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Abstract: Magnesium oxide (MgO) nanoparticles have been created using simple chemical and
environmentally sustainable methods, with magnesium chloride, magnesium acetate, and magnesium
nitrate as catalysts. The surface area, crystal morphology, and reaction sites change with synthesis
conditions. MgO nanocomposite or drug delivery nanocomposite are prepared for active drugs with
various biological functions like antibacterial, anti-cancer, anti-inflammatory, bone repairing
mechanism, anti-diabetics, cytotoxicity, etc. Because of their high strength-to-weight ratio and good
biocompatibility in acidic media, nano-MgO composites are used in bone implants, biodegradable
fibers, and screws. Nano MgO has optimum biocompatibility due to its less toxic nature. It is also used
with other nanocomposites, and its physicochemical properties change with the doping of other metals
or metal oxides.
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1. Introduction

A nanoparticle of 0 - 100 nm size exhibits properties different from bulk materials in
various structures. Its shapes include spiral, flat, conical, hollow, nano-belts, spherical, nano-
rods, nanotubes, etc. These nanoparticles play an important role in synthesis as catalysts,
improving physicochemical characteristics, the medicinal field, atmospheric pollution
prevention, wastewater treatment, soil sediments, additives, and so on [1].

Numerous methods have been reported for synthesizing nanomaterials, which vary
depending on the nanomaterial and its properties. Physical, chemical, green, and microwave-
assisted synthesis were common methods [2]. However, in some physical and chemical
syntheses, toxic materials that showed some adverse effects were eliminated by excellent
alternative eco-friendly methods [3], such as green or biological methods [4]. The use of
microbes (bacteria, fungi, algae, and such), enzymes, plants, and plant extracts in the greener
synthesis of nanoparticles is known as the biosynthesis of nanoparticles [5]. The silver and gold
nanomaterials were synthesized by using microorganisms [6]. Other common methods for
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nanomaterial synthesis, like the sol-gel method, co-precipitation, hydrothermal, and so on, have
been reported [7]. Green synthesis, hydrothermal, sol-gel, precipitation, and microwave-
assisted methodologies were also used to synthesize nano-MgO [8]. Different conventional and
MW methods for the preparation of nano MgO are depicted in figure 1. These techniques were
most frequently used because they are safe, fast, less time-consuming, and non-toxic methods
[7, 8]. The greener method used magnesium nitrate as an Mg source and Nephelium lappaccum
peel as a natural source; no other chemicals were used directly to prepare nano-MgO.
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Figure 1. Different conventional and MW methods for the preparation of nano MgO.

Magnesium cation is the second-most prevalent intracellular constituent and the fourth
most abundant overall in the human body [9]. It is also a cofactor for more than 300 enzymes
[10]. Nearly 7-11% of hospitalized patients have magnesium deficiency problems. It is one of
the factors associated with most critical health issues and disorders, such as diabetes,
hypertension, colon cancer, sudden cardiac death, coronary heart disease, osteoporosis, etc. In
most cases, magnesium oxide or magnesium salts such as magnesium sulfate (MgSQa4) are
administered to patients via intravenous or intramuscular injection to treat symptomatic
magnesium deficiency [11]. However, excessive magnesium administration causes
hypermagnesemia, particularly in patients with impaired renal function. Hypermagnesemia can
cause a variety of health problems, such as neuromuscular disorders, cardiac arrest,
hypertension, and hypocalcemia [12].

There are several medicinal applications of nano-MgO particles; some are listed in
figure 2. These reported MgO applications could be attributed to relatively high surface areas
and crystal morphological traits with more reactive sites on the surface [13].

One significant research found that high concentrations of Magnesium oxide
nanoparticles (250 and 500 pg. mL™?) injected into rats significantly increased hemoglobin,
RBCs, WBCs, and hematocrit compared to the control group (P < 0.05). The findings also
demonstrate that nano-MgO particles increased the levels of alkaline phosphatase and aspartate
aminotransferase while not affecting the levels of gamma-glutamyl transpeptidase, alanine
aminotransferase, urea, and creatinine when compared with the control group (P < 0.05). A
histopathological examination of the rat liver revealed proliferation of bile ductules, congestion
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in some areas of the liver sinusoids, and apoptotic cells in high-dose groups, but no
histopathological changes in kidney functions. At last, it was determined that magnesium
nanomaterials at concentrations less than 250 pg mL™* are reliable for use in the desired
applications [14].
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Figure 2. Medicinal importance of nano-MgO.
2. Medicinal Application of Nano MgO

Several contagious diseases have been reported to cause millions of deaths worldwide
each year. Following the discovery of antibiotics in the twentieth century, there was a
tremendous improvement in the medical sector and a reduction in the deaths and illnesses
caused by such infectious diseases. However, as time passes, modernization of society, changes
in environmental conditions, population growth, dramatic changes in lifestyle and food, and
evaluation of microorganisms all contribute to either impedance in microorganisms or the
development of new diseases [15].

2.1. Bactericidal activity/anti-infectious diseases.

As a result, current antibiotics and chemotherapeutics are ineffective against evolved
microorganisms, necessitating the development of new antibiotics, the search for new drugs,
or chemical modifications to existing drugs. The period and effectiveness of new drugs against
microbial pathogens are issues for drug development. It does not guarantee that microbial
pathogens will not create drug resistance in the future. As a result, it is critical to develop more
impactful and long-term solutions to such infections [16].

The existing antibiotics and chemotherapeutic agents killed the microbes or interfered
with their growth. Several antibiotics are used for the treatment, from penicillin in the late
1940s to topical antibiotic ointments (such as Neosporin) to intravenously injected antibiotic
solutions. Examples: vancomycin, B-lactam drug, bacitracin (inhibiting cell wall synthesis);
tetracyclines, aminoglycosides, chloramphenicol, macrolides (inhibiting protein synthesis);
rifampicin and fluoroquinolones (inhibits nucleic acid synthesis); trimethoprim and
sulfonamides (inhibits the metabolic pathways); and polymixin B (interfering in the membrane
integrity) [17].
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Along with several other causes of the use of antibiotics, insufficient drug delivery at
the infection site is one of the major limitations of conventional therapy that increases the cost
of treatment, period, problems of poor uptake, and may lead to harmful side effects to the host.
Today, more than 75% of microorganisms have developed resistance to at least one of the most
commonly used medicines or drugs for treatment. The microbial pathogens developed
resistance by altering the drug target, developing alternative metabolic pathways for the
growth, inactivating the target enzymes, or inhibiting efflux transport. Some pathogens that can
be treated only with potentially toxic drugs or a combination of drugs were detected. Some
important drugs/antibiotics, along with resistant bacteria and their mechanism, are shown in
Table 1.

Table 1. Drug/antibiotics, drug-resistant bacteria, and their resistance mechanism [18].

Drug Microorganism Mechanism of resistance
Quinolone Gonococci Mutation in target
Vancomycin Enterococcus Changes in target
. Overproduction of the target site, Development of
Sulfonamide Enterococcus :
alternate growth requirement
B-lactam (carbapenem) Enterobacteriaceae (e.g.: E. coli) Drug degrading enzyme
Macrolide Streptococcus pneumoniae Drug efflux pump, active efflux
Multiple drugs Pseudomonas aeruginosa Multiple factors, including |°§S (.Jf porin, drug
efflux pump, and drug-modifying enzyme
B-lactam (methicillin) Staphylococcus aureus Production of an adg'itr:g?:é enzyme that avoids
Vancomycin Staphylococcus aureus Cell wall thickening changes in the target

Compared to conventional therapy, nanostructured antimicrobial agents or nanosized
drug carriers were helped to eliminate the resistance, reduce the toxicity, improve the
pharmacokinetics & therapeutics of the drug, and, therefore, the cost of the treatment.
Nanoparticles of metal oxides and metals were found to possess good antimicrobial activity,
and the pathogens did not develop resistance against them. The mechanism of action of such
nanoparticles against microbial pathogens is as follows: they directly disrupt the cell wall or
inhibit DNA/protein/enzyme synthesis, or they generate free radicals, i.e., photocatalytic
generation of reactive oxygen, which damages cellular and viral components. The targeted
delivery of the drug at the point of infection improves biodistribution and drug accumulation
in the specific body site. Various metals and metal oxides have been reported to act as nano-
antibiotics, with potential applications against infectious diseases. Microorganisms did not
develop resistance to them, and nano-metals had no adverse effects on human cells. Examples:
Ag-nanoparticle [19], Au-nanoparticles [20], TiOz-nanoparticles [21], Al2Osz-nanoparticles
[22], Cu, Cu20 & CuO nanoparticles [23], Fe-oxide nanoparticles [24], MgO-nanoparticles
[25], ZnO-nanoparticles [26], etc. The bactericidal activity of metal oxides such as MgO, ZnO,
and TiO2 was primarily due to (i) effortlessly binding of nanomaterials on the bacterial cell
membrane and subsequent damage; (ii) easily penetrating the cell and binding to specific
targets via surface oxygen and rendering them inactive; and (iii) creation of reactive oxygen
species (ROS) on their surface, which automatically increases intracellular oxidative stress.
ROS production causes lipid peroxidation in bacteria [27].

