl group. Spherical CeO2NPs with sizes
ranging from 5 to 20 nm were also synthesized using Curvularialunata
extract. As a first impression, the color went from white to a rich, rusty
brown. An incredible antibacterial effect was shown when the
nanoparticles were tested against microbial diseases. To prevent the
production and growth of harmful bacteria biofilms, CeO2NPs with a
diameter of 20–30 nm were created using Fusarium solani extract. The
thermophilic fungus Humicola was used as a capping agent in Shadab
Ali Khan's study on the biosynthesis of spherical (12–20 nm) CeO2NPs.
It was discovered that the resulting nanoparticles might be used for
the treatment of neurological disorders, including Alzheimer's and
Parkinson's disease, when various techniques such as ultraviolet (U.
V.), x-ray photoelectron (XRD), x-ray fluorescence (XRF), and more
95
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were used to characterize them. It has also been used to create
spherical CeO2NPs from bacteria, such as the Bacillus subtilis extract.
In vitro, the bacterial-mediated N. P. s had comparable antioxidant
efficacy [52, 53]. Microbial syntheses have certain drawbacks despite
their wide range of uses, including a high risk of pathogens and a
lengthy culture period. Nanotechnology, even though it has yet to be
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investigated, shows a lot of promise in this area and has the potential
to be an essential route in nanomedicine. It is possible to employ
microbial-based N. P. s to generate new fertilizers, sterile surfaces,
polymers, and therapeutic devices. These biogenic nanoparticles might
be used in the treatment of illness, pharmaceutical production, and
medication delivery [54, 55].

Table 2: Green synthesis of ceo2nps from various fungal sources

Name
HumicolaSp
Aspergillus niger
Curvularialunata
Fusarium solani

Nanoparticles
CeO2
CeO2
CeO2
CeO2

Cerium oxide nanoparticles from miscellaneous sources
To produce nanoparticles, scientists have employed biological
derivatives as well as eukaryotes and prokaryotes (NPS). They also
play a role in NPS stability and decrease. CeO2Nps derived from bioproducts are far safer, more scalable, and have shown superior
biocompatibility compared to Plants and the microbial approach
[55]. To generate CeO2NPs of 8–17 nm in diameter, for example, egg
white protein was used [56]. NPS was characterized by U. V., FT-IR,
TGA/DTA, and PXRD. The phenol, ether, hydroxyl, and amide groups
were shown to take responsibility to reduce these NPS in FT-IR
studies. Furthermore, in vitro cytotoxicity against human
periodontal fibroblast cells was relatively high. CeO2NPs have been
stabilized and capped using agarose, a naturally occurring matrix.
The NPS had a diameter of 10.5 nm and were spherical. Methods for

Shape
Spherical
Spherical
Spherical
Spherical

Size (NM)
12-20 [52]
5-20 [32]
5-20 [53]
20-30 [54]

determining the properties of the NPS included U. V., FT-IR, PXRD,
and TGA/DTA. An FT-IR investigation showed that the hydroxyl,
ether, phenol, and amide groups were involved in biosynthesis.
Additionally, starch has been used as a unique source of nanoceria,
generating spherical form N. P. s with a diameter of six nanometers.
These CeO2NPs have sizes of 5–10 nm and were created using
Dextran. The anticancer potential of the nanoparticles produced is
enormous. Gum tragacanth was employed by Darroudi et al. to
synthesize CeO2NPs [57]. Monodispersed in form, these N. P. s
averaged in size between 20 and 40 nm. These CeO2Nps are
intriguing candidates for a broad variety of biomedical and
pharmaceutical applications because of their extraordinarily low cell
toxicity on Neuro 2A cells. Regardless of their biological uses, these
biogenic NPs might be competitors in illness treatment, medication
administration, and packaging for food.

Table 3: Green synthesis of ceo2nps from various fungal sources

Name
Egg Protein
Honey
Agarose
Starch
Dextran
Polyethelene
Glycol
Chitosan

Nanoparticles
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2
CeO2

Shape
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical

Size (NM)
18-17 [58]
23 [39]
10.5 [60]
6 [23]
5-10 [61]
~2 [62]
~4 [63]
≤ 40 [54]

Fig. 1: Schematic diagram of green synthesis of CeO2NPs
The diagrams used in this review article have not been published in
any journal and were created originally and innovatively using
subject knowledge and Microsoft PowerPoint.
Cerium oxide
disorders

nanoparticles in central

nervous system

Mechanism of action of cerium oxide nanoparticles as an
effective antioxidant
Disease diagnosis, therapy, and new pharmaceutical formulations
have benefited from nanotechnology in recent years. Numerous

studies have been done on the antibacterial properties of N. P. s, for
example. Increasingly, CeO2NPs are being used as an antibacterial
agent, particularly for the treatment of bacterial infections [64]. It's
still unclear how exactly bacteria will be eradicated. It has been
claimed that CeO2NPs kill bacteria by promoting the generation of
reactive oxygen species (ROS) in the cells of the organism [65].
Electrostatic characteristics, unique geometries, tiny size, and low
band energy of CeO2NPs contribute to their bactericidal potential
[43]. When CeO2NPs interact with thiol groups on the membranes of
bacteria, they destabilize proteins and cause the membranes to
become immobile, resulting in microbial death. Membrane collapse,
96
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dysfunction of cellular compartments, and bio-organic compounds
are all factors that contribute to microorganisms dying from
CeO2NPs induced aberrant metabolism and physiology. A broad
range of biological species has been harnessed and tested against
various bacteria in the same way as green-mediated nanoparticles. A
wide variety of harmful bacteria may be treated by Biogenic
CeO2NPs because of their varied morphologies, microscopic size, and
bio-compatibility. This makes them more effective. Because gramnegative bacteria have complex membranes, it is more sensitive to
gram-positive bacteria than to gram-negative ones [39]. Plant
species, bacterial wall composition, and changes in N. P.
Electrostatics all influence antibacterial action. Because of the
oxygen-bound nature of CeO2NPs, cerium atoms can be found in the
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three and four valence state configurations, respectively. A SOD-like
enzyme, Ce3+, is transitioned to Ce4+, and oxygen vacancies are
shifted. The hydration shell surrounding the CeO2NPs likely
contributes to this reaction as well H202is the product of the reduction
of superoxide to superoxide. H202is transformed to O2+4H+and
cerium valence to+3 (because of changes occurring in oxygen
vacancies) via an oxidase activity involving Ce4+, restoring the initial
CeO2NPs state. Again, the water hydration shell's ions are most likely
to blame. The ionic species subjected to CeO2NPs, the hydration shell,
the partial oxygen pressure, or any surrounding ionic species all
influence this action in the biological environment. The radicals
scavenged here are superoxide and H202, but any amount of
biologically active free radicals could serve as a helpful example.

