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Selenium is a trace element in the human body present in various enzymes with antioxidant activities and several functional
proteins. This study is aimed at synthesizing selenium nanoparticles using Brassica oleracea (broccoli) and characterizing and
assessing the antioxidant and antimicrobial effectiveness against cariogenic microorganisms. UV-visible spectrum displayed a
peak at 370nm which confirms the formation of SeNPs. TEM images of synthesized selenium nanoparticles showed
polydisperse nanoparticles, spherical. The size of the particles ranged from 10 to 25 nm, and the average particle size obtained
was 15.2+1.9nm. SEM images of nanoparticles were spherical and ranged in size from 10 to 28 nm. The SeNPs showed
effective antimicrobial activity against cariogenic pathogens. The SeNPs synthesized with Brassica oleracea extract can be
incorporated in toothpaste, gums, and mouthwashes that are cost-effective and biocompatible and used for the prevention of

dental caries.

1. Introduction

Owing to their characteristic attributes, nanoparticles find
extensive implementation in several scientific, medicinal,
and industrial domains [1, 2]. Among the various kinds of
nanoparticles, selenium has attracted appreciable interest
due to its greater bioactivity, protein interactions, strong
absorption capability, and reduced toxicity, together with
interdisciplinary applications in medicine, therapeutic sci-
ences, nanobioinformatics, and nanobiotechnology [3].

Selenium corresponds to Group VT in the periodic table
as an integral trace element. Numerous antioxidant enzymes
and functional protein molecules contain selenium and
maneuver a crucial role in mitigating oxidative stress, thus
minimizing the damage in cardiovascular diseases, cancer,
diabetes, and hypercholesterolemia. On the other hand, the
intake of selenium is necessary for different metabolic pro-
cesses and indiscriminate intake beyond acceptable concen-
tration leads to selenium toxicity [4-6].

Selenium is found in nature as ionic forms of selenite
(Na,SeO,), selenate (Na,SeO,), and selenium oxide (SeO)
among the other forms. Elemental selenium nanoparticles
manifest lesser cytotoxicity compared with selenite (SeO;)
and selenate compounds (SeO,) and show anticancer and
several therapeutic properties that enable them to be utilized
in versatile medicinal applications [7, 8]. Researchers have
reported on the antioxidant function of SeNPs. SeNPs can
unswervingly scavenge the free radicals in a size-dependent
manner within the size ranging from 5 to 200 nm [9].

Traditional physiochemical methods of SeNP synthesiz-
ing are cumbersome, nonecological, and require prerequi-
sites such as high temperatures, toxic substances, reagents,
precursors, and complicated procedures. Besides, in the con-
ventional process, the form, size, and instability of the syn-
thesized particle are the main limitations [10]. This creates
a great desire to synthesize nanoparticles with harnessed size
and nanometer morphology in an eco-friendly mode [11].
The size and the shape of nanoparticles are permanently
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related to the unique characteristics, work, and application of
nanomaterials [12, 13]. Because of its eco-friendliness, low
toxicity along with increased stability, small size, and shape
distribution, emerging advances in nanoparticle generation
using green syntheses are attracting much attention today
(14, 15].

Brassica oleracea (broccoli) has all the nutrients that
prove its exceptional health benefits, including vitamins,
minerals, secondary metabolites, and fiber. The active princi-
ples for demonstrating medicinal properties are the break-
down products of sulfur-containing glucosinolates, phenolic
isothiocyanates, antioxidants, vitamins, and dietary minerals.
These bioactive compounds most likely mediate the medici-
nal properties of broccoli consumption by the inducement
of a range of functions such as antioxidant behavior, enzyme
regulation, and the control of apoptosis [16].

Organic chemicals such as S-methyl cysteine sulfoxide
and glucosinolates present in Brassica oleracea in conjunc-
tion with other ingredients inclusive of vitamins C, K, and
E and minerals like selenium, iron, and zinc and polyphenols
such as kaempferol, glucosides of quercetin, and isorhamne-
tin are likely to be accountable for the various health benefits
of broccoli [17, 18].

