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Abstract: Biologically active magnesium oxide (MgO) nano-
particles were synthesised using green reduction with an
extract derived from the Vitis vinifera plant. The investiga-
tion focused on examining the structure and carbon abun-
dance resulting from the thermal degradation of adsorbed
biomolecules. It was accomplished using powder X-ray dif-
fraction, Raman spectroscopy, and FT-IR analysis techni-
ques. X-ray photoelectron spectroscopy studies conducted
on MgO nanoparticles indicate the absence of any supple-
mentary peaks, thereby indicating the purity of the mate-
rial. The morphological characteristics, which have been
examined using field emission scanning electron micro-
scopy and TEM methodologies, demonstrate the presence
of particles with a spherical shape, exhibiting minimal
agglomeration and a uniform distribution across the sur-
faces of MgO. The porous structure, porosity, and pore

volume of the MgO particles were evaluated using Brunauer-
Emmett-Teller surface analysis. The experimental findings
reveal that the surface area of the MgO nanoparticles is
23.8742m2/g, while the total pore volume is 0.12528 cm3/g.
Additionally, the average pore diameter is determined to
be 1.7 nm. These observations collectively suggest the pre-
sence of microporous structures within the MgO nanoparti-
cles. This article discusses the biological studies to assess the
antibacterial, antifungal, anti-inflammatory, and anti-diabetic
activities of the synthesised MgO nanoparticles.

Keywords: nanotechnology, nanobiotechnology, antibacterial,
antifungal, anti-inflammatory, and anti-diabetic activities.

1 Introduction

Nanomaterials are characterised by their nanoscale dimen-
sions, which enable them to exhibit superior mechanical and
electronic properties compared to bulk particles of macro-
scopic size [1,2]. The subject matter has garnered significant
interest recently due to its multifaceted applications across
diverse domains, including but not limited to catalysis, gas
sensing, energy storage, and energy conversion [3–6]. The pre-
paration of nanomaterials typically involves using two primary
methodologies: top-down and bottom-up synthetic routes [7–9].
Recently, a diverse range of nanomaterials has been synthe-
sised chemically to cater to specific applications. Chemical-
reducing agents, notably, have garnered increased attention
in nanomaterial synthesis [10,11]. Various capping agents and
surfactants have been employed in this context [12].

In recent years, using sodium borohydride as a redu-
cing agent has grown more common in the chemical reduc-
tion process for synthesising nanomaterials [13]. Following
the advent of bio-extract or biomolecule-derived reducing
agents, the conventional chemical reagent-based approach was
superseded due to its inherent drawbacks. These drawbacks
encompassed the generation of pollution through chemical con-
sumption during nanomaterial synthesis, the utilisation of costly
reagents, and the lack of sustainability in the overall process. The
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bio-extracts, which consist of various biomolecules such as poly-
phenols, alkaloids, and terpenoids, exhibit functional groups that
readily coordinate the binding of metal ions. Additionally, these
bio-extracts can decrease the particle size by regulating nuclea-
tion growth [14,15]. According to numerous reports, many recent
publications focus on utilising plant extract-derived reducing
agents to synthesise nanoparticles [14–18].

Nanomaterials, in their metallic and oxide states, are
extensively employed across various energy, medical, and
industrial domains [19,20]. Metallic nanoparticles, with their
diverse range of morphological configurations and alloy com-
positions, have been extensively employed inmany industrial
applications due to their exceptional mechanical robustness
and notable resistance to wear, among other advantageous
properties [21]. Additionally, metallic nanoparticles and iso-
topes have been used in cancer cell treatment [22,23]. In this
investigation, metallic nanoparticles composed of Ag, Au, and
Pt were primarily examined for their potential applications in
biological studies and as inhibitors of carcinogens [24,25]. In a
similar vein, the utilisation of metal oxide nanoparticles has
garnered significant interest in the fields of energy storage,
energy conversion, and biological applications. The effective
coupling of nanomaterials has led to significant advance-
ments in various fields, including solar photovoltaics, gas
sensors, and LED applications [26–28]. Zinc oxide and tita-
nium dioxide nanomaterials have been extensively studied
to predict their biological properties, specifically regarding
the bio-reducing agents employed in their synthesis [29,30].

Magnesium oxide (MgO), an amalgamation of magne-
sium and oxygen, has attracted substantial scrutiny due to
its intricate participation in biological investigation. The
aforementioned inorganic compound, frequently encoun-
tered as a solid mineral with a white appearance, exhibits
unique characteristics that render it a subject of consider-
able fascination across multiple scientific fields, encompassing
but not limited to medicine, biochemistry, physiology, and
nutrition [31]. The core of its significance resides inmagnesium,
a vital mineral intricately intertwined with numerous physio-
logical processes within living organisms. Magnesium is widely
acknowledged as an essential cofactor in various enzymatic
reactions, a key regulator of ion channels, and a crucial stabi-
liser of DNA and RNA structures. The chemical reaction
between magnesium and oxygen, resulting in the formation
of MgO, yields a compound that exhibits promising implica-
tions for various cellular activities, tissue health, and the
overall well-being of organisms [32].

The unique microstructural characteristics of MgO,
including its notable porosity, expansive surface area,
and presence of acid–base sites, contribute to its surface’s
remarkable responsiveness in various applications [33].
The diverse morphological configurations exhibited by

MgO, including rod-like structures, spherical shapes, platelets,
floral arrangements, star-like formations, cubic shapes, and
needle-like structures, render them highly suitable for the
fabrication of nanomaterials possessing unique and unprece-
dented properties [34,35]. The proliferation of scientific literature
documenting advancements in the field of MgO nanoparticles
has exhibited a notable upward trend over time. Multiple
studies have demonstrated the utilisation of MgO in photo-
catalysis, its efficacy as an antimicrobial agent, and its
application in energy cells and sensors. Exploring novel bio-
medical engineering applications involving MgO nanoparti-
cles is an increasing interest and research area. MgO has
been found to possess various applications in biomedical
research. These applications include tissue regeneration, implant
coatings, bioimaging, wound healing, and the development of
cancer therapies [36,37].

