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ABSTRACT

Background: Breast cancer is a predominant disease around the world, with early diagnosis
aiding in reducing the spread and recurrence. Plant-mediated nanoparticles have shown
promising results in treatment. The current study aimed to synthesize Magnetite Nanoparticles
(MNPs) utilizing Piper betle var. Mysuru extract and evaluate its anti-breast cancer potentials.
Materials and Methods: The green synthesis included Fe** and Fe?* in a 2:1 proportion, with
crude ethyl acetate extract as a reducing, stabilizing, capping, and tailing agent. The MNPs were
characterized utilizing UV-vis spectrometry, SEM, EDX, XRD, FTIR, and DLS for various properties
like size, crystal structures, presence of functional groups, surface topologies, etc. Results: The
diameter of the newly synthesized nanoparticle was 90 nm in diameter, with a face-centered
crystal lattice with different phytochemicals like alcohol, phenols, alkanes, etc. The cytotoxicity
assay showed IC, values of Doxorubicin, plant extract, and MNPs to be 16.77+0.56 ug/mL,
26.07£3.14 pg/mL, and 12.35+2.47 ug/mL, respectively. The hemolytic assay showed 8.8% and
12.28% hemolytic activity with plant extract and MNPs, respectively. Conclusion: The MNPs'
affordability, Eco-friendliness, and ease of synthesis make them ideal candidates for upscale
synthesis to be used as an active drug molecule against breast cancer.
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INTRODUCTION

Cancer is considered among the deadliest diseases with a high
death rate occurring worldwide. The risk associated with the
disease is profusely growing cells which can potentially migrate
to different regions of the body causing various diseases.! BC is
the most common type of cancer among females with around
25% likely to occur more than other cancer types, and can be
cured based on the early diagnosis. Early diagnosis makes the
disease treatable but there is always a risk of reoccurrence even
after being fully treated.>® BC is regarded as the most commonly
diagnosed cancer in the world, even then the estimated death of
around 6,85,000 individuals in the year 2020 particularly among
developing countries, corresponding to 16% of total deaths
caused by cancer.* BC emerges in the epithelial cells of ducts or
lobes in the breast’s glandular tissue.?
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The cancer cells can easily develop resistance to the administered
drug because of numerous genetic and epigenetic factors, making
the treatment very difficult leaving behind only methods like
surgery, chemotherapy, and radiation. One approach to overcome
this resistance is the administration of combinational drugs for
the molecular pathways exclusively targeting the growth and
survival of the cancerous cells.” Further, the utilization of novel
therapeutic drugs in the combination has shown promising results
by enhancing the survival rates of the patients, and success in case
of delayed treatment. It also has a reduction in the reappearance
of cancer and the development of resistance to chemotherapy.®

Secondary metabolites are the product of the alkaloid and
phenylpropanoid pathways, produced by the plants to be better
adapted to environmental stress. These metabolites have a huge
impact on the plant and possess high pharmaceutical value as
they exhibit properties like anti-oxidant, anti-inflammatory,
anti-diabetic, etc. Many of these metabolites show cytotoxic
effects, anti-angiogenesis, and apoptotic properties which can be
exploited for the prevention of Cancer.’ Piper betel L. (Piperaceae)
isaPan-Asiatic medicinal plant rich in bioactive Phyto compounds
such as hydroxychavicol, eugenol, isoeugenol, anethole, etc.!® The
betel leaf which is native to South Asia including India, Indonesia,
and Malaysia, is commonly used as a mouth freshener and holds
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important socio-economical values.'"'? The Mysuru variety of
Piper betle has a heart-shaped leaf and is known for its unique hot
and spicy taste with a smooth texture is cultivated in and around
the Mysuru district of Karnataka, India, and got the GI tag in
April 2006-2007."

