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Abstract: The current research is concerned with the synthesis of magnesium oxide (MgO) nanoparti-
cles (NPs) from Abrus precatorius L. bark extract via the green chemistry method. The synthesized
MgO NPs was confirmed by using several characterization methods like XRD, FTIR, SEM, TEM, and
UV-visible analysis. The synthesized MgO NPs displayed a small particle size along with a specific
surface area. Abrus precatorius bark synthesized MgO NPs with a higher ratio of dye degradation,
and antioxidant activity showed a higher percentage of free radical scavenging in synthesized MgO
NPs. Zebrafish embryos were used as a model organism to assess the toxicity of the obtained MgO
nanoparticles, and the results concluded that the MgO NPs were nontoxic. In addition, the anticancer
properties of MgO nanoparticles were analyzed by using a human melanoma cancer cell line (A375)
via MTT, XTT, NRU, and LDH assessment. MgO NPs treated a human melanoma cancer cell line
and resulted in apoptosis and necrosis based on the concentration, which was confirmed through a
genotoxicity assay. Moreover, the molecular mechanisms in necrosis and apoptosis were conferred to
depict the association of magnesium oxide nanoparticles with the human melanoma cancer cell line.
The current study on MgO NPs showed a broad-scope understanding of the use of these nanoparticles
as a medicinal drug for melanoma cancer via its physiological mechanism and also a novel route to
obtain MgO NPs by using the green chemistry method.

Keywords: Abrus precatorius; MgO nanoparticles; biomedical engineering; cytotoxicity; genotoxicity;
protein signaling pathways

1. Introduction

Cancer is the most obvious form of fetal disease because the cell grows uncontrollably.
Melanoma is the third-most important type of skin cancer, following basal and squamous
cell cancer. This type of cancer might originate from melanocytes, cells that are esoteric
in the manufacture of the pigment melanin and that are subject to the color of the hair,
skin, and eyes [1]. The majority of melanoma is black or brown in color, though other
colors can appear. UV rays and skin phenotype were the two most important factors in

Bioengineering 2023, 10, 302. https:/ /doi.org/10.3390/bioengineering10030302

https://www.mdpi.com/journal /bioengineering


https://doi.org/10.3390/bioengineering10030302
https://doi.org/10.3390/bioengineering10030302
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/bioengineering
https://www.mdpi.com
https://orcid.org/0000-0001-6025-1950
https://orcid.org/0000-0002-1914-6451
https://orcid.org/0000-0002-7403-7960
https://orcid.org/0000-0003-0986-5484
https://orcid.org/0000-0002-5388-5813
https://doi.org/10.3390/bioengineering10030302
https://www.mdpi.com/journal/bioengineering
https://www.mdpi.com/article/10.3390/bioengineering10030302?type=check_update&version=1

Bioengineering 2023, 10, 302

2 of 20

the development of melanoma. Then the UV revelation shows the most likely alterable
peril, and because of this, it has gained much more interest. Melanoma cancer can affect
all types of skin and can be treated by removing the patient’s genetic background [2].
Almost 10% of patients are likely affected by the family origin of melanoma. Nowadays,
a sequence of genes bearing melanoma preremoval mutations has been determined, but
it is believed that other conductive genes are still to be identified. Each year there is a
higher ratio of casualties because of some types of cancer, and in the majority of cases,
targetable therapeutic substances still need to be identified [3]. Cancer therapies like
radiotherapy, surgery, and chemotherapy are currently used for medicinal purposes. This
therapy has different problems and also includes some restrictions. To overcome such
problems, synthesized MgO NPs are manufactured, and they have shown potential effects
in cancer treatment [4].

The nanotechnology field has attracted many researchers due to its broad range of
applications. This field has technology combined in synthesis, characterization, and the
creation of implementations from the manufactured particles, which is a minimum of one
dimension on the nanoscale. Nanoparticles are structural constituents on the scale between
1- and 100-nm particles [5]. Magnesium oxide nanoparticles are attracting more interest
compared with other metal oxide nanoparticles. They are effectively used in several areas,
and they have interesting structural particles in biological applications because of their
increased stability-to-weight ratio, less witness, better properties, are recyclable, nontoxic,
and are hygroscopic in nature. These properties of MgO NPs enhance the activity and also
have several applications like an increase in melting point, high cost, biocatalytic properties,
and biocompatibility [6,7]. MgO NPs have a broad scope of implementation in the medicinal
field, especially bone regrowth for antibacterial and antimicrobial suppression. They are
also applied in cryoinjury. Based on this, it was used in the absorption of uranium ions,
catalysis, lithium-ion powers, and excretion of toxic waste [8].

Until now, there has been a variety of approaches used for the synthesis of MgO NPs,
like combustion, sonochemical, spray pyrolysis, and coprecipitation approaches. All of the
abovementioned methods require toxic chemicals, costly instruments, and time-consuming
processes. In order to overcome these difficulties, an alternative route of green chemistry
approaches is used for the obtaining of magnesium oxide NPs [9,10]. Recently, there have
been various biomediated materials used for green syntheses, such as bacteria, fungi,
enzymes, and plants [11]. Compared with these diverse materials, plants have rich sources
of active metabolites, are ecofriendly, are available in large quantities, and can be used for
the large-scale formation of nanomaterials [12,13].

Abrus precatorius, known as the Fabaceae family and locally as a jequirity bean or
rosary pea, was an herbaceous flowering plant in the bean family [13]. It is a slender,
perennial climber, and its long, pinnately leafed leaves are double-surrounded by trees.
This plant’s leaves are used for various medicinal applications. This plant is marked as
an Indian medical codex. This plant contains flavonoids and titerpines, which are the
main phytochemical agents [14]. Abrus precatorius extract is traditionally applied to cure
tetanus and inhibit rabies. The whole plant is used in various medicinal implementations
to cure scratches, sores, and wounds. The plant’s leaves are used to treat coughs, fevers,
and colds. Due to the medicinal properties of this plant, we have used it for the synthesis
of MgO NPs. Hence, this plant was used for the treatment of liver disease, worm infection,
and blisters [15]. Therefore, we have made an alternative route to identify the application
of A. precatorius-mediated synthesized MgO NPs. The present research was intended to
synthesize MgO NPs via A. precatorius bark leaf extract to analyze the prospective of ap-
plying MgO NPs as an anticancer medicine and also examine the toxicity of MgO NPs via
zebrafish eggs. In addition, the antioxidant, photocatalytic, cytotoxicity, genotoxicity, intra-
cellular ROS, and cellular mechanisms of MgO NPs are also analyzed through the human
melanoma cancer cell line (A375) to confirm MgO NPs as an efficient anticancer medicine.
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2. Materials and Methods
2.1. Sample Preparation

The young bark of Abrus precatorius L. was collected from the rainforest of the An-
daman and Nicobar Islands, India, of latitude 11.9761° N and longitude 92.9876° E. The
obtained bark of A. precatorius was allowed to be shade-dried for 10 days at 37 °C. Con-
tinuing to dry reactions, the plant bark was completely washed with DD H,O in order to
eliminate dust materials. A total of 10 g of the dried powder was diluted with the help of
100 mL and then the diluted suspension was exposed to a heating process under a hot plate
(80 °C) for 3 h. After completion of the heating process, the bark extract was filtered via
Whatman No. 1. Then the suspension was stored at 4 °C for further analysis [16].

2.2. Synthesis of MgO NPs

Green chemistry was used to create magnesium oxide nanoparticles from A. preca-
torius bark extract. The hydroxyl and carbonyl groups acted as stabilizing and reducing
substances and were used as coprecipitation agents for synthesizing MgO NPs. A total of
10 mL of 0.1 M Mg(NO3), was added to 40 mL of A. precatorius aqueous bark and stirred
continuously for 45 min. Following that, 6.0 mL of 0.2 M NaOH was added drop by drop to
the mixture suspension to form a visible precipitate. Furthermore, the solution was allowed
to remain at 25 + 3 °C. Then the precipitates were washed three times with the help of
DD water, and the dried precipitate was calcinated at 873 K for 4 h to obtain a fine pure
powder [17].