The report discusses the use of innovative plant extract-
reducing agents for synthesising MgO nanoparticles and
explores their biological activities. The study highlights the
simplicity and potential of the sustainable synthesis method
using Trigonella foenum-graecum for various biomedical appli-
cations. The antibacterial effectiveness of the MgO nanoparti-
cles against Gram-positive and Gram-negative bacteria is
observed. Another study focuses on the green synthesis tech-
nique using an extract from the leaves of Pisonia alba to
fabricate magnetic oxide nanoparticles with antioxidant and
antifungal properties [38]. The combustion method is utilised
in another investigation to synthesise MgO nanoparticles using
glutamine and L-arginine as fuels. The biological efficacy of
these nanoparticles against bacterial strains and fungi is eval-
uated [39]. The production of MgO nanoparticles using Carica
papaya leaf extract and their antimicrobial efficacy against
Bacillus subtilis is described in a comprehensive account [40].
The green synthesis methodology usingMoringa oleifera leaves
and magnesium chloride solution is examined, and the anti-
bacterial effectiveness of the MgO nanoparticles against Sta-
phylococcus aureus and Escherichia coli is determined [41]. The
reduction of magnesium ions facilitated by the phytochemicals
in the leaf extract of Ajwain (Trachyspermumammi) is
observed, resulting in the formation of oxide nanoparticles
with significant biological activity [42]. The antimicrobial char-
acteristics of MgO nanoparticles extracted from Datura stra-
monium leaves against E. coli and S. aureus are investigated
[43]. The synthesis of MgO nanoparticles using extracts from
the Texas sage plant (Leucophyllum frutescens) as a capping
agent and their antibacterial efficacy against S. aureus and E.
coli are evaluated [44]. The report concludes by discussing the
green synthesis approach for producing Moringa gum-capped
MgO nanoparticles and assessing their antioxidant activity,
hemolysis potential, cytotoxicity, phytotoxicity, toxicity in zeb-
rafish embryos, and in vivo toxicity [45].
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The synthesis of MgO nanoparticles utilising Vitis vini-
fera extract as both a reducing and stabilising agent is a
sustainable and environmentally beneficial process, pro-
viding a green alternative to traditional techniques [46].
The produced nanoparticles demonstrate a range of bene-
ficial qualities, such as antibacterial [47], antifungal [46],
anti-inflammatory, and anti-diabetic activities [48]. These
features make them promising for prospective applications
in treating infectious, inflammatory, and metabolic ill-
nesses. Using Vitis vinifera extract to create nanoparticles
improves their bioavailability and therapeutic efficacy,
capitalising on the health advantages of the botanical
extract.

To use nanoparticles for therapeutic purposes, it is
necessary to carefully assess their compatibility with
living organisms, their safety, and the potential long-
term impacts they may have on biological systems. It is
essential to examine cytotoxicity, immunogenicity, and
stability to determine their suitability for commercialisa-
tion. Maximising therapeutic potential relies heavily on
targeting specificity [49]. Standardisation and repeat-
ability are crucial to providing uniform nanoparticle
characteristics across several batches [50]. Neverthe-
less, moving from small-scale synthesis in the laboratory
to large-scale production presents difficulties regarding
scalability, cost efficiency, and adherence to regulations.
Efficiently improving the methods of creating nanoparti-
cles, expanding the capacity of production facilities, and
adhering to regulatory standards are essential stages in
advancing and commercialising nanoparticle-based med-
ical treatments.

The Vitis vinifera extract-appended MgO nanoparticles
have been found to exhibit antibacterial, antifungal, anti-
inflammatory, and anti-diabetic properties. This discovery
suggests a wide range of potential therapeutic applications,
such as creating new antimicrobial agents, anti-inflamma-
tory medications, and treatments for diabetes. Their ability
to perform several functions may result in synergistic
effects, leading to improved therapeutic outcomes com-
pared to drugs targeting a single entity [51].

This study contributes to the growing field of nanome-
dicine by demonstrating the potential of green-synthesized
nanoparticles for biomedical applications, such as targeted
drug delivery, imaging, and theranostic applications. Using
natural product-derived nanoparticles further expands the
scope of nanomedicine, emphasising the importance of
sustainable and biocompatible nanomaterials in health-
care. The Vitis vinifera extract-appended green synthesis
of MgO nanoparticles represents an innovative approach
with significant contributions to nanotechnology, natural
product-based therapeutics, and nanomedicine.

2 Experimental

2.1 Materials and methods

Magnesium nitrate, distilled water, and fresh Vitis vinifera
leaves are used to synthesize green nanoparticles.

2.1.1 Bioextract preparation from Vitis vinifera

Freshly washed leaves of Vitis vinifera were exposed to
direct sunlight. Subsequently, 10 g of leaves were dissolved
in 100mL of distilled water using a magnetic stirrer-heater
and heated at 50–60°C for 60min. The resulting yellow solu-
tion was filtered to obtain the extract using filter sheets.

2.1.2 Synthesis of MgO nanoparticles

About 10mL of the Vitis vinifera extract aqueous leaf extract
was added in drops to 50mL of 0.1M solution of Mg(NO3)2·6H2O
in a 250mL capacity beaker under a constant stirring condition
with a magnetic stirrer. The total time consumed for the addi-
tion was 12 h. The obtained solid–liquid dispersion was cen-
trifuged at 7,000 rpm for 10min. After this, the supernatant
was discarded, and the residue was washed with deionised
water to remove excess Mg(NO3)·6H2O and residual organic
molecules. Furthermore, it was dried in an oven at 70°C for
2 h and then calcined in a furnace at 500°C for 3 h to obtain
MgO nanoparticles. The obtained particles are collected and
labelled as MO1 (Figure 1). In the MO2 samples, the same meth-
odology was followed with 15mL of Viti’s vinifera extract.