However, some nanoparticles show bactericidal activity not mediated by ROS,
implying that oxidative stress is not the main mechanism of bacterial cell death [8]. According
to the findings, bactericidal activity depends not only on the shapes, sizes, surface
characteristics (e.g., hydrophobicity), and composition of the nanomaterials but also on the
species of bacteria [28]. Nanoparticles of ZnO, MgO, or CaO are not toxic, and their actions
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are not photoinduced like TiOz2. In contrast to other solid bactericidal agents such as backed
silver or backed copper, nan-TiOz2, nano-MgO particles have some benefits, such as being non-
toxic up to a concentration of 250 pg mL-1 and being easily synthesized from readily available,
inexpensive precursors. As a result, nano-MgO can be used as a solid bactericidal material in
various applications [29].

Because of anomalies in the structures of nano-MgO particles, reactive oxygen species
(ROS) can be produced on the surface [30], which is a remarkable property that attracts interest
as a potential antibacterial material: the nano-MgO can easily inactivate or kill bacteria either
by the formation of ROS or through adsorption of negatively charged bacteria on their
positively charged surfaces.

Microwave irradiation created nano-MgO from magnesium acetate diluted in ethylene
glycol. The antibacterial activity of small nanocrystalline MgO against gram-positive S. aureus
and gram-negative E. coli bacteria was tested. The results show that small particles of MgO
are more active, and the activity decreases with increasing particle size, indicating that MgO
has size-dependent antimicrobial activity against both gram-positive and gram-negative
bacterial strains such as E. coli and S. aureus [31].

Amorphous MgO was found to have no or inactive bactericidal activity against the same
microorganism strains. The increased activity of small nano-MgO could be attributed to the
formation of active oxygen species that are active both inside the bacterial cell and on the cell
wall [32]. As a result, nano-MgO alone or in combination with other ingredients has been
proposed for the treatment and preservatives of some food products to enhance microbiological
food safety [33].

Nano-MgO was discovered to be safe for mammals as well as the environment.
Unfortunately, prolonged exposure to nano-MgO may result in some human and environmental
problems. The results of a cytotoxicity and neurotoxicity research of nano-MgO particles on
SH-SY5Y cell lines show that nano-MgO particles are not toxic towards both differential and
nondifferential SH-SY5Y cells at concentrations ranging from 1nM to 1mM for 24, 48, and 72
hours [34].

ZnMgO nanomaterials of various shapes, such as nanocubes, nanorods, and nano-
tetrapods, were created and tested for bactericidal and toxic effects against mammalian cells.
These particles were discovered to be more bactericidal, particularly against Gram-positive
bacteria, while causing no harm to mammalian cells. Pure nano-ZnO was discovered to be
harmful to mammalian cells [35].

Sawai et al. (1997)proposed another framework for the antibacterial activity of nano-
MgO particles. Moisture absorbs the surface of the nanoparticles, creating a thin water layer
around the particles. The pH of the water above the layer may be greater than its equilibrium
value in the solution. The higher pH of the nanoparticles' surface could affect the bacteria
membrane, causing cell death [36].

Although halogens such as fluorine, chlorine, and bromine have strong bactericidal
properties, they are not widely used due to their high toxicity. Metal-halogen complexes are
formed by halogens interacting with and suppressing specific cellular enzymes [37]. Mg-
halogen nanomaterials destroy the microbial cell envelope and end up causing intracellular
content leakage due to rapid peroxidation caused by ROS. Nano-MgO particles have a
distinctive capacity to absorb and retain halogens, which increases fivefold in nanomaterials
formulations containing nano-MgO. A combined effect of absorbing halogen on nano-MgO
enhances bactericidal activity over halogen and converts the halogen to powder form [13].
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The bactericidal activity of chloride and bromide in conjunction with nano-MgO was
examined against B. subtilis, B. megaterium, and E. coli endospores. MgO-halogen
nanomaterials completely killed E. coli and B. megaterium in 20 minutes, whereas B. subtillis
has some resistance, and only about 30% of the bacteria are killed. MgO-halogen nanomaterials
were discovered to be 68% more effective bactericidal agents than halogen alone.

Some formulations of nano-MgO/nano-CaO and active forms of halogens such as
chlorine & bromine in nanoscale were formulated and evaluated for their antimicrobial
activities. Antimicrobial tests were performed on these nanocrystalline materials against
Escherichia coli, Bacillus globigii, Bacillus cereus, aflatoxins, and MS2 bacteriophage [31].
When these composites come into contact with vegetative Escherichia coli, Bacillus cereus, or
Bacillus globigii cells, over 90% are killed within just a few minutes. Bacillus species’ spores
decontaminate in a matter of hours. All composites were decontaminated in water for several
minutes with aflatoxins and MS2 bacteriophage (human enterovirus surrogate).

Magnesium oxide (MgQO) nanoparticle-incorporated polycaprolactone (PCL)/gelatin
nanofibrous membranes [38] were prepared by electro-spinning and investigated their potential
for wound healing of full-thickness skin wounds [39], wound dressing and fighting bacterial
infection. This nano-MgO-incorporated membrane is pliable, flexible, and hydrophilic,
allowing for convenient interaction with wound beds. The percentage of nano-MgO in the
membrane affects its cytocompatibility and bactericidal efficiency: lower amounts
promulgated while higher amounts inhibited fibroblast, endothelial cell, and macrophage
proliferation. More than 90% of S. aureus, 98% of E. coli, and 94% of S. epidermidis were
inhibited by the nano-MgO. The incorporation of nano-MgO particles into the electrospun
membranes could be used to prevent wound bacterial infections [40].

Because of their non-toxicity, nano-MgO particles have been used as anti-bacterial
agents to enhance food safety. The antibacterial activity of resazurin (a redox-sensitive dye)
microplate assay (measuring inhibition of bacterial growth) against Escherichia coli 0157:H7,
Campylobacter jejuni, and Salmonella Enteritidis was investigated [41]. The MIC values of
nano-MgO to 10* CFU/ml Escherichia coli O157:H7, Campylobacter jejuni, and Salmonella
Enteritidis were 1, 0.5, and 1 mg/ml, respectively. A different study found that after contact
with nano-MgO, cell membrane permeability increased. H202 produced by nanoparticles
induces (oxidative stress) the gene expression of KatA, the sole catalase in C. jejuni responsible
for H202 decomposition. These practicals attacked the cell membrane and caused oxidative
stress in the microbial pathogens, which resulted in death. It was discovered that different
compositions of nano-MgO particles significantly inhibited both gram-positive and gram-
negative bacterial strains [42].

C. albicans is a significant pathogen that causes many human infectious diseases. Due
to multidrug resistance, nonbiodegradability, toxicity, and poor biocompatibility, very few
standard treatments are available for treating fungal infections. The antifungal activity of nano-
MgO particles, including key virulence factors such as preliminary adhesion, two-phase
morphological transformation, and biofilm formation of C. albicans fungi strains, was
evaluated using the micro-broth dilution method, MTT assay, and fluorescence microscopy
[43].

According to the findings, MgO NPs strongly suppressed C. albicans biofilm formation,
two-phase morphological transformation, initial adhesion, growth, and metabolic activity. The
initial perception is that nano-MgO particles could be used as a viable antifungal drug to
prevent the spread of Candida infection by coating medical devices with them. A new

https://biointerfaceresearch.com/ 6 of 32


https://doi.org/10.33263/BRIAC152.021
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC152.021

polymeric system containing immobilized MgO/CuO composite material and nystatin-loaded
MgO/CuO nanostructure in sodium alginate microspheres was developed to deliver the
antifungal drug. Microspheres were created using the ionotropic gelation technique and
calcium chloride as a cross-linker. These Nys-MgO/CuO NP-encapsulated microspheres are
compatible and can be utilized as a sustained, controlled drug release system against MDR
pathogenic C. albicans at pH 5.5 [44].