2.3. Characterization of MgO NPs

The obtained fine form of powder was allowed for confirmation process by using
different characterization techniques for the determination of the nanoparticle’s physico-
chemical constituents like size, structure, shape, and purity. The X-ray diffraction method
(XRD) (Difray, Leninskiy, Russia) was applied for crystal structure identification, via CuKo
(A = 1.542 A), the intent for the formation of X-ray analyzed at 40 kV and 30 mA along with
scan-step of 0.02° in between 10 and 80° (293 K). Fourier transform infrared spectroscopy
(FTIR) analysis of MgO NPs was identified by using an FTIR spectrometer (Spectrum 100,
Perkin Elmer, Waltham, MA, USA) [18]. The frequency scale of 400—4000 cm~! was used
to analyze the magnification of 4 cm~! at 25 4 3 °C, which was applied to determine
the functional properties formed in the sample. Scanning electron microscope-coupled
energy-dispersive X-ray spectroscopy was implemented to determine the shape of elemen-
tal components by analyzing samples on higher power X-ray (Tescan Vega 3, (TESCAN,
Brono-Kohoutovice, Czech Republic) with SDD—XMAS, Tokyo, Japan). A total of 0.001
g of MgO NPs was diluted into 10 mL of ethanol then the suspension was maintained
under sonication for 30 min. After the sonication, the diluted suspension was kept under
a carbon tube that was enabled with an SEM holder. Then the drop of the sample was
thoroughly dried and the sample was analyzed by maintaining the power of 10 kV [19].
The size and shape of the A. precatorius bark extract-mediated obtained MgO NPs were
analyzed via transmission electron microscope JEOL (TEM, JEM-2010, JEOL, Tokyo, Japan).
A total of 0.03 g of synthesized MgO NPs was diluted in distilled water after the solution
was sonicated for 10 min. We added a single drop of nanoparticle solution onto a carbon-
coated copper grid, and then dried at room temperature. Furthermore, it was allowed
for imaging of the obtained sample. The absorption wavelength was analyzed through
the exposure of synthesized MgO NPs by using a UV-Vis spectrophotometer (Cary 8454;
Agilent Technologies, Singapore), which was analyzed by using the visible and infrared
frequency range of 180-800 nm [20].

2.4. Photocatalytic Activity

The photocatalytic activity was evaluated by diluting the Abrus precatorius L. bark
extract of synthesized MgO NPs (20, 40, 60, 80, 100, and 120 ug/mL) in methylene blue
(MB) dye (Himedia, Mumbeai, India). In this assay, the MgO NPs 5 g/L was dispersed
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on 30 mg/L methylene blue dye and the suspension solution was nourished with pH 7.
Afterward, the solution was subjected to the agitation process with the help of a magnetic
stirrer for homogenous formation under a cubic UV chamber followed by constant UV
irradiation at 40 W. The photocatalytic activity was evaluated by 1 mL of the homogenous
sample intensity wavelength determined at (A) 665 nm, and the untreated methylene blue
sample alone was used as the control sample [21]. The catalytic ratio of methylene blue
was analyzed by initial and end absorption via the equation mentioned below,

In (C/Cp) = —kt,

whereas starting and end absorbance was marked as C and Cy, k depicts as the catalytic
ratio of MB and t was marked as time [22].

2.5. Antioxidant Activity

The antioxidant activity was analyzed via 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay. For this assay, various ratios (20, 40, 60, 80, 100 and 120 nug/mL) of MgO NPs
mixed with H,O were used in a dose-mediated reaction. The obtained magnesium oxide
nanoparticles sample was dispersed to various ratios, and then the suspension sample was
moved into vials. A total of 3 mL of DPPH solution was mixed with MgO NPs, and the
mixed suspension was noted as a test sample, whereas the DPPH solution was marked
as a control sample, and then the suspension samples were kept for incubation for about
30 min at 27 °C. Then the supernatant was procured via the centrifugation process at
10,000 rpm for 3 min [23,24]. The absorbance frequency was evaluated via UV visible
spectrophotometer, and the amount of free radical and maximum solidity was measured
through the following equation:

Absorption x Test absorption

100
DPPH percentage = Control .

Antioxidant activity (%) =

This equation shows that CA was noted as control absorbance and TA was noted as
test absorbance.

2.6. Evaluation of in Vitro Toxicity

A. precatorius bark extract of obtained magnesium oxide NPs toxicity was determined
by using zebrafish embryos. Various ratios of magnesium oxide nanoparticles were exposed
to measure the mortality percentage in zebrafish under a marked time period and the
unexposed embryos were marked as control. Based on the OECD-203 protocol, the toxicity
was evaluated by using 30 marked zebrafish eggs at various ratios (control, 20, 40, 60, 80,
100 and 120 pg/mL) of MgO NPs in Hank’s solution. Then, the embryos were moved to
respective wells for the development of the eyes, tail, and head. This was done by using a
microscope at 40 x in 24 h time duration. In this assay, the H,O is maintained at a sustained
temperature. The mortality and viable embryos were measured for each 24-h time duration
to excrete impurity on the suspension. The mortality of hatched embryos was evaluated
for 24 h [25].

2.7. Cytotoxicity Evaluation
2.7.1. MTT Assay

The cytotoxicity of obtained MgO nanoparticles was analyzed by using a human
melanoma cancer cell line (A375) depending on the intake of tetrazolium salts, i.e., 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetraazolium bromide with different concentrations of
the synthesized MgO NPs (control, 20, 40, 60, 80, 100 and 120 pug/mL). For the assay, cells
were transferred to 96-well plates, and the cells were subjected to development in the
incubator (5% CO,) for 48 h. Then 100 mL of DMSO solution were transferred to each
well, and then the well was kept under incubation for 48 h. Additionally, 100 uL of MTT
solution was transferred to each well and then kept for 2 h incubation, and then the viable
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and mortality cells were determined. The mitochondria of the cells included succinate
dehydrogenase and mitochondrial enzyme (NADPH) that converts the yellow MTT salt to
purple insoluble formazan because of the tetrazolium ring damage [26]. The ratio of purple
MTT was determined via spectrophotometer at 570 nm, and the percentage of mortality
cells was evaluated through the following equation:

Absorption of control wells — Absorption of test wells

MTT % =
’ Absorption of control wells

x 100

2.7.2. XTT Assay

A (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[ (phenylamino) carbonyl]-2H-tetrazolium
hydroxide) XTT test was analyzed to prove the cytotoxicity of synthesized MgO NPs toward
the human melanoma cancer cell line (A375). In this study, the cells were exposed to MgO
NPs at different concentrations of control, 20, 40, 60, 80, 100 and 120 pg/mL for various
time intervals. The cells were made in accordance with the accrual of XTT salt, and the ratio
of XTT damage via the mitochondria of the viable cells resulted in the formation of soluble
formazan, which was applied to evaluate the ratio of the viable cells. The total amount of
formazan that appears on the sample suspension was evaluated spectrophotometrically at
an absorption frequency of 450 nm [27].

2.7.3. Neutral Red Uptake (NRU)

Neutral red uptake (NRU) assay, human melanoma cancer cell line (A375) cells were
exposed to various ratios of control, 20, 40, 60, 80, 100, and 120 pg/mL synthesized MgO
NPs at different time intervals in 96-well plates. Continuing to the incubation time, the A375
cells were treated to a neutral red dye suspension along with 100 uL of NRU (50 pg/mL)
and then the serum-free medium was diluted. Afterward, the cells were washed through
PBS and the dead intake cells were also diluted in 200 pL for a constant solution. The ratio
of intake neutral red through A375 effectively showed the amount of live cells [28].

2.7.4. Lactase Dehydrogenase Release Assay

Lactase dehydrogenase (LDH) breakage or excretion due to the synthesized MgO
NPs was evaluated with help of an LDH kit. The membrane stability of the cells after
the treatment to different ratios of synthesized MgO NPs (control, 20, 40, 60, 80, 100, and
120 pg/mL) was determined by analyzing the ratio of LDH elimination. In this assay, 10 pL
of the collected supernatant solution was dispersed to HBBS solution at different time
periods in order to avoid impurities of phenyl red and FES suspension in culture media.
The 100 mL of freshly prepared solution was moved into the separate wells and then placed
in an incubation chamber under dark conditions for 30 min. Then 50 mL of 1N HCL was
added to the reaction that catalyzes the lactate into pyruvate with immediate reaction to
the NAD+ to NADH. The transformation of NAD+ was evaluated by absorption frequency
at 340 nm. Unexposed cells were used as a control sample. For the highest elimination of
LDH assessment, the cell was treated with 1% Triton X-100 for 1 h prior to the assessment
and the higher amount of NAD+ reduction was calculated via UV spectrophotometer [29].