2.2 Material characterisation

2.2.1 Antibacterial activity

It was tested using the agar diffusion method to see how
well MgO nanoparticles killed Gram-negative Klebsiella,
Pseudomonas aeruginosa, Gram-positive B. subtilis, and
Staphylococcus albus. Agar plates were prepared, and the
bacterial strains E. coli and S. aureus were streaked onto
the plates using a streaking technique. The plates were
rotated at angles of 60° to achieve a uniform dispersion
of the inoculum. The prepared and annealed MgO nano-
particles were put into the healthy plates with micropip-
ettes. Each disc held 75 μL/mL. It was done after inoculating
the healthy plates with bacteria. The test samples were
meticulously administered to guarantee their containment
within the wells. The plates were placed in an incubator for
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24 h at 37°C to facilitate bacteria proliferation and interac-
tion with the test materials. Following incubation, the inhibi-
tion areas surrounding the test sample discs were inspected
and quantified. The fact that there is a zone of inhibition (ZOI)
around the disc shows that the antibacterial properties of the
MgO nanoparticles are stopping the growth of bacteria.
Positive controls of Amikacin were used to see how well
the test samples worked against Gram-negative Klebsiella
and Pseudomonas aeruginosa, as well as Gram-positive B.
subtilis and Staphylococcus albus. These controls aid in estab-
lishing a standard for comparing antibacterial activity.

2.2.2 Antifungal activity

The antifungal activity of the synthesised MgO nanoparti-
cles against the fungus Candida tropicalis and Aspergillus
niger was assessed using the agar well diffusion technique.
The stock solution was prepared by combining 1 mg of MgO
nanoparticles with 1 mL of sterile distilled water. The anti-
bacterial activity assay utilised Muller–Hinton agar plates
with a pH of 7.4. About 6 mm-diameter wells were created
on the agar plates, into which 100 µL of the synthesised
MgO nanoparticles were introduced. The standard control
consisted of Nystatin at a 50 µg/mL concentration. After
applying the test samples and control to agar plates, incu-
bationwas carried out for 18 h at a temperature of 37°C. During
the incubation period, the antifungal activity of MgO nanopar-
ticles and the control (Nystatin) both prevented fungal growth
in the area around the wells. Afterwards, the diameter of the
ensuing transparent area, also referred to as the ZOI was mea-
sured once the incubation period had finished. The clear zone
corresponds to the region where bacterial growth is sup-
pressed due to the antifungal properties of the test samples
or the control. Evaluating the width of the clear zone provides

valuable information on the effectiveness of the synthesised
MgO nanoparticles in inhibiting fungal growth. A greater clear
zone width implies a more potent antifungal action, whereas a
more minor or nonexistent clear zone indicates limited or no
antifungal activity. By measuring the width of the inhibition
zones, this method lets us test and compare how well MgO
nanoparticles kill fungus compared to the control substance
Nystatin.

2.2.3 Anti-inflammatory activity

The experimental setup involved combining 0.5 mL of the
reaction mixture, which comprised 0.4 mL of bovine serum
albumin (3% aqueous solution), with different concentra-
tions of the MO2 sample. The sample underwent incuba-
tion at a temperature of 37°C for 20 min. Subsequently, a
volume of 2.5 mL of phosphate-buffered saline solution
with a pH value of 6.3 was introduced into each tube.
The tubes were subjected to a thermal treatment at 80°C
for 10 min. The absorbance measurement was conducted
using a spectrophotometer set at 660 nm. The calculation of
the percentage inhibition of protein denaturation was per-
formed in the following equation:

=

×

Percentage of inhibition Abs –Abs

/Abs 100.

Control Sample

control

[( )

]
(1)

2.3 α-Glucosidase inhibition assay

The impact of the MO2 on α-glucosidase activity was assessed
using the methodology outlined by Shai et al., [57] with minor
adjustments. A pre-incubation period of 30min was con-
ducted, during which 400 μL of α-glucosidase with a concen-
tration of 0.067 U/mLwas exposed to varying concentrations

After 12h 500 °C/3h

Figure 1: Synthesis of MgO nanoparticles.
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of the sample. Subsequently, a volume of 200 μL containing
a concentration of 3.0 mM p-nitrophenyl-β-D-glucopyrano-
side (pNPG), serving as the substrate, was introduced into
the experimental setup. The PNP substrate was dissolved in
a sodium phosphate buffer at a concentration of 0.1M and a
pH value of 6.9. This addition marked the initiation of the
biochemical reaction. The reactionmixture underwent incu-
bation at a temperature of 37°C for 30min, after which
it was terminated by adding 2mL of sodium carbonate
(Na2CO3) solution at a concentration of 0.1M. The α-glucosi-
dase activity was determined by quantifying the para-nitro-
phenol (pNP) released from pNPG, which exhibited a yellow
colour. The measurement was performed at a wavelength of
400 nm. The outcomes were quantified in terms of inhibi-
tion percentage. The identical experimental protocol was
employed for acarbose (1 mg/mL stock), which served as
the reference standard:

= − − ×B T B CInhibitory activity % / 100,( ) ( ) (2)

where B is the absorbance of the blank, t is the absorbance
in the presence of a test substance, and C is the absorbance
of the control.

3 Results and discussion

3.1 Structural analyses

3.1.1 Powder X-ray diffraction (PXRD) patterns

The PXRD analysis is performed to enhance comprehen-
sion of the structural characteristics of synthesised MO1

and MO2 nanoparticles at different concentrations of the
reducing agent, Viti vinifera extract. The results obtained
are depicted in Figure 2a, which displays the PXRD patterns
corresponding to the 2θ values of 37.3°, 43.3°, 62.7°, 75.1°,
and 79.0°. The observed peaks correspond to the hkl planes
with miller indices of (111), (200), (220), (311), and (222),
respectively. The observed peaks provide evidence of the
presence of MgO in MO1 and MO2 samples that exhibit a
face-centred cubic (FCC) structure belonging to the Fm-3m
space group. Moreover, the PXRD patterns and their corre-
sponding hkl planes are significantly similar to MgO, as
reported in the JCPDS card No. 01-075-0447 [52]. No signifi-
cant alterations in the PXRD pattern were observed when
the concentration of the Vitis vinifera extract was varied.

