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Abstract: The study synthesized Pluronic F-127 nanoparti-
cles that encapsulate Fe,03 (PF127Fe,03NPs), nanoparticles,
characterized their formation, and evaluated their cyto-
toxicity and anticancer activity using Berberis vulgaris
leaf extract, using various analytical methods such as
FTIR, Ultraviolet-visible, photoluminescence, dynamic light
scattering, X-ray diffraction, and morphology analysis. We
assessed the antioxidant properties of PF127Fe,03NPs, cyto-
toxicity, and apoptosis through 3-[4,5-dimethylthiazol-2-yl]-
2,5 diphenyl tetrazolium bromide (MTT) assay and acridine
orange/ethidium bromide staining in breast cancer cells,
such as MCF7, and MDA-MB-231. The characterization results
demonstrated that PF-127 was coated with Fe,O3 nanoparti-
cles. MTT assay data revealed that PF127Fe,O3NPs effectively
prevent cancer cells from proliferating and act as an anti-
cancer drug. The antimicrobial results revealed that the
fabricated nanoparticles are effective against gram-negative
(Klebsiella pneumoniae, Escherichia coli, and Shigella dysenteriae)
and gram-positive (Streptococcus pneumoniae, Staphylococcus
aureus, and Bacillus subtilis) bacteria. Treatment of
PF127Fe,03NPs in a dose-dependent manner on MCF7, and
MDA-MB-231, exhibited increased antioxidant activity, nuclear
damage, and apoptotic activity. These results confirm the
apoptotic activity of PF127Fe,0OsNPs. The study concludes
that MCF7 appears to be more sensitive to PF127Fe,OsNPs
than MDA-MB-231. In conclusion, we have found that it can
be used as an effective antioxidant and anticancer agent in
therapeutics.
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1 Introduction

As an alternative to their enormous materials, nanoparti-
cles are now being studied for a varied diversity of reasons
and have enhanced biological activity due to their small
size, high surface-to-volume ratio, and ability to change
size and shape [1]. Nanoparticles are currently made using
several physicochemical techniques for various applica-
tions, such as biological sensors, solar cells, agriculture,
and textiles [2]. Their usage in the biological and medical
domains is constrained due to the use of hazardous chemi-
cals, the difficulty of the synthesis process, the high pricing,
and the creation of dangerous by-products [3].

In a green way to generate nanoparticles, plant extracts
are used to generate nanoparticles that are easy, fast, and do
not contain toxic or high-energy substances. Additionally,
diverse proteins found in microbes and plant extracts serve
as capping agents, allowing the creation of nanoparticles to
be scaled up [4]. The use of plant extracts has some perks
over the utilization of microorganisms among the various
organisms that are used to produce nanoparticles, such as
the absence of the need for culture media or other chal-
lenges associated with the use of microorganisms for nano-
particle production, such as the need for aseptic conditions
[5]. The utilization of plants is now one of the most depend-
able processes for synthesizing nanoparticles due to the
usage of biomaterials, green, and ease of synthesis [6]. Plant
extracts include coating and reducing substances such as
polysaccharides, amino acids, flavonoids, terpenes, enzymes,
and proteins. These substances may generate nanoparticles
with remarkable stability and a variety of sizes and forms by
reducing metal ions [7].

Recent years have seen a plethora of basic and medic-
inal uses for magnetic nanoparticles (Fe30,, y-Fe,03, a-Fe,03,
and Fe0O). Hematite (a-Fe,0s), a more stable form of iron
oxide than other polymorphs, has a range of useful techno-
logical uses due to its low cost, superior chemical stability,
anti-corrosive, tuneable optical, and magnetic characteristics
[8]. Iron oxide nanoparticles have gained much attention
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because of their distinct physiochemical characteristics. Using
green chemistry, plants can generate iron oxide nanoparti-
cles, which is a revolutionary way that gets beyond the draw-
backs of existing traditional approaches. In this green route of
the fabrication process, the biomolecules of plants serve as
capping and reducing agents [9]. These therapeutic efficacies
are due to the bioactive components that are affixed to the
NPs’ surface. These characteristics are also connected to the
biological uses of NPs. In the combat against oxidative stress,
the weakly radical scavenging action is efficient [10]. Addi-
tionally, ROS may be transported into bacteria via iron-oxide
(Fe,03) nanoparticles, which disrupts the functionality of the
cell membrane and causes the leaking of cellular compo-
nents, which may induce bacterial cell death [11].