2.8. Genotoxic Evaluation
Comet Assay

The human melanoma cancer cell line (A375) was treated with different ratios of
synthesized MgO NPs (Control, 20, 40, 60, 80, 100, and 120 pug/mL). The cells also treated
with 3 ug/mL of H,O, (hydrogen peroxide) were noted as a positive control sample, and
untreated cells were noted as a negative control sample. Afterward, the cells were kept for
incubation reaction for about 4 h and the incubated cells were washed with the help of cold
PBS solution along with the trypsin-EDTA. The cells were admitted to the centrifugation
process at 1500 rpm for 10 min. For the evaluation, 50 cells from each ratio were selected
blindly, and the cells were viewed in 400 x resolution power by using analyzing instrument
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(C omet 4.0 which is coupled with a fluorescence microscope connected to a CCD camera).
The total amount of DNA damage and olive tail migration was mentioned as a criterion for
the determination of the maximum tail DNA in every cell. The entire assay was reperformed
three times to analyze the dose dependency [29].

2.9. Oxidative Stress Parameters
2.9.1. Determination of ROS

Human melanoma cancer cell lines (A375) were added to a 96-well plate along with
the different ratios of 10 cells /well. After the cells were exposed to different concentrations
of synthesized MgO NPs (control, 20, 40, 60, 80, 100, and 120 ng/mL) and the treated cells
were kept for 6 h incubation. The MgO NPs treated cells were rinsed by using phosphate
saline solution and then incubated via 20 um (2,7-dichlorofluorescein diacetate) DCFDA
dye for 1 h at 27 °C. Continuing the reaction process, the 200-uL phosphate saline solution
was added, and then the fluorescence frequency was evaluated at 528 and 485 nm [30].

2.9.2. Measurement of Lipid Peroxidation

Human melanoma cancer cell lines (A375) were transferred to a 96-well plate, and the
fresh cells in the ratio of 10 cells/well. Then the cells were allowed to grow in the plate
and the cells were exposed to various ratios of obtained MgO NPs (control, 20, 40, 60, 80,
100 and 120 pg/mL) and incubated for 6 h. The treated cells were chilled with the help of
PBS solution, and then the cells were rinsed with PBS solution for 10 min at 1500 rpm at 4 °C.
The attained cells were sonicated at 15 W to procure the lysis cell. Then the lysate cells were
filtered by lipid hydroperoxide and then mixed with the chloroform. The end suspension
was exposed to ferrous ions to attain the ferric ions. The ferric ions were analyzed by using
spectrophotometry at the absorption frequency of 500 nm by thiocyanatechemogen, with
standard 13-HpODE solution [31].

2.10. Antibacterial Activity

Antibacterial activity was performed against human bacterial disease-generating
pathogens such as Gram-positive bacteria, namely S. epidermidis MTCC 2639, B. subtilis
MTCC 1133, and Gram-negative bacteria such as P. aeruginosa MTCC 2582 and E. coli MTCC
1692, applied on this study. The nutrient broth was procured and kept for the sterilization
process. The human bacterial pathogens was inoculated separately and then the sample
was incubated at 37 °C for 8 h to obtain fresh bacterial inoculums separately. The Kirby—
Bauer disk diffusion assessment was used in this activity. Each bacterial sample was spread
over the Muller-Hinton agar plates. The plates containing disks of 5-mm width were added
on with respective NPs disk A (Control), disk B (MgO NPs in various concentrations 20,
40, 60, 80, 100, and 120 ng/mL), disk C (leaf extract), and disk D (standard antibiotics).
Then, all the plates were incubated at 37 °C for 24 h, and the results were noted as a zone
of inhibition [32].

3. Results
3.1. Synthesis and Physico-Chemical Characterization of MgO NPs

The phytochemical constituents that appear in the A. precatorius bark were identified as
a useful substance for obtaining MgO NPs. The aqueous magnesium ions were treated with
A. precatorius extract and were reduced, and magnesium oxide nanoparticles formed [33].
The synthesis mechanism of MgO NPs concluded through the obtained solution from
brownish to dark brownish-red precipitation was revealed in Figure 1. The precipitated
solution was heated to 80 °C for 3 h to attain MgO NPs. Figure 2A XRD spectrum of
synthesized MgO NPs showed the presence of a sharp frequency: ~18.59° (101), ~38.04°
(200), ~50.95° (220), ~62.04° (103), and ~72.44° (311).
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Figure 1. Schematic representation of the method adopted for the green synthesis of MgO nanoparticles.
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Figure 2. Characterization of MgO nanoparticles. (A) XRD, (B) FTIR spectrum, and (C,D) SEM
images under different magnifications.

The obtained XRD spectrum matched with the JCPDS file no. 076-0704 concluded
that the particles were developed with a hexagonal, tightly packed structure (hcp), which
confirmed the particles are crystalline in nature [34]. The FTIR absorption frequency, re-
spective to the synthesized MgO NPs, was depicted in Figure 2B. The IR spectrum depicted
the wavenumber at 573, 661, 1065, 1391, 1610, 2042, 2367, 2824, 3279, and 3416 cm ™1, corre-
spondingly. Alcohol and phenol compounds of O-H stretching were deduced from the
wavelength spectrum depicted at 3279 and 3416 cm . In addition, the absorption spectrum
from the wavenumber at 2824, 2367, 2042, 1610, and 1391 cm ! showed the presence of
C-H stretch, C=C stretch, and C=0 band, due to the presence of phenol, alkynes molecules,
and amide group, which has biological roles including defense responses, antitumor, and
ripening fruits [35]. Moreover, a similar IR spectrum at 1065, 661, and 573 cm ™! reveals
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C-N stretching, C-Cl halogen compounds, and C-Br stretching of proteins and alkyl halides.
FTIR spectrum shows the formation of dust, which might be because of the functional
compounds of phytochemicals or because of the intake of moisture content. However, the
closer results of moisture intake appeared in published data.

Figure 2C,D depicts that the A. precatorius-associated green synthesis of MgO nanopar-
ticles of SEM pictures concludes irregular agglomerate shape with the size scale of 100 nm.
The magnesium oxide nanoparticle’s shape was determined via transmission electron mi-
croscopy (TEM), which provides clear details about the shape of the obtained nanoparticles.
Figure 3A,B depicts that the obtained MgO nanoparticles have an agglomerate shape in the
scale of 100-200 nm along with uniform particle distribution. The absorbance spectrum
of the synthesized MgO NPs might be seen at 272 nm (Figure 3C), and the absorption
wavelength of the MgO NPs was matched with the published data for confirmation [36].

1.0 <

0.5+

Absorbance (OD)

0'0 LJ Ld Ld Ld
200 300 400 500 600 700
Wavenumber (nm)

Figure 3. (A,B) TEM images under different resolutions and (C) UV-Vis spectrum.

3.2. Photocatalytic Activity

For this study, methylene blue was used as an environmental contaminating agent
to evaluate the property of MgO NPs to eliminate the contaminants that appear in the
wastewater for analyzing the environmental uses. Based on Figure 4A the synthesized
MgO NPs revealed 30.89% photocatalytic degradation at (20 ug/mL) lower concentration
whereas the higher concentration (120 ug/mL) revealed 96.78% for 120 min. From the
results, the synthesized MgO NPs not only revealed a higher amount of photocatalytic
degradation but also showed dose-dependent activity.
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Figure 4. (A) Methylene blue dye degradation activity of MgO NPs, (B) Kinetic study of
photo—catalytic activity of MgO NPs.

Figure 4A shows that the photocatalytic degradation of MB by synthesized MgO
NPs directly revealed the sample’s spectral absorbance. The untreated MgO NPs and
MB were marked as controls, and no changes were observed. Figure 4B concluded that
the photocatalytic activity of synthesized MgO NPs through a plot of A°/A against time
and rate constant, half-life, and R? to be 9589 min—!, 40.29 min and 0.9989 in 40 pg/mL
ratio, effectively [22,37]. The synthesized MgO NPs revealed better photocatalytic activity
by direct means of the degradation of MB, which acts as a catalyst. The mechanism of
photocatalytic degradation happens in the system. In the prior stage, the presence of UV
light causes the MgO NPs to strongly rupture the MB via electron-hole pair development
that induces the conduction band and valence band gap, which leads to coupling with
the synthesized MgO NPs exterior. The electron-hole pair development captures the MB
dye by developing reactive intermediates via oxidation. The presence of diluted oxygen
causes the formation of O, via synthesized MgO NPs electrons after its conversion to
hydrogen peroxide to hydroxyl radical. Through decomposed H,O, the increased electron-
hole pair and induced oxidative ability generate an increased hydroxyl radical [38]. The
vacant oxygen species of active electron acceptors hold the light-stimulated electrons on
the exterior of photocatalytic degradation, which converts O, to O, in the exterior radical
of OH— band change dye. The degradation mechanism happens in the systems. The
energy of the valence band and conduction band is clearly known from the surface of MgO
NPs. The entire mechanism happens on the surface of synthesized nanoparticles, and the
catalysis happens in the formation of hydroxyl radicals, which results in the stimulation of
methylene blue degradation, as illustrated in Figure 4A,B.

