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Magnesium oxide nanoparticles have emerged as a potential candidate for meeting ends of various
problems due to its unique properties such as biodegradability, non-toxicity, inhibition of biofilm growth
and degradation of harmful dyes such as methyl violet and many more. Along with its easy synthesis by
methods such as sol-gel technique, precipitation method, and green synthesis, it is widely applicable for
toxic waste remediation, antibacterial materials, removal of industrial pollutants and also used in anti-
arthritic and anti-cancer activities. Prior reviews have laid focus on singular domains whereas our review
clubs three major domains i.e., clinical, agricultural and environmental that are involved in the day to day
life of plants as well as animals. Besides the above information, properties, synthesis, nanotoxicity and
future perspectives of magnesium oxide nanoparticles have also been elaborated in this review.

Introduction

Nanotechnology  holds  promises  for  numerous
improvements and acts as a pillar for keeping researches
of various fields ongoing. It is defined as the technology
involved in synthesis, characterization, and to generate
applications from the designed materials whose at least
one dimension lies on nanometer scale [1]. Nanomaterials
are structural components that ranges between 1-1000
nanometer and they are composed of subgroups with a
size range of 1-100 nanometer particles, these particles are
called as nanoparticles [2,3]. Nanoparticles are found in
various shapes and structures such as conical, spiral, flat,
hollow, etc. and they exhibit physical properties which are
extraordinary than its bulk form and offers them unique
mechanical strength, increased stability and several more.
They are being widely used throughout which indicates
that it possesses properties that are beneficial in multiple
ways [4].

Magnesium oxide nanoparticles are grabbing more
attention than various other metal oxide nanoparticles that
are widely being used throughout various fields because
they are promising structural materials in biological
implants due to their high strength to weight ratio, low
density, good functionality, recycling activity, nontoxic,
and hygroscopic nature; these characteristics of
magnesium oxide nanoparticles increases its utility
manifolds and they also have various other properties such
as high melting point, cost-effective production,
biodegradability and biocompatibility. These magnesium
oxide nanoparticles have wide range of applications in
industries and biomedical for bone regeneration; as a
medicine for anti-bactericidal and antimicrobial inhibition,
they are also used in cryoinjury and apart from this they
are also employed in sorption of uranium ions, catalysis,
lithium ion batteries and toxic waste curation [2,5-9].

These nanoparticles are highly corrosive in nature, thus
their use in the field of automotive and aerospace was
inhibited, but techniques such as plating, conversion
coating, etc. have brought the metal back in the race [10].

Metal oxide nanoparticles play a vital role in
environmental remediation by treating waste water,
industrial and domestic waste, soil sediments as well as
atmospheric pollution [11]. Magnesium oxide nano-
particles possess numerous properties such as they act as
anti-biofilm agents; they also exhibit self-cleaning activity
which helps them degrade methyl violet dye as well as
removal of phosphorus from wastewater which is a reason
for inhibiting plant growth [12-14]. Magnesium hydroxide
and magnesium oxide nanoparticles possess excellent
luminescence for photonic applications, because of its
unique thermal properties, biodegradability activity, and
non-toxic nature. The purified form of magnesium oxide
nanopowder is wused to improve mechanical and
fabrication characteristics of aluminum as an alloy; they
are also used in manufacturing of missiles and dietary
supplements because of their enormous properties such as
light weight and edibility [15,16].

Quasi-one-dimensional  nanomaterials  such as
nanorods, nanotubes, and nanobelts are widely used for
the production of chemo-resistive nanosensors [17]. Thus,
synthesized magnesium oxide composites by thermal
evaporation method can be used as good immobilization
material for the development of hydrogen peroxide (H20,)
biosensors based on horseradish peroxidase; many more
different types of electrochemical and optical biosensors
can also be made by utilizing these magnesium oxide
composites [18,19].