Green nano-MgO nanoparticles have been synthesized in the presence of light from an
aqueous leaf extract of Swertia chirayaita and tested for bactericidal activity against various
strains of both gram-positive and gram-negative bacteria using the agar well diffusion method.
The size of these crystalline face-centered cubic nanoparticles is <20 nm. These particles were
found to be active against the bacterial strains S. aureus - MTCC-9442, S. epidermidis - MTCC-
2639, B. cereus - MTCC-9017, E. coli - MTCC-9721, P. vulgaris - MTCC-7299, and K.
pneumonia - MTCC-9751 [45].

Green nano-MgO was discovered for the first time in the cell filtrate of the
endobacterium Burkholderia rinojensis. The antifungal and antibiofilm activities of these
particles against Fusarium oxysporum f. sp. lycopersici were impressive [46]. More than a
hundred bacterial genus Burkholderia are found in the water, soil, insects, rhizospheres, and
arbuscular mycorrhizal fungi [47]. These species were prepared with several secondary metal
bodies showing insecticidal, antifungal, antibacterial properties [48].

The nano-MgO concentration of 15 pg/ml severely suppressed the fungus's mycelial
growth, whereas the pathogen's biofilm formation was eliminated at 1.92 pg/mL. The nano-
MgO induces several morphological changes in biofilm formation and hyphal morphology,
significantly damaging the fungal membrane integrity. Mg(NOz3)2.6H20 and Emblica
officinalis fruit extract were also used to create nano-MgO particles with a diameter of nearly
27 nm. This nano-MgO has been treated with cotton fiber, which has been shown to have
greater antibacterial activity against S. aureus and E. coli. Cotton fibers/textures infused with
nano-MgO have been used in the medical field for various applications, including surgical
clothing, active cotton bandages, wound stressing, bandage bed lining, and other textile
materials for medical and food application areas [49].

A nanotextured MgO sheet demonstrated promising antibacterial [50] and tissue
regeneration activity, suggesting that it could benefit patient bond implant protection. It has
been reported that MgO nanoparticles have the contact-based bactericidal potential of MgO
nanoparticles against a wide range of bacteria. Several other nano-MgO samples with structural
defects were synthesized, and their hydrolysis kinetics, antibacterial activity against E. coli
(ATCC 47076), S. epidermidis, and Ps. aeruginosa, and reactive oxygen species (ROS)
generation potential were analyzed [51].

Another study investigated new nanotextured MgO microrod composites embedded in
various biodegradable polymer matrixes, including poly-lactide-co-glycolide (PLGA), poly-
lactide (PLA), and polycaprolactone (PCL). The PLGA matrix was found to be the most
effective of the three. The PLGA/nano-MgO matrix was found to be the most effective
bactericidal agent against planktonic E. coli or sessile S. epidermidis, S. aureus (multidrug
resistant-MRSA), and three clinical strains isolated from implant-associated infections (S.
aureus, E. coli, and Ps. aeruginosa) without harming red blood cells [52]. Hickey et al.
investigated the role of nano-MgO particles in poly (I-lactic acid) (PLLA) and hydroxyapatite-
PLLA composites for orthopedic tissue engineering applications [53].
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MgO nanomaterials were synthesized using a novel triethylamine-based precipitation
method, and their bactericidal behavior against Gram-positive Staphylococcus aureus and
Gram-negative Escherichia coli bacteria was tested using microdilution assays. This was used
to make nano-MgO with an average size of 120 nm that has an antibacterial effect with MIC
values of 250 and 500 ppm for S. aureus and E. coli strains, respectively. Atomic Force
Microscopy was used to detect structural reforms in bacterial cells, such as membrane collapse,
surface changes such as vesicular formation, and changes in longitudinal and horizontal sizes
as well as circumference caused by reactive oxygen species (ROS) such as superoxide anion
radicals or hydrogen peroxide (H202) generated on the surface of MgO nanoparticles [54].

A MgO-hydroxyapatite-poly-L-lactic acid (PLLA) nanofiber has been demonstrated to
enhance osteoblast adhesion and proliferation in bone tissue engineering. The conventional
method of coating nanocrystals demonstrates no decline in bacterial colonization witnessed on
the MgO-HA-PLLA nanomaterials. This lower or absence of bactericidal activity could be
attributed to the MgO NPs' limited exposure at the surface of the MgO-PLLA nanomaterials.
However, it has been reported that direct contact between nano-MgO particles and the bacterial
cell membrane is required to cause cell death [55].

As a result, electrophoretic deposition of nano-MgO was reported to result in great
exposure of nano-MgO on the substrate's surface. Bacterial infections of implanted artificial
materials are a serious healthcare issue that raises costs and harms healthcare practices. Nano-
MgO particles have been reported as a promising material for controlling or avoiding bacterial
infection and improving or sustaining bone cell functions. Nano-MgO particles
electrophoretically accumulated onto poly-L-lactic acid (PLLA) sheets and were identified for
the bone implant. Bactericidal testing against Staphylococcus epidermidis, Staphylococcus
aureus, and Pseudomonas aeruginosa reveals that as applied voltage increases throughout
surface coating electro-deposition, bactericidal activity increases by up to 90% against all three
strains. S. aureus cells that did attach to high-voltage-prepared nano-MgO-coated PLLA sheets
showed classic signs of membrane damage and cell death. The voltage used for coating has an
impact on other activities. For example, high-voltage deposition enhances osteoblast adhesion
while decreasing fibroblast adhesion. According to additional research, high voltages as high
as 120-150 V used for nano-MgO coatings can enhance bone cell attachment, reduce fibrous
capsule formation, and resist bacterial colonization [56].

Mg and its alloys have been employed in biomedical devices for musculoskeletal injury
repair because they exhibit appealing biological and mechanical properties and are
biodegradable. In the fixation of rabbit femoral intercondylar fractures [57], bone formation
for the fixation of femoral neck fractures in goats [58], and vascularized bone grafts for human
patients [59], the implant screw is made of high purity Mg (99.99% pure). However, their rapid
degradation in physiological fluids restricted their clinical translation because it led to the
formation of hydrogen gas and the quick discharge of HO", which could negatively affect the
healing process. Internally implanted devices become infected due to biofilm formation, which
prevents host cell attachment to the implants and thus interferes with osseointegration, resulting
in implant failure. An Mg/nano-MgO fabrication demonstrated bactericidal activity against S.
aureus. As a result, this formation was employed in clinical trials for antimicrobial
biodegradable implants [60].

Bacterial wilt is a severe infection that affects many food crops. Some biotic or abiotic
stress treatments result in the cellular generation of reactive oxygen species (e.g., superoxide
radicals, hydrogen peroxide (H202), and hydroxyl radicals), which may significantly boost
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resistance to bacterial infections [61]. A root of tomato plants was cultured with R.
solanacearum and then treated with nano-MgO particles; however, the inhibition of bacterial
wilt was noticeable if the roots were soaked with a nano-MgO particle liquid before inoculation
with the pathogen. This could be due to the rapid formation of reactive oxygen species (ROS)
due to the reaction between nano-MgO and polyphenols found in tomato plant roots.
Furthermore, histochemical analyses of the MgO NP-treated plant show that B-1,3-glucanase
and tyloses accumulated in the xylem and apoplast of hypocotyl pith tissues. Plant hormones
such as Jasmonic acid-inducible LoxA, systemic resistance-related GIuA, ethylene-inducible
Osm, and salicylic acid-inducible PR1 (which plays a crucial role in defense responses as
signaling molecules) [62] were up-regulated in both the roots and hypocotyls of tomato plants
after MgO NP intervention. In general, nano-MgO causes systematic resistance to R.
solanacearum in tomato plants [63].

For the first time, nano-MgO particles were tested for fungicidal activity against two
soilborne pathogens, Phytophthora nicotianae and Thielaviopsis basicola, in a greenhouse
setting. Nano-MgO can more effectively prevent fungal growth, sporangium formation, spore
germination, and sporangium development. After absorption, nano-MgO interacts with fungal
cells, causing cell morphological changes or oxidative stress, as observed by SEM and TEM.
Compared to untreated controls or nano-MgO, a 500 pg/ml dose of nano-MgO suppressed
fungal invasion via root irrigation. A nano-MgO treatment could effectively prevent various
fungal infections in agricultural fields [64].