3.3. Antioxidant Activity

The free radical scavenging percentage of synthesized MgO NPs was assessed via
the DPPH assay, and the assay depended on the time and concentration of the reaction.
The synthesized MgO NPs free radical scavenging was depicted in Figure 5 and Table 1.
The obtained results showed that the low concentration (20 ug/mL) revealed 15.8% and
the increased ratio (120 pg/mL) revealed 65.93% free radical scavenging, whereas the
standard ascorbic acid concentration (20 ng/mL) revealed 11.66% and the increased ratio
(120 pg/mL) revealed 60.86% free radical scavenging. Compared to ascorbic acid, the
synthesized MgO NPs showed a better percentage of free radical scavenging. Because of
the particle’s colloidal futures and exterior characteristic nature, the synthesized MgO NPs
produced better results [39].
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Figure 5. Antioxidant properties of Abrus precatorius bark-mediated synthesized MgO NPs and
ascorbic acid.

Table 1. Antioxidant activity of synthesized MgO NPs synthesized from Abrus precatorius bark extract.

Antioxidant (%)

Concentration (ug/mlL) Percentage of DPPH Inhibition (Absorbance 517 nm)
Ascorbic Acid MgO NPs
20 11.66 15.8
40 19.93 32.33
60 32.33 43.16
80 38.16 46.2
100 51.00 56.06
120 60.86 65.93

3.4. In Vitro Toxicity

The various concentrations of obtained MgO NPs dispersed in Hank’s suspension for
the study of in vitro toxicity assessment. The selected zebrafish eggs were applied for a
toxicity assay depending on mortality and viable eggs after the exposure of nanoparticles.
Figure 6a depicted that the synthesized MgO NPs exposed eggs and matured eggs in
24 and 48 hpf seemed under 40 x resolution via light microscope.

Figure 6b depicts that the synthesized nanoparticles reveal a 1.7% death rate at
20 ng/mL, whereas a 60 ng/mL concentration showed a 3.9% death rate. Then 72-h
treated eggs were viewed under a microscope for visual observation of tail, head, and
eye formation and deformation, whereas at 92-h and 120-h treated eggs, the majority of
eggs were hatched because of nanoparticle-influenced development in zebrafish eggs.
Figure 6a,b reveals that at the prior stage, the egg development and toxicological effects of
synthesized MgO NPs seemed to be very low.

Figure 6b and Table 2 show that the synthesized MgO NPs showed no toxicological
properties in the treated zebrafish eggs [25]. The results confirmed that a few synthesized
MgO NPs exposed eggs showed delayed hatching during the earlier period of exposure.
The obtained results from the zebrafish toxicological assay confirmed that no toxicity
was observed in higher ratios of 100 and 200 pg/mL, which revealed a prior embryonic
period and retard hatching. The retardation in the hatching period might be because of the
adaptation of eggs for hatching; moreover, it is not showing any toxic effects; therefore the
synthesized MgO NPs are nontoxic in nature. The in vitro toxicity study of zebrafish reveals
less toxicological results concluded from reported data [36]. However, the synthesized
MgO NPs is one of the essential steps for the utilization of biomedicine and are applied
because of their biocompatibility.
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Figure 6. (a). Images representing the zebrafish embryos with hours postfertilization (hpf) (A) Control
after 24 hpf. (B) MgO nanoparticles treated after 24 hpf (20 ug/mL). (C) MgO nanoparticles treated
after 24 hpf (120 ug/mL). (D) Control after 48 hpf. (E) MgO nanoparticles treated after 48 hpf
(20 ug/mL). (F) MgO nanoparticles treated after 48 hpf (120 pug/mL). (G) Control after 72 hpf.
(H) MgO nanoparticles treated after 72 hpf (20 pg/mL). (I) MgO nanoparticles treated after 72 hpf
(120 pg/mL). (b). Bar graph represents the mortality percentage of prepared MgO nanoparticles with
respect to time and concentration.

Table 2. In vitro toxicity assay of zebrafish death percentage, A. precatorius bark extract synthesized
MgO NPs against various time and dosage manner.

Concentration Mortality (%)

(ug/mL) 24h 48 h 72h 9 h 120 h
Control 02402 02404 03+05 06406 01-+04
MgO NPs 20 12404 15403 17404 154+05 00+£05
40 01406 13402 28404 14409 00404
60 1.0+03 18404 39+01 15+03 00402
80 014+03 15+08 16403 10+02 00+04
100 02405 06407 13402 09401 0001

120 01£07 02+£03 10+08 06=£05 00+03
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3.5. Cytotoxic Evaluation
3.5.1. MTT Assay

MTT assessment was implemented to determine the cell viability of A375 human
melanoma cancer cells via cellular-mediated activity. Figure 7 depicts that the initial
concentration at 20 pg/mL shows 96.09% of cell reduction in 6 h, whereas at 120 g/mL, it
shows 89.09% of cell reduction in MTT. In increased time and concentration, the synthesized
MgO NPs at 20 ug/mL reveal 49.89% cell reduction, whereas at a higher concentration of
120 ug/mL, a higher ratio of cell reduction is observed, up to 20.18% in 24 h. The obtained
results show the dose-mediated activities of the obtained magnesium oxide nanoparticles
toward the A375 melanoma cancer cell line. Figure 6a revealed the percentage of MTT
cell reduction due to cell mortality through the treatment of synthesized MgO NPs on the
A375 cell line, which is based on time-mediated activity. For confirmation, the procured
results were matched with published data. Therefore, the synthesized magnesium oxide
nanoparticles most effectively target the cancer cell, and the closer results are mentioned in
published data [40,41].
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=
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Figure 7. Cell viability of MgO nanoparticles as analyzed by MTT assay.

3.5.2. XTT Assay

The XTT assay was a closer version of the MTT assessment where the cell viability was
evaluated via XTT salt breakage into XTT formazan via mitochondrial enzymes and the al-
teration due to the cell viability using calorimetrically. Figure 8 reveals that the synthesized
MgO NPs show ratio and time-related cytotoxic effects on the human melanoma cancer
cell line (A375) [42]. From the obtained results, a 20 pg/mL concentration showed 94.89%
percentage of XTT salt-reduction whereas a 120 pg/mL concentration shows a higher ratio
of XTT salt reduction up to 86.67% in 6 h. Based on the result at lower concentrations, the
synthesized MgO NPs does not show a higher percentage of cell reduction compared with
increased concentration. The 24-h treated sample shows 39.80% salt reduction at 20 pug/mL,
whereas the 120 ug/mL sample shows 17.01% cell reduction inferring that the properties of
obtained magnesium oxide nanoparticles are confirmed dose- and time-mediated reaction.
Hence, the obtained results concluded that the obtained magnesium oxide nanoparticles
have eventually proved targeted activity against cancer cells, which does not affect normal
cells in the body. Stimulated activity and cell reduction of obtained nanoparticles was
confirmed via previously published data [43]. The cell mortality of the human melanoma
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cancer cell line (A375) might be related to the aggregation of obtained MgO NPs on the cell
leading to oxidative stress-mediated apoptosis.

=2}
=
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Concentrations of MgO NPs (pg/ml)

Figure 8. Cell viability of MgO nanoparticles as analyzed by XTT assay.

3.5.3. NRU Assay

The NRU assay is utilized to determine the cytotoxic properties of the synthesized
MgO NPs in human melanoma cancer cell lines by analyzing the concentration of live
cells. When the live cells are exposed to the neutral red dye, the dye gets patched to the
surface of the lysosome due to the various pH levels between the intracellular cytoplasm
and lysosome. The viability of the cells is determined by the uptake of neutral red dye in
the cell [35,44]. Figure 9 reveals that the NRU was also a concentration- and time-mediated
activity. A 20 pg/mL sample exposed to A375 cells reveals 96.79% of neutral red dye
absorbed, whereas a higher ratio of 120 nug/mL shows 88.89% of NRU reduction in 6 h.
As a result, the 24-h treated sample at 20 pg/mL shows 37.81% cell reduction, whereas
the increased concentration of 120 pg/mL shows 20.98% cell reduction, and the results
confirmed the higher percentage of cell reduction. Effectively, the NRU results show that
the MTT and XTT studies are much more similar to each other. This suggests that both
assays, namely mitochondrial breakage and lysosomal breakage, are part of the same path
that leads to cell death [45].