Furthermore, the absence of any supplementary peaks
observed in the PXRD pattern of MO1 and MO2 indicates
the exceptional purity of the MgO nanoparticles. A distinct
and pronounced peak observed in the PXRD patterns sug-
gests that the synthesised MgO nanoparticles possess a sig-
nificant crystallinity level. Metal oxide surfaces exhibit a
strong affinity for organic molecules possessing electron
acceptor units, such as carboxylic acid, hydroxyl, and pyr-
idyl groups. The bio-extract utilised in the investigation
showed an abundance of organic acids, phenolic acids,
flavonols, tannins, procyanidins, anthocyanins, and other
compounds [53]. Carbon chemisorption on MgO surfaces is
readily observed throughout the heat treatment proce-
dure. The surface of the material’s activity may undergo
significant alteration. The inability to observe this phenom-
enon in PXRD analysis can be attributed to carbon’s amor-
phous state.

In addition, the FWHM and d space values for the as-
synthesized nanoparticles are 0.2755 and 2.08445 for MO1,
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Figure 2: (a) PXRD patterns of MO1 and MO2 nanomaterials, and (b) FT-IR spectra of MO1 and MO2 nanomaterials in KBr standard.
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and 0.3444 and 2.08682 for MO2. These two values were
changed slightly based on the concentration of the extract
used. The high concentration of the extract leads to higher
carbon deposited on the MgO surface. This indicated that the
d-space value was observed to be slightly high, and the FWHM
value increased. This could be doping of amorphous carbon
from the extract after the thermal treatment at 500°C.

3.1.2 FT-IR investigations

To examine the composition of MgO and the presence of
carbon contamination in MO1 and MO2 materials, Fourier
transform infrared spectra were obtained using potassium
bromide (KBr) as the medium. The results are presented in
Figure 2b, wherein a notable peak at 533 cm−1 is observed,
corresponding to the stretching frequency of Mg–O [54].
In the context of MO1, a distinct peak is observed for
MO2 at a wavenumber of 533 cm−1, whereas MO1 exhibits
peak broadening. Furthermore, the additional peaks observed
at 1,384 and 3,696 cm−1 corresponded to the presence of C–N/
C–O and −N–H functional groups in the MO1 sample. The data
provide clear evidence that the carbon in the MO1 sample can
be attributed to the chemisorbed bio-molecules originating
from the extract.

3.1.3 Raman spectral analysis

The Raman spectra were obtained to provide additional
evidence for the existence of functional groups and to con-
duct a structural study of MO1 and MO2. The results are
depicted in Figure 3. The observed spectrum displays
a distinct peak at 400 cm−1, which can be attributed to
the symmetric stretching vibration of oxygen ions (O2−)
in the A1g mode of MgO. The Eg mode, which represents the
symmetric stretching of oxygen ions along the face-diagonal
direction within the cubic lattice, displays a peak at a wave-
number of 632 cm−1. The T1u mode is associated with the
stretching vibration of magnesium ions (Mg2+) within the cubic
lattice of MgO, resulting in a prominent peak at 522 cm−1. The
Eg mode correlates with the symmetric stretching of oxygen
ions along a distinct set of axes, separate from the Eg mode.
The differentiation between the two can be identified through
a distinct peak occurring at approximately 688 cm−1. The
Raman spectra of MO1 and MO2 reveal that the G-band dis-
plays a spectral range of 1,582 cm−1. This range encompasses
the in-plane oscillations of carbon atoms within a hexagonal
lattice, as observed in graphite and different crystalline forms
of sp2 hybridised carbon. In the interim, it is noteworthy that
the D-bandmanifests itself at a reducedwavenumber, precisely

within the confines of 1,378 cm−1. The quantification of dis-
order in carbon-based materials is often accomplished by
utilising the intensity of the D-band as a reliable indicator.
The carbonaceous substance obtained from the extract was
found to have accumulated in both the MO1 and MO2 sam-
ples, as indicated by the observations made.

3.1.4 X-ray photoelectron spectroscopy (XPS) studies

The XPS spectra were acquired to enhance our under-
standing of the composition and arrangement of synthesised
MgO nanoparticles. The results are depicted in Figure 4, not-
withstanding the discernible peaks observed at an energy
level of 1305.2 eV to the Mg 1s energy states. The observed
peak suggests the MO2 sample contains the Mg+ ion in a +1
oxidation state. No additional peaks were observed at 1,300 eV,
indicating the absence of further phases of magnesium, such
as magnesium hydroxide and complex magnesium structures.
The deconvolution spectra of the O 1s exhibit a discernible
peak at 530.6 eV, which can be attributed to the presence
of oxygen vacancies and chemisorbed oxygen species on the

Figure 3: Raman spectra obtained for MO1 and MO2 nanomaterials.
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surfaces of the MgO. The observed peak corresponding to the
Mg–O bond in the O 1s spectra exhibits a prominent intensity
at 532.18 eV, indicating the presence of the O2− ion. Further-
more, two additional peaks observed at 533.84 and 535.11 eV
provide evidence of graphitic carbon within the MO2 sample.
These peaks can be attributed to the graphitic C–O–C and
−COOH functional groups, further supporting the presence of
graphitic carbon.

