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This work includes green synthesis of magnesium oxide nanoparticles (MgO NPs) by using
Alstonia scholaris, which is indigenous to many countries such as China, Australia, Sri
Lanka, Pakistan, and India. Its pharmacological activities include antidiabetic, antioxidant,
anticancer, analgesic, antitussive, and anti-diarrheal activities. In this study, the antioxidant
and anti-inflammatory activities of bio-inspired magnesium oxide nanoparticles, MgO NPs,
were investigated. MgO NPs were prepared by using the leaf extract of Alstonia scholaris,
followed by characterization using EDX, XRD, and SEM techniques. The crystallite size of
magnesium oxide nanoparticles was 19.57 nm. XRD analysis confirmed the crystallinity
and the purity of MgO NPs. Anti-inflammatory activity was carried out to observe inhibition
of protein denaturation. Since the IC50 of MgO nanoparticles was lower than the standard,
it was found to be more effective. IC50 values were compared, and results reveal that
bioinspired MgO NPs undergo more scavenging of free radicals than standard (ascorbic
acid) MgO NPs. These MgO nanoparticles are useful in cosmetics such as scrubs,
moisturizers, and an active ingredient in microdermabrasion and in formulating effective
drugs for maintaining the protein structure of the body, which will reduce inflammation.
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INTRODUCTION

Nanotechnology is considered to be an extension of existing sciences into the nanoscale, having a range
of 1–100 nm. It is a broad field that covers different eras, including applied physics, material sciences,
colloidal science, and supramolecular chemistry, and the field of engineering. The main theme of this
technology is to deal with matter on a molecular level, having a scale range less than 1 mm or usually
1–100 nm. Research and advancement in nanotechnology are subjects of interest these days across all
scientific disciplines and industries. Examples of this field commonly used nowadays include the
production of polymers built on molecular structure and the plan of computer chips based on surface
science. Innovative applications of nanotechnology include the fields of energy, medicine and drugs,
nanodevices, optical engineering, defense and security, bioengineering, cosmetics, and nanofabrics
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(Nasrollahzadeh et al., 2019). According to its nature,
nanotechnology is considered to be a highly integrative field.
The future of nanotechnology is vast as many new materials
can be created at the nanoscale with a huge range of
applications. The various fields where nanotechnology is playing
a vital role include medicine, electronics, and material science.

The particles having a diameter of 1–100 nm in at least one
spatial dimension are known as nanoparticles. The properties of
nanoparticles differ from those of bulk materials. The two factors
that affect the properties include the surface-to-volume ratio and size
of particles. Quantum confinement, large surface area, and high
surface energy are some of the reasons for nanoparticle distinctive
optical, magnetic, and electrical capabilities. Nanoparticles exhibit a
great variety in its chemical nature and can be made up of metals
commonly reported to be Ag, Au, Cu, and Zn andmade up of metal
oxides, carbon, polymer, or silicates. Nanoparticles exhibit a variety
of shapes such as cylindrical shapes, spheres, and sheets or in the
form of tubes (Yu et al., 2014). The properties depend on their size,
shape, structure, reactivity, and toughness (Khan et al., 2019). Some
properties that are affected by size are bandgap, structural properties,
melting point, thermal properties, mechanical properties, chemical,
electronic, magnetic, and optical properties as well.

Metal oxide nanoparticles (MO NPs) are of great importance
nowadays because of their wide range of applications Figure 1.
Successful applications of MO NPs mainly depend on the narrow
particle size (Oskam, 2006; Parashar et al., 2020). Four steps that
are important in the controlled synthesis of MO NPs are the
formation of the precursor, nucleation, aging, and growth (Jolivet
et al., 2000). The applications of MO NPs are in the fields of
catalysis, sensors, electronic devices, biosensing, degradation of
dyes, biomedicine, and wastewater treatment (Taghavi Fardood
et al., 2019a; Shojaei Yeganeh et al., 2020; Eskandari Azar et al.,
2020; Taghavi Fardood et al., 2019b; Moradnia et al., 2020;
Taghavi Fardood et al., 2020; Atrak et al., 2019; Shayegan
Mehr et al., 2018; Mosallanejad et al., 2021; Moradnia et al.,
2019; Singh et al., 2019; Matinise et al., 2018; George et al., 2018;