3.5.4. LDH Release Assay

LDH excretion assessment is a class of cytotoxic assessment in which cell membrane
breakage and excretion of lactase dehydrogenase in culture media are analyzed to conclude
cell mortality. Compared with previous studies, the LDH excretion assessment depicts
effective results. Figure 10 shows that the lower concentration at 20 pg/mL shows no
excretion of LDH in the media, whereas the higher ratio at 120 ng/mL depicts 65% of LDH
excretion in the media. The total percentage of LDH excretion was directly mediated by the
ratio of cell formation.
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Figure 9. Cell viability of MgO nanoparticles as analyzed by NRU assay.
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Figure 10. Cell viability of MgO nanoparticles as analyzed by LDH release assay.

The LDH assessment related that the cell death due to the suppression of membrane
solidity was effectively noted as necrosis. When the cells are exposed to the increased ratio
of synthesized MgO NPs, it enhances the oxidative stress inside the cell, which leads to
impediments to the membrane’s stability. The release of LDH into the culture medium
speeds up the process of changing NADP to NADPH or lactate to pyruvate [46].

3.6. Genotoxic Assay
Comet Assay

The comet assay is an improved and ideal assay for genotoxicity caused by chemogens
in cells. This test was used to determine the total tail length and also the distortion and non-
formed shape depicted by the genomic components of the damaged cell when it migrates
on the agarose gel. The human melanoma cancer cell line (A375) was treated with MgO
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NPs in this study, and the effect on DNA tail migration in agarose gel was tested. Figure 11
depicts the comet assessment results in the A375 at various concentrations (control, 20,
40, 60, 80, 100, and 120 pg/mL) [47]. According to the results, a lower concentration of
20 pg/mL results in 90.98% breakage of genomic DNA, whereas an increased concentration
results in 19.98% breakage of genomic DNA. Based on genomic DNA damage, Figure 11B
concluded that, at a lower ratio, 20 pg/mL depicts 16.9% of olive tail migration, whereas
120 g/mL depicts 70.98% of olive tail migration [48]. For eventual proof, the obtained
results were compared with previously published data, revealing 22% and 5.37% of the
olive tail movement in 20 pg/mL and 120 pg/mL, depending on the ratio-mediated
activity, and the obtained results showed the enhanced ratio of DNA damage and olive
tail movement.
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Figure 11. Genotoxic effect of different concentrations of MgO nanoparticles on A549 (A) Percentage
of DNA damage, (B) Percentage olive tail movement.

The increased ratio of MgO NPs in the human melanoma cancer cell line (A375) causes
increased DNA damage, which leads to cell death. The DNA strand breakage with the
exposure of synthesized MgO NPs depicts that the cell has gone into apoptosis. The MgO
NPs effectively stimulate natural ROS at the exterior position, which effectively initiates
the formation of free radicals when it’s attached to lipids and protein substances, leading
to cellular breakage or necrosis [49].

3.7. Measurement of Oxidative Stress Parameters

The genotoxic assay of the synthesized MgO NPs exposed to A375 cell lines depicts an
effective concentration of genomic damage, which infers that cell death because of genetic
damage depends on the apoptotic pathway caused by intracellular ROS. The oxidative
stress components of synthesized MgO NPs treated in the A375 human melanoma cancer
cell line were examined by using this assay. The major component targeted in this study
was used to measure the oxidative stress components, i.e., the intracellular ROS, which
effectively confirmed that the cell mortality resulted in ROS—related apoptosis. The lipid
peroxidation shows the cell has gone through necrosis and the absence of membrane
stability [50].

3.7.1. Measurement of Intracellular ROS

The intracellular ROS measurement gives acceptable facts about oxidative stress-
related apoptosis inside the cell. Based on the higher absorption of cell-penetrable DCFDA
dye, Table 3 depicts the better ratio of ROS formation inside the cell. Table 3 shows that
the treatment of A375 cell lines with synthesized MgO NPs increased intracellular ROS
formation by 51% in 24 h. The genesis of random ROS is because of the chemical and
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exterior features of synthesized MgO NPs on the A375 human melanoma cancer cell
line. This ROS surrounding the exterior of synthesized MgO NPs might further induce
the formation of free radicals due to the activation of intracellular constituents, which
leads to damage to mitochondria. The intracellular ROS formation due to the initiation of
the oxidase enzyme (NADPH) induces the formation of the superoxide anion 0% in the
membrane of phagocytic cells. This intracellular chemical species, like DNA, oxidizes and
reduces to lesser macromolecules, resulting in oxidative stress-mediated apoptosis [51].

Table 3. Abrus precatorius bark extract synthesized MgO NPs effect on the ROS generation and lipid
peroxidation in A549 cells after 24 h.

Concentration ROS Generation (%) Hydrogen Peroxide Concentration (n/mol)

Control 100 £ 00 1.0£09
20 ug/mL 115+ 0.1 1.5+03
40 pg/mL 129 £ 0.7 23+£06
60 pg/mL 134 £ 0.5 34+07
80 pg/mL 143+ 0.7 45+02
100 pg/mL 156 £+ 0.5 5.6+ 0.4
120 ug/mL 161 £ 1.8 6.1+0.9

3.7.2. Measurement of Lipid Peroxidation

Lipid peroxidation is applied to understand oxidative stress-related necrosis due to the
impediment of membrane stability. Lipid peroxidation is calculated via the concentration
of hydrogen peroxide-induced elimination. Table 3 reveals that the synthesized MgO
NP-exposed A375 human melanoma cancer cell lines depicted no notable ratio of lipid
peroxidation at 20 ug/mL, whereas an increased ratio of 120 ug/mlL reveals 6.1 &+ 0.9 lipid
peroxidation in 24 h [52-54]. The increased concentration of synthesized MgO NPs alters
the electron-hole pair that enhances ROS genes, which leads to the formation of free
radicals connect with biomolecule breakage of proteins and lipids to develop instability of
membrane stability [55-60].

3.8. Antimicrobial Activity

The obtained results are depicted in Figure 12 and Table 4. The A. precatorius-mediated
synthesized MgO NPs demonstrated the antimicrobial properties of synthesized nanoparti-
cles by observing the inhibition towards Gram-positive and Gram-negative bacteria. In
this study, the zone of inhibition formation was noted towards Gram-positive bacteria like
S. epidermidis MTCC 2639 (20 £ 0.26 mm) and B. subtilis MTCC 1133 (31 & 0.25 mm) and
against Gram-negative bacteria like P. aeruginosa MTCC 2582 (22 £ 0.50 mm) and E. coli
MTCC 1692 (30 £ 0.10 mm) (Figure 11). Differentiating from all the samples, the maximum
ratio of zone inhibition is noted at B. subtilis MTCC 1133 (31 + 0.25 mm) and E. coli MTCC
1692 (30 £ 0.10 mm). Hence, this assay concludes with a better zone of inhibition [61,62].

Previous research found that metal oxide nanoparticles broke the cell membrane and
ruptured the cell inside. It was concluded that the removal of H;O, is an alternative
substitution for antimicrobial activity [63—65]. This hypothesis also needs experimental
proof because of the low ratio of synthesized MgO NPs, which do not efficiently develop
H,0O;. A low concentration of synthesized MgO NPs does not generate a toxic effect in the
human system. The day-to-day intake of magnesium via food was essential for metabolic
pathways. The synthetic MgO was known for its ability to form a barrier against E. coli
intestinal tract breakage. When magnesium reacts with acid and generates Mg?* ions, the
pH in the stomach rises from 2 to 5. For these activities, a few enzymes are essential, such
as carboxyl peptidase, carbonic anhydrase, and alcohol dehydrogenase, which are essential
for alcohol digestion and carbohydrate digestion, respectively. The cell mortality pathway
of synthesized MgO NPs is (1) the genesis of ROS and (2) stimulation of cell mortality,
resulting in the rupture of cellular compounds like proteins, lipids, and DNA. Furthermore,
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the synthesized MgO NPs induce toxic properties against bacterial cells, which result in
cellular mortality [66].

Figure 12. Antimicrobial activity of synthesis of MgO NPs (A: DMSO, B: MgO NPs, C: Abrus
precatorius bark extract and D: standard antibiotics), and (a) S. epidermidis MTCC 2639, (b) B. subtilis
MTCC 1133, (c) P. aeruginosa MTCC 2582, and (d) E. coli MTCC 1692.

Table 4. Antibacterial activity of MgO NPs studied towards various pathogens.