Properties

Along with increasing applications of various metal oxide
nanoparticles, magnesium oxide nanoparticles have also
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gained lot of attention and is being widely used because of
the unmatchable properties it possesses. Magnesium oxide
nanoparticles are easy to synthesize, nontoxic and
inexpensive as well as are well known to own anti
bactericidal (against Syaphylococcus aureus) and anti-
microbial properties (against plant pathogenic bacteria)
[20]. Magnesium oxide nanoparticles are generally found
to be around 5-100nm in size and within a specific surface
area of 25-50m?g. Though these metal oxide
nanoparticles are extremely small in size but possess
melting point and boiling point of extremely high
temperature, which is multifold its bulk material, i.e.,
2852°C and 3600°C respectively. Magnesium oxide
nanoparticles are in enormous use because of the novel
properties it possesses such as simple stoichiometry,
crystal structure, high ionic character and structural
defects on the surface [21]. Magnesium oxide is known to
possess a halite or cubic structure with an empirical
formula of MgO and lattice arrangement of Mg?* ions O%
ions in ionic bonding [22]. As far as one of the major
physical property of this metal oxide nanoparticles is
concerned i.e., solubility in water it can be said that
magnesium oxide nanoparticles are faintly soluble in
water with a proportion of 0.0086g/100 ml at a
temperature of 20°C. These nanoparticles and the products
synthesized by it ought to be filled with properties such as
dust repellent, wear resistant, fire resistant along with a
high intensity, hardness and thermal insulation [23].

Table 1. Synthesis of Magnesium oxide nanoparticles by different methods.
Synthesis Procedure
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Synthesis

Synthesis, which is considered as the soul method for
obtaining information about nanomaterials, is very
important to be highlighted. There are many methods for
the synthesis of nanoparticles which differs from
nanomaterial to nanomaterial and different methods opted
such as physical, chemical or green synthesis [24]. Due to
the adverse effects of toxic elements present in chemical
and physical ways of synthesis, eco-friendly method is an
excellent alternative which can also be preferred [25]. This
eco-friendly method of synthesis can either be green
synthesis or biological method of synthesis [26]. Green
synthesis is a method for the preparation of nanoparticles
without the use of chemicals method, which includes
microorganisms, enzymes, plants as well as plant extracts,
thus it is also called as biosynthesis of nanoparticles [27].
This biosynthetic method generally includes micro-
organisms such as bacteria, fungi, algae, etc. and they are
also being widely used in the synthesis of gold and silver
nanoparticles [28]. Synthesis methods of nano-sized
particles may cause technical and ecological problems and
thus to avoid these an alternative technology should be
used for the production of nanoparticles with minimal/
negligible toxic wastes and such a method is green
synthesis of nanoparticles. Apart from green synthesis
method there are several other which includes
hydrothermal method, sol-gel technique, co-precipitation
method and many more [29].

1 Precipitation  Mg(NO;) 0.1M AddSO0ml _For  Precipitate will _ Wash _  Centrifuge at Dry precipitate at M oxide 7,30
method i H,0, 2hrs be obtained thoroughly 4000 rpm, 100°C and nanoparticles
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Herein, for the synthesis of magnesium oxide
nanoparticles, a brief information about a few methods of
synthesis highlighting sol-gel technique, hydrothermal
method, precipitation method and microwave assisted
synthesis of magnesium oxide nanoparticles are listed in
Table 1 with complete protocol of synthesis [30-37].
These techniques are the most widely preferred methods
because these methods are very fast and safe techniques
including less time consumption and non-toxicity. The
green synthesis method should be suggested to be used
widely because it is the technique which does not involve
the use of chemicals thus, making the it a safest technique
of synthesis. Whereas, the microwave assisted technique is
very commonly used now a days because it is faster,
simpler and energy efficient technique in comparison to
others. After the complete synthesis of nanoparticles, the
detailed information about the size, shape, structure,
crystallinity, etc., can be characterized by utilizing
different sophisticated instruments such as transmission
electron microscope, scanning electron microscope, X-
Ray diffraction, dynamic light scattering, Fourier transfer
infrared spectroscopy and UV-Vis spectroscopy [38, 39].

Through passing years researchers have synthesized
magnesium oxide nanoparticle and studied them in detail
for their properties and applications [40-46]. Many
research groups have reviewed their properties, synthesis,
and applications. Hence, in this review of magnesium
oxide nanoparticles we have covered various methods of
synthesis, properties, applications in the clinical,
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agricultural and environmental domains, along with
nanotoxicity and its varied future aspects are discussed
and elaborated.