Iron oxides naturally form magnetite in the natural crystalline
cubical structure whose central position is occupied by Ferrous
and Ferric ions. The nano range structure of magnetite particles
has various unique properties which have attracted scientists for
its implementation in particular medical fields for the efficient
treatment of several ailments. Magnetite Nanoparticles (MNPs)
occur in various forms, including cubes, rods, disks, tubes, plates,
hexagons, octahedrons, tetrahedrons, octopods, tetrapods,
rings, flowers, etc.'*'> MNPs implementation in various fields
depends on their physical and chemical properties which are
governed primarily based on different factors like shape size
and size distribution. These magnetites at specific temperatures
show a peculiar property namely supra-magnetism, without
being polarized on normal, without any attractive field, when
the particle size is very small. The combination of MNPs with
controlled size can be utilized in different applications, for
example, ferrofluid, rotational shaft fixing, wavering damping,

and position detecting.'s'®

The current study aims for ethyl acetate extract of Piper betle var.
Mysore-mediated green synthesis of magnetite nanoparticle and
checking its potential for efficient utilization as an active drug
molecule for anti-breast cancer.

MATERIALS AND METHODS

Materials

Ferric Chloride and Ferrous Sulfate were procured from Thermo
Fisher Scientific, India. Doxorubicin and MTT were procured
from Sigma India. DMEM was procured from Hi-Media,
Mumbai, India. Methanol and Ethyl acetate were procured from
SD-Fine Chemical Ltd., Mumbai, India. All chemicals used for
the study were of analytical grade.

Plant Sample Collection and Preparation

Fresh leaves of Piper betle L. var. Mysuru were collected from
the Horticulture Division of the University of Mysore, Mysuru
(Karnataka), washed with normal water and deionized water, and
kept for drying at room temperature.

The leaves were made to powder by grinding and were subjected
to extraction in the Soxhlet apparatus using ethyl acetate as
solvent. This crude extract was concentrated by the utilizing
solvent evaporation method in a rotary evaporator (Heidolph,
Germany). This concentrate was dissolved in methanol in varying
concentrations for different assays."
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Synthesis of MNPs

MNPs were synthesized using the above-prepared plant crude
extract of Piper betle var. Mysuru. MNP synthesis was started with
the preparation of Ferric chloride and Ferrous Sulfate solution by
dissolving it in a 2:1 ratio. The extract (10 mg/mL) was added
to the above-prepared solution gently with continuous stirring at
25°C using a magnetic stirrer. The pH was adjusted to 10 by using
an ammonium hydroxide solution. The solution was incubated
for 1 hour with continuous stirring for homogenization. The
newly synthesized MNPs were collected with the application of
an external magnet. The MNPs were washed multiple times with
water, followed by ethanol, and were dried at room temperature.

Characterization of MNPs
UV-vis Spectrophotometer

The dried nanoparticle was homogenized using a sonicator
at 40% amplitude with a pulse on/off for 5/5 sec for 3 hr in
methanol.?’ The homogenized MNPs were subjected to various
characterization techniques.

UV-vis (Hitachi-U-3900, Japan) was

utilized for the characterization of newly synthesized MNPs by

Spectrophotometer

performing the wavelength scan (200 nm to 800 nm) to find out
the characteristic peak associated with MNPs.?

Scanning Electron Microscopy and
Energy-Dispersive X-ray analysis

The surface topology and the elemental constituent were
estimated utilizing a Scanning Electron Microscope (SEM)

(Hitachi-S-3400N, Japan) working at 5kV vacuum conditions
combined with Energy Dispersive X-ray (EDX).”

DLS and Zeta potential analysis

Dynamic Light Scattering (DLS) was used for the size distribution,
dispersive index, and Zeta potential of synthesized MNPs.2*
The analysis was carried out by dissolving the 1mg of dried
nanoparticle in 2 mL of distilled water and was subjected to DLS
analysis (Microtrac Molecule Size Analyzer).

