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Abstract

Nanoparticles often exhibit distinct and enhanced physical, chemical, and biological
properties compared to their bulk counterparts. These unique attributes enable the engineering of
nanoparticles from diverse materials such as metals, semiconductors, polymers, and ceramics,
with broad applications in medical fields. In this study, magnesium oxide (MgO) nanoparticles
were synthesized using a green synthesis approach mediated by Calamus palustris  fruit peel
extract. The synthesized MgO nanoparticles were characterized through X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM),
and UV-visible spectroscopy. The biological activities of the synthesized MgO nanoparticles
were evaluated through antioxidant, cytotoxicity, and antibacterial studies. Antioxidant activity
demonstrated significant free radical scavenging potential, with 19.66% activity at low
concentrations and 63.86% at higher concentrations. Cytotoxicity was assessed using XTT and
Neutral Red Uptake (NRU) assays, confirming dose-dependent cytotoxic effects. The MTT and
NRU assays further demonstrated that MgO nanoparticles effectively induced apoptosis in head
and neck squamous cell carcinoma (HNSCC) cells. The antibacterial activity of MgO
nanoparticles, assessed using the well-diffusion method, revealed potent efficacy against
bacterial pathogens, while genotoxicity studies confirmed their non-toxic nature. The findings
indicate that plant-mediated MgO nanoparticles are promising as effective therapeutic agents for

treating HNSCC by inducing apoptosis via physiological pathways. This study also highlights
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the potential of Calamus palustris fruit peel extract as a novel and sustainable approach for the

synthesis of tunable MgO nanoparticles, paving the way for further research in nanomedicine.

Key words: Calamus palustris , Antioxidant activity, Cytotoxicity, Genotoxicity, Antibacterial
activity.
1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is sixth most prevalent cancer in the
world. Majority of carcinomas developed in lower lip, tiny cancer on the ventral region of the
tongue, and melanoma cramped to the grating to perform a better prediction, but persistence of
patients with cancers in additional area impoverished. In 2023, 630,000 peoples were affected in
this type of cancer and the expected amount of death ratio around 350,000 [1]. HNSCC in India
was the general type of melanoma in males that might be developed due to people’s way of life
threats, as well as cigarettes, tobacco, alcohol and areca nuts. For cancer treatment, surgery,
chemotherapy and radiotherapy are generally used. These all treatment has various side effects
like loss of saliva, oral cavity necrosis, hypothyroidism, headache and dizziness. In order to
overcome this side effects, nanoparticles mediated target delivery has showed promising results
against cancerous cells [2].

Now a days, researchers have find several properties behind nanotechnology and science
which plays a predominant part in this period. Nanotechnology clasp pledge for several
advancements and play as a fundamental blocks for attracting researchers to study several fields.
Nanomaterials are structural constituents with the scale level of 1-100nm nanometer.
Nanoparticles are find in different shape and morphology like as spiral, flat, conical, hallow etc
[3]. MgO NPs was effectively used in magnesium batteries, catalysts, biosensors, and toxic
waste water removal [4]. Likely, metal oxides like as CuO, ZnO, MnO», TiO; and CoO> might
be find. The diverse functional properties of MgO has properties like as nontoxicity, high-unique
exterior position, and eco-friendly nature these kind of features attracted researcher’s interest
globally [5]. MgO nanoparticles have strongly used in a wide scope of bio-implementations such
as gene delivery and drug, cell and tissue engineering and therapeutic uses etc. Along with these
implementations, determination of the antibacterial and anticancer properties which leads to a

less economic and a simple medicine with less size effects [6].
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Till now, various techniques were used for the preparation of nanoparticles like as surface
mediated method, solvent free method, precipitation method, electrochemical method, liqid-
phase chemical precipitation method, ultrasonic method, and membrane-mediated precipitation
method. Hence above mentioned methods has increase outcome capacity, but also they includes
demerits likes as low energy ratios, needs of intricate, monotonous, moderate and harmful
reaction [7]. However, needs to induce the dependable and well organized synthetic methods to
restrict or reduce the above mentioned conditions via green nanotechnology. In fact, plant extract
mediated synthesis nanoparticles has interesting functions like as non-toxic, quick synthesis
protocol and less economic. The plant extract mediated nanoparticles develops an efficient way
for synthesis with the help of herbal stabilizing and reducing substances [8].