Bacterial brown stripe, caused by the Acidovorax oryzae bacterial strain, is a well-
known rice disease. It destroyed rice cultivation. S.O. Ogunyemi et al. synthesized nano-MgO
from Matricaria chamomilla L. and studied their inhibition activity against Acidovorax oryzae
bacterial strain. The findings demonstrate that both nano-MgO samples strongly inhibited the
growth of Acidovorax oryzae bacteria [65]. MgO nano-flowers were created using commonly
available MgO and Rosmarinus officinalis L. extracts. Nano-MgO flowers severely hinder
biofilm formation, bacterial growth, and motility of Xanthomonas oryzae pv. oryzae, the
causative agent of rice bacterial blight disease [66]. A new aqua-dispersed composite of nano-
MgO particles and sepiolite is prepared and tested for antifungal activity against various
phytopathogenic fungi of rice, including F. verticillioides, B. oryzae, and F. fujikuroi. With
ED90 > 230 and 249 ug/mL, respectively, against the test fungi, SE-MgO nanomaterials were
a greater fungicide than agMgO-NPs. Both the SE-MgO nanostructured materials have been
recognized as safe by international agencies. Thus, their composite can be a feasible,
environmentally benign, efficacious, eco-friendly, and dust strategy for combating fungal
threats against phytopathogens [67].

An in-vitro and in-vivo bactericidal assessment of nano-MgO against Ralstonia
solanacearum is the causative agent of the catastrophic bacterial wilt affecting tobacco yield.
The bactericidal effect of nano-MgO was concentration-dependent [68]. The photoelectrical
and antimicrobial properties of green nano-MgO, Ag, and Ag/MgO-nanocomposites prepared
from Aloe Vera leaf extracts were studied [69]. Under light irradiation, acid-treated nano-MgO
[70] and Ag-doped Ag-MgO nanoparticles demonstrated antibacterial activities against E. coli
bacteria in 25 minutes. Using a film contact test, different samples of composite resins
containing variable mass ratios (0%, 1%, 2%, 4%, 8%) of nano-MgO particles were prepared,
and their antimicrobial effects against Streptococcus mutans (S. mutans) were assessed [71].

Simple air calcination was used to create Fe-doped MgO nanoparticles (NPs). The Fe
doping increases oxygen vacancies and OA content (from 13.5% to 41.3%) on the MgO
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surface, which may increase the generation of reactive oxygen species (ROS) and, ultimately,
the death of E. coli (ATCC 25922) [72]. Another study successfully doped Li, Ca, Zn, Ti, Cu,
and Ag elements into nano-MgO using either direct one-pot synthesis or post-treatment
methods [73]. Compared to other nano-MgO materials and pure nano-MgO, Ag and Cu-doped
nano-MgO exhibits superior antibacterial activity and toxicity [74]. The sol-gel method created
divalent transition metal ions such as Ni, Co, and Fe with variable contents of 0, 0.01, 0.03,
0.05, and 0.07. The lack of oxygen on the surface of nano-MgO rises as the quantity of dopant
ions increases, resulting in enhanced magnetic and bactericidal activity against E. coli and S.
aureus. This study suggests that nanomaterials could be used in place of traditional antibiotics
to treat infections resulting from bacterial infections [75].

The antibacterial effect of revised resin rises as the percentage of nano-MgO rises,
reaching a maximum of 99.4% when the mass ratio of nano-MgO is 8%. Still, the overall
strength of the material declines as the percentage of nano-MgO particles rises. Nano-MgO
particles (up to 68.08 nm) were synthesized using a photo-irradiation technique from
magnesium acetate, and A. tricolor leaf extract usually contains light-sensitive phytochemicals
[76].

The fatal dose of nano-MgO against E. coli and S. aureus was 0.6 ml and 0.4 ml,
respectively. In contrast, the fatal dose of traditionally synthesized nano-MgO against both
strains of bacteria was 0.4 ml. Green nano-MgO particles were also synthesized from
magnesium nitrate and aqueous extract of P. marsupium heartwood and tested for
antimicrobial, antioxidant, anti-diabetic, and anti-inflammatory activity [77]. These spherical
nanostructures with hydroxyl, carboxyl, and phenolic groups function as reducing, stabilizing,
or capping agents. These particles are more effective against Gram-positive bacteria like S.
aureus and E. coli (Gram-negative bacteria). These particles are also highly antioxidant, anti-
diabetic, and anti-inflammatory.

Biogenic synthesis was used to create nano-MgO nanoflakes (average size 11 nm) from
magnesium chloride, Bauhinia purpurea leaf extract, and sodium hydroxide. Various
phytochemicals, including antioxidants, phenolics, and flavonoids, contribute to the properties
of nano-MgO particles. At dose size (250 g/ml), nano-MgO nanoflakes show potential
bactericidal activity against S. aureus [78]. At pH 8 and 35°C, a Rhizopus oryaze fungal strain
was employed as a biocatalyst to produce eco-friendly nano-MgO particles (average size of
20.38 + 9.9 nm). At 200 pug mL™?, these biogenic MgO-NPs exhibit excellent antimicrobial
activity against pathogens such as E. coli, Staphylococcus aureus, Pseudomonas aeruginosa,
Bacillus subtilis, and Candida albicans. Fewer MgO-NPs were required to have larvicidal and
adult-repellent activity against Culex pipiens [79].

The metabolites isolated by Penicillium chrysogenum were used to produce a new
specimen of biogenic nano-MgO particles (sizes ranging from 7 to 40 nm). At 200 pug mL ™,
this sample demonstrated good antimicrobial activity against pathogenic organisms
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis, and
Candida albicans. This activity was proportional to the amount of nano-MgO present. The
biogenic nano-MgO particles have high efficacy against Anopheles stephensi larvae instars and
pupa, with LC50 values of 12.5-15.5 ppm for I.-1V larvae instars and 16.5 ppm for the pupa.
Within 150 minutes, 5 mg/cm? of MgO-NPs provides 100% protection against adults of
Anopheles stephensi [80].

Brown algae metabolites, Cystoseira crinita, were employed as a biocatalyst in the
preparatory work of green nano-MgO particles (sizes of 3-18 nm). It has encouraging
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antimicrobial properties against Gram-positive and Gram-negative bacteria and Candida
albicans, with MIC values ranging from 12.5 to 50 pg mL 2. It has anticancer properties against
cancer cell lines (Caco-2) with an IC50 value of 113.4 ug mL ™%, whereas it has anticancer
activity against normal cell lines (Vero cell) with an IC50 value of 141.2 pg mL 2. It is effective
against Musca domestica in terms of larvicidal and pupicidal activity. At 10 pg mL™* MgO-
NPs, the highest fatality percentages were 99.0%, 95.0%, 92.2%, and 81.0% for M. domestica
I, 11, and 111 instar larvae and pupa, with LC50 values (3.08, 3.49, and 4.46 ug mL ™) and LC90
values (7.46, 8.89, and 10.43 pg mL ™), respectively. MgO-NPs repelled adults of M. domestica
at 10 ng mL™* with 63.0%, 77.9%, 84.9%, and 96.8% after 12, 24, 48, and 72 hours,
respectively [81].

2.2. Genotoxicity activity.

Nano-MgO particles have unique properties, higher chemical stability, and extensive
applications. Despite this uniqueness in the properties and applications, there is still limited
knowledge about the human health impact and safety profile. In-vitro acute toxicity and
genotoxicity of MgO-microparticles (~12 pum) and MgO-nanoparticles (~53 nm) were
assessed/studied using Comet assay by introducing orally in female albino Wistar rats. The
experiment was conducted using different dosages of these particles (100, 500, and 1000
mg/kg). At different sampling times (24 h and 72 h), rats' whole blood was drawn from the
animals' retro-orbital plexus, and liver tissues were separated after sacrifice. The alkaline comet
assay was used to examine the isolated liver cells and peripheral blood lymphocytes. Both
assays demonstrate a significant increase in % tail DNA at 1000 mg/kg doses of nano-MgO
particles at the 24 h and 72 h sampling times. At 500 mg/kg, nano-MgO particles induced a
significant percentage of tail DNA at both sampling times in liver cells but only at the 24-hour
sampling time in PBL. The administration of nano-MgO particles caused no substantial damage
in any of the doses tested. Furthermore, a gradual decrease in the percentage of tail DNA was
witnessed over time, which was believed to be due to the processes involved in the intricate
DNA repair. According to the findings of this study, particle size plays a crucial role in the
induction of toxicity, as nanomaterials induced greater genotoxicity than microparticles [82].