3.2 Morphology

3.2.1 Field emission scanning electron microscopic
analysis

The textural characteristics of the synthesised MgO nano-
powder were analysed using field emission scanning electron

microscopy to examine the textural characteristics. The mor-
phological structure of MgO particles is depicted in Figure 5,
illustrating the obtained result. The observed data indicate the
presence of MgO particles in both samples, exhibiting a sphe-
rical morphology. Notably, the samples exhibit varying extract
concentrations. The absence of alterations in the morpholo-
gical composition of MgO is evident across the diverse extract
concentrations employed. The particles display a uniform
distribution and demonstrate specific porous attributes.
The observed surface characteristics of the particles exhibit
a higher probability of being smooth. Furthermore, it has
been observed that MO2 particles exhibit a reduced par-
ticle size in comparison to MO1 particles. Ultimately, the
interconnectivity of the particles has been achieved,
effectively inhibiting the formation of particle accumu-
lations. This desirable outcome is attributed to the inter-
action between bio-molecules and MgO nanoparticles,
which regulate nucleation growth.
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Figure 5: Surface image of MO1 and MO2 nanomaterial samples obtained from SEM analysis.
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3.2.2 Energy dispersive X-ray analysis (EDAX) study

To acquire an additional understanding regarding the ele-
mental composition and presence of carbon-based mate-
rials in MO1 and MO2 samples, EDAX spectroscopy was
conducted. The results derived from the examination are
visually represented in Figure 6. The presence of Mg and O
in the samples is evident, and the EDAX spectra exhibit a
pronounced intensity of the Mg element, indicating the
formation of nanoparticles composed of MgO. Further-
more, the detected carbon traces were observed at an
energy level of approximately 0.3 keV, suggesting a signifi-
cantly minimal carbon content within the examined sam-
ples. Henceforth, to advance biological endeavours and
facilitate subsequent investigations, we exclusively employ
MO2 samples.

3.2.3 High-resolution transmission electron microscopy
(HR-TEM) analysis

The utilisation of the HR-TEM technique is of utmost signifi-
cance in determining nanomaterial morphology and particle
size. The assessment of biological activators necessitates

careful consideration of particle size and morphology, as
these properties exhibit variations contingent upon the
characteristics of nanomaterials. HR-TEM microscopic ana-
lysis was conducted on the MO2 sample to obtain evidence
regarding particle size and morphology. Figure 7 displays
the HR-TEM images of the MO2 sample, revealing the pre-
sence of MgO particles that exhibit a spherical morphology
and are uniformly dispersed. The particles exhibit a high
degree of interconnectivity, forming a porous structure
characterised by a networked arrangement. No significant
instances of agglomerated particles were observed on the
surfaces under investigation. The particles exhibit a regular
distribution pattern. According to the acquired data, the
dimensions of the MgO nanoparticles were determined to
be in the range of 50–200 nm. Moreover, the SAED pattern
obtained for the MO2 sample agrees with the PXRD pattern.
The samples also display well-defined and intense patterns,
indicating a significant level of crystallinity. The d space
value for the obtained particle was calculated from the
TEM-SAED results and found to be 2.58 nm. It is also consis-
tent with the PXRD results. The particle size histography
exhibited the particles with an average size of 167 nm, and
a spherical morphology exhibiting porous characteristics
holds promise for demonstrating favourable efficacy in var-
ious biological applications.

3.3 Textural study

3.3.1 Brunauer-Emmett-Teller (BET) analysis

Understanding the impact of material surface area on bio-
logical activities is crucial, as it determines how they
interact with various biological entities, including cells,
tissues, proteins, and enzymes. Studying substances like MgO
holds significant value in biological research. Enhancing the
surface area significantly impacts various cellular processes,
such as cell adhesion,migration, signalling, tissue regeneration,
wound healing, immune responses, drug delivery, catalysis,
adsorption, binding, bioavailability, and biocompatibility.
This increase in available sites for interactions with neigh-
bouring molecules or biological entities plays a crucial role
in these processes. Drug delivery systems utilise materials
that have enhanced surface areas, such as nanoparticles, to
improve their ability to control the release of drugs and
deliver them accurately to specific targets. Henceforth, it is
imperative to assess the active surface area of the material
before engaging in biological inquiries. The surface area of
MO2 was determined using the BET nitrogen adsorption-
desorption isotherms technique, with the corresponding

Figure 6: Chemical composition of MO1 and MO2 nanomaterials by EDAX
analysis (for Mg and O elements).
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outcomes presented in Figure 8. The type II isotherm com-
monly observed in the BET isotherm for c > 1 corresponds to
the microspore materials. Under conditions of significantly
reduced pressure, the microporous becomes saturated with
nitrogen gas. The monolayer formation is initiated at the
knee joint, while the subsequent multilayer formation occurs
under moderate pressure conditions. Capillary condensation
is observed to occur at elevated pressures. The results are
presented in Figure 6, illustrating a type II isotherm curve
characteristic of microporous materials. Furthermore, the
determined surface area value is 23.8742m2/g. As determined
using the Barrett-Joyner-Halenda method, the pore size dis-
tributions demonstrate a total pore volume of 0.12528 cm3/g,
while the average pore diameter is 1.7 nm. Based on the
obtained results, it can be inferred that the MgO particles
contain micropores with a diameter falling within the range
of 1.7 nm.

3.4 Thermal study

The thermal stability of a substance is a crucial factor that
influences its biological activity and practical applications.
Bio-processing, preservation, medical devices, medication
administration, protein denaturation, cell culture, biochem-
ical processes, and biochemical analysis are all highly sig-
nificant in the scientific realm. The thermal stability of