Calamus palustris belongs to the family of Palmae, C. palustris rhizomes has been used
as single tranquil or composites of definite tranquil diposition in the Indian traditional
medication for psychoneurosis like sleeping disorder, and loss of memory. Additionally, this
plant parts are used for fever, headache, sadness, hemorrhoids, stomachic, cancer, skin maladies,
and emetic [9]. Therefore, the current research is focused through using Calamus palustris leaf
extract as reducing and stabilizing agents for synthesis of MgO nanoparticles for the antibacterial
and anticancer (Head and neck squamous cell carcinoma) implementations.

2. Materials and methodology
2.1 Materials

Fresh and healthy fruits of C. palustris were collected from rainforest of Andaman and
Nicobar Islands, India along with latitude 11.9761°N and longitude 92.9876¢E [10].

2.2 C. palustris fruit extract preparation

Collected fruits were chapped into tiny pieces after eliminating its peel, then it was rinsed
completely using DD water and shade dried for 2 weeks. After it was made into fine powder was
collected mechanically through using electrical blender. Then the extract for synthesis of MgO
NPs is obtained via easy green chemistry approach, 10g of fresh fruit power was mixed with
200ml of DD water and kept in boiling water bath for about 60 °C for 10mins. Then the extract
was cooled after it was filtered by using Whatmann No.l filter paper and then mixture was
stored in 4 °C for following analysis [10].

2.3. Green synthesis of MgO NPs
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0.5 M of Mg (CH3COO),-4H,O was completely mixed with 100ml of C. palustris
extract. Then the solution was stirred at 303K for 2 h till the clear solution was procured. The
plant extract was act as a liquid, during the acetate in the precursor act as the oxidizer. The clear
suspension was kept under microwave oven for 20 mins on the conduction step. After

completion of the process, pure form of MgO nanoparticles powder was calcinated for 2h at 673

K [10,6].

2.4 Characterization of MgO NPs

The phase pureness, crystalline structure and lattice parameters of the obtained MgO NPs
were determined and analyzed by using XRD technique via Defray-401 (JSC Scientific
Instruments, Russia), at various 20 ratios utilize chromium (Cr) as inception. The XRD pattern
was carried out by 0.02 scan size at | s/mode analyzing ratio [11]. FTIR (Nicolet 380 Thermo
Scientific, USA) techniques were utilized to analyze the formation of various functional
components in the MgO NPs sample [12]. For FTIR analyses the sample were prepared through
using KBr pellet approach. The FTIR spectrum were determined in the scale of 400-4000 cm’!
[13]. The MgO NPs sample were determine through SEM (Vega 3; TESCAN, Czech Republic)
coupled with the EDX instrument (SDD-XMAS, Japan) to confirm the morphological shapes
and elemental filling of the sample. For SEM analysis, 0.01g of MgO NPs was dispersed in 10ml
of ethanol and the suspension was regulated by using sonication process for 30 mins. Then the
sample was placed in carbon tube which is attached with SEM holder. After, a drop of the
sample is completely dried then the sample was determined through regulating the powder of
10Kv [14]. The morphology of synthesized MgO NPs sample were confirmed through
transmission electron microscope JEOL (TEM, JEM-2010, JEOL, Japan). For analyzing, 0.03g
of obtained sample was dispersed in distilled water then the solution were sonicated for 10mins.
Then, a single drop of NPs sample was coated on carbon-coated grid then it was dried at room
temperature [15]. Synthesized MgO NPs absorption frequency were calculated by using UV—Vis
spectrophotometer (Cary 8454; Agilent Technologies, Singapore). Absorption frequency were
measured via visible and infrared wavelength scale of 180-800nm [16].
2.5 In vitro toxicity study

For in vitro toxicity study, OECD-203 protocol was followed. For analyzing sample 25

numbers of healthy undamaged zebrafish embryos were exposed to different ratios of (20, 40,
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60, 80,100 and 120pg/ml) synthesized MgO NPs. Then the sample treated embryos were moved
to 100ml of Hank’s solution. After, the solution was moved to individual wells for the
development of the organelles like head, tail, heart, eyes, and invertebrate columns were seemed
by using 40x microscope at every 8h duration. During this assay, the water was regulated at
particular temperature (24 °C). Total amount of mortality and dead eggs were regulated for every
8h time period and the death egg were eliminated in the test solution in order to restrict
contamination. Death and hatching ratios of embryos were calculated for all the mentioned
concentrations [17].
2.6. Antioxidant activity