Concerning dental problems, caries is one of the most
common human diseases characterized by susceptibility to
enamel and dentin tissue damage due to acidic by-
products generated from dietary carbohydrates owing to
bacterial fermentation [19]. This problem is initiated by
the acid production from bacteria that ferment carbohy-
drates resulting in demineralization of dental enamel and
the development of caries. Supplementation of calcium
and phosphate can aid in the rarefy demineralization of
teeth to avoid dental caries. Such ions are also present in
the saliva, and their concentration determines reminerali-
zation and demineralization [20, 21].

Nanocarriers are presently being reasoned for their appli-
cation in dentistry, and their particular characteristics iden-
tify possible use in the delivery of antimicrobial agents in
the prevention and management of oral diseases caused by
microbial invasion. Implementation of nanomaterials in den-
tistry may be divided into two major categories: dental pre-
ventive and restorative care [22]. According to caries
research, novel approaches to prevent and manage dental
caries have been implemented through nanotechnology, in
particular through plaque-related biofilm regulation and
remineralization of carious lesions [23].

In this area, nanotechnological advances have also pro-
vided advantages as novel drivers of innovation. It has been
shown that natural biomineralization, which is an integral
repair mechanism, is induced by the use of nanotechnology.
For enhancing oral health through the prevention of dental
caries, the use of nanomaterials in toothpaste and other
mouth rinsing solutions can be recommended. Caries is often
arrested by nanomaterials used in polishing agents and den-
tal restorative materials. Per se, antimicrobial nanoparticles
can inhibit the growth of bacteria inducing dental caries [24].

Dental caries can be addressed by nanotechnology in two
primary methods. In the first method, fluoride- and calcium-
releasing nanomaterials such as calcium fluoride, calcium
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phosphate, hydroxyapatite, and fluorohydroxyapatite are
used in a process called remineralization. The second method
is to imbibe antimicrobial nanomaterials such as selenium,
platinum, quaternary ammonium compounds, and zinc
oxide nanoparticles [25, 26]. To present better results, a
blend of these two methods can also be used. The anticario-
genic effects of selenium nanoparticles through inhibition
of cariogenic microbes were not studied extensively and thus
need to be explored further. Hence, this study was formu-
lated with the aim to green synthesize selenium nanoparticles
using Brassica oleracea and study its characterization and
antioxidant and antimicrobial effectiveness against cario-
genic microorganisms.

2. Material and Methods

2.1. Preparation of Broccoli Extract. Brassica oleracea was
procured from organic farms in Poonamallee. Broccoli was
washed thoroughly under tap water and made into small
pieces to shade dry it for 3-4 days. After that, the shade-
dried broccoli pieces were ground into a fine powder. From
that, finely grounded broccoli powder 0.7 g was taken and
added to 70 mL distilled water. The mixture was kept in a
heating mantle at 60-80°C for 10 minutes. Then, the boiled
mixture was filtered using Whatman No. 1 filter paper. The
filtered broccoli extract was stored in the refrigerator for sele-
nium nanoparticle synthesis.

2.2. Preparation of Selenium Nanoparticle. 30 mM of sodium
selenite was prepared in 70 mL distilled water. To that 30 mL
filtered broccoli, the extract was added and kept in a mag-
netic stirrer for 2-3 days at 650-800 rpm to obtain uniform
dispersion, a mandatory condition in nanoparticle synthesis.
The color changes in the reaction mixture were noted contin-
uously using a double-beam UV-visible spectrophotometer
at the different wavelength range from 250 to 650 nm. The
synthesized broccoli extract-mediated selenium nanoparti-
cles were centrifuged at 8000rpm for 10 minutes. The
obtained selenium nanoparticle pellet was powdered using
a hot air oven at 70°C for 2 hours and preserved in airtight
vials for further use.