2.3. Cytotoxic effect (anti-cancer activity).

Nano-MgO particles were found to be a potential bactericidal and fungicidal agent
against different pathogens. Due to non-bio toxicity, nano-MgO particles are potential
candidates in drug discovery, hyperthermia systems, and MRI [83]. MgO-nanoparticles attach
to HSA molecules (proteins that contribute to creating the protein corona on the NP's surface)
via hydrophobic interactions, causing minor secondary structural changes in HSA. The nano-
MgO particles also exhibit selective cytotoxicity against human leukemia cell lines (K562 cell
line) (by MTT assay). At the same time, no adverse effect was observed on peripheral blood
mononucleated cells (PBMCs) up to the optimum applied concentration of MgO NPs, and thus
may be considered a completely new anticancer agent. MgO NPs-mediated apoptosis was
facilitated in cancer cells by the generation of reactive oxygen species (ROS). MgO NPs may
show greater plasma distribution in cancer cells and mediate apoptosis via ROS induction [84].

Biodegradable poly(L-lactide) has been widely used in various biomedical applications.
However, it has limited applicability due to its poor mechanical properties and acid-induced
cell inflammation caused by acidic byproducts during biodegradation [85]. A unique oligo-D-
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lactide-grafted magnesium hydroxide (MgO-ODLA) film is synthesized and blended with a
PLLA film, and their in-vitro cytotoxicity and inflammation effect is investigated. The
probable 2D structure of the MgO-ODLA/PLLA composite is shown in figure 3. The basic
MgO-ODLAs composite neutralizes cell cytotoxicity and acid-induced inflammatory response.
The MgO-ODLA/PLLA composite has the potential to surpass the drawbacks of PLLA films
in the medical field.
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Figure 3. Probable 2D structure of MgO-ODLA/PLLA composite.

The drug 5-fluorouracil (5-FC) has been reported to be a potent anticancer agent against
various cancers, including breast, stomach, pancreas, colon, and rectum cancer [86]. However,
it has some drawbacks for use as a drug, including poor selectivity, impairs normal cells, over-
dosage of the drug, and very high diffusion rate, necessitating multiple dosages' intake, and its
low solubility characteristics [87]. As a result, it can be delivered by loading it onto a potential
drug or delivery system with dose management, vigorously pursued, targeted pathways, and a
progressive diffuse rate [88]. Advance carriers, such as nanomaterials, improve drug solubility,
control release, promote selectivity at specific sites, reduce degradation rate, improve
medicinal profiles, and maintain therapeutic concentrations of drugs in the body [89]. Some
carriers for 5-FC have been reported: biopolymers, zeolite, patterned double hydroxides,
MCM-based composite materials, kaolinite, halloysite minerals, and clays and their composite
materials [90].

Nano-MgO is a non-toxic, secure, low-cost, bioresorbable, and excellent
biocompatibility material with potential medicinal applications. Green-synthesized nano-MgO
particles were decorated with natural zeolites such as clinoptilolite, yielding a good potential
hybrid structure (nano-MgO/Clino) with better absorption capacity, reactivity,
biocompatibility, biodegradability, and enhanced 5-FC loading capacity, drug-releasing ability,
and automatically cytotoxicity properties. This material has a loading capacity of 244.5 mg/g,
greater than clinoptilolite. When compared to free 5-FC, nano-MgO/Clino loaded with 5-FC
was found to be secure and have excellent biocompatibility against colorectal normal cells
(CCD-18Co) and to have a significant cytotoxic impact on colon cancer cells (HCT-116) [91].

Another research used radiation-induced copolymerization and crosslinking to create a
nanoparticle hydrogel from magnesium oxide (MgO) nanomaterials and the natural polymer-
based copolymer of Xanthan gum (Xan) and acrylic acid (AAc). It was employed to deliver
the drug methotrexate (MTX), used to treat tumors and autoimmune diseases [92]. Direct
administration of MTX has some drawbacks, including rapid metabolism and removal from
the body, adverse bio-distribution, and low selectivity of medicinal use. MgO nanoparticles
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increased network porosity while slightly decreasing gelation and swelling degrees. This
addition also regulates the drug-releasing properties of the hydrogel. Including nano-MgO into
(Xan-AAc) hydrogel improved drug loading efficiency and lease efficiency, which was highest
in the simulated intestine medium (pH 7). The loading efficiency of methotrexate elevated as
the nano-MgO content increased. The (Xan-AAc)/MgO carriers enhance Methotrexate
delivery while minimizing toxicity, protecting drug bioactivity, extending the duration of
action, improving hydrophilicity, and controlling the rate and zone specificity of the released
drug.

2-methoxy-estradiol has anticancer activity against various reproductive tract cancers,
including the ovary, endometrium, cervix, and prostate. On tumor cells, it has antiangiogenic,
anti-proliferative, or apoptotic effects [93]. However, it has an unfavorable kinetic, is poorly
soluble in water, is rapidly eliminated, and has poor bioavailability [94]. As a result, it can be
administered by using nanoparticles (NPs) as drug delivery carriers, enhancing biological
variables without affecting the drug's anticancer properties. To improve the intended selectivity
of the anticancer drug 2-Methoxyestradiol (2ME), a novel carrier was created using nano-MgO
particles and the polymer polyethylene glycol (PEG) [95].

MgO-PEG-2ME NPs were incorporated with 98.5% 2-Methoxyestradiol and were
continuously released over 7 days at pH 2, 5, and 7.35. At 96 hours, the release of 2ME reached
a maximum of 2.95 uM, corresponding to 89.27 % of the total 2ME infused into MgO-PEG
NPs. These composites reduced the viability of the prostate cancer cell line LNCap and
demonstrated anticancer activity comparable to 2ME alone, making them suitable for
anticancer prostate therapy. Nano-MgO particles can destroy cancerous cells such as Hela,
AGS, and SNU-16 cells, and the cause of cell death due to MgO exposure has been explained
[96]. A schematic representation of MgO-PEG-2ME NPs is shown in figure 4.

Figure 4. Schematic representation of MgO-PEG-2ME NPs.

According to She et al., a decrease in erythropoietin (EPO) hormone levels is linked to
kidney function and structure deterioration. This hormone plays a direct and critical role in
renal protection by binding and activating the erythropoietin hormone receptor and suppressing
apoptosis in kidney cells [97]. The nanoparticles’ small size allows them to bind to proteins

easily [98]. The nanoparticle-loaded erythropoietin hormone demonstrated high effectiveness
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and a relatively long effect period in the human body [99]. Internalization and bioactivity of
rhuEPO, when administered into the skin, are limited due to increasingly uncomfortable
absorbance into the skin due to the very low permeability; thus, it should be loaded, or rhuEPO-
nano-particle conjugate is used, which has good skin permeation properties and gave
transdermal protein distribution efficiency [100].

A nano-MgO with an average particle size of 10.8-12.6 nm was prepared chemically
and characterized using XRD and TEM techniques, as well as their effect on erythropoietin
hormone in blood in-vitro of DKD patients with anemia studied [101]. For the study, blood
samples were taken from 24 diabetic patients, 24 diabetic kidney disease patients, and a control
group of 20 healthy individuals aged 34 to 72. The study's findings show a significant rise in
the amount of erythropoietin hormone in patients with diabetic kidney disease (DKD) who
were given MgO NPs versus patients who were not given MgO NPs. There is a nearly 84%
noticeable impact on enhancing and activating erythropoietin hormone action. Different
physiological correlations predict that when kidney failure occurs, the hormone erythropoietin
declines, causing a reduction in hemoglobin and anemia. The rise in erythropoietin activity
suggests that nano-MgO affects erythropoietin hormone and its receptor to improve their
action, i.e., it may bind and interact with erythropoietin hormone and its receptors, forming
their receptor-hormone complex. However, no such connection was discovered between urea,
creatinine, and GFR in diabetic kidney disease patients. As a result, nano-MgO would control
and regulate general physiological and biochemical effects, increasing hemoglobin levels in
the blood and decreasing anemia.

Magnesium and zinc oxides have gotten much attention because of their diverse
applications, ranging from electronic sensing devices to catalysts in organic synthesis; they
have substantial electronic, physical, mechanical, transport, optical, and chemical properties.
As aresult, researchers have concentrated their efforts on fabricating ZnO-MgO nanomaterials.
Compared to conventional materials, bimetal nanomaterials have distinct physical and
chemical properties. They have a high surface area to volume ratio, a dense population of
corner or edge surface sites (structural defects), a higher proportion of low coordinated sites
[102], and limited size, i.e., in nanometer scale, smaller crystallite size, reactivity, and
absorption efficiency is higher [103]. Doxorubicin is an essential anticancer drug widely used
to treat a variety of cancer cells, including breast carcinoma, lymphomas, acute leukemia, soft
tissue, osteogenic sarcomas, and bronchogenic (lung) carcinoma. However, doxorubicin has
serious complications such as immune system damage, hearing failures, serious vomiting,
intense nausea, loss of hair, and dermal problems [104].