Fig. 2: Auto regenerative property of CeO2Nps
The diagrams used in this review article have not been published in
any journal and were created originally and innovatively using
subject knowledge and Microsoft PowerPoint.
Neuroprotection of cerium oxide nanoparticles

Alzheimer's disease, Parkinson's disease, and Huntington's disease
are all connected to oxidative stress in the brain. In the long run,
neurodegeneration occurs in the slow loss of neurons. Neuronal
mitochondrial function is thought to be altered by oxidative stress,
resulting in a redox reaction failure. The ability of CeO2NPs to
protect cells from ROS has raised the possibility of their usage in the
therapy of neurodegeneration [66]. Researchers used CeO2NPs and
lipophilic cation triphenylphosphonium (TPP) in an Alzheimer's
disease animal model. The protective effects of CeO2NPs on nerve
tissue outside of the brain and spinal cord were also discovered
(CNS). After a first ocular injection in albino rats, CeO2NPs were
shown to be stable in the outer photoreceptor area of the retina and
to protect against the damage produced by severe exposure to light
after three weeks. It was shown that CeO2NPs offered retinal safety
by scavenging ROS and reducing microglial activation and the
inflammatory response, similar to what was reported in the CNS
[67]. Intravenous administration of NPS did not protect against
light-induced damage, which was surprising. Antioxidant properties
and the capacity to cross its Blood-Brain Barrier (BBB) suggest that
CeO2NPs might be used as a treatment for neurodegeneration. They
were also shown to reduce neuronal death when conjugated N. P. s
were found to reside in mitochondria. Suppression of gliosis. The
CeO2NPs without a surface alteration were also examined.
Internalization and localization to a mitochondrial membrane in
neuronal cells were shown to take place. Additionally, CeO2NPs
treatment decreased mitochondrial dysfunction caused by
peroxynitrite and amyloid-beta protein death and fragmentation of
the brain neuron [68].

Applications of cerium oxide nanoparticles in CNS disorders
As an antimicrobial and treatment for many disorders, CeO2NPs
have been used. When it comes to the treatment of osteosarcoma
and other bone cancers, CeO2NPs have been most often employed
[69]. Because of their low toxicity and capacity to induce cancer cells
to apoptosis or necrosis, these nanoparticles could be used as an
effective treatment for cancer-antioxidant activity in CeO2NPs
obtained from Origanum majorana as well as Ceratonia siliqua [70].
Antioxidant enzyme expression was upregulated, removing free
radicals and enhancing cellular processes. When compared to
commercially available synthetic antioxidants, the antioxidant
potential was greater. In L6 cell lines, CeO2NPs generated from
Morus nigra fruit extract showed outstanding anti-diabetic action.
Researchers found that smaller N. P. s facilitated glucose absorption
in vitro, whereas bigger N. P. s inhibited glucose absorption. The best
delivery method and mechanism of action thus are critical
considerations, for CeO2NPs must all be identified. When testing
compatibility in vitro and in vivo, it is necessary to test cytotoxicity
and genotoxicity in vivo.
Alzheimer's disease (AD)

Alzheimer's disease is associated with high levels of oxidative stress,
causing CeO2NPs an attractive therapeutic option [71]. The
cholinergic neurons in the brain are the first to die in Alzheimer's
disease. There has been no in vivo research utilizing CeO2NPs in A. D.
animal models to date, despite numerous in vitro studies showing
outstanding potential for this treatment. Using electron
paramagnetic resonance (EPR), it was demonstrated that CeO2NPs
could be beneficial in the treatment of Alzheimer's disease by
scavenging free radicals generated in vitro during the aggregation of
Amyloid-β(1–42). CeO2NPs prevented the rapid death of pure rat
cortical neuronal cells caused by aggregated Amyloid-β(1–42) in
97
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these studies, showing the efficacy of CeO2NPs in A. D. animal studies
at 10 nm (10 nM). After that, Dowding et al. [71] demonstrated that
3–5 nm CeO2NPs also prevented mitochondrial fragmentation
generated by Amyloid-β(1–42). Any positive effects on animal
models of A. D. will require more research.
Parkinson's disease (PD)

A high level of oxidative stress in the substantia nigra and striatum is also
linked to Parkinson's disease, which results in the death of neurons in
these areas. In vivo studies have shown that Green synthesized CeO2NPs
can be used in the treatment of Parkinson's disease. There have been few
reports on the use of CeO2NPs to treat Parkinson's disease. Shortly,
current research activities exploiting CeO2NP's antioxidant
characteristics might lead to viable therapy alternatives for Parkinson's
disease. Many studies have linked a variety of environmental variables to
the development of Parkinson's disease [42, 52]. Heavy metal exposure
is one such cause. In recent years, occupational Parkinson's disease has
been linked to manganese exposure. Pinna et al. investigated the
antioxidant
activity
of
CeO2NPs
on
manganese-exposed
catecholaminergic cells (PC12). This was accomplished using MTT and
trypan blue tests to determine their levels during cell metabolism. This
group also used Raman and confocal imaging to look at CeO2NPs
internalization [72]. They investigated CeO2NPs alone and combined
with L-DOPA to see whether they could design a more successful
combined therapy, with the latter exhibiting a substantial reduction in
manganese chloride-induced oxidative stress. The protective effect of
CeO2NPs on catecholamine metabolism was discovered using liquid
chromatography to observe the intracellular subject matter of dopamine
and its metabolites. To treat Parkinson's-like illnesses caused by long
manganese exposure, CeO2NPs have been shown to have a preventive
role on PC12 cells and dopamine metabolism.

Amyotrophic lateral sclerosis (ALS)

It is a neurodegenerative illness that manifests as gradual muscular
paralysis due to a decline in motor neuron function inside the motor
cortex, brain stem, and spinal cord. When it comes to the phenotypic
presentation of ALS, there are several variables to consider. These
include the location of the first onset in the body, the relative
involvement of upper and lower motor neurons (UMNs), the rate of
progression, and cognitive deterioration. When it comes to the early
signs of amyotrophic lateral sclerosis (ALS), muscle twitching and
cramping, as well as stiffness and a lack of mobility, are often overlooked
[73]. In the ALS SOD1G93A mouse model, DeCoteau et al. identified
promising results from citrate-EDTA stabilized CeO2NPs that neutralized
ROS but also nitrogen species. When their muscles began to weaken, the
mice were given a twice-weekly treatment. Patients who received
CeO2NPs treatment maintained muscle function and lived for an
additional 33 d. They concluded that these CeO2NPs, with their wellknown antioxidant properties, exhibited catalase activity [74].
Multiple sclerosis (MS)