Traditional medicine places a special emphasis on
therapeutic herbs from the genus Berberis. Several studies
have reported that among distinct Berberis species, the
Berberis vulgaris plant has pharmaceutical, antioxidant,
and nutritional properties [12]. The different organs of
this plant contain several alkaloids, the most significant
of which is berberine. This alkaloid can have a variety of
effects, including anti-inflammatory, hypoglycemic, antiox-
idant, and hypotensive properties [13]. The culinary and
pharmaceutical sectors employ various B. vulgaris organs,
while the ornamental species are used to beautify various
locations. Traditional medicine recommends using B. vul-
garis to treat liver illness, hyperlipidemia, hyperglycemia,
depression, and bleeding [14]. According to the findings,
B. vulgaris includes a substantial number of phytochemical
substances, including more than ten phenolic compounds,
vitamin K, ascorbic acid, a variety of triterpenoids, and
more than thirty alkaloids [15]. Consequently, B. vulgaris
may have benefits that are antioxidant, analgesic, hepato-
protective, anti-inflammatory, antibacterial, anti-cancer,
and anti-inflammatory [12].

Recent research has focused heavily on the surface
modification of nanoparticles by polymers to diminish
aggregation, regulate their physicochemical characteris-
tics, and regulate their links with biological systems [16].
The polymer can increase the nanoparticles’ stability in the
cellular environment and improve their biocompatibility
with healthy, normal live cells and organs [17]. As a surfac-
tant polyol, Pluronic F127 exhibits a low toxicity that allows
it to be used to control drug release while also facilitating
the solubilization of water-insoluble materials in physiolo-
gical media, as well as acting as an absorption promoter that
improves drug permeability across ocular epithelia [18]. A
commercially available FDA-approved triblock copolymer
called Pluronic F-127 is among these polymers. It is injectable,
nontoxic, biocompatible, and thermo-reversible [19]. It can
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exhibit amphiphilic properties in an aqueous environment.
Pluronic F-127 is ideally suited for gene therapy, controlled
release, drug administration, and tissue engineering hecause
of its unique thermo-reversible micellization property near
body temperature [20].

The results showed that both synthesized FeO-NPs dis-
played 100% antimicrobial photodynamic therapy activity
after light-emitting diode irradiation. The water extract of
FeO-NPs and methanol extract of FeO-NPs also showed sig-
nificant biofilm inhibition [21]. The study synthesized hematite
nanoparticles using Artemisia plant extract, achieving a satu-
rated magnetization of 0.96 emu-g " and a low remnant mag-
netization of 0.06 emu-g™, indicating potential biomedical
applications [22]. The study reveals that green iron nanopar-
ticles with high adsorption capacity are promising for indus-
trial applications. Clove-prepared iron nanoparticles showed
more effective bactericidal activity against pathogens than
g-Coffee-prepared ones, with Clove-prepared iron oxide inhi-
biting Staphylococcus aureus and Escherichia coli at different
depths [23]. The study showcases the green synthesis of Fe,03
nanoparticles from Bauhinia tomentosa leaf extract, demon-
strating their effectiveness in lipase immobilization and 1,3-
diolein synthesis [24].

In this work, Pluronic F-127-coated Fe,O; NPs were
prepared using a novel, environmentally friendly method,
and their characterization studies including ultraviolet-
visible (UV-Vis), Fourier transform infrared (FTIR), dynamic
light scattering (DLS), X-ray diffraction (XRD), photolumines-
cence (PL), scanning electron microscopy (SEM) with EDAX,
and transmission electron microscopic (TEM) analysis were
performed. In addition, the antibacterial biological cytotoxi-
city and antioxidant activity of fabricated Pluronic F-127-
coated Fe,0; NPs were assessed for the first time to our
knowledge. Fe,03 NP’s stability and biocompatibility have
been markedly enhanced by the modification method while
also maintaining their preferred crystalline form.