2.3. Characterization of Selenium Nanoparticles. The maxi-
mum absorbance of broccoli-mediated selenium nanoparti-
cles was measured by using a double-beam UV-vis
spectrophotometer (UV-2450, Shimadzu) in the wavelength
range of 250-650 nm. The morphological features such as size
and shape were analyzed by TEM. The functional groups
present in the synthesized selenium nanoparticles were iden-
tified by using FT-IR analysis and also subjected to test the
elemental analysis using an energy-dispersive X-ray detector
(EDX) attached to the SEM machine.

2.3.1. Antioxidant Activity. The DPPH assay was used to test
the antioxidant activity of biogenic synthesized selenium
nanoparticles. Diverse concentrations (2-10 yg/mL) of broc-
coli extract-interceded selenium nanoparticle were mixed
with 1mL of 0.1mM DPPH in methanol and 450 uL of
50mM Tris HCl buffer (pH 7.4) and incubated for 30
minutes. Later, the reduction in the quantity of DPPH free
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FiGure 1: Color changes on selenium nanoparticles synthesis: (a) broccoli; (b) plant extract; (c) selenium nanoparticles.

2.500 A

2.000 ~

1.500 ~

Absorbance

1.000 A

0.500 ~

0.000

T T
250.0 450.0 550.0 650.0

Wavelength (nm)

T
350.0

—— 48h
—— 72h

—— 1h
— 12h
24h

FIGUre 2: UV-vis spectroscopic analysis of broccoli-mediated
selenium nanoparticles at different time intervals and wavelength
is from 250 nm to 650 nm.

radicals was assessed depending on the absorbance at
517nm. BHT was employed as control. The percentage of
inhibition was determined from the following equation:

Absorbance of control — Absorbance of test sample

% 100.
Absorbance of control

(1)

2.3.2. Anticariogenic Activity. The anticariogenic activity of
broccoli-mediated selenium nanoparticles was tested against

%inhibition =

100 nf

Accelerating vo
-

TIndicated magnification: 19kx

FIGURE 3: Transmission electron microscopic image of selenium
nanoparticles synthesized using broccoli extract and scale
measures at 100 nm.

oral pathogens such as S. mutans, S. aureus, E. faecalis, Lacto-
bacillus, and C. albicans. Mueller Hinton agar was utilized for
this activity to determine the zone of inhibition. Mueller Hin-
ton agar was prepared and sterilized for 45 minutes at 120 Ibs.
Media were poured into the sterilized plates and let it stabi-
lize for solidification. The wells were cut using the good cut-
ter, and the test organisms were swabbed. The selenium
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FIGURE 4: Selenium nanoparticles: (a) scanning electron microscopy image; (b) elemental X-ray diffraction spectrum.

nanoparticles with different concentrations were loaded, and
the plates were incubated at 37°C for 24 hours. After the incu-
bation time, the zone of inhibition was measured.

3. Results and Discussion

Compared to physical or chemical approaches of nanoparti-
cle synthesis, one of the effective methods is the generation of
nanoparticles utilizing green sources such as plant phyto-
compounds, proteins, and enzymes as reducing agents in
the case of microbes. The benefits are that they are nontoxic
materials, requiring relatively less complicated and affordable
equipment, biodegradable material processing, improved
selectivity, and high yields.

Visual coloring is the first stage in the moulding of
nanoparticles. It was observed following the incubation
period that the color changed to brown. The reaction mix-
ture with Brassica oleracea and sodium selenite during
incubation showed a time-dependent color shift of 48h
at 30°C, as shown in Figure 1. At the primary reaction
stage, the color of the concoction was yellow, which pro-
gressively changed to brown over time. After 48 hours of
incubation, no further alteration in color was observed.
This brown color may be attributed to the arousal of the
surface plasmon vibrations by the selenium nanoparticles
and thus render beneficial spectroscopic evidence of their
formation.