CeO2NPs have been extensively studied to neutralize biologically
produced free radicals in vitro. Although CeO2NPs have extremely
negative potentials and pile up in the liver and spleen, they can be
stabilized to citrate or polyethylene glycol in general. Heckman et al.
synthesized unique CeO2NPs with a different size (2.9 nm) or a
lower negative potential to counteract this effect. Using a citrateEDTA coating, they could keep these CeO2NPs from wiping away in
biological solutions. Using a mouse model of M. S. induced by
oxidative injury mediated by free radicals, these custom-synthesized
CeO2NPs were found to have beneficial biological effects. It's
interesting whenever this formulation is administered
intravenously, it finally reaches the brain and scavenges free
radicals, thereby facilitating the clinical signs and motor dysfunction
in mice. Using CeO2NPs treated animals, they found that ROS
concentrations in the brain were reduced, indicating the CeO2NPs
preserve their antioxidant activities and could treat oxidative stress
in Multiple sclerosis. [63, 75-78].
Ischemic stroke (IS)

The formation of free radicals post-stroke is significant and has been
linked to a cascading of free radical processes, making CeO2NPs
potentially useful in therapy. Although not strictly an in vivo
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research, Estevez et al. [79] used brain slices to investigate CeO2NPs
in a rat stroke model. Commercially manufactured 10 nm CeO2NPs
have been used in this study, which were dispersed in distilled water
via sonication. CeO2NPs decreased ischemia cell death in brain
segments by more than 50% when used at doses of 0.2–1 g/ml, and
lowered NO and superoxide contents by 15%. As in the mouse
hippocampal brain slice method of cerebral ischemia, Estevez et al.
investigated the use of CeO2NPs as a potential treatment agent for
Ischemic Stroke (I. S.). Peroxynitrite-induced ischemic mouse brains
were used to test CeO2NPs neuroprotective activity and found that it
significantly decreased 3-nitrotyrosine, a protein residue modified
by the peroxynitrite radical. A study conducted by the researchers
found that CeO2NPs limited the ischemic cell damage by
approximately 50%. It's been shown that pegylated-CeO2NPs to
uniform diameters (about 3 nm) could indeed effectively remove
ROS from the brain and reduce neuronal cell death in the presence of
I. S. CeO2NPs optimum dosage reduced infarct volumes in vivo, as
well [80, 81].
Encephalomyelitis

It was found that CeO2NPs (3–5 nm) have been effective in a mouse
model of EAE, which mimics the human disease Multiple Sclerosis
(M. S.). Following EAE induction, multiple intravenous (IV) doses of
one milligram per kilogram of body weight were administered with
CeO2NPs and lenalidomide, an EAE severity-decreasing drug.
Combining the CeO2NPs and lenalidomide treatments was used in
some animals. When lenalidomide was used alone, it delayed the
onset of symptoms and yet did not prevent this same disease
progression. CeO2NPs alone seemed not to affect the onset of
symptoms but had a significant impact on recovery later in the
disease. In contrast, the combining of CeO2NPs and lenalidomide
removed health symptoms, decreased grey matter damage, and
reduced CNS inflammation, making CeO2NPs a very promising
adjuvant in MS treatment phosphate buffer has been proven to
interact with the redox potential of CeO2NPs, as noted previously, in
this investigation, which was the case here. It was shown that
CeO2NPs did not aggregate when administered in a vehicle such as
saline citrate, which helps drugs not aggregate [68]. Additionally,
Heckman et al. [82] looked at the usage of CeO2NPs in a mouse EAE
model. A citrate/EDTA-stabilized CeO2NPs was used in these studies,
which should lead to improved delivery to the brain. The method of
stability, on the other hand, remained a mystery. CeO2 NPs were 2.9
nm in diameter and homogeneous whether used as a therapeutic or
prophylactic dose. Before the commencement of sickness, a single
intravenous dose was delivered, followed by seven-day maintenance
doses. Three days after the illness was induced, the therapeutic
dosage was begun, and thereafter maintenance doses were given.
Ten, twenty, and thirty milligrams per kilogram were employed in
this study, which is higher than the Eitan study.
Huntington’s disease (HD)

Myelodysplastic syndrome the repetitive CAG nucleotide sequences
inside the Huntingtin gene are responsible for the development of
Huntington's disease (H. D.). The enlarged CAG repeat in the mutant
HTT gene causes pathological polyglutamine (poly Q) growth and
accumulation of mutated HTT protein in the striatum. H. D. is linked
to protein aggregations in cells in the brain, especially mutant HTT,
polyQ-expanded
ataxins,
with
synuclein,
like
other
neurodegenerative illnesses. It is possible to detect numerous
amyloid deposits independent of their amino acid sequences using
conformation-dependent, oligomer-specific antibodies. It was
necessary to penetrate the BBB to introduce an oligomer-specific
scFv antibody (W20) in conjunction with CeO2NPs into the affected
region. Early-stage HD diagnostics or an encouraging strategic plan
for attempting to cross the BBB [56] are demonstrated here.
However, as of now, there is no medical treatment that can slow or
stop the progression of H. D [82-87].
Toxicity and safety of cerium oxide nanoparticles

Concerns have been raised concerning the toxicity of CeO2NPs as
their potential in numerous applications has emerged. Although
research has stated that CeO2NPs are biocompatible, other
investigations have shown that the innate properties and medicinal
98

P. Sriramcharan

REFERENCES

uses of CeO2NPs can generate harmful consequences. Studies on the
toxicity of CeO2NPs mostly focus on the effects of systemic exposure
on intracellular toxicity and organ-level damage [20]. Some
mechanisms have been postulated to describe cytotoxically,
including autophagy activation, mitochondria damage, DNA
breakage, induced apoptosis, and the production of oxidative stress
[88-91]. Many studies have shown the nontoxicity of NPs, although
particular NP designs and cell types have been linked to specific cell
death processes. Since cell death was seen with lysosomal
absorption but not cytoplasmic uptake, particle intracellular
position may be a role in cytotoxicity. Cancer cells have been
demonstrated to be particularly vulnerable to CeO2NPs. A lower pH
in cancer cells due to Warburg effects may be a significant factor [19,
92], although the cause is unknown. CeO2NPs may respond
positively or negatively to changes in the external environment's pH,
which may alter their antioxidant and oxidant functions.

2.

CONCLUSION

4.

Functional characteristics and toxicity of CeO2NPs may be influenced
by their size, shape, charge density, and surface features [90, 93-95].