Antioxidant activity is determined by using the di (phenyl)-(2,4,6-trinitrophenyl)
iminoazanium (DPPH) approach for MgO NPs [18]. Synthesized MgO NPs different ratios of
(20, 40, 60, 80, 100 and 120ug/ml) were applied to determine the dose-mediated activity.
Powder sample were placed in a vial along with various ratios of MgO NPs. 1.7ml of DPPH
solution was poured drop wise through vortex for 3 mins. 1.7ml DPPH alone without MgO NPs
used as control (C) and the vials including with MgO NPs plays as test sample (T). After, the
solution was allowed to incubation at room temperature at 30mins. The supernatant solution is
obtained at 11,963g for 2mins and then the optical density (OD) is evaluated at 517nm by using
UV-Vis spectrophotometer (U-2900/2910; Hitachi, Japan) [19]. The total amount of free radical

scavenging is evaluated using the control via following equation:

% of DPPH scavenging = (LTA %100
CA

Since, CA and TA are mentioned as control absorbance and test absorbance.
2.7 Cytotoxic activity
2.7.1 MTT assay

Head and neck squamous cell carcinoma (HNSCC) cell line were applied in this assay.
Cytotoxic activity of MgO NPs is determined through using MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide) test [20]. For this assay, 150ml of cells were moved to 96-well
plate (Becton Dickinson (BD), USA) at the solidity of 1x10* live cells/well and incubated for

24h for the cell attachment. During the attachment, the culture was changed with absolute

medium (150ml/well) including MgO NPs (20, 40, 60, 80,100 and 120pg/ml) for 72h. Then the
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cells were rinsed by using PBS and incubated along 100ml/well prepared media including
0.5mg/mL MTT. The MTT including culture is eliminated after 3h incubation on dark chamber.
After, MTT formzan was diluted on 100ml/well DMSO and optical solidity is evaluated using
ELISA plate reader (Bio-Tek, USA) [21]. The cell viability is evaluated through following

formula:

Cell viability (%) = (As/Acontrol) 100

Since, As was the absorbance of the cell treated with MgO NPs and Acontrol Was the absorbance
of the cell incubated with the cell media alone.
2.7.2 NRU assay

The neutral red test (NRU) was determined by the identification of viable cells via uptake
of dye. Viable cells has the capacity to intake of neutral red by vigorous move, comprise and
attach to the dye towards its lysosomes whereas mortality or non-live cells are not possible to
uptake the chromophore dye. After the cells are washed using PBS solution and the live cells are
discolored the integrated dye during acidification filtered process. The amount of dye was
applied to determine the total ratio of live cells. In this assay, the cytotoxic properties of
synthesized MgO MPs at various concentrations (20, 40, 60, 80, 100 and 120pg/ml) was
determined. The HNSCC cells are seeded in 96 well plates along with various ratios of MgO
nanoparticles. Then the culture were incubated at room temperature for 2 h on a CO, humidified
chamber. The NRU was analyzed through dissolving the stock 4mg/ml ratio through adding PBS
solution in the ratio of 1:100 and solution kept under incubation at room temperature under the
condition of 5 % CO». 100ul of NRU dye is added to the culture plate was incubated for extra 4 h
at room temperature. After incubation, extra NRU dye was vanished and then 150ul solvent was
added to plate. Then the solvent extract and NRU included with the cancer cells. Homogenously
mixed using shaker to get extract of NRU dye and the absorbance was monitored at 540nm using
ELISA plate reader (22, 23].
2.8 Genotoxicity assessment
2.8.1 Comet assay