UV-visible spectra have shown a large peak at 370 nm,
supporting the formation of SeNPs [27]. The peak intensity
increased over time. No further significant elevation in peak
intensity was observed after 48 hours of the reaction. The

peak amplitude has increased over time because of the reduc-
tion of SeO; 2- to Se0. No further peak increase was observed
rafter 48 h, suggesting a maximum conversion of SeO; 2- to
Se0 (Figure 2). Transmission electron microscopy (TEM)
images of selenium nanoparticles synthesized in nutrient
broth supplementation with 1.0 mM selenite at 72 hours of
incubation are shown in Figure 3. The generated nanoparti-
cles were polydisperse, shaped spherically; the particle size
ranged from 10 to 25 nm, and the mean particle size that pre-
vailed from the distribution of the corresponding diameter
was approximately 15.2 + 1.9 nm (Figure 3).

Synthesized plant extracts, such as hydrogen bond and
the electrostatic interaction, were present in the SEM image
of SeNPs and were mounted on the surface because of the
interaction with the bioorganic capping molecules attached
to the SeNPs. Synthesized SeNPs with sizes ranging from
10.32nm to 25.88nm were observed (Figure 4(a)). SEM
study of the synthesized SeNPs was easily distinguishable
due to their size variation. The SEM picture showed the
majority of nanoparticles are spherical in size, ranging from
10 to 25nm, and uniformly distributed. SEM analysis of
SeNPs was readily distinguishable due to the size difference
of synthesized SeNPs. Elemental X-ray diffraction assay was
used to assess the elemental percentage and presence; sele-
nium nanoparticles synthesized with broccoli extract had
an elemental presence of selenium with a 28.02 percent
weight percentage and a 7.09 percent atomic percentage
(Figure 4(b)).

FT-IR estimation was performed to determine the possi-
ble bands present in the biomolecules accountable for near
capping peaks and effective stabilization of the metal NPs
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FIGURE 6: Anticariogenic activity against caries-causing microbes (S. mutans, Lactobacillus sp., E. faecalis, S. aureus, and C. albicans) at
different concentrations and zone of inhibition was measured in millimeter.

synthesized by broccoli extract. FT-IR estimation revealed a
weak broad peak at 3235.32cm™ indicating the presence of
alcohol functional group with O-H stretching, strong to
medium peaks at 1595.30 cm ™' indicating amine group with
N-H bending, 1407.07 cm™" indicative of fluoro compounds
with C-F stretching, and 1099.56 cm™ indicating aliphatic
ether with C-O stretching (Figure 5).

Selenium nanoparticles displayed potent antimicrobial
activity against caries-causing microorganisms at all concen-
trations closely comparable to the antibiotic controls. The
maximum antimicrobial activity against S. mutans was
observed (Figures 6 and 7). Figure 8 shows the antioxidant
activity by DPPH was also important and displayed more
efficacy than the controls at concentrations of 10uL and
20 uL selenium nanoparticles. Selenium has a major biologi-
cal role in species health and is an important component of

the composition of glutathione peroxidases, thioredoxin
reductases, and other selenoenzymes [4]. Glutathione perox-
idase is an enzyme that prevents tissue oxidative stress and
can thus inhibit the activity of harmful free radicals.

UV-vis spectroscopy is one of the most commonly used
methods for the structural characterization of SeNPs. The size
and shape of the tracked aqueous suspension NPs can usually
be analyzed by UV-vis spectroscopy. Our outcome indicates
that C leaf extract synthesizes SeNPs. Measurements based
on data and spectrophotometers range from 200 to 700 nm
with a 420 nm peak indicating SeNP performance.