Solanki et al., 2011; Parnianchi et al., 2018; Chavali and Nikolova,
2019; Naseem and Durrani, 2021a; Yang et al., 2013; Naseem and
Durrani, 2021b; Lizundia et al., 2020; Dizaj et al., 2014; Vinardell
and Mitjans, 2015; Rehana et al., 2017; Khan et al., 2018). MgO,
MnO2, TiO2, Fe3O4, Al2O3, and CeO2 are some of the MO NPs
studied by Jubai et al. for their potential application in wastewater
treatment. Figure 2 shows three approaches for producing MgO
nanoparticles: chemical, physical, and biological. Because of its
environmentally favorable effects, green synthesis to create
nanoparticles is gaining a lot of interest these days among
academics. Greener technologies, including the use of
biological substrates, are increasingly replacing the
traditionally utilized chemical and physical approaches
(Bandeira et al., 2020; Abinaya et al., 2021).

Alstonia scholaris is an evergreen tropical tree commonly
known as the blackboard tree. It is abundantly available in
Australia, China, India, Pakistan, and Sri Lanka. It is a
medicinal plant as it is used for the treatment of various
diseases (Khyade et al., 2014). The phytochemicals (alkaloids)
present in this plant are picrinine, scholaricine, vallesamine, and
epis-cholaricine (Zhao et al., 2021). Various plant parts such as
stems, wood, bark, and leaves have their applications. It is
advantageous in the sense that wood is useful in pencil
fabrication, making boxes for a corpse, and tools used in the
house. The outermost portion of the stem, and the root, is used to
deal with constantly recurring skitters and expelling disease-
causing organisms. Extract of the leaves is used for their
biomedical applications. Alstonia scholaris is an effective herb
against inflammatory disorders as an antioxidant drug, for
catalytic degradation of dyes, and cytotoxic activity. (Shang
et al., 2010; Dhruti et al., 2016; Rajasekar et al., 2021; Sarkar
et al., 2021; Yaseen et al., 2021). The interesting fact revealed after
the literature search is that Alstonia scholaris is effective against
two or more symptoms of COVID-19 (Kumar et al., 2021). This
work reports the antioxidant and anti-inflammatory response of
synthesized NPs.

FIGURE 1 | Applications of metal oxide nanoparticles (NPs).
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In this study, we synthesized MgO nanoparticles by using
magnesium salt. Like some other inorganic metal oxide
nanoparticles, MgO nanoparticles are nontoxic to organisms,
economically feasible, and have wide industrial and biological
applications (Hornak et al., 2018). Some of the unique
physicochemical properties that make MgO NPs more
worthwhile include an excellent refractive index, resistance to
corrosion (Abinaya et al., 2021), high thermal conductance
(Pilarska et al., 2017), highly pure, showing less electrical
conductivity (Pendyala et al., 2019), and excellent transparency.
MgO nanoparticles can be used in the fields of electronics, catalysis,
ceramics, biosensors, and wastewater treatment. Before the
abovementioned applications, MgO possessed biological
applications such as antibacterial, antioxidant, anti-
inflammatory, and anticancer properties (Dobrucka, 2018;
Umaralikhan and Jamal Mohamed Jaffar, 2018; Behzadi et al.,
2019; Pendyala et al., 2019; Khan et al., 2020; Ammulu et al., 2021).
In this work, MgO nanoparticles were fabricated using green
synthesis by Alstonia scholaris. Various plant parts of Alstonia
scholaris show a variety of pharmacological activities, while in this
work, the antioxidant and anti-inflammatory activity of
biologically synthesized MgO nanoparticles were examined.