Genotoxicity of MgO NPs is evaluated through using comet assessment, depends in the

estimation of DNA movement under electrophoresis followed with few modification stated by
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[24]. Then the cells were treated to MgO NPs (20, 40, 60, 80, 100 and 120pg/ml) for 24 h. the
MgO NPs exposed cancer cells are then trypsinized to develop a single cell culture and 180ml of
1% normal melting point agarose (NMP) is gelled completely frozen (25nm) and 100ml 0.5%
low melting agarose (LMP) including cell solution (20ml) was covered on the surface of the
NMP agarose. Then the developed cell solution including surface, adding with 100ml of LMP
agarose is transferred to the extra hole to develop an extra surface layer to enhance the space to
the cells and gel layer. After, agar get solidification, the cells were kept on a lysis suspension
[2.5 M NaCl, 100mM EDTA, 10mM Tris HCI (pH 10), 1% Triton X-100 and 10% DMSO are
moved few minutes prior use) for 24h at 4 °C incubated using alkaline electrophoresis for 35
mins and kept in electrophoresis buffer (300mM NaOH/ImM EDTA, pH >13) and
electrophoresed for 30 mins. Then, the comet were developed, then the alkaline gel was
neutralized through washing the slides using buffer (0.4M Tris HCI, pH 7.5) 3 times. Then the
slides were colored using SYBR Green I (SG) fluorescent dye then the amount of DNA breakage
is calculated for each concentration [25].
2.9. Antibacterial activity

Various infection causing microbes were used to analyze the antibacterial properties
testing by using gram-negative bacteria, namely Escherichia coli (MTCC 1692), and gram-
positive bacteria, namely Streptococcus pneumoniae (MTCC 1935). Newly prepared nutrient
media is incubated and allowed for incubation for 8 h at room temperature by using the above
bacteria media to obtain an inoculum for antibacterial activity [26]. For this study Kirby-Bauer
disk diffusion approach is utilized to determine the antibacterial features. Newly obtained
inoculums were spread over the exterior of sterile Muller Hinton agar plates. Additionally, Smm
diameter disk were filled with various ratios of synthesized MgO NPs then the plates are placed
on incubation for 24 h at room temperature. After, incubation time, the plates are seemed for
antibacterial properties depends on the development of inhibition zone [27]. The plates are
marked as disk A (Control), disk B (MgO NPs in various concentration 20, 40, 60, 80, 100 and
120pg/mL), disk C (leaf extract), and disk D (standard antibiotics).
3. Results and Discussion
3.1 Synthesis and chemical characterization of MgO NPs

The phytochemical components appears in the C. palustris fruit was seemed to be

essential for the obtaining of MgO NPs. These phytochemical components plays a major role in
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conversion of Mg acetate to MgO NPs. The obtaining process of MgO nanoparticles concluded
through color alterations on the prepared solution from brownish red precipitation was seen in
Fig.1. Then the obtained precipitate is further heated (80 °C) for 2h to attain MgO nanoparticle.

The phase, purity determination and shape of the synthesized MgO NPs was analyzed by
XRD analysis. The formation of XRD spectrum speaks was shown in Fig. 2a and the obtained
results depicts the shape intensity ~18.49° (101), 37.71° (200), 51.05° (102), 58.71° (220), 62.26°
(311), and 72.22° (222). For particles confirmation the XRD results was matched with the
JCPDS file n0.076-0704 and the results depicted synthesized nanoparticles are hexagonal tightly
packed structure (hcp) concluded for the development of crystalline nature of MgO NPs [28].

Fig. 2b reveals that the C. palustris fruit mediated synthesized MgO NPs, the FTIR
results shows various IR spectrum frequencies like as 3673, 3270, 3010, 2353, 1988, 1614, 1405,
1061, 641, and 560 cm™* Wavenumber at 3673 shows the formation of OH band due to presence
of carbohydrates, proteins and polypeptides. IR spectrum at 3270 (NHz), 3010 (CH stretching),
2353 (C-N group), 1988 (C=0), and 1624 (C=C group) shows the presence of amino acids,
alkane, amide, ester groups and unsaturated compounds. In addition some of peaks seen at 1405
(C-0-C), 1061 (C-O), 641 (CH), and 560 (CH) and the peaks shows the presence of
polysaccharides, carbohydrates, aromatic bands, and alhyl halides. The obtained results are
matched with published literature of confirmation of synthesized MgO NPs functional
compounds [29].

SEM analysis confirms that the C. palustris fruit synthesized MgO nanoparticles are
irregular shape with the size scale of 50 to 748nm and the average nanoparticles size is~247nm
and the results was shown in Fig. 2 c-d. The absorption wavelength of the fruits extract
medicated synthesized was seen at 219nm and 312nm (Fig. 2e) and the obtained results are
matched with the published date for confirmation of MgO NPs [30,31].