Zone of Inhibition (Mean + SD (mm))

Microorganisms
DMSO Leaf Extract MgO NPs  Standard Antibiotics
S. epidermidis MTCC 2639 - 10 £0.12 20+ 0.26 20 + 0.06
B. subtilis MTCC 1133 - 16 £ 0.30 31+0.25 28 £0.99
P. aeruginosa MTCC 2582 - 12 £0.49 22 +0.50 21 4+0.90
E. coli MTCC 1692 - 15 +0.01 30+ 0.10 29 +0.89

4. Conclusions

The purpose of this study was to examine the long-term applications of obtained
magnesium oxide nanoparticles (NPs) as an effective anticancer drug. MgO NPs are
synthesized by using A. precatorius bark extract. X-ray diffraction analysis determined
that MgO NPs have a polycrystalline wurtzite structure. The functional components of
the synthesized nanoparticles are determined through FTIR analysis. The SEM and TEM
results concluded that the obtained nanoparticles are spherical in shape. The synthesized
MgO NPs reveal higher photocatalytic activity and antioxidant activity. The MgO NPs
safety nature was confirmed by zebrafish viability, and the result concluded the particles are
effectively used as a potential drug for the human system. The cytotoxicity of synthesized
MgO NPs was investigated in order to determine the cell-mortality cycle by using the
A375 human melanoma cancer cell line. The MTT, XTT, and NRU assays depend on the
mitochondrial and lysosomal cytotoxic assay, which confirmed that the cytotoxicity activity
of synthesized MgO NPs is a time- and dose-mediated activity. The LDH assay was used to
determine the integrity of the cell membrane. The NRU assay showed an increase in lactase
dehydrogenase excretion at a higher ratio. The comet assay depicts the synthesized MgO
NPs-mediated ROS formation that can induce DNA damage, which results in apoptosis in
the human melanoma cancer cell line (A375). In conclusion, this study confirmed that the
green-mediated obtained MgO NPs could be a potential anticancer drug, and this research
not only aimed to obtain MgO NPs via phytochemical components of A. precatorius bark
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extract but also to perceive a substitutive method for the genesis of an efficient anticancer
drug for potential biomedical applications.

Author Contributions: Conceptualization, investigation, methodology, S.A., K.G.S. and N.T.; formal
analysis, validation, data curation, writing—review & editing, VD.R., Y.V, M.A,, S.P, M.T. and R.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors extend their sincere appreciation to the Researchers Supporting
Project number (RSP2023R129), King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationships that could have appeared to influence the work reported in this paper.

References

1. Usher-Smith, J.A.; Emery, J.; Kassianos, A.P.; Walter, EM. Risk prediction models for melanoma: A systematic review. Cancer
Epidemiol. Biomark. Prev. 2014, 23, 1450-1463. [CrossRef] [PubMed]

2. Kim, J.E; Chung, B.Y.; Sim, C.Y; Park, A.Y.; Lee, ].S.; Whang, K.U,; Park, Y.L.; Kim, H.O.; Park, C.W.,; Lee, S.Y. Clinicopathologic
features and prognostic factors of primary cutaneous melanoma: A multicenter study in Korea. J. Korean Med. Sci. 2019, 34, e126.
[CrossRef]

3. Smith, AJ.; Lambert, P.C.; Rutherford, M.J]. Understanding the impact of sex and stage differences on melanoma cancer patient
survival: A SEER-based study. Br. . Cancer 2021, 124, 671-677. [CrossRef] [PubMed]

4. Akter, M.; Sikder, M.T.; Rahman, M.M.; Ullah, A K.M.A.; Hossain, K.E.B.; Banik, S.; Hosokawa, T.; Saito, T.; Kurasaki, M. A
systematic review on silver nanoparticles-induced cytotoxicity: Physicochemical properties and perspectives. J. Adv. Res. 2018, 9,
1-16. [CrossRef] [PubMed]

5. Khan, L; Saeed, K.; Khan, L. Nanoparticles: Properties, applications and toxicities. Arab. J. Chem. 2019, 12, 908-931. [CrossRef]

6.  Mihai, M.M.; Dima, M.B.; Dima, B.; Holban, A.M. Nanomaterials for wound healing and infection control. Materials 2019, 12, 2176.
[CrossRef]

7. Choudhary, S.; Kumar, R.; Dalal, U.; Tomar, S.; Reddy, S.N. Green synthesis of nanometal impregnated biomass—antiviral potential.
Mater. Sci. Eng. C 2020, 112, 110934. [CrossRef]

8.  Mageshwari, K.; Malj, S.S.; Sathyamoorthy, R.; Patil, P.S. Template-free synthesis of MgO nanoparticles for effective photocatalytic
applications. Powder Technol. 2013, 249, 456—-462. [CrossRef]

9.  Mohamed, S.A.; Prabhavathi, G.; Karunanithy, M.; Ayeshamariam, A.; Jayachandran, M. Green Synthesis of Nanoparticle by
Plant Extracts-A New Aproach in Nanoscience. . Bionanosci. 2018, 12, 401-407.

10. Kouvaris, P; Delimitis, A.; Zaspalis, V.; Papadopoulos, D.; Tsipas, S.A.; Michailidis, N. Green synthesis and characterization of
silver nanoparticles produced using Arbutus unedo leaf extract. Mater. Lett. 2012, 76, 18-20. [CrossRef]

11. De-Rui Di, M.E.; He, Z.-Z. A new nano-cryosurgical modality for tumor treatment using biodegradable MgO nanoparticles.
Nanomed. Nanobiotechnol. 2012, 8, 1233-1241.

12. Khan, FS.A.; Mubarak, N.M.; Tan, Y.H.; Karri, R.R.; Khalid, M.; Walvekar, R.; Abdullah, E.C.; Mazari, S.A.; Nizamuddin, S.
Magnetic nanoparticles incorporation into different substrates for dyes and heavy metals removal—A review. Environ. Sci. Pollut.
Res. 2020, 27, 43526-43541.

13.  Chander, PM.; Kartick, C.; Vijayachari, P. Medicinal Plants Used by the Nicobarese Inhabiting Little Nicobar Island of the
Andaman and Nicobar Archipelago, India. J. Altern. Complement. Med. 2015, 21, 1-7. [CrossRef] [PubMed]

14. Pandey, R.P; Diwakar, P.G. An Integrated check- List flora of Andaman and Nicobar Islands, India. J. Econ. Taxon. Bot. 2015, 32,
403-500.

15.  Gupta, S.; Porwal, M.C.; Roy, P.S. Indigenous knowledge on some medicinal plants among the Nicobarese Tribals of Car Nicobar
Islands. Indian J. Trad. Knowl. 2004, 3, 287-293.

16. Sudha, K.G.; Ali, S.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Rajeshkumar, M.P. Eco-friendly synthesis of ZnO nanorods
using Cycas pschannae plant extract with excellent photocatalytic, antioxidant, and anticancer nanomedicine for lung cancer
treatment. Appl. Organomet. Chem. 2020, 34, 5511. [CrossRef]

17.  Kushwaha, A.; Bagchi, T. MgONPs synthesis, capping and enhanced free radical effect on the bacteria and its cell morphology.
AIP Conf. Prc. 2018, 1961, 10-11.

18. Sudha, K.G.; Alj, S.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Gorshenkove, M.V.; Rajeshkumar, M.P. An eco-friendly

production of ZnO NRs using Knema andamanica (Warb) extracts for photocatalytic and anticancer applications. Inorg. Chem.
Commun. 2021, 134, 109030. [CrossRef]


http://doi.org/10.1158/1055-9965.EPI-14-0295
http://www.ncbi.nlm.nih.gov/pubmed/24895414
http://doi.org/10.3346/jkms.2019.34.e126
http://doi.org/10.1038/s41416-020-01144-5
http://www.ncbi.nlm.nih.gov/pubmed/33144697
http://doi.org/10.1016/j.jare.2017.10.008
http://www.ncbi.nlm.nih.gov/pubmed/30046482
http://doi.org/10.1016/j.arabjc.2017.05.011
http://doi.org/10.3390/ma12132176
http://doi.org/10.1016/j.msec.2020.110934
http://doi.org/10.1016/j.powtec.2013.09.016
http://doi.org/10.1016/j.matlet.2012.02.025
http://doi.org/10.1089/acm.2014.0118
http://www.ncbi.nlm.nih.gov/pubmed/26133202
http://doi.org/10.1002/aoc.5511
http://doi.org/10.1016/j.inoche.2021.109030

Bioengineering 2023, 10, 302 19 of 20

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Ali, S.; Sudha, K.G.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Rajeshkumar, M.P. Green synthesis of stable antioxidant,
anticancer and photocatalytic activity of zinc oxide nanorods from Leea asiatica leaf. ]. Biotechnol. 2021, 329, 65-79. [CrossRef]
Ali, S.; Sudha, K.G.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Gorshenkove, M.V.; Rajeshkumar, M.P. Novel Leea grandifolia
leaves mediated synthesis of ZnO nanorods for photocatalytic and anticancer applications. Appl. Organomet. Chem. 2021,
35, €6239. [CrossRef]