EXPERIMENTAL

All the chemicals used in this work, Mg (NO3)2.6H2O, NaOH,
ethanol, DMSO, NaCl, KCl, Na2HPO4, KH2PO4, DPPH,

methanol, H2SO4, ascorbic acid, and ammonium molybdate,
were acquired from Sigma-Aldrich in Darmstadt, Germany,
and are of analytical quality. Alstonia scholaris was discovered
in Green Town, Lahore, Pakistan. Figure 3 shows the fresh leaves
of Alstonia scholaris.

To eliminate unbound phyto-constituents, the leaves of A.
scholars were first rinsed with tap water to remove dust and then
washed three times with distilled water. The washed leaves were

FIGURE 2 | Methods for fabrication of magnesium oxide nanoparticles.

FIGURE 3 | Fresh leaves of Alstonia scholaris.
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then dried under shade for almost 7 days or until complete
drying. Completely dried leaves were then pulverized to obtain
powder form, as shown in Figure 4. For the extraction of plant
material, 10 g of pulverized powder was taken in a 500-ml beaker,
followed by the addition of 150 ml of distilled water. It was stirred
on a magnetic stirrer along with heating at 65°C for 45 min,
followed by cooling at room temperature. It was filtered in a 250-
ml conical flask by using Whatman filter paper.

For the green synthesis of MgO nanoparticles, 60 ml of the
plant extract was taken in a 500-ml conical flask and placed on a
magnetic stirrer. A 0.05 M magnesium nitrate hexahydrate
solution was taken in the burette, and it was added drop by
drop into the conical flask containing the extract. The color of the
extract turned yellow. After that, 2 M NaOH was added and the
formation of precipitate occurred rapidly. All the steps were
carried out at 75°C for 1 h and 30 min. By adding sodium
hydroxide, yellow colloidal particles were formed. It was
filtered to extract precipitates, followed by washing with
ethanol. The washed precipitates were placed in the oven for
drying at 110°C for 30 min, followed by calcination in the Muffle
Furnace at 600°C for 3 h. After calcination, white precipitates
were obtained after calcination. The biologically synthesized
nanoparticles were then characterized by spectroscopy
techniques such as XRD, SEM, and EDX. The anti-
inflammatory and antioxidant performances of MgO-
fabricated nanoparticles were evaluated by UV–Vis spectroscopy.

Antioxidant Assessment
Antioxidant Assessment by the DPPH Method
As a standard, 50, 125, 250, and 500 ppm solutions of MgO
nanoparticle and ascorbic acid were produced. To the
aforementioned solution, 4 ml of 0.1 mM methanolic DPPH
solution was added. After mixing the suspension, it was
permitted to rest for 25 min at 26°C. Using methanol as a
blank, the absorbance was observed at 516 nm. As a negative
control, a methanolic DPPH emulsion was utilized. The mean
value was computed after three repetitions of the operation. The
following formula was used to compute the percentage
scavenging of both the standard and the samples:

% Scavenging � [Acontrol − Asample/Acontrol × 100]

where Asample is the absorbance of the sample and A control is the
absorbance of the control.

IC50 was calculated for both the standard (ascorbic acid) and
the sample.

Antioxidant Activity by the Phosphomolybdenum
Method
Following that, a reagent mixture was prepared by combining
16.7 ml H2SO4, 5.3 g of sodium phosphate, and 2.5 g of
ammonium molybdate with 300 and 500 ppm of both MgO
nanoparticle and standard (ascorbic acid). 4 ml reagent
solution was combined with the MgO NP solution and
standard and then maintained at 95°C for 1 h and 30 min
in a water bath with the reagent solution in a distinct vial. Its
absorbance was determined at 695 nm after cooling compared
to a blank of the reagent suspension. The IC50 was determined
for both the standard and the sample, and the results were
compared to see which was more effective against free
radicals: the standard or the MgO nanoparticles. The
following formula was used to determine the percentage
scavenging:

% Scavenging � [Acontrol − Asample/Acontrol × 100]

where Asample is the absorbance of the sample and A control is the
absorbance of the control.