materials utilised in bio-processing is of utmost importance
in ensuring the preservation of enzyme activity, the main-
tenance of biological samples, and the ability to withstand
sterilisation procedures. Maintaining thermal stability is
of utmost importance in guaranteeing the longevity and
security of medical interventions, encompassing medical
apparatus, implants, and prostheses. The preservation of
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Figure 7: TEM images, SAED pattern, and particle size histogram of the MO2 nanomaterial.
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thermal stability holds significant significance within drug
delivery systems, as it assumes a pivotal function in governing
the kinetics and effectiveness of drug release. Therefore, the
examination of the thermal properties of the synthesised
materials was imperative to forecast their biological efficacy.
Thermal characteristics of the synthesised MgO particles were
investigated by thermogravimetric analysis (TGA), differential
thermal analysis (DTA), and derivative thermogravimetry
(DTG) studies, and the outcomes are presented in Figure 9.
The observed phenomenon, wherein the initial decline in the
degradation curve occurs at approximately 100°C, can be
attributed to the process of water molecule elimination
from the surface of MO2. Subsequently, the observed curve
depicting the gradual deterioration occurring within the
temperature range of 200–380°C, as supported by existing
literature, was attributed to the transformation of magne-
sium hydroxide into MgO. The findings of the DTA study
(Figure 9, blue line) further corroborate these assertions,
as evidenced by the presence of a distinct DT curve spanning
the temperature range of 200–380°C, which elucidates the
phase transition occurring between Mg(OH)2 and MgO. The
present perspective entails thoroughly examining the Mg
(OH)2 composition within the MO2 sample, employing the
TGA curve as a tool for analysis. The TGA curve, depicted in
Figure S1, illustrates the relationship between temperature
and the weight percentage of degradation. The observed
phenomenon, occurring within the temperature range of
200–400°C, exhibits a distinctive curvature indicative of
the transformation of Mg(OH)2 into MgO. This transforma-
tion is accompanied by a concomitant reduction in weight,
quantified as an 11% decrease. This observation suggests
that the synthesis process did not fully convert the precursor

materials into MgO. Additionally, these unconverted mate-
rials are present on the surface of MO2. Moreover, carbon
traces were not detected in the TGA and DTA curves, likely
due to their minimal abundance. However, the observed
peak in the DTG curve, which reached a maximum tempera-
ture of 480°C, signifies the occurrence of a weight gain phe-
nomenon attributed to the formation of carbon resulting
from the reaction with carbon dioxide (CO2) [55].

3.5 Optical properties

The optical properties of materials play a crucial role in
various biological processes, such as bio-sensing, imaging,
phototherapy, optogenetics, bio-safety assessment, protein
structure and function analysis, cellular response moni-
toring, and drug screening. These optical characteristics
are essential in imaging techniques like fluorescence, con-
focal, and optical coherence tomography, which provide
high-resolution observations of cells, tissues, and sub-cellular
structures. By leveraging these optical properties, researchers
can also manipulate neuronal activity, gene expression, and
signalling pathways in specific cells, leading to significant
advancements in neuroscience and studying complex biolo-
gical systems. Hence, it is imperative to investigate the
absorption characteristics of the nanomaterials before their
application in biological processes. UV-visible absorption spec-
troscopy was employed to evaluate the absorption character-
istics of the MO1 and MO2 samples within the wavelength
range of 200–400 nm. In general, white powders composed
of metal oxides demonstrate the presence of an absorption
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band within the wavelength range of 200–400 nm. These
materials can be classified as semiconductors, as their energy
level gap aligns with the characteristics of such materials
[56–59]. Similarly, the synthesized MgO samples demonstrate a
pronounced absorption peak at approximately 120nm (Figure
10). Furthermore, the absorption edges of the MO2 samples
extend around 265 nm. In contrast, the absorption edges of the
MO1 samples are found at approximately 245nm. The observed
characteristics of the material suggest that its semiconductor
properties exhibit a high degree of compatibility with various
biological applications.

3.6 Antibacterial study

Scientists are presently investigating the effectiveness of
antibacterial materials as potential agents in combating
antibiotic-resistant bacteria, with the ultimate objective
of improving public health. The materials above, com-
prised of filter paper discs containing MgO nanoparticles,
were engineered to impede bacterial proliferation and
establish novel colonies. The observed occurrence in which
MgO particles disperse from the disc and permeate the
agar medium can be accurately described as the scientific
phenomenon known as “diffusion.” The diffusion process
leads to the emergence of a clearly defined area where
microbial growth is absent, often referred to as the ZOI.
The antibacterial efficacy of MO2 was assessed against
Gram-negative Klebsiella and Pseudomonas aeruginosa, as
well as Gram-positive Bacillus subtilis and Staphylococcus
albus, utilising the disc diffusion technique. The resulting
data, illustrated in Figure 11, allowed for measuring the

inhibition zones (ZOI) surrounding the discs, where no
observable bacterial growth was present. The observed
zones in this study indicate the antibacterial activity exhib-
ited byMO2 nanoparticles. The standard antibacterial agent,
Amikacin, was employed as a control to establish a baseline
comparison. The antimicrobial efficacy of MgO nanoparti-
cles is documented in Table 1. At the same time, the accompa-
nying visual representations of the inhibition zones resulting
from the disc diffusion technique are shown in Figure 11. The
bacterial structure comprises a cytoplasm, a cell wall, and a cell
membrane. Gram-positive bacteria are characterised by a cell
wall that is approximately 20–80 nm thick and a multilayer
peptidoglycan membrane. Accordingly, the lower efficacy of
MgO particles in inducing bacterial mortality can be attributed
to the relatively challenging process of cell wall penetration.
Similarly, the experimentalfindings demonstrated significantly
diminished inhibition zones when tested against Gram-positive
B. subtilis and Staphylococcus albus bacterial strains. The
observed range of inhibition zones for Gram-positive bacteria
falls within 18 to 22mm. The results indicate that MO2 nano-
particles inhibit Gram-negative bacteria such as Klebsiella and
P. aeruginosa. Notably, the observed inhibitory activity ranges
from 21 to 23mm. The Gram-negative bacteria consist of two
distinct cell membranes, an outer membrane and a plasma
membrane, measuring 7–8 nm in thickness. The potential
ability of MgO nanoparticles to traverse the cellularmembrane
of the peptidoglycan polymer and subsequently exhibit anti-
bacterial effects is high [60]. Finally, the MO2 samples exhibit a
notable capacity for inhibiting the growth of Gram-negative
and Gram-positive bacteria, surpassing the control group
treated with Amikacin. Also, there appeared to be a mar-
ginal reduction in the ZOI when the concentration of MO2
gradually increased.