Biosynthesized CeO2NPs and their pharmaceutical applications were
examined in this study. These biological products have been studied
regarding their biomedical applications and mechanisms of
synthesis. Biogenic CeO2NPs have sparked much interest in
biomedical and other sectors because of their distinctive surface
morphologies, tiny crystal size, and biocompatibility. It's been used
to treat cancer, CNS disorders, antibacterial, and antioxidant
therapy, among other things. Green Synthesized nanoparticles, in
particular, have shown remarkable antibacterial activity against a
broad spectrum of bacterial species. Also discovered is a way to fight
these diseases, and it's caused primarily by an increase in free
radicals and the deactivation of enzymes that remove them. ROS
disrupts membranes, disrupts cellular compartments, degrades
bioorganic molecules, impairs activities related, and ultimately
results in death through these and other effects. Multidrug
resistance bacteria have shown promising results, and they could be
a prospective antimicrobial agent against these stubborn infections.
Aside from that, future research should use Vivo models to show the
entire process and any negative consequences. Aside from that, in
vitro studies have demonstrated significant anticancer and
antioxidant activity, although the toxicity and dose of these
substances remain unknown. Regardless of their involvement in
diverse treatments, their synthesis method must be enhanced, and in
vivo assessment and toxicity must be further investigated.

ABBREVIATIONS

AD: Alzheimer's disease, CNS: Central nervous system, CeO2: Cerium
Oxide nanoparticles, PD: Parkinson ’s disease, MS: Multiple sclerosis,
HD: Huntington's disease, IS: Ischemic Stroke, HTT: Huntingtin, NPS:
Nanoparticles, POLYQ: Polyglutamine, CAG: Cytosine, Adenine,
Guanine, EAE: Experimental autoimmune encephalomyelitis, XRD: Xray diffraction, XRF: x-ray fluorescence EDTA: Ethylene diamine
tetraacetic Acid, ROS: reactive oxygen species. PXRD: Powder X-ray
Diffraction, TGA: Thermogravimetric Analysis, FT-IR: Fourier
transform infrared spectroscopy.
ACKNOWLEDGMENT

The authors would like to acknowledge the Center of Excellence in
Nanosciences and Technolgy, JSS Academy of Higher Education and
Research, to complete my studies and for giving me the flexibility to
pursue my interests in the field of current research.
FUNDING

This research was funded by the Indian Council of Medical Research
(ICMR) Reg no: (2020-7573), Sanction No. 45/33/2020-NAN/BMS
to complete my studies and for giving me the flexibility to pursue my
interests in the field of current research
AUTHORS CONTRIBUTIONS

All the authors have contributed equally.
CONFLICT OF INTERESTS

According to the authors, there are no known conflicts of financial or
personal interest that may have influenced the work described here.

Int J App Pharm, Vol 14, Issue 4, 2022, 94-102

1.

3.

5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.

Mortality and Causes of Death Collaborators. Global, regional,
and national age-sex specific all-cause and cause-specific
mortality for 240 causes of death, 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet.
2015;385(9963):117-71. doi: 10.1016/S0140-6736(14)616822, PMID 25530442.
Catala Lopez F, Genova Maleras R, Vieta E, Tabares Seisdedos R.
The increasing burden of mental and neurological disorders.
Eur Neuropsychopharmacol.
2013;23(11):1337-9. doi:
10.1016/j.euroneuro.2013.04.001. PMID 23643344.
DALYs and HALE Collaborators. Global, regional, and national
disability-adjusted life-years (DALYs) for 315 diseases and
injuries and healthy life expectancy (HALE), 1990-2015: a
systematic analysis for the Global Burden of Disease Study
2015. Lancet. 2016;388(10053):1603-58. doi: 10.1016/S01406736(16)31460-X, PMID 27733283.
Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years
lived with disability for 310 diseases and injuries, 1990-2015: a
systematic analysis for the Global Burden of Disease Study
2015.
Lancet.
2016;388(10053):1545-602.
doi:
10.1016/S0140-6736(16)31678-6, PMID 27733282.
Atun R. Transitioning health systems for multimorbidity.
Lancet.
2015;386(9995):721-2.
doi:
10.1016/S01406736(14)62254-6, PMID 26063473.
Wallace E, Salisbury C, Guthrie B, Lewis C, Fahey T, Smith SM.
Managing patients with multimorbidity in primary care. BMJ
(Clin Res Ed). 2015;350:h176. doi: 10.1136/bmj.h176. PMID
25646760.
Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B.
Epidemiology of multimorbidity and implications for health
care, research, and medical education: a cross-sectional study.
Lancet.
2012;380(9836):37-43.
doi:
10.1016/S01406736(12)60240-2, PMID 22579043.
Cui X, Liew Z, Hansen J, Lee PC, Arah OA, Ritz B. Cancers
preceding Parkinson’s disease after adjustment for bias in a
Danish
population-based
case-control
study.
Neuroepidemiology.
2019;52(3-4):136-43.
doi:
10.1159/000494292, PMID 30661072.
Plantone D, Renna R, Sbardella E, Koudriavtseva T.
Concurrence of multiple sclerosis and brain tumors. Front
Neurol. 2015 Mar 4;6:40. doi: 10.3389/fneur.2015.00040,
PMID 25788892.
Melamed E, Lee MW. Multiple sclerosis and cancer: the Ying-Yang
effect of disease modifying therapies. Front Immunol.
2019;10:2954. doi: 10.3389/fimmu.2019.02954, PMID 31998289.
Kaya H, Nakajima R, Iwano M, Kanaoka MM, Kimura S, Takeda S,
Kawarazaki T, Senzaki E, Hamamura Y, Higashiyama T, Takayama
S, Abe M, Kuchitsu K. Ca2+-activated reactive oxygen species
production by Arabidopsis RbohH and RbohJ is essential for proper
pollen tube tip growth. Plant Cell. 2014 Mar;26(3):1069-80. doi:
10.1105/tpc.113.120642, PMID 24610725.
Markkanen E, Meyer U, Dianov GL. DNA damage and repair in
schizophrenia and autism: implications for cancer comorbidity
and beyond. Int J Mol Sci. 2016 Jun 1;17(6):856. doi:
10.3390/ijms17060856, PMID 27258260.
Liu R, Gao X, Lu Y, Chen H. Meta-analysis of the relationship
between Parkinson disease and melanoma. Neurology.
2011;76(23):2002-9. doi: 10.1212/WNL.0b013e31821e554e,
PMID 21646627.
Perez Herrero E, Fernandez Medarde A. Advanced targeted
therapies in cancer: drug nanocarriers, the future of
chemotherapy. Eur J Pharm Biopharm. 2015 Jun;93:52-79. doi:
10.1016/j.ejpb.2015.03.018, PMID 25813885.
Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK.
Review on nanoparticles and nanostructured materials: history,
sources, toxicity and regulations. Beilstein J Nanotechnol. 2018 Apr
3;9:1050-74. doi: 10.3762/bjnano.9.98, PMID 29719757.
Das S, Dowding JM, Klump KE, McGinnis JF, Self W, Seal S. Cerium
oxide nanoparticles: applications and prospects in nanomedicine.
Nanomedicine (London, England). 2013;8(9):1483-508. doi:
10.2217/nnm.13.133, PMID 23987111.
99