3.2. In vitro toxicity studies

Various concentration of MgO NPs are diluted in Hank’s solution for in vitro toxicity
assay. The embryonic mortality of live zebrafish embryo was analyzed after the treatment of
synthesized MgO NPs. Fig. 3a reveals that the MgO NPs treated embryos and hatched eggs at 24
and 72 hpf are seemed by using 40x magnification (light field microscope). The outcome of this
study was confirmed that the higher ratio of MgO NPs treated eggs have delayed hatching time

and less death rate in the prior stage of exposure. Fig. 3 a,b and Table 1 reveals that the obtained
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MgO NPs exposed (20pg/ml) embryonic sample showed 1.5% mortality whereas at higher ratio
of (60ug/ ml) showed 4.8% mortality rate. 72 h treated MgO NPs exposed eggs are seemed by
using microscope for clear observation of tail, head, eye, internal vertebrates formation and
deformations, whereas sample treated eggs at 92 and 120h reveals that the maximum of embryos
are hatched. Fig.3a depicts that the toxicological analysis of MgO nanoparticles in the
developmental period eggs shows the death ratios are effectively low. Fig. 3a, b and Table 1
depicts that the MgO nanoparticles have no toxicological properties in the zebrafish study [32].
Table 1. In vitro toxicity studies of zebrafish death percentage from Calamus palustris

fruit extract synthesized MgO NPs towards different time and dosage.

Concentration Mortality (%)

(ng/ml) 24h 48 h 72h 96 h 120 h
Control 01+04 07+02 05+£03 03+04 0.1+0.3
20 03+02 13+07 1.0+04 04+07 0.0+03
40 08+03 1.8+05 15+03 1.0+03 0.0+0.7
MgO NPs 60 11406 20404 24407 13404 00402
80 1.5+09 13+0.8 48+03 1.7£0.7 0.0=+0.1
100 03+03 07+06 19+02 13+£0.8 0.0+02
120 02+02 02+05 14401 07+£03 0.0+0.1

The in vitro toxicological result showed low toxicological results was confirmed by the
similar published data [33,34] The obtained results concluded that the synthesized MgO NPs
effectively used for biomedicine and microbial disease treatment.

3.3 Antioxidant activity
The free radical scavenging percentage of synthesized MgO NPs via the DPPH

assessment. The assay is depends on time and concentration reaction. The synthesized MgO NPs
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free radical scavenging was depicted in fig.4 and table 1. This assay is depend on dose and time

mediated activity.
i Concentration (ug/ml) Ascorbic Acid MgO NPs i
Figure depicted
that  the 20 16.80 19.66 fruit
extract 40 2333 29.90 exposed
1 h
sample 60 30.16 37.33 shows
16.80% in 20pg/ml
’ 80 39.20 44.16 (20ng/m)
100 48.06 58.90
120 53.93 63.86

scavenging activity and 53.93% in (120ug/ml) scavenging percentage in standard ascorbic acid
solution whereas synthesized magnesium oxide nanoparticles showed at (20pg/ml), 19.66% and
in higher concentration (120pg/ml), shows 63.86% of free radical scavenging activity. For
confirmation, the obtained results are matched with published data and the data concluded that
the procured results have higher percentage of activity [25, 19].

Table 2. Antioxidant activity of synthesized MgO NPs synthesized from Calamus palustris

fruit extract.

3.4. Cytotoxic assessment
3.4.1. MTT assay
The MTT test was common test for the determination of cytotoxicity of synthesized MgO

NPs against cancer cells. This study was analyzed in the human head and neck squamous cell
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carcinoma cells using various concentrations of (20—150pug/ml) synthesized MgO NPs. After the
exposure with the various ratios of nanoparticles, the exposed cells are subjected to MTT study
to picturing the activities of MgO NPs in the cells depends on the optical density calculations.
This assay used to evaluate the cell viability in the cancer cells line by using cellular activities.
Fig. 5 depicts that the ratio of MTT was directly proportional to the reduction of cell viability.
20pg/ml concentration of MgO NPs shows 93.90% of cancer cell mortality whereas at 120 pg/ml
shows 30.89% at 6h. In 24 h treated cancer cells shows at 20pg/ml up to 81.90% of cell
reduction whereas at 120pg/ml shows 16.89% of cell reduction and the results concluded that the
activity was depends on time and concentration reaction. For supporting the data, the obtained
results are well matched with published literature and the data concluded that the synthesized
MgO NPs might effectively destroy the cancer cells [35, 36]
3.4.2. NRU assay