XRD analysis

The crystal structure along with the crystal lattice of the
synthesized MNPs was analyzed by using X-ray Diffraction
(XRD).*

FTIR analysis

The presence of various functional groups was determined by
using Fourier Transform Infra-Red Spectroscopy (FTIR) which is
responsible for the synthesis as well as associated with the activity
of MNPs.¢
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Cytotoxicity Assay

Cytotoxicity assay was performed using MCF-7 cell lines
(ATCC-HBT?22), which is an Estrogen Receptor (ER) positive
with Her2 negative cell lines for breast cancer. On a pre-labeled
96-well plate with sample/control drug (Doxorubicin) in varying
concentrations (1.56-100 pug/mL). 100 pL of cell suspension
(50,000 cells/well) was added and the plate was incubated at 37°C
for 24 hr. After incubation, the monolayer formed was washed
with Dulbeccos Modified Eagle Medium (DMEM), while the
supernatant was discarded. After incubation, the sample/control
drug was discarded and 100 uL of MTT reagent (4 mg/10 mL
in PBS) was added and was incubated for 4 hr at 37°C. The
supernatant was discarded, and DMSO (100 pL) was added with
plates gently shaken for the solubilizing formazan crystals. The
absorbance was recorded at 590 nm using a multimode plate
reader, (Spectra max i3X, and Molecular devices).”” The growth
inhibition percentage was calculated using the formula and the
IC,, values were generated from the dose-dependent curves.

% Inhibition=((OD of control-OD of sample)/(OD of Control))
x100

Hemolytic Assay

The biocompatibility of the samples with the RBC was checked
through hemolytic assay using the protocol described by Sebe
et al,®® with modifications. The assay was performed using
5 mL of blood collected in K2 EDTA tubes from the healthy
individual (without Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs), at least two weeks before collection of blood),
centrifuged at 3000 rpm for 5 min, the supernatant was discarded
and the erythrocytes were washed thrice with Phosphate Buffer
Saline (PBS). The pellets were resuspended in PBS (1:100). The
suspended erythrocytes were stored at 4°C and were used within
6 hr. 50 uL of uniformly suspended erythrocytes were taken and
mixed with an equal volume of samples (25- 150 pg/mL), triton
X-100 was used as a positive control to obtain 100% hemolysis
and PBS as a negative control. The tubes were incubated at 37°C
for 60 min, and centrifuged for 3 min at 300 rpm. The absorbance
of the supernatant was measured at 540 nm. The Haemolysis
percentage was calculated using the following formula.

0D (test) — 0D (negative control)

X100
(0D (positive control) — O0D(negative control)

% Hemolysis =

Statistical Analysis

The assay was replicated thrice and the results were expressed in
the form of meantstandard deviation. Further, the Analysis of
Variance (ANOVA) test was carried out using Tukey’s method of
analysis and for multiple comparisons with a confidence interval
of 95% with p-value <0.05 as the significance level over IC,  values
of the cytotoxicity assay.
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RESULTS

Characterization of MNPs
UV-vis Spectrophotometer analysis

Upon incubation, the change of color from yellow to black was
observed which suggests the synthesis of nanoparticles. The
newly synthesized nanoparticles were subjected to the wavelength
scan (200-800 nm) using a UV-vis spectrophotometer. In the
wavelength scan, a prominent broad peak was observed at s
wavelength of 300 nm (Figure 1).

SEM and EDX analysis

Direct observation of the MNPs under SEM revealed surface
topology and the approximate size of the newly synthesized
MNPs. The analysis showed MNP crystals of varying sizes with
irregular shapes at different magnifications (3.00K, 4.00K, and
6.00K) (Figures 2 a-c). The size of the MNPs was found to be of
varying size ranging between 80-95 nm ranges. The EDX analysis
showed the weight percentage and atomic percentage of Fe to be
60.90% and 30.80% respectively of the newly synthesized MNPs
(Figure 2d).