P. Sriramcharan

17. He L, Su Y, Lanhong J, Shi S. Recent advances of cerium oxide
nanoparticles in synthesis, luminescence and biomedical
studies: a review. J Rare Earths. 2015;33(8):791-9. doi:
10.1016/S1002-0721(14)60486-5.
18. Walkey C, Das S, Seal S, Erlichman J, Heckman K, Ghibelli L,
Traversa E, McGinnis JF, Self WT. Catalytic properties and
biomedical applications of cerium oxide nanoparticles. Environ
Sci Nano. 2015;2(1):33-53. doi: 10.1039/C4EN00138A, PMID
26207185.
19. Rajeshkumar S, Naik P. Synthesis and biomedical applications
of Cerium oxide nanoparticles- A review. Biotechnol Rep
(Amst). 2018;17:1-5. doi: 10.1016/j.btre.2017.11.008. PMID
29234605.
20. Magudieshwaran R, Ishii J, Raja KCN, Terashima C, Venkatachalam
R, Fujishima A. Green and chemical synthesized CeO2 nanoparticles
for photocatalytic indoor air pollutant degradation. Mater Lett.
2019;239:40-4. doi: 10.1016/j.matlet.2018.11.172.
21. Arunachalam T, Karpagasundaram M, Rajarathinam N.
Ultrasound assisted green synthesis of cerium oxide
nanoparticles using Prosopis juliflora leaf extract and their
structural, optical and antibacterial properties. Mater Sci Pol.
2017;35(4):791-8. doi: 10.1515/msp-2017-0104.
22. Darroudi M, Sarani M, Reza Kazemi Oskuee AK Zak, AliHosseini
H, Leila Gholami. Green synthesis and evaluation of metabolic
activity of starch mediated nanoceria. Ceram Int.
2014;40(1):2041-5. doi: 10.1016/j.ceramint.2013.07.116
23. Kannan SK, Sundrarajan M. A green approach for the synthesis
of a cerium oxide nanoparticle: characterization and
antibacterial activity. Int J Nanosci. 2014;13(3). doi:
10.1142/S0219581X14500185, PMID 1450018.
24. Korotkova АM, Borisovna PO, Aleksandrovna GI, Bagdasarovna
KD, Vladimirovich BD, Vladimirovich KD, Alexandrovich FA,
Yurievna KM, Nikolaevna BE, Aleksandrovich KD, Yurievich CM,
Valerievich LS. "Green” Synthesis of cerium oxide particles in
water
extracts
petroselinum
crispum.
Curr
Nanomater;4(3):176-90.
doi:
10.2174/2405461504666190911155421.
25. Renganathan S, Saranyaadevi K, Subha V, Ramaswami
Sachidanandan ER. Green synthesis and characterization of
silver nanoparticle using leaf extract of Capparis zeylanica.
Asian J Pharm Clin Res. 2014;7 Suppl 2:44-8.
26. Kumar KM, Mahendhiran M, Diaz MC, Hernandez Como N,
Hernandez Eligio A, Torres Torres G, Godavarthi S, Gomez LM.
Green synthesis of CE3+rich CeO2 nanoparticles and its
antimicrobial studies. Mater Lett. 2018;214:15-9. doi:
10.1016/j.matlet.2017.11.097.
27. Maqbool Q, Nazar M, Naz S, Hussain T, Jabeen N, Kausar R,
Anwaar S, Abbas F, Jan T. Antimicrobial potential of green
synthesized CeO2 nanoparticles from Olea europaea leaf
extract. Int J Nanomedicine. 2016;11:5015-25. doi:
10.2147/IJN.S113508. PMID 27785011.
28. Pandiyan N, Murugesan B, Sonamuthu J, Samayanan S,
Mahalingam S. Facile biological synthetic strategy to
morphologically aligned CeO2/ZrO2 core nanoparticles using
Justicia adhatoda extract and ionic liquid: enhancement of its
bio-medical properties. J Photochem Photobiol B.
2018;178:481-8. doi: 10.1016/j.jphotobiol.2017.11.036. PMID
29232572.
29. Charbgoo F, Ahmad MB, Darroudi M. Cerium oxide
nanoparticles: green synthesis and biological applications. Int J
Nanomedicine. 2017;12:1401-13. doi: 10.2147/IJN.S124855.
PMID 28260887.
30. Dutta D, Mukherjee R, Patra M, Banik M, Dasgupta R, Mukherjee
M. Green synthesized cerium oxide nanoparticle: A prospective
drug against oxidative harm. Colloids and Surfaces B
Biointerfaces.
2016;147:4553.
doi:
10.1016/j.colsurfb.2016.07.045.
31. Miri A, Darroudi M, Sarani M. Biosynthesis of cerium oxide
nanoparticles and its cytotoxicity survey against colon cancer
cell line. Appl Organometal Chem. 2020;34(1). doi:
10.1002/aoc.5308.
32. Gopinath K, Karthika V, Sundaravadivelan C, Gowri S,
Arumugam A. Mycogenesis of cerium oxide nanoparticles using
Aspergillus niger culture filtrate and their applications for