Anti-inflammatory Activity
Sample Preparation
MgO nanoparticles were diluted to 100 and 500 parts per million
in 0.3 ml of egg albumin and 2.9 ml of phosphate-buffered saline
at a pH of 6.4. After 20 min of incubation at 37°C, the mixture was
heated for 6 min at 70°C. DMSO was used as a blank to test the
absorbance after cooling at 660 nm. The following formula was
used to determine protein denaturation inhibition (Dey et al.,
2011; Das et al., 2019):

% Inhibition � 100[Vsample/Vcontrol − 1]

where V is the absorbance,
Vsample is the absorbance of the sample, and
Vcontrol is the absorbance of the control.

Standard Sample Preparation
Diclofenac sodium 100 and 500 ppm solutions were prepared.
After that, 2.9 mL phosphate-buffered saline (pH 6.4) and 0.3 ml
of egg albumin were added, and the mixture was incubated for
20 min at 37°C before being heated for 6 min at 70°C. DMSO was
used as a blank to test the absorbance after cooling at 660 nm. The
following formula was used to compute the percent inhibition of
protein denaturation:

% Inhibition � 100[Vsample/Vcontrol − 1]

where V is the absorbance, Vsample is the absorbance of the
sample, and Vcontrol is the absorbance of the control.

FIGURE 4 | Powder form of Alstonia scholaris.

Frontiers in Materials | www.frontiersin.org April 2022 | Volume 9 | Article 8751634

Shahid et al. Green Nanocomposites

https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


RESULTS AND DISCUSSION

X-Ray Diffraction Analysis
The biologically fabricated MgO NPs were analyzed by XRD
(XRD, Analytical X’PertPro). The graph is plotted between 2θ
and intensity. A powder XRD was performed to analyze the
crystallinity and purity of the sample. The peaks on the graph
were observed at 2θ values of 29.2°, 36.8°, 42.75°, 62.15°, 74.45°,
78.4°, and 93.9°. Some more intense and some less intense peaks
are observed in the XRD pattern. XRD studies confirmed the
crystalline nature of biologically synthesized MgO nanoparticles.
An XRD graph of synthesized MgO nanoparticles is shown in
Figure 5.

The average size of the crystal was 19.57 nm as calculated by
the Debye Scherrer equation (Dz XRD= kλ/βcosθ). Using the
Scherrer formula, the average size of the MgO nanoparticles
was determined as shown in Table 1.

DzXRD � Kλ/β cos θ

where λ is radiation wavelength, k is the constant value equal to
0.9, θ is the angle of deflection, and ß is the peak width (calculated
at half the height of the peak in radian).

Calculation of grain size by XRD data.
Particle size = 0.9λ/βcosθ.
Where β(radian) = θ2-θ1 at full width, half maximum/57.3.

Scanning Electron Microscope Analysis
Figure 6 shows an SEM analysis of the particle size, structure, and
morphology of MgO nanoparticles. The 1120 SEI Scanning
Electron Microscope was used to conduct the study. The
system was set to a 20 kV voltage. The particles ranged in size
from 100 to 150 nm. The particles were nanosized and almost
spherical. The particle distribution was consistent, and the
majority of them were clumped together.

Energy-Dispersive X-Ray Analysis
The sample’s percentage composition and purity were
determined using EDX analysis. The results shown in EDX
spectra Figure 7 reveal that Mg and O are present in the
sample with the highest percentage, which confirms the
formation of MgO nanoparticles.

Antioxidant Performance
Antioxidant Performance by the DPPH
(2,2-Diphenyl-1-picrylhydrazyl) Method
Many diseases such as cancer, diabetes, cardiovascular disorders,
cell toxicity, and arthritis occur due to the accumulation of free
radicals in the body. Free radicals are highly unstable as they have

FIGURE 5 | XRD pattern of MgO nanoparticles.

TABLE 1 | MgO nanoparticles (grain size determination).