DLS and Zeta Potential analysis

The DLS analysis was performed in the water as a solvent for
the estimation of the particle size distribution of the synthesized
MNPs. The DLS analysis showed the size distribution of the
MNPs in the water medium, ranging between 50-250 nm in
diameter with the maximum particle of size 90 nm (60% of the
nanoparticle). The zeta potential value of the MNPs was found
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Figure 1: UV-vis spectrum for the wavelength scan showing a characteristic
peak at 300 nm.
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to be -2.1 mV with an overall surface charge to be -0.00159 fc

FTIR analysis

(Figure 3). The spectrum obtained from the FTIR analysis revealed the
presence of peaks at different wave numbers with varying
XRD analysis intensities suggesting different phytochemicals involved actively

The crystallinity of synthesized MNPs was investigated using the
X-ray Diffraction (XRD) technique. The XRD analysis showed
that the MNPs exhibited three distinct peaks at 20 values of 35.66,
57.29, and 63.37. All three peaks corresponded to standard Bragg
reflections (311), (511), and (440) of face-centered cubic (fcc)
lattice (Figure 4).

in the synthesis and stability of MNPs. The prominent peaks at
the wave numbers 3424.61 cm™, 1401.30 cm™, 631.20 cm’!, and
562.23 cm! respectively (Figure 5).

Cytotoxicity Assay

The cytotoxicity assay (MTT assay) carried out using MCF-7 cell
lines showed the anti-breast cancer potential of newly synthesized
MNPs. The IC, value of the standard drug Doxorubicin, Plant

Figure 2: SEM image showing t
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EDX showing the presence of Fe with the table containing the weight and atomic percentage.
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Figure 3: DLS showing the presence of higher percentage of the particle having the diameter of 90nm along with the
zeta potential and overall surface charge on MNPs.
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Figure 4: XRD pattern showing the peaks at standard Bragg reflections (311), (511), and (440) of
fcc lattice forming the diamond cubic structure.
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Figure 5: The FTIR spectrum of MNPs showing the presence of various phytocompounds at its
corresponding peaks.

extract, and MNPs was found to be 16.77+0.56 ug/mL, 26.07+3.14
pg/mL and 12.35+2.47 ug/mL respectively (Figure 6).

Hemolytic Assay

The hemolytic assay reveals the percent hemolysis of Piper betle
var. Mysuru ethyl acetate extract has a hemolysis activity of 8.8%
at the higher concentration of 125 ug/mL while the MNPs have a
hemolysis activity of 12.28% at 125 pug/mL concentration (Figure
7).

DISCUSSION

The presence of a broad peak at the 300 nm wavelength suggests
that the synthesized nanoparticle is Magnetite Nanoparticles
as absorption maxima for the iron oxide shows in the range to
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300-320 nm,” conforming the synthesized nanoparticle was
MNPs.

The DLS assay showed that the medium contain higher size
particles which can be attributed towards the formation of
aggregated particles in the aqueous medium because of its
hydrophobic surface properties.?

The XRD resulted in an intense diffraction peak at 26=35.66
peak suggesting that the preferred growth orientation of the
synthesized nanoparticle was fixed in (311) direction having a
face-centered cubic lattice. This refers to molecular-sized crystals
arranged in a diamond cubic structure where each atom is bound
to neighboring four atoms, forming a tetrahedral structure. This
XRD pattern is typical of pure magnetite nanoparticles.*
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Figure 6: The graph showing the IC_; values for the MTT assay of the Standard, Plant extract and the MNPs.
The error bar represents the standard deviation, while * represents the significant difference between the
samples at p<0.05.
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Figure 7: The graph showing the percentage haemolysis of the Plant crude extract and MNPs.

The FTIR spectra demonstrated a broad peak along the wave
numbers 3200-3550 cm™ which is attributed to O-H stretching,
which arises because of the alcohol and phenolic compounds.®*
The peak corresponding to the OH stretching is broader than that
of other peaks representing the strong hydrogen bond between
the phytochemicals suggesting that the MNPs were capped with
the phytoconstituents present.*** The wavenumber 1628.81
cm’ contributes towards the C=C groups from alkenes,” the
wavenumber 1401.30 cm™ constitutes the C-H bending from the
alkane group. The wavenumber 1039.92-1123.29 cm™ is attributed
towards C-N stretching of the amine group, while 562.23 -631.20
cm! corresponds to C-Cl stretching of halo compounds.™