Madhumitha, G.; Fowsiya, E.; Neelesh Gupta, A.; Kumar, M.; Singh, M. Green synthesis, characterization and antifungal and
photocatalytic activity of Pithecellobium dulce peel-mediated ZnO nanoparticles. . Phys. Chem. Solids 2019, 127, 43-51. [CrossRef]
Fouda, A.; Hassan, S.E.D.; Saied, E.; Hamza, M.F. Photocatalytic degradation of real textile and tannery effluent using biosynthe-
sized magnesium oxide nanoparticles (MgO-NPs), heavy metal adsorption, phytotoxicity, and antimicrobial activity. J. Environ.
Chem. Eng. 2021, 9, 105346. [CrossRef]

Serpen, A.; Capuano, E.; Fogliano, V.; Gokmen, V. A new procedure to measure the antioxidant activity of insoluble food
components. J. Agric. Food Chem. 2007, 55, 7676-7681. [CrossRef] [PubMed]

Sudha, K.G.; Alj, S.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Gorshenkove, M.V.; Rajeshkumar, M.P. Cyrtrandroemia
nicobarica-Synthesized ZnO NRs: A New Tool in Cancer Treatment. JOM 2021, 73, 364-372. [CrossRef]

Bilberg, K.; Hovgaard, M.B.; Besenbacher, F. In vivo toxicity of silver nanoparticles and silver ions in zebrafish (Danio rerio).
J. Toxicol. 2012, 2012, 293784. [CrossRef]

Vasanth, K; Ilango, K.; MohanKumar, R.; Agrawal, A.; Dubey, G.P. Anticancer activity of Moringa oleifera mediated silver
nanoparticles on human cervical carcinoma cells by apoptosis induction. Colloids Surf. B Biointerfaces 2014, 117, 354-359. [CrossRef]
Raghunandan, D.; Ravishankar, B.; Sharanbasava, G. Anti-cancer studies of noble metal nanoparticles synthesized using different
plant extracts. Cancer Nanotechnol. 2011, 2, 57-65. [CrossRef]

Suman, T.Y.; Rajasree, S.R.R.A.; Kanchana, S.B.; Elizabeth, B. Biosynthesis, characterization and cytotoxic effect of plant mediated
silver nanoparticles using Morinda citrifolia root extract. Colloids Surf. B Biointerfaces 2013, 106, 74-78. [CrossRef]

Kulandaivelu, B.; Gothandam, K.M. Cytotoxic effect on cancerous cell lines by biologically synthesized silver nanoparticles. Braz.
Arch. Biol. Technol. 2016, 59, 23-29. [CrossRef]

Gulsoy, N.; Yavas, C.; Mutlu, O. Genotoxic effects of boric acid and borax in zebrafish, Danio rerio using alkaline comet assay.
EXCLI]. 2015, 14, 890-899.

Yuan, R.; Xu, H,; Liu, X,; Tian, Y.; Li, C.; Chen, X,; Su, S.; Perelshtein, I.; Gedanken, A.; Lin, X. Zinc-doped copper oxide
nanocomposites inhibit the growth of human cancer cells through reactive oxygen species-mediated NF-Kb activations. ACS
Appl. Mater Interfaces 2016, 8, 31806-31812. [CrossRef] [PubMed]

Tony, J.; Yiping, H. Antibacterial activities of magnesium oxide (MgO) nanoparticles against foodborne pathogens. J. Nanopart.
Res. 2011, 13, 6877-6885.

Pachiyappan, J.; Gnanansundaram, N.; Sivamani, S.; Pillai Sankari, N.P.B.; Senthilnathan, N.; Assefa Kerga, G. Preparation
and Characterization of Magnesium Oxide Nanoparticles and Its Application for Photocatalytic Removal of Rhodamine B and
Methylene Blue Dyes. |. Nanomater. 2022, 8, 124-128. [CrossRef]

Palatino LinotypeKarunakaran, G.; Jagathambal, M.; Kumar, G.V.; Kolesnikov, E. Hylotelephium telephium flower extract mediated
biosynthesis of CuO and ZnO nanoparticles with promising antioxidant and antibacterial properties for healthcare applications.
JOM 2019, 72, 1264-1272.

Asem, A.M.; Saad EL-Din, H.; Amr, F; Mamdouh, S.E.; Salem, S.S. Extracellular Biosynthesis of Silver Nanoparticles Using
Aspergillus sp. and Evaluation of their Antibacterial and Cytotoxicity. J. Appl. Life Sci. Int. 2017, 11, 1-12.

Karunakaran, G.; Suriyaprabha, R.; Manivasakan, P.; Yuvakkumar, R.; Rajendran, V.; Kannan, N. Screening of in vitro cytotoxicity,
antioxidant potential and bioactivity of nano-andmicro-ZrO, and -TiO, particles. Ecotoxicol. Environ. Saf. 2013, 93, 191-197.
[CrossRef] [PubMed]

Saikia, L.; Bhuyan, D.; Saikia, M.; Malakar, B.; Dutta, D.K.; Sengupta, P. Photocatalytic performance of ZnO nanomaterials for self
sensitized degradation of malachite green dye under solar light. Appl. Catal. A Gen. 2015, 490, 42-49. [CrossRef]

Shi, L.; Wang, E; Wang, Y.; Wang, D.; Zhao, B.; Zhang, L.; Zhao, D.; Shen, D. Photoluminescence and photocatalytic properties of
rhombohedral CuGaO; nanoplates. Sci. Rep. 2016, 6, 21135. [CrossRef] [PubMed]

Paul, S.; Saikia, J.P; Samdarshi, S.K.; Konwar, BXK. Investigation of antioxidant property of iron oxide particlesbyl’-
1'diphenylpicryl-hydrazyle (DPPH) method. J. Magn. Magn. Mater. 2009, 321, 3621-3623. [CrossRef]

Chang, ].S.; Chang, K.L.; Hwang, D.EF; Kong, Z.L. In vitro cytotoxicitiy of silica nanoparticles at high concentrations strongly
depends on the metabolic activity type of the cell line. Environ. Sci. Technol. 2007, 41, 2064-2068. [CrossRef]

Nan, A; Bai, X.; Son, S.J.; Lee, S.B.; Ghandehari, H. Cellular uptake and cytotoxicity of silica nanotubes. Nano Lett. 2008, 8,
2150-2154. [CrossRef] [PubMed]

Krishnamoorthy, K.; Moon, J.Y,; Hyun, H.B.; Cho, S.K.; Kim, S.J. Mechanistic investigation on the toxicity of MgO nanoparticles
towards the cancer cells. |. Mater. Chem. 2012, 22, 24610-24617. [CrossRef]

Ansari, Z.A.; Malhotra, B.D.; Ansari, S.J. Antibacterial and cytotoxic effect of magnesium oxide nanoparticles on bacterial and
human cells. J. Nanoeng. Nanomanufact. 2013, 3, 162-166.

Sinha, R.; El-Bayoumy, K. Apoptosis is a critical cellular event in cancer chemoprevention and chemotherapy by selenium
compounds. Curr. Cancer Drug 2004, 4, 13-28. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jbiotec.2021.01.022
http://doi.org/10.1002/aoc.6239
http://doi.org/10.1016/j.jpcs.2018.12.005
http://doi.org/10.1016/j.jece.2021.105346
http://doi.org/10.1021/jf071291z
http://www.ncbi.nlm.nih.gov/pubmed/17708649
http://doi.org/10.1007/s11837-020-04486-w
http://doi.org/10.1155/2012/293784
http://doi.org/10.1016/j.colsurfb.2014.02.052
http://doi.org/10.1007/s12645-011-0014-8
http://doi.org/10.1016/j.colsurfb.2013.01.037
http://doi.org/10.1590/1678-4324-2016150529
http://doi.org/10.1021/acsami.6b09542
http://www.ncbi.nlm.nih.gov/pubmed/27791350
http://doi.org/10.1155/2022/6484573
http://doi.org/10.1016/j.ecoenv.2013.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23664088
http://doi.org/10.1016/j.apcata.2014.10.053
http://doi.org/10.1038/srep21135
http://www.ncbi.nlm.nih.gov/pubmed/26887923
http://doi.org/10.1016/j.jmmm.2009.07.004
http://doi.org/10.1021/es062347t
http://doi.org/10.1021/nl0802741
http://www.ncbi.nlm.nih.gov/pubmed/18624386
http://doi.org/10.1039/c2jm35087d
http://doi.org/10.2174/1568009043481614
http://www.ncbi.nlm.nih.gov/pubmed/14965264

Bioengineering 2023, 10, 302 20 of 20

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.
61.

62.

63.

64.

65.

66.