As a result, many investigators are working to develop drug carriers that will deliver
the drug to the targeted tumor site with minimal side effects. Several other nanoparticles and
nanostructured materials were assessed for doxorubicin carriers in the creation of drug delivery
systems [105]. Numerous findings have been made on the kinetic study of doxorubicin
adsorption on nano-MgO particles and their discharge at various pH levels using various
statistical models. A systematic representation of absorption interactions between doxorubicin
and MgO nanoparticles is shown in figure 5. It has been reported that as pH decreases,
doxorubicin-releasing efficiency increases due to the neutralization of the nano-MgO surface
and subsequent dissolution. The Hixson-Crowell model can predict doxo release and nano-
MgO dissolution [106].
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Figure 5. Systematic representation of absorption interactions between doxorubicin and MgO nanoparticles.

Cancer patients are always deficient in minerals, and the drug used to treat them,
doxorubicin, has some side effects. An innovative targeted medication delivery system has
been created by loading doxorubicin on porous magnesium oxide nanoflakes (drug carriers)
[107]. The drug's activity is pH dependent due to the cancer cells' variable extracellular (pH
6.2-6.9, slightly acidic) and intracellular medium pH (7.12-7.65) [108].

The drug loading capacity of magnesium oxide (MgO) nanoflakes is remarkable at
90%, and the drug release rate at the desired target is pH-dependent: 10% at pH 7.2, 50.5% at
pH 5.0, and 90.2% at pH 3. The major benefit of this TDD system is that it does not disintegrate
at the physiological pH of blood (7.2), and drug release is very low during the transfer process,
reducing the drug's cytotoxicity to healthy cells. The extracellular medium of cancerous cells
has a slightly acidic pH, the drug discharging effectiveness is average, and MgO nanoflakes
degrade (i.e., dissolve) gradually and release magnesium ions to the cancerous region. This
TDD system is used to overcome hypomagnesemia while minimizing cytotoxicity to healthy
cells.

In a dark room at room temperature, a new bimetal MgO-ZnO nanocomposite has been
synthesized by precipitation method, and its effectiveness in absorbing and releasing anticancer
drugs such as doxorubicin was studied [109]. Due to the obvious strong affinity between
doxorubicin and nanomaterials, hydrogen bonding, and electrostatic interaction among
positively charged doxorubicin molecules and negatively charged surface of ZnO-MgO
nanoparticles, the drug molecules are subsumed over the surface of the nanomaterial. At neutral
pH, 14% of doxorubicin is released from the surface of nanoparticles, whereas at acidic pH 4,
nearly 68% of doxorubicin is released at 6.5 hours due to dissolution and neutralization of the
surface charge of ZnO-MgO nanoparticles. This finding suggests the drug is released quicker
at acidic pH 4 than at neutral pH. According to the study, ZnO-MgO nanoparticles will be used
as a promising carrier in drug delivery systems after further biological and pharmacological
research. A systematic representation of absorption interactions between doxorubicin and ZnO-
MgO nanoparticles is shown in figure 6.
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Figure 6. Systematic representation of absorption interactions between doxorubicin and ZnO-MgO
nanoparticles.

Using Mg(NOs)2.6H20 and silver nitrate, pure and Ag (1%, 2%, 5%, 7.5 % mol)-doped

MgO NPs were prepared using a simple sol-gel method. The luminescence study confirms that
Ag-ions deposit on the surface of nano-Mgo; the intensity of the excitation and emission of
light significantly reduces as the Ag content increases. The photocatalyst 2% Ag-doped/nano-
MgO was discovered to be an outstanding photocatalyst for the UV-degradation of methylene
blue dye, decomposing around 75% dye in 180 minutes. Figure 7 depicts the mechanism of
photocatalytic degradation of MB dye by Ag-doped MgO NPs. The MTT (cytotoxicity) assay
revealed that both pure and Ag-doped MgO NPs were low in toxicity to human normal
umbilical vein endothelial cells (HUVECs) [110].
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Figure 7. Mechanism of photocatalytic degradation of MB dye by Ag-doped MgO NPs [110].
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Csl(Na)@MgO-and-5-ALA combination was reported for Radio-dynamic therapy
(RDT) [111]. The Csl(Na)@MgO and 5-ALA conjugates evaluated in vitro against 4T1 cells
increased radiation-induced ROS, which increases DNA, mitochondrial, and lipid damage,
ultimately reducing cell proliferation and clonogenicity. This treatment reduced tumor cell
numbers quantitatively. The low-toxic ingredients, low toxic alkali and halide elements were
effectively removed from the body after treatment, and no harmful side effects were observed
in the host.

An aqueous solution of nano-MgO with low toxicity exhibits encouraging antimicrobial
activity both ex-vivo and in-vitro. Compared to sodium hypochlorite, 5 mg per liter aqueous
solution of nano-MgO exhibited remarkable long-term efficiency for E. faecalis inhibition. To
shed light on other aspects of antibacterial activity, it must be able to remove the smear layer,
penetrate the dentinal tubes, and dissolve pulpal and necrotic tissues. It has been used as a root
canal irritant and has no cytotoxicity [112].

Several other reports on nano-MgO fabrication from plant extracts containing active
biomedical phytochemicals with promising biomedical applications. Green nano-MgO rod
particles (average diameter around 50 nm) were synthesized in an aqueous medium using
Gmelina arborea fruit extract (GAE) and tested for anticancer efficacy against the MCF-7
breast cancer cell line. At 400 g/mL concentration, these nanoparticles inhibit cells by up to
96% [113].

2.4. Alzheimer’s disease.

Alzheimer's disease is an age-related progressive neurodegenerative condition that is
primarily observed in Alzheimer's disease patients due to continuous exposure to toxic metals
such as aluminum present in the environment. This affects the brain depending on the route of
intake, level of exposure [114], and time and usually causes dysfunction of the central
cholinergic system (enzyme, AChE), which plays an important role in memory, cognitive, and
learning functions [115]. Ach is affected by the enzyme AChE. With Al exposure or in Al-
intoxicated albino rats, ACh and AChE levels decrease. The interaction of Al with the
peripheral sites and secondary structure of AChE reduces its activity.

Curcumin was employed to treat and prevent Alzheimer's disease because it penetrates
the central nervous system [116], attenuates neuropathological changes in the hippocampus,
and inhibits apoptosis [117]. However, curcumin's low aqueous solubility, poor gastrointestinal
absorption, rapid metabolism, and alkaline pH degradation reduce curcumin's bioavailability,
limiting its utilization in treatments. Nanotechnology was used for nano-based target delivery
of curcumin using a nano-carrier at infection sites, which increased bioavailability in the
organism, improved diagnostic accuracy, and reduced toxicity [118].

Inorganic CuMgO nano-particles, for instance, were used for drug delivery due to their
biodegradability, biocompatibility, and low price, with greater encapsulation of active drugs
and minimal drug loss during circulation. Previous research has shown that the beneficial or
negative effects of nano-MgO particles depend on particle concentration, particle composition,
particle size, surface area [119], duration of exposure time [120], nature of the biological target,
and particle compactness [121].

CuMgONPs at 500 pg/ml demonstrated effective delivery, significantly increasing Ach
and AChE levels. The effects of Al + CuMgONPs diagnosis on AChE levels in the cerebral
cortex (19.54%), cerebellum (16.65%), and ACh levels in the cerebellum (25.54%) were
significant (P < 0.000) when compared to the Al alone, treated group. CuMgONPs balancing
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cholinergic levels demonstrated a strong correlation with an increase in total antioxidant levels.
The toxic effects of increased MgONps concentrations above 200 pg/ml are reversed by
loading NPs with curcumin (potent antioxidant and neuroprotective agent). MgONPs act as a
curcumin carrier and have been shown to have antioxidant properties, anticancer properties,
and antidiabetic impacts in rat pancreatic islets [122], as well as Mg in metallic form having
neuroprotective effects and lowering LPO after spinal cord injuries in rats [123]. CuMgONPs
+ Al significantly enhanced the total histoarchitecture of the cerebral cortex and the cerebellum.
Furthermore, Al + CuMgONPs administered with Curcumin completely reversed Al's effect
[124].

2.5. Mg®* ions delivery/bone repairing mechanism.

Patients with broken bones, especially those with osteoporosis, needed a prolonged
period for bone formation [125]. As a result, efforts have been made to shorten the period of
bone healing by using growth factors such as recombinant human bone morphogenetic proteins
2 (rh-BMP2) as drugs [126]. However, using a large dose or concentration causes cell apoptosis
in human primary periosteal cells and is detrimental to cell proliferation [127]. Long-term use
of some other anti-catabolic bisphosphonate drug causes fragile, hypermineralized bones that
are effortlessly fractured [128]. Mg?* ions play a significant role in creating biological apatite
and in the connection and differentiation of osteoblastic cells [129].