NRU assessment was applied to evaluate the cytotoxic features of synthesized MgO NPs
on the HNSCC cancer cells through determine the level of live cells. When the viable cells are
exposed to HNSCC cells to neutral red dye, the dye was started to destroy in the process of
lysosome due to pH difference on lysosome and intracellular cytoplasm. The cell viability was
determined by using absorbance of dye by the cell. Fig. 6 depicts that the NRU was also time and
concentration mediated property. In low concentration 20pg/ml treated sample shows 95.79%
and 120pg/ml shows up to 33.81% of dye absorption at 6h, whereas in 24h MgO NPs treated
sample shows at 82.80% in 20pg/ml concentration and higher concentration at 120pg/ml sample
shows 18.98% of NRU dye absorption which reveals that the higher ratio of cell mortality. The
obtained NRU results revealed closer similarity to MTT assay, which showing the mitochondrial
and lysosomal damage happens in both assay because of the similar cellular death pathway [37,
38]. The HNSCC cell mortality can be mediated to the MgO NPs formation resulting to the
oxidative stress induced cellular death.
3.5. Genotoxicity assessment
3.5.1. Comet assay

Comet assay was standard method and specific test for evaluating genotoxicity. This
assay calculate the entire tail length and also damaged and non-arranged morphology are
depicted by using genomic components of the damage cells while the migration on the agarose

gel [39]. For this assessment, the Head and neck squamous cell carcinoma cell lines treated with
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synthesized magnesium oxide nanoparticles are applied to determine the raises in tail length
(DNA movement) on the agarose gel. Fig.7a-b depicts that the comet assay results obtained
through using cancer cell line treated to different concentrations of (20, 40, 60, 80, 100 and
120pg/ml). Fig. 7a reveals 88.90% damage of genomic DNA at low concentration (20pg/ml) and
15.98% of damage in increase concentration (120pg/ml). Fig. 7b depicts 10.89% olive tail
movement at low concentration (20ug/ml) and 78.98% movement at higher concentration
(120pg/ml). For confirmation, the obtained results are matched with published literature [40,41]
and the data showed 22% and 5.37% of olive tail movement at 20 pg/ml and 8 pg/ml, based on
time and concentration based activity. Hence, the current study reveals closer range of DNA
damage and olive tail movement [42]. The cell damage raises when the concentration was
significantly increases which shows that the increase ratio of synthesized MgO nanoparticles was
applied for the cancer cell line resulting to cellular death. The DNA strand breakage after
exposure of MgO NPs reveals the cancer cells are undergone apoptosis. The MgO NPs
concentration raises the reactive oxygen species at the exterior area, which resulting to the
development of free radical formation inside the cell it leads to cancer cell death [43,44].
3.6. Antibacterial activity

Antibacterial activity of the synthesized MgO nanoparticles was analyzed towards
different human infection generating bacteria and the procured results are depicted in Fig. 8, 9,
and Table. 3 The antibacterial properties of MgO nanoparticles towards gram positive bacteria
like as S. pneumonia MTCC 1935 and Staphylococcus aureus MTCC 7443, and Gram-negative
bacteria like P. aeruginosa MTCC 2582 and E. coli MTCC 1692 were tested in this activity.
The procured zone of inhibition was observed to be Staphylococcus aureus MTCC 7443 (18 +
0.56 mm) and for S. pneumonia MTCC 1935 (22 £+ 0.24mm). Closely, the zone of inhibition for
Gram-negative bacteria was seemed to be P. aeruginosa MTCC 2582 (25 = 0.60mm), and for
Proteus vulgaris MTCC 744 (23 + 0.80mm) in a 120pg/ml concentration. For comparison, all
the test bacterial samples were differentiate and the maximum zone of inhibition was seemed for
S. pneumonia MTCC 1935 (22 £ 0.24mm) and P. aeruginosa MTCC 2582 (25 + 0.60mm). The

variations in the zone of inhibition shows a stimulated percentage of property.