The cytotoxicity assay suggests that the Piper betle var.
Mysore-mediated MNPs have a better in vitro anti-breast cancer

S$538

potential than the commonly used drug Doxorubicin. This can
be explained as the cytotoxicity of MNPs greatly enhanced with
the exposure time, concentration as well as the coating over the
nanoparticles. The result also suggests that the Piper Betle var.
Mysore itself shows some of the anti-breast cancer potentials
which are being enhanced to many folds by the nanoparticles.’”**

MNPs showed a hemolytic activity of less than 10 % (0-100
pg/mL) which is considered low hemolysis according to the
American Society for Testing and Materials (ASTM), making it
safe for long-term circulation in the blood.* The Hemolytic assay
suggests that MNPs are having greater hemolytic activity over the
plant crude extract at the highest concentration (above 10 %).
This is attributed to the disruption of the RBC by the MNPs at
the targeted site, making it an effective targeted drug molecule
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and hence increasing the overall efficacy of the nanoparticle.
The results also suggest the hemolytic activity of MNPs is in a
dose-dependent fashion.

CONCLUSION

MNPs which have been synthesized using non-toxic eco-friendly
chemicals are inexpensive and can be upscaled easily by
utilizing the bioactive metabolites present in the ethyl acetate
extract of Piper betle as a stabilization as well as for capping and
tailing agent. The present study reveals the anti-breast cancer
potentials of MNPs, which can be exploited for the preparation
of anti-cancer drugs particularly for breast cancer in various
formulations such as site-directed subcutaneous injection, oral
pills, etc. with the consideration that phyto-fabricated MNPs
are having a higher surface to volume ratio and the synthesis
is from the natural plant-based sources the application and the
utilization of the MNPs are quite safe and have additional benefits
over the chemically synthesized drug molecule for having fewer
side-effects.

ACKNOWLEDGEMENT

The authors would like to acknowledge the University Grants
Commission (UGC), New Delhi, for the opportunity to carry out
the present study. The authors also acknowledge the Department
of Studies in Biotechnology, University of Mysore, for providing
the infrastructures and basic facilities to carry out the research
activity.

ABBREVIATIONS

BC: Breast Cancer; MNPs: Magnetite Nanoparticles; SEM:
Scanning Electron Microscope; EDX: Energy Dispersive
X-ray; XRD: X-ray Diffraction; FTIR: Fourier Transform
Infrared Spectroscopy; DLS: Dynamic Light Scattering;
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; DMEM: Dulbecco’s Modified Eagle Medium; DMSO:
Dimethyl Sulfoxide; OD: Optical Density; IC_: 50% Inhibitory
Concentration; FCC: Face-centered Cubic.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

FUNDING

The authors would like to express their gratitude to the University
Grants Commission (UGC), New Delhi, for providing the
BSR-Faculty Fellowship to H.S. Prakash and Research Fellowship
to Ravikant Shekhar.

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 2 (Suppl), Apr-Jun, 2026

ETHICAL APPROVAL

The Ethical Approval is not applicable as the cell lines used for the
study were Acquired from the Commercial platform (ATCC), it
was NOT derived from the primary cell or isolated directly from
humans.

SUMMARY

The study aims to synthesize the Magnetite nanoparticle from the
ethyl acetate extract of Piper betle var. Mysore and to access its
potential to be used as an anti-breast cancer drug. The crucial
step towards the efficacy of a nanoparticle is its overall surface
properties, size, and charges associated with the stability of the
nanoparticle. The synthesized MNPs were characterized using
DLS, XRD, and FTIR to determine their size, crystal structures,
and functional groups. The synthesized MNPs on testing against
MCEF-7 cell lines, showed promising cytotoxicity against the
cells. Further, the MNPs also show a small amount of hemolytic
activity making them suitable for the targeted application of the
nanoparticle in the vicinity of the tumor, where it will disrupt
the RBCs, thus the synthesized MNPs are very well suited for a
potential drug molecule upon scaleup.
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