2 Materials and methodology

2.1 Preparation of B. vulgaris extract

A freshly harvested B. vulgaris plant, authenticated by the
Botanical Survey of India (11.6653454; 78.280684), weighed
10 g and was soaked in 100 mL of demineralized water for
20 min at 80°C. Using Whatman No. 1 filter paper, the
resulting extraction was purified. The filtrate was then
stored in a 250 mL Erlenmeyer flask and kept at 37°C for
further processing.
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2.2 Preparation of Fe,03 NPs

To synthesize Fe,05 NPs, 0.5 g of Pluronic F-127 and 0.1 M of
ferrous nitrate hexahydrate Fe(NOs),-6H,0 were mixed in
100 mL of prepared Berberis vulgaris extract. This resulted
in a red-colored homogenous reaction mixture. This mix-
ture was continuously agitated for 5 h at a temperature of
80°C. At 120°C for 1 h, the resulting crimson precipitate was
dried. For further research, the obtained Fe,O; NPs in
powder state were annealed at a temperature of 800°C
for 5 h.

2.3 UV-Vis spectroscopic analysis of
PF127Fe,03NPs

UV-Vis spectroscopy was used to identify the surface
plasmon resonance peak in the Fe,03; nanoparticle. Analyzed
nanoparticle samples were carried out at wavelengths ran-
ging from 200 to 1,100 nm. To calculate the average absor-
bance of the Fe,05 nanoparticle, the experiment was carried
out three times.

2.4 Analysis of PF127Fe,0sNPs by DLS

The Fe,0; nanoparticle was examined using DLS. The
nanoparticles were first homogenized with Milli-Q water,
and then the mixture was subjected to 30 s of sonication.
Nanoparticles are diluted 1:10 with Milli-Q water before
undergoing a zeta potential test.

2.5 Analysis of PF127Fe,03NPs with field
emission-scanning electron microscopy
(FESEM) and EDAX

FESEM coupled with EDAX was used to examine the com-
position, size, and surface properties of the fabricated
Fe,05 nanoparticle.

2.6 TEM analysis of PF127Fe,03NPs

The TEM (Tecnai F20 model) apparatus was used to analyze
the morphologies of the PF127Fe,0;NPs at a 200 kV accel-
erating voltage.

Plant-derived Pluronic F-127 encapsulated Fe,03 nanoparticles induce anticancer activity = 3

2.7 XRD analysis of PF127Fe,03NPs

An XRD was used to analyze the PF127Fe,03NPs. When the
monochromatic wavelength of 1.54 A was employed, the
diffraction patterns for the PF127Fe,0;NPs were recorded
in the 20°-80° range.

2.8 FTIR spectroscopic analysis of
PF127Fe,03NPs

Investigation of the different functional groups present in
Fe,0; NPs was done using FTIR analysis. Potassium bro-
mide pellets and Fe,0; NPs were mixed in a 1:100 ratio
before being scanned at a resolution of 4 cm, each scan
between 500 and 4,000 cm™. The program was used to
perform and assess 50 scans in total.

2.9 PL analysis of PF127Fe,0O3NPs

The electronic structure and characteristics of the PF127
Fe,03NPs were assessed using photoluminescence spectro-
scopy (Cary Eclipse spectrometer).

2.10 Determination of antibacterial
potential of PF127 Fe,0OsNPs

The antibacterial activity of the PF127Fe,03;NPs was exam-
ined by the well diffusion technique and tested against Bacillus
subtilis, Klebsiella pneumoniae, S. aureus, Streptococcus pneu-
moniae, E. coli, and Shigella dysenteriae following molten nutri-
tional agar. Micropipettes were used to transfer test samples at
concentrations of 1, 1.5, and 2 mg-mL’1 onto the bacteria-seeded
well plates. Following that, the plates were incubated at 37°C
for a duration of 24 h. The inhibition zone’s dimensions were
taken. The positive control against B. subtilis, K. pneumoniae, S.
aureus, S. pneumoniae, E. coli, and S. dysenteriae was amoxi-
cillin (Hi-Media) [21].

2.11 Estimation of in vitro antioxidant
activity of PF127 Fe,OsNPs

The antioxidant capability of the Pluronic F-127 encapsu-
lated Fe,O; nanoparticles was studied by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity. Each
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test is carried out three times. Several concentrations of
Fe,03 NP solution (2, 4, 8, 16, 32, and 64 ug‘mL'l) were
mixed with an equivalent volume of 0.1 mM DPPH solution.
The reaction mixture’s absorbance at 517 nm was measured
after it had been incubated for a duration of 30 min at 37°C
and in the dark. The application of ascorbic acid as the bench-
mark and ethanol (blank) as the positive control. It is proof of
antioxidants’ ability to scavenge free radicals that the absor-
bance of the DPPH mixed reaction mixture reduced when the
antioxidant was introduced. The percentage of free radicals
that were suppressed or scavenged was calculated using the
following formula:

[Value of optical density € control sample — Values € the experimental sample]
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substance’s band gap energy can be determined. The three
probable electronic transitions between 200 and 1,000 nm
are n — 71, n — ¢% and n — 1* [23]. With a UV-Vis spectro-
photometer operating at room temperature, the optical
absorbance of Fe,03 nanoparticles was examined; the cor-
responding spectrum is shown in Figure 1. Using UV-Vis
spectroscopy, it is possible to determine if precursor reduc-
tion has been placed. The presence of Fe,03 NPs is indicated
by a high absorption peak at 395nm [24]. The absorption
bands observed at 395 nm are caused by the ligand-to-metal
charge-transfer transitions (direct transitions), with coupled
effects from the Fe*" ligand field transitions [25].

%of scavenging activity =

2.12 Cell viability assay

The study used Vero (normal), MDA MB-231, and MCF-7
breast cancer cell lines to assess PF127Fe,0sNPs cytotoxi-
city based on Sarathbabu et al. [22]. Cells were seeded onto
96-well tissue culture plates and incubated with Fe,03 NPs
for 24, 48, and 72 h at room temperature and 5% CO,. After
incubation, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetra-
zolium bromide (MTT) was added for 2-4 h until purple
crystallites appeared. Cells were drained and cleaned with
1x PBS. Viability percentage and ICs, value were calculated
using GraphPad Prism 6.0 software.

Optical density of sample

100 (2
Optical density of control @

Cell viability% =

2.13 Statistical analysis

Each study was conducted in triplicate, and the results
were statistically analyzed using One-way ANOVA and a post
hoc Tukey post-test. The results were presented as mean + SD,
with P < 0.05 considered statistically significant.

3 Results and discussion

3.1 UV-Vis spectra of PF127Fe,OsNPs

From the highest occupied molecular orbital in the valence
band (VB) to the lowest unoccupied molecular orbital in
the conduction band (CB), electrons are excited by the
absorption of electromagnetic waves. By absorbing wave-
lengths between bonding and anti-bonding orbitals, the

% 100 @

Value of optical density € control sample

3.2 FTIR spectra of PF127Fe,OsNPs

The B. vulgaris extract used to make Fe,03 NPs was sub-
jected to FTIR examinations to look for any potential modifi-
cations in functional group bonds that could have occurred
through the reduction process. Figure 2 illustrates the FTIR
spectrum for PF127Fe,0;NPs mediated by B. vulgaris extract,
which showed multiple distinct bands at 463, 555, 1,050, 1,113,
1,422, 1,647, 2,854, 2,924, and 3419 cm™, respectively. B. vul-
garis extract has a shifted absorption band at 555 cm™, and
the band at 463cm™ matches the Fe-O stretch of Fe,05,
demonstrating the synthesis of Fe,O; NPs. The intensity of
the detected absorption bands exceeded those of the extract,
demonstrating the extract’s reducing function in forming

95 nm

Absorbance

T i T i T T
400 600 800 1000

‘Wavelength (nm)

Figure 1: UV-Vis spectrophotometer analysis of synthesized Pluronic
F-127 coated Fe,03 NPs. Fe,03 nanoparticles coated with Pluronic F-127
and analyzed with a UV-Vis spectrophotometer.
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Figure 2: FTIR analysis of Pluronic F-127 coated Fe,03 NPs derived from
infrared analysis. Based on infrared analysis, FTIR transmission vs
wavenumber of pluronic F-127 coated Fe,03 nanoparticles is depicted in
the chart.

Fe,05 NPs. The peak at 1,113 cm™ represents the stretching
vibration of the C-O-C present in the polyphenolic chemicals
that are found in the plant extract. The in-plane bending
vibrations of O-H in phenols correspond to the band obtained
at 1,422 cm™. The polyphenol chemicals found in the plant
extract and the amino acids that stabilized and served as a
capping agent are shown by the absorption band at 1,647 cm ™,
which is related to the C=0 bond stretching. To reduce iron
ions and iron oxide nanoparticles, polyphenol compounds and
phenyl groups are crucial [26,27]. C-H stretching peaks present
in Pluronic F-127 were seen at 2,924 and 2,854 cm™, respec-
tively. The band with the maximum intensity that is ascribed
to the O-H groups is an indication that the surface of the
manufactured Fe,O3; NPs has been coated with water-soluble
polyphenol compounds. With an enhanced absorption band,
the ferric chloride reduction is shown by the band at 3,419
cm’, which corresponds to the O-H bond stretching and iden-
tifies the aqueous phase [28,29].