3.7 Antifungal studies

Fungal diseases present substantial risks to the overall
health of humans and various sectors of industry. The
progression of antifungal materials, achieved through inter-
disciplinary collaboration, demonstrates significant potential
for revolutionising the approach utilised in addressing fungal
proliferation and colonisation. The materials above exhibit
various applications derived from the multidisciplinary
domains of materials science, biology, and medicine. The pre-
viously mentioned applications involve the utilisation of spe-
cialised coatings that have been formulated to inhibit fungal
adhesion. Additionally, nanoparticles have been intricately
designed to enable the controlled release of highly potent
antifungal medications. By comprehensively understanding
these intricate interconnections, scientists can develop novel
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Figure 10: Absorption spectra of MO1 and MO2 nanomaterials.

Biomedical applications of MgO nanoparticles  11



interventions to foster more robust and healthier societies.
The MgO nanoparticles (MO2) were synthesised in this
study using an environmentally friendly method. Their
antifungal efficacy was assessed against Candida tropicalis
and Aspergillus niger fungal strains. The results acquired
are presented in Figure 12. In the context of performance
analysis, the results are compared with Nystatin, a substance
employed as a control. Based on the study in Table 2, the
antifungal efficacy of MO2 exhibits a notably elevated level
compared to the control Nystatin standard, specifically in its

impact on Candida tropicalis. The disparity between the two
agents amounts to approximately 6mm. In the context of
Aspergillus niger, the observed activity exhibited a marginal
decrease in comparison to the control. The observed discre-
pancies in fungal performances can be attributed to the extent
of cell wall penetration, which is contingent upon variations in
cell thickness. A prototypical fungal organism comprises a
conglomeration of tubular and ramified filaments enveloped
by a sturdy cellular barrier. The elongated structures, called
hyphae (individually known as hypha), exhibit repetitive

Figure 11: (a–d) shows the antibacterial activity of MO1 and MO2 nanomaterials by the disc diffusion method.

Table 1: Antibacterial performance of MO1 and MO2

Bacteria ZOI (mm) Control (Amikacin)

Concentration of MO2 (μg/mL)

10 20 40 80 160

Klebsiella 20 18 16 15 13 13
Pseudomonas aeruginosa 18 16 15 13 11 13
Bacillus subtilis 21 19 15 13 09 16
Staphylococcus albus 23 21 19 15 13 15
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branching patterns, forming an intricate, radially expanding
interconnected system known as mycelium. This mycelium
constitutes the thallus, an undifferentiated organism body
characteristic of a prototypical fungus. The inability of MgO
nanoparticles to traverse the inflexible cellular membrane
potentially accounts for their lack of efficacy against fungal
organisms [8]. From this perspective, the observed limited
efficacy of MO2 against A. niger can be attributed to the
presence of a robust cell wall in the fungal strain, which
restricts the penetration of MgO particles. However, it is
observed that C. tropicalis exhibits a comparatively aug-
mented cell wall structure, which can be attributed to the
fact that the process of cell wall penetration requires a
reduced amount of force.

3.8 Anti-inflammation study

The amalgamation of materials science, immunology, and
medicine has resulted in the emergence of anti-inflamma-
tory materials, exhibiting substantial potential in revolutio-
nising the management of inflammation-associated ailments.
A diverse array of materials, encompassing a variety of
surfaces and nanoparticles, show the capacity to mitigate
inflammatory responses and efficiently administer potent
pharmaceutical agents. Researchers are presently engaged
in examining the mechanisms by which they engage with the
immune system of the human organism. This endeavour has
given rise to innovative medical implants and wearable
device advancements. The anti-inflammatory properties of
the synthesised MgO nanoparticles were assessed to determine
their efficacy in mitigating inflammation. The obtained results
were subsequently subjected to a comparative analysis with

those of a widely used anti-inflammatory pharmaceutical
agent, namely the diclofenac standard (Figure 13). The tables
provided display the percentage inhibition observed for both
the standard drug and MgO nanoparticles. The experimental
findings indicate that MgO nanoparticles, synthesised using a
green method, exhibit a more significant percentage of inhibi-
tion than the standard diclofenac. Diclofenac-derived pharma-
ceuticals exhibited a notable decrease in protein denaturation,
with reductions of approximately 7.8% observed at a concen-
tration of 6.2 μg/mL and a more substantial decrease of up to
78% observed at 100 μg/mL. The IC50 of diclofenac control
ranges from 6.2mg/mL to 100 μg/mL, with a specific value of
49.68 μg/mL. The observed effects of MgO nanoparticles on
protein denaturation were quantified, revealing a reduction
of up to 9% at a concentration of 6.2 μg/mL and a more sub-
stantial decrease of up to 55.45% at 200 μg/mL. The IC50 values
of MgO nanoparticles were determined to be 164.15 at 200 and
6.2 μg/mL at a 9.98 μg/mL concentration. Figure 13 presents the
IC50 values of the standard compound diclofenac and the
sample nanoparticles denoted as MO2. The mean inhibition
of protein denaturation for diclofenac is observed to be
49.68, while for the MO2 sample, it is found to be 164.15.

Figure 12: (a, b) shows the antifungal activity of MO1 and MO2 nanomaterials by the disc diffusion method.

Table 2: Fungal performance of MO1 and MO2

Fungus ZOI (mm) Control
(Nystatin)

Concentration of MO2 (μg/mL)

10 20 40 80

Candida
tropicalis

16 13 12 08 10

Aspergillus
niger

15 17 11 10 17
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The extensive diversity observed in this study elucidates the
inherent capacity of MO2 nanoparticles to exhibit antifungal
properties.