Serial. No 2θ θ2-θ1 at
f.w.h.m

β (radians) Grain size
(nm)

Average grain
size (nm)

1 36.8 0.4287 0.0075 19.4 19.57
2 42.75 0.4286 0.0075 19.3
3 62.15 0.43 0.0075 19.2
4 78.4 0.44 0.0077 20.4
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unpaired electrons that cause damage to the cells. Production of
free radicals is a chain reaction as if one radical is produced; it
goes and hits other atoms or molecules. Similarly, an electron is
lost which again becomes a free radical. This free radical then hits
the next molecule to form another radical. In this way, the
reaction continues. Antioxidants are molecules that have
enough stability to donate an electron to form a stable
compound and reduce the harmful effects caused by free
radicals. In this work, the efficiency of biologically fabricated
MgO to act as an antioxidant compound is checked by the DPPH
assay. Usually, the antioxidant present in the sample reacts with
DPPH and reduces it to DPPH-H. The scavenging potential of
the antioxidant compound was examined by the degree of

discoloration. DPPH absorbs strongly at 517 nm and has a
deep purple color. This color changes to pale yellow or
colorless upon reacting with the antioxidant. The results of the
scavenging ability of the standard (ascorbic acid) and biologically
synthesized MgO nanoparticles are listed in Tables 2, 3.

MgO nanoparticles scavenge 22.34, 42.55, 62.76, and 69.14
percent of conventional ascorbic acid at concentrations of 0.05,
0.125, 0.25, and 0.5 mg/ml, respectively, while standard ascorbic
acid scavenges 12.77, 28.94, 36.49, and 46.70 percent at comparable
concentrations. Biologically produced MgO nanoparticles have a
higher proportion of scavenging than normal ascorbic acid. MgO
nanoparticles have a lower IC50 value than other nanoparticles. The
antioxidant potential is higher when the IC50 value is lower. In

FIGURE 6 | SEM images of MgO nanoparticles.

FIGURE 7 | EDX Analysis of MgO Nanoparticles.
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comparison to standard ascorbic acid, the fabricated MgO
nanoparticles have higher antioxidant potential. The assessment
of IC50 values of both the standard (ascorbic acid) and sample
(MgO) nanoparticles is shown in Figure 8.

Phosphomolybdenum Method for Antioxidant Activity
This method is also used to evaluate the scavenging potential of
biologically synthesized MgO nanoparticles. This method involves
the use of phosphomolybdate reagent, which is why it is known as
the phosphomolybdenum assay.When the plant extract is added to
the phosphomolybdate reagent, a change in the solution color is
observed that shows the reduction of phosphomolybdenum. The
percentage of scavenging of both the sample (MgO) nanoparticles
and standard (ascorbic acid) is given in Tables 4, 5.

Ascorbic acid is scavenged up to 44.21 percent at a content of
0.3mg/ml and up to 58.41 percent at a dose of 0.5mg/ml.
Furthermore, at 0.3mg/ml, ascorbic acid had an IC50 of 0.34mg/

ml, and at 0.5mg/ml, it had an IC50 of 0.38mg/ml.MgOnanoparticles
scavenged up to 54.36 percent at 0.31mg/ml and 72.21 percent at
0.5mg/ml. MgO nanoparticles had an IC50 value of 0.28mg/ml at
0.3mg/ml and 0.25mg/ml at 0.5mg/ml. The phosphomolybdenum
technique was used to compare the IC50 values of the standard
(ascorbic acid) and sample (MgO) nanoparticles (Figure 9).

Anti-inflammatory Assessment
The anti-inflammatory assessment of biologically fabricatedMgO
nanoparticles is evaluated to check their ability to reduce
inflammation. The findings were then compared to those of a
common anti-inflammatory medication (diclofenac sodium).
The percentage inhibition of both the standard drug and
MgO nanoparticles is shown in Tables 6, 7. It is observed that
MgO nanoparticles synthesized by the biological method
have a high value of percentage inhibition than standard
diclofenac sodium.

TABLE 2 | Percentage scavenging and IC50 of standard (ascorbic acid).

Concentration mg/mL Absorbance of control Absorbance of standard % Scavenging IC50

0.05 mg/ml 0.940 0.820 12.77 0.20
0.125 mg/ml 0.940 0.668 28.94 0.24
0.25 mg/ml 0.940 0.597 36.49 0.37
0.5 mg/ml 0.940 0.501 46.70 0.51

TABLE 3 | Percentage scavenging and IC50 of MgO nanoparticles.