They are also involved in mineralization, which controls bone formation and resorption
[130]. However, high doses or concentrations of Mg?* ions (>5.0mM) hurt human osseous
metabolism, osteoblast differentiation, and homeostasis, leading to osteomalacic renal
osteodystrophy, bone mineralization deformities, and associated bone diseases [131]. As a
result, complete control of extracellular Mg concentration is compelled for bone formation. As
a result, an approach for controlling the release of Mg?* ions to stimulate bone formation has
been reported. For 22 days, a dip coating (Mg/Epoxy resin-ZnO/PCL-Ibuprofen) on
magnesium alloy released both Mg?* and ibuprofen in PBS [132].

A novel highly dispersed PLGA/MgO-alginate core-shell microsphere system was
created using a uniquely engineered microfluidic capillary device and poly (lactic-co-glycolic
acid) (PLGA), alginate, and nano-MgO particles. It can boost osteoblastic activity in vitro and
encourage new bone formation by releasing magnesium ions in situ [133]. In rat models, a
PLGA/MgO-alginate core-shell microsphere system exhibits great cytocompatibility and, in
situ, new bone formation.

Controlled drug discharge at the site of the infection is accomplished through the use
of biodegradable, FDA-approved, and biocompatible polymeric poly (lactic-co-glycolic acid)
(PLGA) nanoparticle, PLGA/chitosan  microparticles, and PLGA/chitosan/MgO
microparticles. Surface treatment of PLGA with other hydrophilic polymers is used to create
controlled-release drug delivery composites. However, the hydrophilic surface of PLGA hurts
therapeutic outcomes. As a result, PLGA/chitosan microparticles were created to control the
release of medications. The modified double emulsion solvent evaporation method created
PLGA/chitosan microparticles. It was additionally refined with magnesium oxide and used to
treat Mg deficiency. MgO encapsulated in PLGA and PLGA/chitosan microparticles were
employed for the controlled release of Mg?* and the treatment of Mg insufficiency [134].

MgO was hydrolyzed radially to magnesium hydroxide with no hydrogen loss [135]—
the inclusion of 3 wt.% MgO nanoparticles to PLA to create a nano-MgO/PLA composite
enhanced the pH of the deterioration media and, more pertinently, enhanced the proliferation
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profile of MC3T3-E1 murine osteoblasts, potentially by increasing the basicity at the composite
surface, which promotes osteoblast growth [136]. Nanofibers made of nano-
MgO/polycaprolactone (PCL) composite were created. The PCL fiber diameters decrease
significantly as the concentration of MgO particles increases. Including nano-MgO tends to
increase the hydrophilic nature of PCL while also increasing their bioactivity. When contrasted
to ADSCs on pure PCL electrospun scaffolds, nano-MgO/PCL electrospun scaffolds increased
osteogenic differentiation by significantly increasing Ca-deposition, ALP activity (P < 0.05),
and osteogenic-related gene expressions (Collal and OPN) (P < 0.05). As a result, nano-
MgO/PCL hybrid composites could be good fits for ADSC osteogenic differentiation and bone
tissue engineering [137]. Another biodegradable nanofiber made of biodegradable phosphate
glass fiber, polylactic acid (PGF/PLA), and nano-MgO can be used as bone tissue engineering
scaffolds since it discharges Ca, P, and Mg during degradation, promoting bone repair. The
nano-MgO was a neutralizing agent to keep the pH close to physiological levels. MgO
neutralized the acidic biodegradable product, hindering the strenuous deterioration of PGF in
the acidic medium. For bone tissue engineering, the (MgO + PGF)/PLA composite was chosen
[138].

A novel fabrication of poly (lactic acid) (PLA) electrospun fibers loaded with 10 and
20 wt% bioactive glass (n-BG) and magnesium oxide (nano-MgQO) nanoparticles of size 27 and
23 nm, respectively, and their application in bone tissue engineering are being investigated.
Both of these nanomaterials work synergistically to improve bactericidal behavior and
bioactivity. Because of the precipitation creation of hydroxyapatite structure on the surface,
PLA-n-BG composites demonstrated bioactivity. PLA/n-BG and PLA/nano-MgO
demonstrated little or no antimicrobial activity. The distinct composites boost the production
of alkaline phosphatase (ALP) in contrast to pure PLA, affecting cell viability, i.e., an excellent
osteoblastic phenotype expression capacity with the PLA-n-BG showing the highest
osteoblastic expression [139].

The number of people diagnosed with bone defects is growing due to a variety of factors
such as population aging, infections, biological disorders, vehicle accidents, and so on. To
improve PLA's shortcomings and clinical applications, two kinds of surface-modified
whiskers, grafted-MgO and chitin (CHN), were grafted onto a poly(L-lactide) (PLLA) matrix
individually or together to produce PLLA/g-MgO/g-CHN composite films and bone nails via
injection molding [140]. Cross-linking by H-bonding and electrostatic interactions scattered
the grafted whiskers homogeneously on the PLLA matrix. Grafting with g-MgO and g-CHN
wrinkles enhanced the hydrophilicity, cell adhesion, proliferation, cell cycle alteration, the
decline in cell apoptotic rate, and cytocompatibility of the PLLA matrix [141]. When compared
to the pure PLLA, PLLA/g-MgO, and PLLA/g-CHN films, the PLLA/g-MgO/g-CHN film
improved expanding and cell adhesion, the proliferation of mouse embryo osteoblast precursor
(MC3T3-E1) cells, cell-cycle alteration, and inhibition of cell apoptosis. The PLLA/g-MgO/g-
CHN group had a higher level of calcium deposition, calcification of cells, and ALP secretion
in vitro, as well as expression of osteogenesis genes (ALP, Runx-2, COL I, OCN) than the
other PLLA composite and PLLA groups. The increased osteogenesis may aid in other-related
genes' mRNA and protein expression. This supports the synergistic stimulating effect of g-
MgO and g-CHN whiskers on osteogenic differentiation and PLLA matrix cell affinity. After
16 weeks of implant placement, new bone formation was spotted in rabbits implanted with
PLLA, and PLLA composite bone nails are higher in the PLLA/g-MgO/g-CHN group.
Furthermore, the bending strength of broken bone repaired by PLLA/g-MgO/g-CHN bone nail
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is 48 MPa, greater than that of other bone nail groups. These results imply that combining g-
MgO and g-CHN whiskers in a PLLA matrix plays a favorable role in cell affinity and
osteogenic differentiation and that the formed PLLA/g-MgO/g-CHN composites have
immense promise in bone repair fields [142].

Another research used in situ polymerization to create poly(l-lactide)-magnesium oxide
whiskers composites and examined their bone repair efficiency and implantability [143]. The
nano-MgO was evenly distributed in the PLLA matrix using various secondary forces. The
study demonstrates that nano-MgO influences the in-vivo deterioration of PLLA-nano-MgO
composites. A whisker content of 0.5 wt% and 1.0 wt% demonstrated a significant nucleation
effect for the PLLA matrix, and 1.0 wt% of nano-MgO demonstrates an excellent improvement
in the mechanical properties of the composites. Dispersed nano-MgO regularities the
deterioration of the PLLA matrix while increasing its bioactivity, implying that the PLLA-
MgO composite could be used as a biomedical substance for bone-related repair. Nano-MgO
particles enhance the mechanical characteristics of PLLA composite scaffolds while improving
bone-cell proliferation and adhesion [144].

Nano-MgO and chitin whiskers transplanted to PLLA and pure PLLA were tested for
in vitro dissolution behavior in PBS solution with a pH of 7.4 at 37.5°C. The g-MgO accelerates
the way earlier degradation of the composite, whereas the g-CHNs/PLLA composite
accelerates the later degradation. Both materials are added to sustain the mechanical strains of
the composite early on, but they stimulate later on. The g-MgOs/g-CHNs/PLLA composite's
tunable degradation behavior is critical for its use as a bone internal fixation implant [145].
Some other functionalized degradable copolymer, poly(L-lactide-co-malic acid) (PLMA), is
synthesized. It has better cell adhesion and affinity [146] and degrades faster than neat PLLA
[147]. The free hydroxyl groups on the surface of nano-MgO particles formed carboxylates
easily with the hydrophilic carboxyl group of PLMA. To acquire modified m-MgO-NPs,
PLMA with a pendent carboxyl group (primarily from malic acid) is grafted (nearly 27%) over
the surface of nano-MgO particles via carboxylate linkage. The resulting m-MgO-NPs were
employed as a nucleating agent or padding and integrated into the PLLA matrix to improve
mechanical properties, reduce the contacting angle and degradation rate of the PLLA, and
increase cell viability. As a result, the PLLA/m-MgO-NPs biocomposite material has great
promise for bone repair and implant material fixation [148].