Applications
Agricultural

Magnesium oxide nanoparticles have also been known to
comprise a number of advantages such as negligible
phytotoxicity, thermal stability, non-genotoxicity as well
as non-biotoxicity to humans, enabling brilliant
application prospects for plant protection [47]. These
nanoparticles apart from the above-mentioned properties
have various other characteristics too which offers them
prominent application in the various other agricultural
prospects as illustrated in Fig. 1 [48]. Further these
nanoparticles also help in increasing agricultural
production of peanut by enhancing the development of
seedling and plant growth as well as are being used as an
approved food additive, food supplement, color retentate,
etc. [49, 50].

Anti-microbial activity

Magnesium oxide nanoparticles possess antibacterial
activity against food borne pathogens such as E. coli and
Salmonella entiritidis by causing leakage in their cell
membrane ultimately leading to the death of these
microorganisms [51]. Bacterial brown stripe is a disease
known to spread among rice which completely destroys its
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Fig. 1. Potential applications of Magnesium oxide nanoparticles in the agricultural domain.
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cultivation and is caused because of Acidovorax oryzae
bacterial strain. Thus, in this regard S.O. Ogunyemi,
F et al., reported the biosynthesis of magnesium oxide
nanoparticles by using Matricaria chamomilla L. and the
synthesized nanoparticles showed good inhibitory effect
on the growth of Acidovorax oryzae bacteria [52]. From
another study conducted by a research group reported
magnesium oxide nanoparticles positive antibacterial
response against phytopathogenic bacteria which is
responsible for causing the deadliest wilt disease in the R.
solanacearum [53]. According to Y. Abdallah et al. not
only magnesium nanoparticles but magnesium oxide
nanoflowers have been brought into existence because
they own properties to suppress bacterial infections and
prevent crops from damage [54]. Magnesium has been an
essential mineral element for maintaining balanced
nutrition in plants and also participates in various
physiological functions such as plant protection and
pathogenesis because of which these magnesium
nanoparticles are known to show adorable antifungal
activity even amongst minimum amount of fungicidal
concentration [55-58].

Anti-insecticidal and anti-biofilm activity

Bacillus thuringiensis produces cry gene which acts as an
insecticide against several insects such as nematodes, but
this protein gets discharged into soil by water and
insecticidal activity gets hampered. So, W. Rao et al.
demonstrated magnesium-based nanoparticles as carrier of
cry protein by adhesion to these nanoparticles and then
transferred on the surface of cotton leaves. The result of
this study showed enhanced mortality rate of insect’s
manifold. Thus, magnesium-based nanoparticles act as

Environmental

Application of
Magnesium oxide

nanoparticles !

Fig. 2. Environmental applications of magnesium oxide nanoparticles.
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nanocarrier for the transfer of cry protein thereby
enhancing its application as a bioinsecticides [59]. These
metal oxide nanoparticles are known to induce systemic
resistance towards gram negative, plant pathogenic
bacterium, R. solanacearum by restricting the formation of
biofilm and it can also initiate signaling pathways of
phytohormones such as salicylic acid and jasmonic acid
which play important role in the defense mechanism of
plants.

Hence, it can be emphasized that magnesium oxide
nanoparticles in agricultural field as an anti-microbial,
anti-insecticidal, and antibiofilm agent is very effective
[60, 61].

Environmental

Environmental contamination is a serious problem which
is faced by developed as well as developing nations
around the globe. There are many ways to deal
environmental contamination but the drawback which
lies are the side effects of those cleansing agents when
they themselves start behaving as a contaminant.
Nanoparticles have evolved as an excellent alternative
for various other ways of environmental cleanliness.
Magnesium oxide nanoparticles, within a short span of
time, has been successful in showing its presence in
various environmental applications (Fig. 2) by the diverse
range of properties it exhibits. These metal

oxide nanoparticles possess high absorbing properties
along with large surface area and high response capacity
because of which they are being used as a potential
absorbent of toxic gases such as nitrogen dioxide and
sulfur dioxide [62-66].
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Dye removal