3.3 PL spectra of PF127Fe,0;NPs

A key method for assessing the optical characteristics of
electronic materials is PL analysis. Fabricated Fe,0;3 NPs’
PL spectra at room temperature are depicted in Figure 3
and stimulated at a wavelength of 325 nm (Figure 3). The
PF127Fe,0sNPs’ PL emission spectra showed values at 362,
434, 484, and 512nm, respectively. The VB and CB are
excited, resulting in 362nm UV emission. Excitons and
holes flow freely in CB and VB, generating excitons. Blue
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Figure 3: PL spectroscopy spectrum of Pluronic F-127 coated Fe,O3 NPs.
Fe,05 nanoparticles coated with Pluronic F-127 and their PL spectrum.

emission at 434 and 484 nm is caused by electron and hole
recombination, while green emission at 512 nm is caused
by ionized oxygen vacancies and structural flaws in Fe,03
NPs [30-32].

3.4 Morphological analysis of
PF127Fe,03NPs

Nanostructured hematite particles’ shape, size, and crystal-
linity were confirmed using TEM imaging and Selected area
(electron) diffraction [SAED] pattern analysis, revealing sphe-
rical structure (Figure 4(a—d)). To further demonstrate the
crystallinity of the distinct little bright and pointed dots that
make up the ring, which is coated with Pluronic F-127. The
SAED pattern confirmed the rhombohedral crystalline phase
of the produced Fe,03 NPs (Figure 4e). This agrees with XRD
data and TEM micrographs that demonstrate that all the
particles are nanoscale in size.

3.5 FESEM analysis and EDAX spectra of
PF127Fe,O3NPs

The PF127Fe,0;NPs were synthesized using Berberis vulgaris
extract at room temperature utilizing a green approach. The
PF127Fe,0sNPs SEM study monitored Fe,O3 NPs’ shape, and
the particle size ranged from 35 to 55nm. According to
Figure 5(a and b), the particles were agglomerated and sphe-
rical. The presence of biological substances on the surface of
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Figure 4: TEM micrographics of the Pluronic F-127 coated Fe,03 NPs: lower (a, b) and higher (c, d) magnification TEM image and SAED pattern (d).
PF127Fe,03NPs TEM study monitored Fe,03 NPs’ shape, with particle sizes ranging from 30 to 50 nm.

the particles may be the cause of the agglomeration. The
particles seem to aggregate because bioactive chemicals had
OH bonding, which makes this possible (Figure 5c) [33-35].

3.6 X-ray diffraction patterns of
PF127Fe,O3NPs

Figure 6 displays the XRD spectrum of the green route
fabricated PF127Fe,03NPs. The generation of a-Fe,03 NPs
was indicated by well-defined peak locations in the XRD
spectra with 20 values of (012), (104), (110), (113), (024), (116),
and (018) corresponding to the 25.160°, 35.120°, 36.630°,
40.640°, 49.970°, 57.080°, and 59.420°. The crystalline nature
of the Fe,0; NPs produced by the reduction technique uti-
lizing B. vulgaris extract was unquestionably demonstrated
by the strong and crisp peaks. The findings nearly exactly
match those of other researchers who studied iron oxide
nanoparticles [26,36], supporting the creation of a crystalline
rhombohedral structure. According to the Debye—Scherrer
equation [26], the average crystallite size of synthetic
PF127Fe,05NPs was 32.54 nm. The computed lattice parameters

are a = 0.506 nm and ¢ = 1.388 nm. The absence of additional
diffraction peaks suggests that the PF127Fe,O3NPs pro-
duced by green synthesis were very pure and had high
crystallinity.

3.7 DLS spectra of PF127Fe,0;NPs

Figure 6 displays the particle size distributions for PF127Fe,05NPs.
The average diameter of the particles after 800°C annealing is
174.90 nm. The build-up of primary particles results in an expan-
sion in the mean particle size.