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

Int J App Pharm, Vol 14, Issue 4, 2022, 94-102
antibacterial and larvicidal activities. J Nanostruct Chem.
2015;5(3):295-303. doi: 10.1007/s40097-015-0161-2.
Elahi B, Mirzaee M, Darroudi M, Kazemi Oskuee R, Sadri K,
Amiri MS. Preparation of cerium oxide nanoparticles in salvia
macrosiphon boiss seeds extract and investigation of their
photo-catalytic activities. Ceram Int. 2019;45(4):4790-7. doi:
10.1016/j.ceramint.2018.11.173.
Nadeem M, Tungmunnithum D, Hano C, Abbasi BH, Hashmi SS,
Ahmad W, Zahir A. The current trends in the green syntheses of
titanium oxide nanoparticles and their applications. Green
Chem
Lett
Rev.
2018;11(4):492-502.
doi:
10.1080/17518253.2018.1538430.
Nadeem M, Abbasi BH, Younas M, Ahmad W, Khan T. A review
of the green syntheses and anti-microbial applications of gold
nanoparticles. Green Chem Lett Rev. 2017;10(4):216-27. doi:
10.1080/17518253.2017.1349192.
Krishnadhas L, RS, SA. Green synthesis of silver nanoparticles
from the leaf extract of volkameriainermis. Int J Pharm Clin Res
2017;9(8). doi: 10.25258/ijpcr.v9i08.9587.
Maensiri S, Labuayai S, Laokul P, Klinkaewnarong J, Swatsitang
E. Structure and optical properties of CeO2nanoparticles
prepared by using lemongrass plant extract solution. Japan J
Appl Phys. 2014;53(6S):06JG14. doi: 10.7567/JJAP.53.06JG14.
Miri A, Sarani M. Biosynthesis, characterization and cytotoxic
activity of CeO2 nanoparticles. Ceram Int. 2018;44(11):126427. doi: 10.1016/j.ceramint.2018.04.063.
Qian J, Chen F, Zhao X, Chen Z. China rose petal as biotemplate
to produce two-dimensional ceria nanosheets. J Nanopart Res.
2011;13(12):7149-58. doi: 10.1007/s11051-011-0626-2.
Malleshappa J, Bhushana N, Chandra SP, Sharma S, Dhananjaya
N, Shivakumara C. Eco-friendly green synthesis, structural and
photoluminescent studies of CeO2:Eu3+nanophosphors using
E. tirucalli plant latex. Journal of Alloys and Compounds.
2014;612:425-34. doi: 10.1016/j.jallcom.2014.05.101.
Sharma JK, Srivastava P, Ameen S, Akhtar MS, Sengupta SK,
Singh G. Phytoconstituents assisted green synthesis of cerium
oxide nanoparticles for thermal decomposition and dye
remediation. Mater Res Bull. 2017;91:98-107. doi:
10.1016/j.materresbull.2017.03.034.
Nadeem M, Khan R, Afridi K, Nadhman A, Ullah S, Faisal S,
Mabood ZU, Hano C, Abbasi BH. Green synthesis of cerium
oxide nanoparticles (CeO2 NPs) and their antimicrobial
applications: a review. Int J Nanomedicine. 2020;15:5951-61.
doi: 10.2147/IJN.S255784. PMID 32848398.
Priya GS, Kanneganti A, Kumar KA, Rao KV, Bykkam S.
Biosynthesis of cerium oxide nanoparticles using aloe
barbadensis miller gel. Int J Sci Res Publ. 2014;4(6):199-224.
Zamani A, Marjani AP, Alimoradlu K. Walnut shell-templated
ceria nanoparticles: green synthesis, characterization and
catalytic application. Int J Nanosci. 2018;17(6). doi:
10.1142/S0219581X18500084, PMID 1850008.
Reddy Yadav LS, Manjunath K, Archana B, Madhu C, Raja Naika
H, Nagabhushana H, Kavitha C, Nagaraju G. Fruit juice extract
mediated synthesis of CeO2 nanoparticles for antibacterial and
photocatalytic activities. Eur Phys J Plus. 2016;131(5):1-10.
doi: 10.1140/epjp/i2016-16154-y.
Rajan AR, Rajan A, John A, Philip D, editors. Green synthesis of
CeO2 nanostructures by using Morus nigra fruit extract and its
antidiabetic
activity.
AIP
Conf
Proc.
2019.
https://doi.org/10.1063/1.5100693
Aseyd Nezhad S, E Hag hiHaghi A, Tabrizi MH. Green synthesis
of cerium oxide nanoparticle using origanum majorana L. leaf
extract, its characterization, and biological activities. Appl
Organomet Chem. 2019;34:5314.
Singh A, Hussain I, Singh NB, Singh H. Uptake, translocation and
impact of green synthesized nanoceria on growth and
antioxidant enzymes activity of Solanum Lycopersicum L.
Ecotoxicol
Environ
Saf.
2019;182:109410.
doi:
10.1016/j.ecoenv.2019.109410.
Irshad MS, Aziz MH, Fatima M, Rehman SU, Idrees M, Rana S.
Green synthesis, cytotoxicity, antioxidant and photocatalytic
activity of CeO2 nanoparticles mediated via orange peel extract
(OPE). Mater Res Express. 2019;6(9). doi: 10.1088/20531591/ab3326.
100

P. Sriramcharan

50. Srikar SK, Giri DD, Pal DB, Mishra PK, Upadhyay SN. Green
synthesis of silver nanoparticles: a review. Green Sustain Chem.
2016;06(1):34-56. doi: 10.4236/gsc.2016.61004.
51. Renganathan S, Fatma S, PK. Green synthesis of copper
nanoparticle from passiflora foetida leaf extract and its
antibacterial activity. Asian J Pharm Clin Res 2017;10(4). doi:
10.22159/ajpcr.2017.v10i4.15744.
52. Murugesan S, Bhuvaneswari S, Sivamurugan V. Green synthesis,
characterization of silver nanoparticles of a marine red alga
spyridia fusiformis and their antibacterial activity. Int J Pharm
Pharm
Sci.
2017;9(5):192.
doi:
10.22159/ijpps.2017v9i5.17105.
53. Pertiwi RD, Suwaldi SE, Setyowati EP, Martien R. Bionanoparticles: green synthesis of gold nanoparticles and
assessment of biological evaluation. Int J App Pharm.
2019;11(6):133-8. doi: 10.22159/ijap.2019v11i6.34826.
54. Patil S, Sivaraj R, Raju R. Green synthesis of silver nanoparticle
from leaf extract of Aegle marmelos and evaluation of its
antibacterial activity. Int J Pharm Pharm Sci. 2015;7:169-73.
55. Saitawadekar A, Kakde UB. Green synthesis of copper
nanoparticles
using
aspergillus
flavus.
Crit
Rev.
2020;7(16):1083-90.
56. Nadaroglu H, Onem H, Alayli Gungor A. Green synthesis of
Ce2O3 NPs and determination of its antioxidant activity. IET
Nanobiotechnology. 2017;11(4):411-9. doi: 10.1049/ietnbt.2016.0138, PMID 28530190.
57. Khan SA, Ahmad A. Fungus mediated synthesis of biomedically
important cerium oxide nanoparticles. Mater Res Bull.
2013;48(10):4134-8. doi: 10.1016/j.materresbull.2013.06.038.
58. Munusamy S, Bhakyaraj K, Vijayalakshmi L, Stephen A,
Narayanan V. Synthesis and characterization of cerium oxide
nanoparticles using curvularia lunata and their antibacterial
properties. Int J Innov Res Sci Eng. 2014;2(1):318.
59. Venkatesh KS, Gopinath K, Palani NS, Arumugam A, Jose SP,
Bahadur SA, Ilangovan R. Plant pathogenic fungus F. solani
mediated biosynthesis of nanoceria: antibacterial and
antibiofilm activity. RSC Adv. 2016;6(48):42720-9. doi:
10.1039/C6RA05003D.
60. Khandel P, Yadaw RK, Soni DK, Kanwar L, Shahi SK. Biogenesis
of metal nanoparticles and their pharmacological applications:
present status and application prospects. J Nanostruct Chem.
2018;8(3):217-54. doi: 10.1007/s40097-018-0267-4.
61. Marslin G, Siram K, Maqbool Q, Selvakesavan RK, Kruszka D,
Kachlicki P, Franklin G. Secondary metabolites in the green
synthesis of metallic nanoparticles. Materials (Basel,
Switzerland). 2018;11(6). doi: 10.3390/ma11060940, PMID
29865278.
62. Vijayakumar G, Kesavan H, Kannan A, Arulanandam D, Kim JH,
Kim KJ, Song HJ, Kim HJ, Rangarajulu SK. Phytosynthesis of
copper nanoparticles using extracts of spices and their
antibacterial
properties.
Processes.
2021;9(8).
doi:
10.3390/pr9081341.
63. Darroudi M, Hoseini SJ, Kazemi Oskuee RK, Hosseini HA,
Gholami L, Gerayli S. Food-directed synthesis of cerium oxide
nanoparticles and their neurotoxicity effects. Ceramics
International.
2014;40(5):7425-30.
doi:
10.1016/j.ceramint.2013.12.089.
64. Kargar H, Ghasemi F, Darroudi M. Bioorganic polymer-based
synthesis of cerium oxide nanoparticles and their cell viability
assays. Ceramics International. 2015;41(1):1589-94. doi:
10.1016/j.ceramint.2014.09.095.
65. Alpaslan E, Yazici H, Golshan NH, Ziemer KS, Webster TJ. pPHdependent activity of dextran-coated cerium oxide
nanoparticles on prohibiting osteosarcoma cell proliferation.
ACS Biomaterials Science and Eng. 2015;1(11):1096-103. doi:
10.1021/acsbiomaterials.5b00194, PMID 33429551.
66. Qi L, Fresnais J, Muller P, Theodoly O, Berret JF, Chapel JP.
Interfacial activity of phosphonated-PEG functionalized cerium
oxide nanoparticles. Langmuir: the ACS Journal of Surfaces and
Colloids. 2012;28(31):11448-56. doi: 10.1021/la302173g,
PMID 22794100.
67. Fang X, Song H. Synthesis of cerium oxide nanoparticles loaded
on chitosan for enhanced auto-catalytic regenerative ability
and biocompatibility for the spinal cord injury repair. J