S. Jorfi et al., reported the removal of acid red 73dye
which is a water contaminant released from textile
industries in huge amount and B.J.H. Ng et al.
demonstrated that magnesium oxide nanoparticle enhances
the activity of ferrate VI which oxidize the Blue 203 dye
(water contaminating dye from leather and cosmetic
industries) [67, 68]. Several other industries such as fabric
and cloth industries also utilize ample of dyes for
coloration of clothes and among them one of the most
commonly used one is indigo carmine which is an effluent
of water. A. Bagheri GH et al., synthesized magnesium
oxide nanoparticles which acted as a photocatalyst for
photocatalytic decolorization of indigo carmine [69]. 2,4-
Dichlorophenol (2,4-DCP) is a toxic compound
commonly released from paper industries directly into
different sources of water acting as a primary effluent in
water. This chlorophenol compound (2,4-DCP) has known
to show adverse effects on the ones who consume it
including plant, animals and humans but its treatment with
magnesium oxide nanoparticles has led to its vigorous
degradation because magnesium oxide acts as a catalyst in
the degradation of this dye through ionization method
[70].

Heavy metal ion detection and removal

The fritter from various industries and factories are drawn
to different sources of water which contain toxic materials
in the form of heavy metals. These heavy metals when
enter plants, animals and humans shows negative effects
in different ways. Y. Cai et al.,, demonstrated that
magnesium oxide nanoparticles can be a novel candidate
in the removal of heavy metals such as cadmium (Cd?*)
and lead (Pb?*) [71]. Along with nanoparticles,
nanocomposites such as magnesium oxide- copper oxide
nanocomposites and magnesium oxide- manganese oxide
nanocomposites are effective adsorbents and have shown
high adsorbing property towards heavy metal ions such as
lead, arsenic and mercury, making it a competitor of other
nanoparticles involved in heavy metal removal from water
[72]. G. Khayatian et al., brought forward the sensitivity
of magnesium oxide nanoparticles by demonstrating that
these nanoparticles when modifies with graphene oxide
show remarkable detection of heavy metals such as
copper, nickel and cadmium which are present in large
amount in tap water, well water as well as sea water [73].

Detection and removal and of chemical toxins

The property of magnesium oxide nanoparticle as a
detoxification agent is widely being used in various
applications among which one is in detection and removal
of chemical toxins. Bis(2-chloroethyl) sulphide which is
commonly known as Sulphur mustard (a highly toxic
chemical) which is generally used as biological warfare
agent, can be degraded into non harmful products such as
divinyl sulfide, 2-chloroethyl vinyl sulfide and
thiodiglycol which are products of elimination and
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nuclephilic substitution reaction, respectively, when
treated with magnesium oxide nanoparticles [74]. S. Ali et
al., stated that magnesium oxide nanoparticles and zinc-
magnesium oxide nanoparticles show degradation of a
highly toxic contaminant, 2,4,6-trinitrophenyl, which is
known to cause tumor, liver malfunctioning, skin related
disorders, etc. [75].

Pesticide degradation and hydrogen peroxide biosensor

Though pesticides help in increasing yield of crops by
keeping pests and insects away from damaging them but
when these chemicals are drained out of field into
different sources of water, cause various harmful diseases
to plants and humans in many ways. L.E. Lange et al.,
reported that the etching of magnesium oxide
nanoparticles blended with polypropylene enhances the
chemical stability reactive sites present in the
nanoparticles which degrades methyl parathion, an
organophosphate pesticide [76]. The effect of diazinon
pesticide, which has been banned by the Environmental
Protection Agency due to its high toxic effects towards
plants and humans, has found to be degraded when treated
with aluminum oxide and magnesium oxide nanoparticles
[77].

Hydrogen peroxide, which is a byproduct of high
selective oxidative reactions, possesses major applications
in various fields such as pharmaceutical, clinical,
environmental, industrial, agricultural and many more.
Thus, its detection via a sensitive and accurate method is
necessary [78-80]. Biosensor devices are developed for
the detection of hydrogen peroxide by the use of
magnesium oxide nanoparticles as an inorganic material
and chitosan as an organic polymer [81]. By utilizing
magnesium oxide nanoparticles, nanosensors are also
developed for the detection of hydrogen peroxide from
milk. The nanobiosensor developed is highly sensitive and
detects even a minute level of H,O, presence and is also a
cheap and rapid method of detection [82].