Concentration mg/mL Absorbance of control The Absorbance of
MgO nanoparticles

% Scavenging IC50

0.05 mg/ml 0.940 0.730 22.34 0.11
0.125 mg/ml 0.940 0.540 42.55 0.15
0.25 mg/ml 0.940 0.350 62.76 0.18
0.5 mg/ml 0.940 0.290 69.14 0.24

FIGURE 8 | Comparison between the IC50 of ascorbic acid and MgO
nanoparticles (NPs).

FIGURE 9 | Comparison between the IC50 of ascorbic acid and MgO
nanoparticles (NPs).
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Diclofenac sodium reduced protein denaturation by up to
10.99% at 0.1 mg/ml and up to 35.37% at 0.5 mg/ml. Diclofenac
sodium has an IC50 of 0.46 mg/ml at 0.1 mg/ml and 0.74 mg/ml at

0.5 mg/ml. MgO nanoparticles reduced protein denaturation up
to 29.51 percent at a concentration of 0.1 mg/ml and up to 76.59
percent at a concentration of 0.5 mg/ml. MgO nanoparticles had
an IC50 of 0.17 mg/ml at 0.1 mg/ml and 0.27 mg/ml at 0.5 mg/ml.
Figure 10 shows the IC50 values of the standard (diclofenac
sodium) and sample (MgO) nanoparticles.

CONCLUSION

Utilizing a leaf decoction of Alstonia scholaris, magnesium oxide
nanoparticles were effectively produced using a green method
and were then used to evaluate the anti-inflammatory and
antioxidant potential of these MgO NPs. MgO nanoparticles
displayed a spherical shape in SEM pictures and had an
average crystallite size of 19.57 nm in XRD analyses. The anti-
inflammatory activity of MgO nanoparticles was performed by
using diclofenac sodium as a standard. The percentage inhibition
was calculated, and it was observed that bio-inspired MgO NPs
showed 76.59% inhibition, while at the similar concentration
standard (diclofenac sodium), they showed 35.37% inhibition.
Antioxidant activity was checked by two different methods, that
is, DPPH and the phosphomolybdenum method. By increasing
concentration, the percentage scavenging of both standards and

TABLE 4 | Percentage scavenging and IC50 value of the standard (ascorbic acid).

Concentration mg/mL Absorbance of control Absorbance
of ascorbic acid

% Scavenging IC50

0.3 mg/ml 0.493 0.275 44.22 0.34
0.5 mg/ml 0.493 0.205 58.42 0.38

TABLE 5 | Percentage scavenging and IC50 value of sample (MgO) nanoparticles.

Concentration mg/mL Absorbance of control Absorbance of MgO
nanoparticles

% Scavenging IC50

0.3 mg/ml 0.493 0.225 54.36 0.28
0.5 mg/ml 0.493 0.137 72.21 0.25

TABLE 6 | Percentage inhibition and IC50 of standard (diclofenac sodium).

Concentration mg/mL Absorbance of control Absorbance of diclofenac
sodium

% Inhibition IC50

0.1 mg/ml 0.410 0.455 10.98 0.46
0.5 mg/ml 0.410 0.555 35.37 0.74

TABLE 7 | Percentage inhibition and IC50 of sample (MgO) nanoparticles.

Concentration mg/mL Absorbance of control Absorbance of MgO
nanoparticles

% Inhibition IC50

0.1 mg/ml 0.410 0.531 29.51 0.17
0.5 mg/ml 0.410 0.724 76.59 0.27

FIGURE 10 | Comparison between the IC50 of diclofenac sodium and
MgO nanoparticles (NPs).
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of MgO nanoparticles increased. The biologically synthesized
MgO NPs showed a scavenging potential of 69.14%, while at a
similar concentration, ascorbic acid showed a 46.70% scavenging
potential. In both methods, MgO nanoparticles showed more
scavenging of free radicals than standard ascorbic acid, so MgO
nanoparticles can be used as an effective antioxidant.
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