68.
69.

70.

71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

Int J App Pharm, Vol 14, Issue 4, 2022, 94-102
Photochem
Photobiol
B.
2019
Feb;191:83-7.
doi:
10.1016/j.jphotobiol.2018.11.016, PMID 30594737.
Patil SN, Paradeshi JS, Chaudhari PB, Mishra SJ, Chaudhari BL.
Bio-therapeutic potential and cytotoxicity assessment of
pectin-mediated synthesized nanostructured cerium oxide.
Applied Biochemistry and Biotechnology. 2016;180(4):638-54.
doi: 10.1007/s12010-016-2121-9, PMID 27234032.
Ahmed HE, Iqbal Y, Aziz MH, Atif M, Batool Z, Hanif A, Yaqub N,
Farooq WA, Ahmad S, Fatehmulla A, Ahmad H. Green synthesis
of CeO2 nanoparticles from the abelmoschus esculentus
extract: evaluation of antioxidant, anticancer, antibacterial, and
wound-healing activities. Molecules (Basel, Switzerland).
2021;26(15). doi:
10.3390/molecules26154659,
PMID
34361812.
Arumugam A, Karthikeyan C, Haja Hameed AS, Gopinath K,
Gowri S, Karthika V. Synthesis of cerium oxide nanoparticles
using Gloriosa superba L. leaf extract and their structural,
optical and antibacterial properties. Mater Sci Eng C Mater Biol
Appl. 2015;49:408-15. doi: 10.1016/j.msec.2015.01.042, PMID
25686966.
Knott AB, Perkins G, Schwarzenbacher R, Bossy Wetzel E.
Mitochondrial fragmentation in neurodegeneration. Nature
Reviews
Neuroscience.
2008;9(7):505-18.
doi:
10.1038/nrn2417, PMID 18568013.
Gandhi S, Abramov AY. Mechanism of oxidative stress in
neurodegeneration. Oxidative Medicine and Cellular Longevity.
2012;2012:428010:428010. doi: 10.1155/2012/428010.
Shukla V, Mishra SK, Pant HC. Oxidative stress in
neurodegeneration. Advances in Pharmacological Sciences.
2011;2011:572634:572634. doi: 10.1155/2011/572634.
Kuppusamy P, Yusoff MM, Maniam GP, Govindan N.
Biosynthesis of metallic nanoparticles using plant derivatives
and their new avenues in pharmacological applications-an
updated report. Saudi Pharmaceutical Journal. 2016;24(4):47384. doi: 10.1016/j.jsps.2014.11.013.
Nourmohamadi E, Kazemi Oskuee R, Hasanzadeh L, Mohajeri
M, Hashemzadeh A, Rezayi M. Cytotoxic activity of greener
synthesis of cerium oxide nanoparticles using carrageenan
towards a WEHI 164 cancer cell line. Ceramics International.
2018;44. doi: 10.1016/j.ceramint.2018.07.201.
Dowding JM, Dosani T, Kumar A, Seal S, Self WT. Cerium oxide
nanoparticles scavenge nitric oxide radical (˙NO). Chemical
communications (Cambridge, England) Chem Commun (Camb).
2012;48(40):4896-8.
doi:
10.1039/c2cc30485f,
PMID
22498787.
Pinna A, Malfatti L, Galleri G, Manetti R, Cossu S, Rocchitta G,
Migheli R, Serra PA, Innocenzi P. Ceria nanoparticles for the
treatment of Parkinson-like diseases induced by chronic
manganese intoxication. RSC Advances. 2015;5(26):20432-9.
doi: 10.1039/C4RA16265J.
Machtoub L, Kasugai Y. Amyotrophic lateral sclerosis: advances
and perspectives of neuronanomedicine; 2016. Available from:
https://doi:10.1201/b15632. [Last accessed on 30 Apr 2022]
Khan SS, Ullah I, Ullah S, An R, Xu H, Nie K, Liu C, Liu L. Recent
advances in the surface functionalization of nanomaterials for
antimicrobial applications. Materials (Basel, Switzerland).
2021;14(22). doi: 10.3390/ma14226932, PMID 34832332.
Ai T, Wang F, Feng X, Ruan M. Microstructural and mechanical
properties of dual Ti (3). Ceram Int. 2014;40:9947-53. doi:
10.1016/j.ceramint.2014.02.092.
Sebastiammal S, Mariappan A, Neyvasagam K, Annona
MuricataInspired LF A. Synthesis of CeO2 nanoparticles and
their antimicrobial activity. Mater Today Proc. 2019;9:627-32.
doi: 10.1016/j.matpr.2018.10.385.
Paiva CN, Bozza MT. Are reactive oxygen species always
detrimental to pathogens? Antioxidants and Redox Signaling.
2014;20(6):1000-37. doi: 10.1089/ars.2013.5447, PMID
23992156.
Wang L, Hu C, Shao L. The antimicrobial activity of
nanoparticles: present situation and prospects for the future.
International J Nanomedicine. 2017;12:1227-49. doi:
10.2147/ijnIJN.S121956.s121956. PMID 28243086.
Estevez AY, Pritchard S, Harper K, Aston JW, Lynch A, Lucky JJ,
Ludington JS, Chatani P, Mosenthal WP, Leiter JC, Andreescu S,
101