Despite the above mentioned applications of
magnesium oxide nanoparticles there still lie several more
such as very minute amount of these nanoparticles are
enough for improving corrosion retardation ability of
polyurethane films and these nanoparticles in addition
with nanofiltration membrane are capable of removing
pollutants such as organic matter, nitrogen species, heavy
metals, bacteria and suspended solid particles and make it
suitable for drinking [14, 83, 84]. These nanoparticles
have found a prominent place in waste water treatment
because of the characteristics they possess such as high
recovery and reproducibility, abrasiveness, electrostatic
attraction, and oxidizing power combine to promote
biocidal properties [85, 86].

Clinical

Among all properties and applications owned by
magnesium oxide nanoparticles clinical aspects rule the
chart because extravagant use of this metal oxide
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nanoparticle has been done in clinical field (Fig. 3). From
curing diseases to find an alternative for uncurable ones
and from disease diagnosis to plant and micro-organisms
related issues, magnesium oxide nanoparticles have been
successfully paved its way in the clinical domain [87].

APPLICATION OF MAGNESIUM OXIDE NANOPARTICLES IN CLINICAL
H ANTICANCER AND ANTI-ARTHRITIC ACTIVITY
H DRUG AND GENE DELIVERY

H INCREASES RED BLOOD AND WHITE BLOOD CELLS

H NANO-CRYOSURGERY
H DETECTION AND DIAGNOSIS

'WOUND HEALING AND SKIN INJURY

Fig. 3. Schematic presentation of vast application in the clinical domain
of magnesium oxide nanoparticles.

Therapeutics based on magnesium oxide nanoparticles

As brought forth by two different group of researchers A.
Mahmoud et al., and R. Goyal et al., magnesium oxide
nanoparticles are known to acquire good anti-arthritic and
anti-cancer activity and magnesium oxide with Iron
particles are useful in magnetic resonance imaging, drug
delivery, cancer therapy as well as cell sorting and also
used as targeting agent in cryoinjury [7,88-90]. Researches
have suggested that magnesium oxide nanoparticles
possess excellent antibacterial activity though this
mechanism depends on the binding of nanoparticles to the
surface of the bacteria [91,92]. They have known to show
an increase in antibacterial activity against gram positive
bacteria in comparison to gram negative because the latter
holds a complex outer membrane which serves as an
outstanding barrier against external materials but still
magnesium nanoparticles have got hold of gram negative
bacteria such as E coli and Staphylococcus aureus and
showed antibacterial activity against them preventing cell
death of many cells by reducing oxidative stress, lipid
peroxidation as well as cell membrane damage [5,32,93-
95]. Problems such as foot and mouth disease in cattle’s,
foodborne pathogens, treatment of the cotton fabric, the
quality of bone cement used in fractures, medicine for
bone regeneration and abdominal pain comprise of a
common solution i.e., magnesium oxide nanoparticles [5,
96-98].

Mazaheri et al., on a specific note, stated that minute
concentration as such below a range of 250 pgml? these
nanoparticles are known to be effective as they
successfully increase red blood cells, white blood
cells, hemoglobin, alkaline phosphatase, aspartate
aminotransferase and simultaneously enhance bile duct
proliferation and inflammation in areas of liver in rats and
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concurrently in the same minimal concentration itself
these nanoparticles are considered safe according to in
vivo toxicity investigations thus opening a way for these
nanoparticles in drug encapsulation, disinfectant for edible
substances [2,99-102]. Metal oxide nanoparticles are quite
new in the field of research and thus being tried to be
applied in almost every possible domain and thus in
clinical as well because they are a replacement to many
expensive and harmful methods that are being used in
these domains at present. Through continuous research in
clinical domain on magnesium nanoparticles, positive
results come forth such as these nanoparticles provide
precise drug delivery, improvement in permeability and
unique targeting to tumors with minimal or no side effects.
These nanoparticles as drug possess characteristics such as
molecular weight, pH, ionic strength, particle size, etc. and
thus concurrently are also being used in nano-cryosurgery,
hyperthermia, tumor inhibition and also in imaging of
brain tumors [7,103-107].