3.9 Anti-diabetic activity of α-glucosidase
inhibition assay

The development of multidisciplinary anti-diabetic mate-
rials presents a promising opportunity for revolutionary
advancements in the management and treatment of dia-
betes. Numerous materials are being examined for their
prospective utilisation in implantable devices and wear-
able technologies. The materials above exhibit a broad
spectrum of properties, encompassing various biomater-
ials specifically engineered for controlled drug release and
exact glucose monitoring systems. Scientists aim to optimise
glucose regulation and treatment regimens and enhance the
well-being of individuals with diabetes by comprehensively
understanding these interconnections. In the current study,
the MO2 nanoparticles that were synthesised are subjected
to an assay for α-glucosidase inhibition and an assay for

-amylase to assess their potential diabetic properties. The
data presented in Figure 14 originate from an assay mea-
suring the inhibition of α-glucosidase, an enzyme commonly
targeted to evaluate compound inhibitory potential. The
enzyme mentioned above serves a pivotal function in car-
bohydrate digestion and has been identified as a prime
target for pharmaceutical interventions aimed at diabetes
management. These assays aim to identify compounds that
can efficiently impede glucosidase activity, as this has the
potential to modulate glycaemic control. The compound
under investigation, acarbose, exhibits noteworthy inhibitory
activity against α-glucosidase. At the maximum concentration
examined (100 μg/mL), it effectively suppresses approximately
94% of the enzyme’s catalytic function. Figure 14 illustrates a
dose-dependent relationship wherein the observed response
is contingent upon the concentration of acarbose. Specifically,
as the concentration of acarbose increases, the inhibitory
impact on α-glucosidase activity becomes increasingly conspic-
uous. Based on themeasured IC50 value of 16.58 g/mL, it can be
concluded that acarbose exhibits significant potency as an
α-glucosidase inhibitor. The data for MO2 have been derived
from the α-glucosidase inhibition assay, encompassing details
such as the concentrations of the samples, optical density (OD)

Figure 13: The anti-inflammatory activity of MO1 (a) and MO2 (b) nanomaterials (performance compared with diclofenac standard). (c) and (d) activity
data of the inflammation studies.
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measurements at a wavelength of 400 nm, and the corre-
sponding percentage of inhibition. The term “blank” denotes
a control devoid of any compound, exhibiting an OD reading
of 1.445. “Control” denotes a negative control or baseline exhi-
biting an OD measurement of 0.012. This value is notably
lower than that of the blank. The compound under investiga-
tion is MO2. As the concentration of MO2 is augmented, there
is a corresponding decrease in the OD readings. This decrease
is indicative of the inhibition of beta-glucosidase activity. The
observed phenomenon aligns with the anticipated beha-
viour of an α-glucosidase inhibitor. The observed inhibition
phenomenon positively correlates with the concentration of
MO2, suggesting a response dependent on the dosage admi-
nistered. It can be inferred that elevated levels of MO2
exhibit enhanced efficacy in inhibiting beta-glucosidase.
The calculated IC50 value is anticipated to be 152.55 g/mL.
The concentration at which it is estimated that MO2 would
exert a 50% inhibitory effect on beta-glucosidase activity is
presented now. The data analysis indicates that the MO2 com-
pound exhibits noteworthy inhibitory activity against glucosi-
dase. The observed phenomenon exhibits a dose-dependent
response, wherein higher concentrations elicit a more pro-
nounced inhibitory effect. Based on the anticipated IC50 value

of 152.55 g/mL, it can be inferred that this compound exhibits a
more significant potential as an α-glucosidase inhibitor than
acarbose. Consequently, further investigation is warranted into
its potential as an agent for managing diabetes. This observa-
tion implies that MO2 exhibits promising prospects as an anti-
diabetic agent due to its capacity to efficiently decelerate the
process of carbohydrate digestion and absorption, thereby
resulting in enhanced regulation of blood glucose levels.

4 Conclusions

We have successfully utilised the Vitis vinifera plant to
produce MgO nanoparticles, a unique bio-reducing agent.
Using PXRD and FT-IR analysis techniques, the nanoparticles
were characterised to determine their crystal structure,
which was found to be FCC. C–N/C–O and N–H functional
groups derived from carbon molecules were also observed.
The purity of the MgO sample was confirmed through
Raman spectroscopy analysis. Thermal stability was evalu-
ated using thermogravimetric and differential thermal
analyses, which revealed the presence of carbon. Upon

Figure 14: The anti-diabetic activity of MO1 (a) and MO2 (b) nanomaterials (performance compared with the acarbose standard). (c) and (d) Activity
data of the diabetic studies.
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analysing the surface morphology, it was found that there
were tiny spherical particles uniformly distributed
throughout, each measuring less than 50 nm in size. These
particles also exhibited a porous structure. Jana and her
colleagues have discovered that an ethanolic extract from
Vitis vinifera canes can assist in the production of silver
nanoparticles. The synthesis process required 10% of the
extract and 1 mM of silver nitrate. The Z-average of the
silver nanoparticles was determined to be 68.2 nm, while
their zeta potential was observed to be −30.4 mV. These
silver nanoparticles effectively suppressed the growth of
planktonic cells in all strains of P. aeruginosa at doses below
5% v/v. In addition, they effectively inhibited the growth of
biofilms at concentrations below 6% v/v. In addition, the
minimum bactericidal concentration was found to range
from 10 to 16% v/v. Utilising wine farm waste in this study
has proven to be a sustainable and cost-effective method for
producing silver nanoparticles with remarkable antibac-
terial properties. Researchers found that MgO nanoparticles
have a strong toxic effect on Aspergillus niger. The experi-
ment showed a gradual inhibitory impact when using 0.5
and 1.25% concentrations. The inhibitory efficacy of the poi-
soned food technique reached 66.6 and 100%, respectively.
Experiments were conducted to evaluate the antibacterial
and antifungal properties of the MgO nanomaterials. Like a
materials scientist, the amikacin control displayed a signifi-
cant inhibition zone of around 15mm against the bacteria.
However, the activity was greatly enhanced by the presence
of MgO nanoparticles. Researchers examined the anti-inflam-
matory properties of MgO (MO2) nanoparticles by comparing
them with diclofenac, a commonly used anti-inflammatory
drug. The study found that the presence of MgO (MM or
MO2) nanoparticles led to a notable increase in protein
denaturation, indicating a potential for anti-inflammatory
activity. The anti-diabetic activity was also evaluated, and
the IC50 value of 152 was compared to the standard acarbose.
This comparison highlights the potential of MgO nanoparti-
cles in effectively regulating diabetes and inflammation
progression.
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