3.8 Antibacterial effect of PF127Fe,O;NPs

The antibacterial activity and zone of inhibition of fabricated
PF127Fe,0sNPs are depicted in Figure 7. PF127Fe,0sNPs exhibit
antibacterial activity against bacterial strains including B. sub-
tilis, S. pneumonia, E. coli, S. aureus, K. pneumonia, and S.
dysenteriae bacterial strains. Amoxicillin samples and
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Figure 5: FESEM image of Pluronic F-127 coated Fe,03 NPs. Lower (a) and higher (b) magnification. Elements, weight %, and atomic % of the
composition obtained by EDX (c).
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Figure 6: X-ray diffraction analysis (XRD) pattern and DLS Spectrum of Pluronic F-127 coated Fe,05 NPs. Fe,03 NPs coated with Pluronic F-127 and their
XRD patterns and DLS spectra.
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Figure 7: Antibacterial activity of Pluronic F-127 coated Fe,03 NPs. NPs inhibit the growth of bacteria and a zone of inhibition was shown in agar well
plates. Graphical representation of antibacterial activity was determined for Pluronic F-127 coated Fe,03 NPs by measuring the zone of inhibi-

tion (mm).

fabricated PF127Fe,0;NPs both demonstrate antibacterial
activity. PF127Fe,0sNPs have a stronger antibacterial effect
as compared to amoxicillin. Additionally, the antimicrobial
activity increased as NP concentration was raised. The fact
that Fe,03 NPs are highly stable in the ambient environ-
ment, indicating that metal ion release plays a lesser role
in antibacterial activity, is one of the proposed pathways by

which Fe,03 NPs are effective against bacteria [37]. Contra-
rily, exposure to UV light causes the defect sites of Fe,03 to
create visible light electron-hole pairs or to produce reac-
tive oxygen species. The electron-hole pairs that are created
can help ROS like superoxide radical anions (0,) and
hydroxyl radicals (OH") generate. The OH and O, free
radicals generated can destroy the membrane, thereby
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Figure 8: Antioxidant activity and percentage of inhibition DPPH free
radical by synthesized Pluronic F-127 coated Fe,03 NPs. An illustration of
the antioxidant activity (superoxide radical scavenging activity) of
Pluronic F-127 coated Fe,03 NPs is provided. The values are presented as
means and standard deviations (n = 3).

eradicating the microorganisms [38]. Furthermore, cellular
function disruption and membrane disarray are caused
by important interactions such as dipole-dipole, hydro-
phobic, electrostatic, hydrogen bond, and van der Wall’s
contacts [34].

3.9 Antioxidant activity and percentage of
inhibition of DPPH free radical by
synthesized PF127Fe,03NPs

Potential free radical scavenging capacity against DPPH
free radicals is shown by Fe,05; nanoparticles in Figure 8.
The radical DPPH is transformed into the colorless stable
diamagnetic compound by the NPs by transferring elec-
trons or hydrogen to it. In previous studies, flavonoids
and phenolics were noted to be present in B. vulgaris
plants [39], which have been used to form nanoparticles
encapsulating Fe,03 using Pluronic F-127. The phenolic and
flavonoid-rich plant extract serves as a reducing agent for
the fabrication of nanoparticles [40]. A range of biological
applications are available from phenolic compounds in
edible and medicinal plants, including epigallocatechin
gallate, catechins, ferulic acid, flavonoids, proanthocyani-
dins, and tannins [41]. The redox characteristics of phe-
nolic compounds, which can be useful in the captivation
and nullification of free radicals, dissolving peroxides, or
quenching singlet and triplet oxygen, are primarily respon-
sible for their antioxidant action [42]. In this study, the
DPPH scavenging activity ranges from 5% to 70% for the
five distinct concentrations of iron oxide NPs, which are 20,
30, 40, 50, 60, and 70 pg-mL'l. The scavenging mechanism
elevates with the increasing concentration of Fe,O3; NPs.
The trend observed in the scavenging activity is 64 > 32 >
16 > 8 > 4 > 2 ug'mL " of Fe,0; NPs. When the DPPH radical
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interacts with the surface of Fe,05 NPs, an electron is trans-
ferred from the oxygen species to the nitrogen atom of the
DPPH, which scavenges the radical. So, Fe,03 NPs exhibit
effective antioxidant activity and can be used for thera-
peutic purposes.