Energy-dispersive microanalysis spectroscopy was carried
out using EDX techniques to gain further perception of the
SeNPs’ functionality. Our results suggest that selenium bind-
ing energies have EDaX peaks of approximately 72.64. The
outcome indicates the presence in the pure form of SeNPs of
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FIGURE 7: Anticariogenic activity of selenium nanoparticles: (a) S. mutans; (b) Lactobacillus sp.; (c) E. faecalis; (d) S. aureus; (e) C. albicans.

the reaction product. For synthesized extracts of SeNPs, the
recorded EDaX showed a strong signal of 3keV selenium.

In our study, the bacterial growth was affected by the addi-
tion of various sodium selenite concentrations under aerobic
conditions to the growth medium. Elevated concentrations
of sodium selenite induce a lot of impairment to the genetic
configuration in microbes. Thus, significant numbers of bacte-

ria perish because of the stress caused by the existence of toxic
inorganic compounds in the atmosphere, thereby reducing the
production of selenium nanoparticles [8].

It has also been shown that selenium dioxide (SeO,) as
Na,SeO; causes noxious effects on microbial plasmid DNA
under stress conditions of H,0,, but with greater intensity,
whereas other selenium-containing compounds such as
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Na,SeO, and Na,Se have some inhibitory effects on Escheri-
chia coli plasmid DNA. Previous studies support our study of
the antibacterial activity of selenium on Staphylococcus and
suggest that selenium is capable of preventing the develop-
ment of biofilms by bacteria and cytotoxic effect has been
demonstrated by SeNPs [28]. In live aureus assays, it was
demonstrated that SeNPs inhibited pneumonia in cell lines
[29]. In this analysis, the antimicrobial impact of SeNPs on
microbes was observed.

The mechanism attributed may be owed to the interrup-
tion of the cell wall, indicating that the selenium nanoparti-
cles were able to penetrate the cell wall. The antibacterial
role of these selenium nanoparticles can be distinguished by
morphological alterations in bacterial strains both intracellu-
lar and extracellular. The antimicrobial behavior of selenium
nanoparticles is mainly due to the formation of reactive oxy-
gen species, which contributes to the disruption of bilayer
phospholipids where intracellular proteins are associated
with and inactivated by SeNPs or where the sulthydryl and
the thiol groups existing in membrane proteins can react
with and eventually denature them. By altering the cycle of
protein synthesis, interfering with the mechanism of respira-
tory or food metabolism, or impairing the replication of
DNA, oxidative stress caused by reactive oxygen induces cell
death [30].

Toxicological examinations have demonstrated that
small selenium nanoparticles possess a higher surface area
and those particle numbers per unit mass can induce harmful
respiratory damage and inflammation. The larger particles
about 100nm are more easily engulfed by macrophages.
Their aggregation can, thus, decrease the toxicity of the nano-
particles [31, 32].

Selenium nanoparticles can be used in various applica-
tions in the prevention of caries in dental tissues. Incorporat-
ing selenium nanoparticles in toothpaste, chewing gums, and
mouthwashes can potentially help control the growth of car-
ies causing microbes. Similarly, selenium nanoparticles can
be incorporated in luting cement, endodontic sealers, pit
and fissure sealants, and restorative cement to control sec-
ondary dental caries. Further extensive research in these
domains will enhance our understanding of the therapeutic
effectiveness of selenium nanoparticles in the prevention of
dental caries.

4. Conclusion

Nanomaterials have emerged as promising therapeutic
agents in the prevention and treatment of dental caries. In
this study, SeNPs were synthesized using Brassica oleracea
extract, characterized using UV-vis spectroscopy which con-
firmed the SeNP formation and electron microscopic images
from TEM and SEM which showed nanoparticles less than
50nm, and evaluated for the antibacterial activity against
dental caries-causing pathogens, and it was found that SeNPs
showed effective antimicrobial activity against cariogenic
pathogens. The SeNPs synthesized with Brassica oleracea
extract can be incorporated in toothpastes, gums, and
mouthwashes that are cost-effective and also biocompatible
and effective for the prevention of dental caries.
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