With the increase in number of antibiotic resistant
microbes the importance to create novel drugs have also
increased rapidly and to overcome this problematic
situation, scientists have turned their hopes on
nanoparticles because of their cheap and easy availability,
synthesis and possession of various applications in clinical
domains. Fortunately, abundant nanoparticles can be used
to fulfill the needful among which magnesium oxide
nanoparticles remains comprised. Magnesium oxide
nanoparticles can be used as an alternative for various
traditional antibiotics because of its antibacterial
properties [108]. E.R. Essien et al., reported the
preparation of magnesium oxide nanoparticles by using
aqueous extract of Manihot esculenta via green synthesis
method but in general for the quick synthesis of these
nanoparticles chemical methods are opted. The
synthesized magnesium oxide nanoparticles prepared via
green synthesis method possessed applications in catalysis
and as an anti-microbial agent. This method was brought
into sight to increase the synthesis of magnesium oxide
nanoparticles via green synthesis method to not only
reduce the use of chemicals but also because of its cost-
efficient nature [43]. With loads of applications mentioned
above, this metal oxide nanoparticle still possesses many
more in this domain as magnesium nanoparticles are used
in wound healing because of its ability to aid fibroblast
adhesion after skin injury and as far as skin injury is
concerned magnesium oxide nanoparticles should be
synthesized in ethyl alcohol because they withhold
excellent biocompatibility and antibacterial property [109,
110]. The information provided by S. Hayat et al., depicts
that magnesium oxide nanoparticles are effective and
reliable antibiofilm agents that can inhibit adhesion,
biofilm formation and remove the preformed biofilms of
multidrug-resistant bacteria [111].

Electrospinning of magnesium oxide nanoparticles at
a fixed concentration produces a complex composite
nanofibrous scaffold which exhibits enhanced mechanical
stability.  Alginates, which are derivatives of
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Phaeophyceae (brown algae) when crosslinked with
magnesium oxide to form magnesium-alginate scaffolds,
yielded high tensile strength and enhanced thermal and
mechanical stability. These magnesium-alginate scaffolds
can be used as a substitute for extracellular matrix as a
function for repairing and regeneration of tissues as these
alternatives are affordable and adaptable [112].
Streptococcus mutans and Streptococcus sobrinus are two
most commonly found bacteria in the oral cavity of
humans and have been classified as carcinogenic
microorganisms. Magnesium oxide nanoparticles along
with glass-ionomer cement, which is a commonly used
filling material in dentistry, are used as an antibacterial
and antibiofilm agent to inhibit the growth and removal of
these carcinogenic microorganisms. This biocompatible
assortment of magnesium oxide nanoparticles and glass-
ionomer cement can be a helpful tool for dentistry in near
future [113]. Magnesium oxide nanoparticles pose a
uniqgue combination of properties such as biocompatibility,
biodegradability, fluorescence which provides the ability
to visualize cells and tissues and unlock ways for
bioimaging applications, cutting-edge fluorescence guided
surgery. These nanoparticles utilize enhanced permeability
and retention (EPR) which binds to receptor binding
ligands that are present on the surface of tumor cells.
Magnesium  nanoparticles act as a carrier of
chemotherapeutic drugs to deliver them to the targeted
tumor cell for improvement and minimization of toxicity
[114].

Diagnosis utilizing magnesium oxide based biosensors

Magnesium oxide nanostructure have evolved recently
which offer them unique surface immobilization,
enhanced confirmation and stable biological activity of
biomolecules which makes biosensors more sensitive
[115]. These nanostructure metal oxides have unique
properties such as optical, electrical, etc. which make them
best candidate for utilization in biosensors [116]. Higher
prevalence of lifestyle related disorder such as diabetes,
cancer, hypertension, etc. [117] have demanded for better
diagnostic systems which can be overcome by developing
biosensor devices for the early and on-site detection of
these deadly diseases. There are many pre-existing
biosensors for these purposes based on different materials
[118, 119], but magnesium oxide-based biosensors are
currently revolutionizing these sensor technologies.
Magnesium oxide nanoparticles along with its composites
can be used for the detection of Vibrio cholerae via
biosensors manufactured for the detection of DNA [120].
Z.Q. Lei et al. demonstrate that for biosensing of liver
cancer the blend of magnesium oxide based magnetic
tunnel junction and magnetic nanoparticles have shown
reliable results [121]. M. Li et al. stated that
magnesium oxide nanobelts-modified electrode shows
high adsorption ability towards ascorbic acid, dopamine
and uric acid [122]. A. Umar et al., reported highly
sensitive glucose biosensor based on magnesium oxide
nanocages and nanocrystals of polyhedral shape
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and their result showed high sensitivity and reproducibility
[123].