P. Sriramcharan

85.
86.

87.

88.
89.
90.
91.

Erlichman JS. Neuroprotective mechanisms of cerium oxide
nanoparticles in a mouse hippocampal brain slice model of
ischemia. Free Radical Biology and Medicine. 2011;51(6):115563.
doi:
10.1016/j.freeradbiomed.2011.06.006.
PMID
21704154.
Beceiro A, Tomas M, Bou G. Antimicrobial resistance and
virulence: a successful or deleterious association in the
bacterial
world?
Clinical
Microbiology
Reviews.
2013;26(2):185-230. doi: 10.1128/cmrCMR.00059-12, PMID
23554414.
Pop OL, Mesaros A, Vodnar DC, Suharoschi R, Tabaran F,
Magerușan L, Todor IS, Diaconeasa Z, Balint A, Ciontea L,
Socaciu C. Cerium oxide nanoparticles and their efficient
antibacterial application in vitro against gram-positive and
gram-negative pathogens. Nanomaterials (Basel, Switzerland).
2020;10(8). doi: 10.3390/nano10081614, PMID 32824660.
Heckman KL, DeCoteau W, Estevez A, Reed KJ, Costanzo W,
Sanford D, Leiter JC, Clauss J, Knapp K, Gomez C, Mullen P,
Rathbun E, Prime K, Marini J, Patchefsky J, Patchefsky AS,
Hailstone RK, Erlichman JS. Custom cerium oxide nanoparticles
protect against a free radical mediated autoimmune degenerative
disease in the brain. ACS Nano. 2013;7(12):10582-96. doi:
10.1021/nn403743b, PMID 24266731.
Es-haghi A, Aseyd Nezhad S. The anti-oxidant and antiinflammatory properties of cerium oxide nanoparticles
synthesized using riganum majorana L. leaf extract.
International Journal of Basic Science in Medicine.
2019;4(3):108-12. doi: 10.15171/ijbsm.2019.20.
Miller JH, Das V. Potential for treatment of neurodegenerative
diseases with natural products or synthetic compounds that
stabilize microtubules. Curr Pharm Des. 2020;26(35):4362-72.
doi: 10.2174/1381612826666200621171302, PMID 32564745.
Xu C, Qu X. Cerium oxide nanoparticle: a remarkably versatile
rare earth nanomaterial for biological applications. NpgPG Asia
Materials. 2014;6(3):e90. doi: 10.1038/am.2013.88.
Graham UM, Tseng MT, Jasinski JB, Yokel RA, Unrine JM, Davis
BH, Dozier AK, Hardas SS, Sultana R, Grulke EA, Butterfield DA.
In vivo processing of ceria nanoparticles inside liver: impact on
free-radical scavenging activity and oxidative stress. Chem Plus
Chem. 2014;79(8):1083-8. doi: 10.1002/cplu.201402080,
PMID 26322251.

Int J App Pharm, Vol 14, Issue 4, 2022, 94-102

92. Dan M, Tseng MT, Wu P, Unrine JM, Grulke EA, Yokel RA. Brain
microvascular endothelial cell association and distribution of a
5 nm ceria engineered nanomaterial. International Journal of
Nanomedicine. 2012;7:4023-36. doi: 10.2147/ijnIJN.S32526.
s32526. PMID 22888240.
93. Kumari M, Singh SP, Chinde S, Rahman MF, Mahboob M, Grover
P. Toxicity study of cerium oxide nanoparticles in human
neuroblastoma cells. International Journal of Toxicology.
2014;33(2):86-9486-97. doi: 10.1177/1091581814522305,
PMID 24510415.
94. Mittal S, Pandey AK. Cerium oxide nanoparticles induced
toxicity in human lung cells: role of ROS mediated DNA damage
and
apoptosis.
BioMed
Research
International.
2014;2014:891934:891934. doi: 10.1155/2014/891934.
95. Pal PK, Netravathi M. Management of neurodegenerative
disorders: Parkinson'’s disease and Alzheimer'’s disease. J
Indian Med Assoc. 2005 Mar;103(3):168-76. PMID 16173294.
96. You G, Hou J, Xu Y, Miao L, Ao Y, Xing B. Surface properties and
environmental
transformations
controlling
the
bioaccumulation and toxicity of cerium oxide nanoparticles: A
critical review. Rev Environ Contam Toxicol. 2021;253:155206. doi: 10.1007/398_2020_42, PMID 32462332.
97. Babu KS, Anandkumar M, Tsai TY, Kao TH, Inbaraj BS, Chen BH.
Cytotoxicity and antibacterial activity of gold-supported cerium
oxide nanoparticles. International Journal of Nanomedicine.
2014;9:5515-31. doi: 10.2147/ijnIJN.S70087. PMID 25473288.
98. Arnold MC, Badireddy AR, Wiesner MR, Di Giulio RT, Meyer JN.
Cerium oxide nanoparticles are more toxic than equimolar bulk
cerium oxide in caenorhabditis elegans. Archives of
Environmental
Contamination
and
Toxicology.
2013;65(2):224-33. doi: 10.1007/s00244-013-9905-5, PMID
23619766.
99. Wu J, Ma Y, Ding Y, Zhang P, He X, Zhang Z. Toxicity of
international journal published in association with BIBRA.
2017;38:136-41. doi: 10.1016/j.tiv.2016.09.022.
100. Chandrappa CP, Chandrasekar N, Govindappa M, Chaitra
Shanbhag C, Uttam Kumar Singh UK, Jayashri Masarghal J.
Antibacterial activity of synthesized silver nanoparticles
by Simaroubaglauca against pathogenic bacteria. Int J Curr
Pharm
Sci.
2017;9(4):19-22.
doi:
10.22159/ijcpr.2017v9i4.20629.

102