Table 3. Antibacterial activity of MgO NPs studied towards various pathogens
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Zone of Inhibition (mean = SD (mm))

_ , DMSO  Leafextract  MgO NPs Standard
Microorganisms Antibiotics
S. epidermidis
MTCC 2639 -- 8 +0.82 18 +0.56 15+0.78
B subtilis MTCC - 12+0.18 22 +0.24 18+ 0.93
1133
P. aeruginosa
- + + +
MTCC 2582 15+0.10 25+ 0.60 22 +0.58
k- Cof;g?cc - 18 +0.32 23 +0.80 19 + 0.49

Prior studies concluded that the metal oxide nanoparticles startlingly rupture the cell
membrane and then enter inside the cell [45]. Form that prior study stated that the low ratio of
magnesium oxide nanoparticles shows insufficient to generate H>O,. The MgO NPs at low
concentration does not generate toxic features in humans. Daily consumption of Mg through
food was a needed component for metabolic properties [46]. MgO has a properties towards
intestinal tract breakage from E. coli. The pH on the stomach level from 2 to 5. When MgO
connect to acid, Mg ions are developed. This ions initiate the enzymes like as carbonic anhydrase
carboxyl peptidase, and alcohol dehydrogenase which are needed factors for alcohol and
carbohydrate digestion [47]. Fig. reveals that the MgO nanoparticles has two main properties: 1.
Formation of ROS, and 2. Stimulation of cell mortality. The MgO nanoparticles induces ROS
genesis inside the cell and stimulate oxidative stress, which leads to rupture of cellular
constituents like lipids, proteins, and DNA. Moreover, MgO nanoparticles induces toxic effects
inside the bacterial cells which leads to cell death was represented in fig. 10 [48].

4. Conclusion

Present research was intended to analyze the significant implementation of MgO
nanoparticles as an anticancer drug. The MgO nanoparticles are synthesized through green
chemistry method by using the extract of Calamus palustris . The synthesized MgO NPs are

polycrystalline structure that is concluded via XRD analysis. FTIR analysis confirmed that the
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various functional compounds present in the obtained MgO NPs sample. The SEM analysis
results concluded irregular shape. The obtained antioxidant activity showed better free radical
scavenging activity. The MgO NPs cannot cause zebrafish embryo mortality which concluded
that the synthesized particles are safe to use human healthcare applications. The cytotoxicity of
MgO nanoparticles was analyzed to found cell-mortality cycle exposed through head and neck
squamous cell carcinoma cell line. MTT and NRU depends on mitochondrial and lysosomic
cytotoxic assessment conclude the cytotoxicity of MgO NPs was time and dose mediated
activity. The comet assessment depicts that the synthesized MgO NPs stimulate ROS formation
that might cause DNA breakage which resulting in apoptosis mediated cancer cell death in head
and neck squamous cell carcinoma cell line. In conclusion, the experimental results evidently
concluded that the fruit extract mediated MgO NPs might be an effective anticancer drug. This
research not only synthesis MgO NPs by using phytochemicals of Calamus palustris but also
found to be substitute for generating a non-toxic, eco-friendly potential anticancer drug.
5. Novelty

This study demonstrates a novel, eco-friendly approach for synthesizing magnesium
oxide (MgO) nanoparticles using Calamus palustris fruit peel extract, revealing their
multifunctional potential. The research highlights the dual role of phytochemicals in facilitating
MgO nanoparticle synthesis and enhancing biological activities. Characterization results confirm
the hexagonal crystalline structure and functional groups integral to the nanoparticles' activity.
The study uniquely integrates diverse assays to evaluate antioxidant, cytotoxic, genotoxic, and
antibacterial properties, showing significant free radical scavenging, effective apoptosis
induction in head and neck squamous cell carcinoma cells, and potent antibacterial activity
against both Gram-positive and Gram-negative pathogens. Importantly, the synthesized MgO
nanoparticles demonstrate low toxicity, offering a promising therapeutic avenue for biomedical
applications and microbial disease management while contributing to sustainable nanomaterial
production. This research establishes a foundation for further exploration of plant-mediated MgO
nanoparticles as innovative agents in nanomedicine and biotechnological applications.
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