3.10 Effect of PF127Fe,03 NPs on cell viability

MTT assay assessed iron oxide nanoparticles’ cytotoxic
activity against MCF7, MDA-MB-231, and Vero cell lines.
Figure 9 depicts the cytotoxic effect of fabricated Fe,03
NPs (2-64 ug-mL'l) for 24, 48, and 72 h. The MTT test, which
relies on actively developing cells to generate blue, water-
insoluble formazan crystals, has been frequently used to
gauge the rate of cell proliferation. The concentration of
the Fe,03 NPs had an impact on the cell viability, which
reduced as the concentration of Fe,05; NPs increased. The
1Cso value for the MCF7 (breast) cell line was calculated to
be 21.9, 44.18, and 51.58 pg-mL’1 for 24, 48, and 72 h respec-
tively. The ICs, value for the MDA-MB-231 (breast) cell line
was calculated to be 27.17, 45.64, and 75.96 ug-mL™" for 24,
48, and 72 h, respectively. The small impact of all samples
on normal cell lines supports the unique impact of fabri-
cated Fe,O3 NPs on cancer cells. It has been noted that mito-
chondria, which are redox-active organelles, are attacked by
nanoparticles of various sizes and chemical compositions. In
cells exposed to nanoparticles, mitochondria are a key loca-
tion for ROS production. In the fabrication of nanoparticles,
Flavonoids and Phenolics are found in B. vulgaris leaf
extract to serve as a reducing agent and capping agent,
respectively. PF127Fe,0sNPs have a lower toxicity risk. As
a result of the controlled release of encapsulated Fe,03
nanoparticles, there is a reduced risk of quick increases in
ROS in breast cancer cells, which leads to a gradual increase
in their cytotoxicity. Nanoparticles may cause oxidative
stress by altering ROS and influencing antioxidant defenses
[43,44]. Hydrogen peroxide (H,0, ), superoxide radical (O, ),
and hydroxyl radical (OH") are the most common ROS, and
they damage biological components, including DNA, leading
to apoptotic cell death [45]. This makes it evident that Fe,03
NPs react in a similar way in MCF7 (breast) and MDA-MB-231
(breast) to induce apoptosis. Other than iron nanoparticles,
the previous study explores the green synthesis of silver
nanoparticles using Carissa spinarum leaf extract, revealing
its potential as a rapid, cheap, and effective mosquitocides
bio-resource [46]. The previous study presents a hybrid
nanosystem for cancer-targeted fluorescence imaging and
drug delivery, enhancing antibiofilm and antioxidant prop-
erties, with potential applications in various industries [47].
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Figure 9: Pluronic F-127 coated Fe,03 NPs cause cytotoxicity in MCF7 (breast), MDA-MB-231(breast), and Vero cells. MCF7 (breast), MDA-MB-
231(breast), and Vero cell lines were treated with different concentrations (2-64 pg-mL™") of Pluronic F-127 coated FeNO; NPs for 24, 48 and 72 h. The
cells were subjected to MTT assay and the values were depicted as +SD of three individual experiments.
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The study explored a novel approach to cancer research
by investigating the potential anticancer properties of nano-
particles derived from B. vulgaris extract and encapsulated
in Pluronic F-127. The study explores the anticancer poten-
tial of Pluronic F-127 encapsulated Fe,0; nanoparticles
derived from B. vulgaris extract. The innovative formula-
tion technique combines a natural extract with a biocom-
patible polymer, potentially enhancing the nanoparticles’
properties and applications. The nanoparticles effectively
inhibit cancer cell proliferation, indicating their potential
as an anticancer drug. They also exhibit antimicrobial
properties against gram-negative and gram-positive bac-
teria. The study also highlights a dose-dependent effect on
breast cancer cells (MCF7 and MDA-MB-231), highlighting
the potential dosage for achieving desired anticancer
effects. The nanoparticles also show enhanced antioxi-
dant activity, suggesting their dual potential as an antiox-
idant and anticancer agent.

4 Conclusion

In the current research, we have fabricated an effective
nanoparticle utilizing Pluronic F-127 as an effective delivery
agent and B. vulgaris leaf extract as a reducing and capping
agent. The characterization studies of the nanoparticles
revealed the formation of a complete nanoparticle and the
presence of all the components in the nanoparticle. We have
also analyzed the effect of fabricated nanocomposite on
microbes, cell viability of the MCF7 (breast), MDA-MB-231
(breast), Vero cell lines, and antioxidant activity. These
results confirmed the potency of pluronic F-127-encapsu-
lated Fe,03 nanoparticles as an anticancer drug and antiox-
idant. Furthermore, considerable research is required in the
long term to determine the precise therapeutic mechanisms
of the Pluronic F-127 encapsulated Fe,03; nanoparticle.
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