El-Bayoumy, K.; Sinha, R. Mechanisms of mammary cancer chemoprevention by organoselenium compounds. Mutat. Res. 2004,
551,181-197. [CrossRef] [PubMed]

Lewinski, N.; Colvin, V.; Drezek, R. Cytotoxicity of nanoparticles. Small 2008, 4, 26-49. [CrossRef]

Altintig, E.; Altundag, H.; Tuzen, M.; Sari, A. Effective removal of methylene blue from aqueous solutions using magnetic loaded
activated carbon as novel adsorbent. Chem. Eng. Res. Des. 2017, 122, 151-163. [CrossRef]

Cha, YJ.; Lee, J.; Choi, S.S. Apoptosis-mediated in vivo toxicity of hydroxylated fullerene nanoparticles in soil nematode
Caenorhabditis elegans. Chemosphere 2012, 87, 49-54. [CrossRef]

Lopez-Carrizales, K.I.; Montserrat, C.; Castillo, V. In vitro synergism of silver nanoparticles with antibiotics as an alternative
treatment. Antibiotics 2018, 7, 50. [CrossRef]

Guelfi, K.C.; Tognim, M.C.B.; Cardoso, C.L.; Gales, A.C.; Garcia, L.B.; Tognim, M.C.B.; Cardoso, C.L.; Gales, A.C. In vitro
evaluation of the antimicrobial activity of meropenem in combination with polymyxin B and gatifloxacin against Pseudomonas
aeruginosa and Acinetobacter baumannii in vitro evaluation of the antimicrobial activity of meropenem in combination with P.
J. Chemother. 2013, 9478, 180-185.

Park, E.J.; Yi, J.; Kim, Y,; Choi, K; Park, K. Silver nanoparticles induce cytotoxicity by a Trojan-horse type mechanism. Toxicol. Vitr.
2010, 24, 872-878. [CrossRef] [PubMed]

Remya, R.R.; Rajasree, S.R.R.L.; Aranganathan, R.; Suman, T.Y. An investigation on cytotoxic effect of bioactive AgNPs synthesized
using Cassia fistula flower extract on breast cancer cell MCF-7. Biotechnol. Rep. 2015, 8, 110-115. [CrossRef]

Li, H; Chen, J.; Xiong, C.; Wei, H,; Yin, C.; Ruan, ]J. Apoptosis induction by the total flavonoids from Arachniodes exilis in HepG2
cells through reactive oxygen species-mediated mitochondrial dysfunction involving MAPK activation. Evid.-Based Complement.
Altern. Med. 2014, 11, 2014.

Khalil, A.T.; Ovais, M.; Ullah, L. Sageretia thea (Osbeck.) modulated biosynthesis of NiO nanoparticles and their in vitro
pharmacognostic, antioxidant and cytotoxic potential. Artif. Cells Nanomed. Biotechnol. 2018, 46, 838-852. [CrossRef] [PubMed]
Dobrucka, R.; Dlugaszewska, J.; Kaczmarek, M. Cytotoxic and antimicrobial effects of biosynthesized ZnO nanoparticles using of
Chelidonium majus extract. Biomed. Microdev. 2017, 20, 5. [CrossRef] [PubMed]

Izadiyan, Z. Cytotoxicity assay of biosynthesis gold nanoparticles mediated by walnut Juglans regia green husk extract. J. Mol.
Struct. 2017, 97, 105. [CrossRef]

Mehmood, S.; Hmed, W.; Ikram, M.; Lmtiaz, M.; Mahmood, S.; Shuxin Tu, A.; Chen, D. Chitosan modified biochar increase
soybean (Glycine max L.) resistance to salt-stress by augmenting root morphology, antioxidant defense mechanism and the
expression of sress response genes. Plants 2020, 9, 1173. [CrossRef]

Ali, S.; Sudha, K.G.; Karunakaran, G.; Kowsalya, M.; Kolesnikov, E.; Gorshenkove, M.V.; Rajeshkumar, M.P. Anticancer and
photocatalytic activities of zinc oxide nanorods synthesized from Manilkara littoralis leaf extract. Mater. Chem. Phys. 2022,
277,125541. [CrossRef]

Iravani, S. Green synthesis of metal nanoparticles using plants. Green. Chem. 2011, 13, 2368-2650. [CrossRef]

Savoia, D. Plant-derived antimicrobial compounds: Alternatives to antibiotics. Future Microbiol. 2012, 7, 979-990. [CrossRef]
Janaki, A.C.; Sailatha, E.; Gunasekaran, S. Synthesis, characteristics and antimicrobial activity of ZnO nanoparticles. Spectrochim.
Acta A 2012, 144, 17-22. [CrossRef] [PubMed]

Padmanabhan, V.P; Sivashanmugam, P.; Kulandaivelu, R.; Sagadevan, S.; Sridevi, B.; Govindasamy, R.; Thiruvengadam, M.
Biosynthesised Silver Nanoparticles Loading onto Biphasic Calcium Phosphate for Antibacterial and Bone Tissue Engineering
Applications. Antibiotics 2022, 11, 1780. [CrossRef] [PubMed]

Dikshit, PK.; Kumar, J.; Das, AK,; Sadhu, S.; Sharma, S.; Singh, S.; Gupta, PK.; Kim, B.S. Green synthesis of metallic nanoparticles
Applications and limitations. Catalysts 2021, 11, 902. [CrossRef]

Dakal, T.C.; Kumar, A.; Majumdar, R.S.; Yadav, V. Mechanistic basis of antimicrobial actions of silver nanoparticles. Front.
Microbiol. 2016, 7, 1831. [CrossRef]

Tang, Z.X.; Lv, B.F. MgO nanoparticles as antibacterial agent: Preparation and activity. Braz. . Chem. Eng. 2014, 31, 591-601.
[CrossRef]

Karunakaran, G.; Jagathambal, M.; Gusev, A.; Kolesnikov, E.; Mandal, A.R.; Kuznetsov, D. Allamanda cathartica flower aqueous
mediated green synthesis of silver nanoparticles with excellent antioxidant and antibacterial potential for biomedical application.
MRS Commun. 2016, 6, 41-46. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.mrfmmm.2004.02.023
http://www.ncbi.nlm.nih.gov/pubmed/15225592
http://doi.org/10.1002/smll.200700595
http://doi.org/10.1016/j.cherd.2017.03.035
http://doi.org/10.1016/j.chemosphere.2011.11.054
http://doi.org/10.3390/antibiotics7020050
http://doi.org/10.1016/j.tiv.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/19969064
http://doi.org/10.1016/j.btre.2015.10.004
http://doi.org/10.1080/21691401.2017.1345928
http://www.ncbi.nlm.nih.gov/pubmed/28687045
http://doi.org/10.1007/s10544-017-0233-9
http://www.ncbi.nlm.nih.gov/pubmed/29177803
http://doi.org/10.1016/j.molstruc.2017.09.039
http://doi.org/10.3390/plants9091173
http://doi.org/10.1016/j.matchemphys.2021.125541
http://doi.org/10.1039/c1gc15386b
http://doi.org/10.2217/fmb.12.68
http://doi.org/10.1016/j.saa.2015.02.041
http://www.ncbi.nlm.nih.gov/pubmed/25748589
http://doi.org/10.3390/antibiotics11121780
http://www.ncbi.nlm.nih.gov/pubmed/36551437
http://doi.org/10.3390/catal11080902
http://doi.org/10.3389/fmicb.2016.01831
http://doi.org/10.1590/0104-6632.20140313s00002813
http://doi.org/10.1557/mrc.2016.2

	Introduction 
	Materials and Methods 
	Sample Preparation 
	Synthesis of MgO NPs 
	Characterization of MgO NPs 
	Photocatalytic Activity 
	Antioxidant Activity 
	Evaluation of in Vitro Toxicity 
	Cytotoxicity Evaluation 
	MTT Assay 
	XTT Assay 
	Neutral Red Uptake (NRU) 
	Lactase Dehydrogenase Release Assay 

	Genotoxic Evaluation 
	Oxidative Stress Parameters 
	Determination of ROS 
	Measurement of Lipid Peroxidation 

	Antibacterial Activity 

	Results 
	Synthesis and Physico-Chemical Characterization of MgO NPs 
	Photocatalytic Activity 
	Antioxidant Activity 
	In Vitro Toxicity 
	Cytotoxic Evaluation 
	MTT Assay 
	XTT Assay 
	NRU Assay 
	LDH Release Assay 

	Genotoxic Assay 
	Measurement of Oxidative Stress Parameters 
	Measurement of Intracellular ROS 
	Measurement of Lipid Peroxidation 

	Antimicrobial Activity 

	Conclusions 
	References