MgO nanomaterials in the 40-60 nm size range are synthesized using the traditional
precipitation-calcination method and loaded onto the polycaprolactone (PCL) polymer to
produce MgO-enriched PCL composite scaffolds. This nano-filler is uniformly dispersed on
the polymer fiber, which improves the mechanical properties of nanomaterials (tensile strength
and elastic modulus). When compared to neat PCL scaffolds, the nano-MgO-PCL electrospun
composite exhibits impressive in-vitro bioactivity in terms of deterioration, mineralization,
bioactive Mg ion discharge, biocompatibility, rougher surface morphology, nanoscale
topography, and enhanced hydrophilicity. By the third day of incubation, it had formed a
surface hydroxyapatite layer. An in-vivo subcutaneous implantation study in SD rats reveals a
medium inflammatory tissue response at the implantation surface in the second week without
any toxic effects on vital organs, as well as no substantial change of blood and serum
biochemistry variables from the normal clinical range. According to the research findings,
nano-MgO-PCL composite electrospun fibers could be seen as an effective scaffold material
for bone-soft tissue engineering applications, including ceramic filler and preparing different
biomedical scaffold applications [149]. Given the favorable advancement in tensile strength of
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basic polycaprolactone-keratin blends, nano-MgO particles composite with polycaprolactone-
keratin blends have been employed in tissue engineering applications, according to another
study [150].

Electrospinning was used to create polycaprolactone (PCL)/magnesium oxide
(MgO)/graphene oxide (GO) nanofibers composite materials, which were then tested for
biocompatibility and osteogenic distinction of adipose-derived mesenchymal stem cells
(MSCs) [151]. Adding GO with oxygen-containing functional groups and nano-MgO particles
alters nanocomposites’ surface roughness and hydrophilicity, promoting cell adhesion,
proliferation, and differentiation. MSC adherence, spreading/viability, and ALP activity
(proliferation) are improved by PCL/MgO/GO composites over pure PCL. Furthermore, the
utterance of osteogenic markers such as runx2, Collal, and OPN increased (by more than 2-
fold) in cells sown with PCL/MgO/GO composites. The GO and nano-MgO particles enhanced
the biocompatibility of the PCL scaffold and increased MSC osteogenic differentiation.

Because of its biocompatibility and high overall strength, hydroxyapatite
(Ca10(PO4)s(OH)2, HAp, ceramic material) has been employed for osteoconductive bone
implants. A polycaprolactone (PCL)/HAp composite was created by adding nano-MgO and
then etching it with oxygen and nitrogen plasma under anisotropic circumstances [152].
Introducing 1-15% MgO/HAp nanomaterials to PCL and plasma treatment impacted
preosteoblast cell behaviors such as proliferation, adhesion, and differentiation of MC3T3-E1
cells. Nitrogen plasma-treated 3D PCL/HAp/nano-MgO composites demonstrated the greatest
bioactivity among all samples.

The mechanical properties, deterioration properties, hydrophilicity, and osteogenic
activity of a new PLA matrix with nHA/nano-MgO porous composites were assessed using
digital model design and 3D printing techniques. Nano-MgO improves permeability,
crystallinity, and mechanical properties. The increase in pH was beneficial to osteoblast
growth, and osteoblasts could mineralize efficaciously at pH = 8.0 [153]. The material
decomposes slowly, and the nanomaterials are hydrolyzed to a small extent. It has been
suggested for bone tissue engineering repair [154]. Through blending extrusion, a novel
polylactic acid (PLA)/stearic acid-modified 1% magnesium oxide (MgO) composite was
created, and the impact of nano-MgO shape on composition in vitro and in vivo degradation
was explored [155]. The form of the filler had an impact on the long-term deterioration of the
composite, including nano-MgO, which increases the hydrophilicity of composite materials
and expedites degradation. In addition, the pH of the phosphate buffer solution (PBS) was
retained or controlled by dissolving MgO, which neutralized the acidic product produced by
long-term PLA degradation. As a result, a (PLA)/stearic acid-modified 1% magnesium oxide
(MgO) composite could be used for bone repair.

2.6. Antidiabetic activity.

Nano-MgO particles improved and activated erythropoietin hormone action by
approximately 84.8% in patients with DKD-associated anemia. Several findings illustrate the
importance of nano-MgO in reducing serum glucose and lipid manufacturing in diabetes
treatment. Aptamers are single-stranded oligonucleotides composed of either DNA or RNA
with a strong affinity for cognate target molecules, resulting in 3D conformational structures
[156]. It has special features such as thermal and chemical stability, greater specificity and
sensitivity bioavailability, and an enticing affinity for ligands; all combine to make it an
effective drug delivery and in-vivo cell targeting agent [157]. However, some biochemical and
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biophysical barriers persist for the real-world applications of aptamer-mediated cell targeting
strategies, including serum degradation due to the tiny size of the aptamers, the aptamer-cell
membrane barrier, and rapid systemic clearance [158]. These challenges were partially
overcome by employing biodegradable polymeric vessels that lead to the transfer and defense
of ligand and drug molecules during cellular trafficking. Anti-PDGF aptamer conjugated-
E10030 drug encapsulated PEG formulation (neovascular age-related muscular degeneration),
nucleolin-targeting AS1411 polymeric system are two examples (myeloid leukemia, glioma,
and breast cancer) [159], EpCAM-conjugated PEI nanoparticles (breast and retinoblastoma
tumors) [160], A10 RNA aptamer-linked PLGA-PEG particles (targeting prostate cancer cells)
[161]. For the delivery of embedded nanoparticles containing magnesium oxide to diabetic
3T3L1 cell lines, an aptamer-navigated polymeric system (DPAP) was also employed [162].
Even though DPAP is less toxic than the most commonly used polymers, PLGA and PEI, it
was chosen to prepare anti-diabetic nanomaterials [163].

Multifunctional DPAP is created by copolymerizing PLGA and PEI and incorporating
a thrombin-specific DNA aptamer. It is a particulate delivery layer-by-layer organized system
with the drug, i.e., nano-MgO particles synthesized by chemical and green methodologies
(payload D), encased within the inner polymeric core of PLGA, i.e., particulate delivery layer
by layer organized system (P). As the specific target elements, thrombin-specific DNA aptamer
molecules are covalently linked onto the surface of the PLGA layer, i.e., (A). Finally, the PEI
polymeric molecules are infiltrated with the aptamer as the outermost layer (P). These samples
were 3T3-L1 diabetic cells that were researched for in vitro performance measures such as
aiming capability, drug entrapment, insulin reversal ability, and cellular transcriptional
activator. The green synthesis of DPAP-nano-Mg20 has a higher encapsulation efficiency and
loading ability of 93.69% and 0.03 mg MgO/mg PLGA, respectively. Both samples improved
in vitro cellular uptake as well as the ability of 3T3-L1 cells to reverse insulin resistance. Figure
8 depicts the synthesis and proposed mechanism of DPAP-nano-MgO targeted drug delivery
& development of insulin resistance reversal in 3T3-L1 adipose cell lines.
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w/o
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Figure 8. Synthesis and proposed mechanism of DPAP-nano-MgO targeted drug delivery & development of
insulin resistance reversal in 3T3-L1 adipose cell lines.
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3. Conclusion

Magnesium oxide (MgO) nanoparticles have been synthesized by chemical and
biochemical methods using magnesium chloride, magnesium acetate, and magnesium nitrate
as catalysts. Nano MgO possesses optimum surface area and active reaction sites. MgO
nanocomposites have prominent medical applications, including antibacterial, anti-cancer,
anti-inflammatory, bone-repairing mechanisms, anti-diabetics, cytotoxicity, and drug delivery.
Because of their high strength-to-weight ratio and good biocompatibility in all mediums, nano-
MgO composites are used in bone implants, biodegradable fibers, and screws. Nano MgO has
optimum biocompatibility due to its less toxic nature. It is also used with other nanocomposites,
and its physicochemical properties change with the doping of other metals or metal oxides. As
a result, the surface area or structural defects of nano-MgO are significant features to consider
when designing MgO-containing medical devices.
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