Nanotoxicity

The varied range of Magnesium oxide nanoparticles has
held it strong to accomplish applications in industries for
cosmetics and skin care products as well as in biomedical
for nanoelectronic biosensors, disease staging, etc. leaving
behind some unwanted side effects, which are better
pronounced as nanotoxicity. With a wide range of
applications, comes along some negative effects of this
metal oxide nanoparticle, about which much information
is not yet gathered till date [109]. Nanoparticles, due to
their small size and high reactivity can enter edible
materials through their improper disposal into soil and
water which can lead to adverse health effects. In couple
of cases toxicity of magnesium oxide nanoparticles have
been proven where V.B. Shah et al. reported the adverse
effects of magnesium oxide nanoparticles leading to
cellular apoptosis on the embryos of zebrafish [110,124]
and it’s also emphasized that magnesium oxide
nanoparticles, in significant amount, when injected in
Wistar rats resulted in alteration of biochemical pathways
and DNA damage. Solely, not only magnesium oxide
nanoparticles but TiO2 and cerium oxide nanoparticles
along several others in the queue have been reported to
cause toxicity in either plants or animals [112]. Although
the toxicological effects of magnesium nanoparticles have
been reported, but they are still widely used in various
domains because the adverse effects of these nanoparticles
are not proven to be lethal till date [109,124].

Conclusion and prospects

Magnesium oxide nanoparticles are widely being used in
various domains such as automotive, aircraft, agriculture,
environmental and biomedical, etc., and its use is
spreading to almost every field due to its unique
properties. Magnesium oxide nanoparticles synthesis
through various method such as sol-gel, co-precipitation,
hydrothermal, green synthesis, etc. are explained with
complete procedure. Though nanotoxicity has evolved as a
barrier in the way of these nanoparticles, they have paved
a way out and are still being used vastly because of their
various applications and properties.

Nanoparticles are showing promising application
since near past and are to capture almost every field in
near future because of their unbeatable properties.
Magnesium has also gained attention by the synthesis of
magnesium oxide nanoflowers, which are synthesized by
using Rosemary extract; this can be widely used in
agricultural fields to suppress bacterial infection [54] and
through magnesia nanosheet arrays that are commonly
found on the surface of magnesium alloys which can be
useful in reinforcing composite materials or in further
modification of other nanostructures. By combining the
biodegradability and non-toxicity of magnesium oxide
nanoparticles with their relatively lightweight and
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excellent thermal properties would help develop high-
performance cryosurgery. Nanostructured metal oxides
such as magnesium oxides can be utilized for developing
sensitive biosensor devices by tailoring their properties.
These nanostructured magnesium  oxide tailored
nanoparticles are the next generation of smart miniaturized
biosensing devices [116,125]. The study conducted by a
group of researchers demonstrated for the first time, use of
magnesium oxide nanoparticles for glucose biosensor
fabrication [123].

Hence, these nanoparticles can be utilized in all the
fields due to its enormous properties and to ensure
complete safety before being completely commercialized,
evaluation of these nanoparticles is on full swing because
commercialization of this metal oxide nanoparticle will
introduce an era of ecofriendly and cost-effective
applications. Thus, nanostructured magnesium oxides
have potential as an electron mediator for the fabrication
of more sensitive biosensors for environmental pollution
detection, biomedical diagnosis, etc. [126]. This review
elaborates the synthesis, nanotoxicty, and current utility of
magnesium  oxide  nanoparticles in  agricultural,
environmental, and clinical fields. There is very less
reports related with utilization of magnesium oxide
nanoparticles in the field of agriculture and environmental,
the need to explore the application of these nanostructures
by the researchers for their mode of mechanism data for
plant growth, stress tolerance, and many more are still
needed to be carried out.
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