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ABSTRACT

Background:Nanotechnology has made tremendous progressin drug developmentand delivery.
The functionalization of nanoparticles with various biological agents facilitates the drug delivery
and treatment of various cancers. Objectives: The current work was conducted to synthesize
the chitosan-nickel oxide-amygdalin hybrid nanomaterials (Chitosan-NiO-Amygdalin HNMs)
and evaluate their antimicrobial and cytotoxic effects on liver cancer (Hep3B) and breast cancer
(MCF-7) cells. Materials and Methods: The synthesized Chitosan-NiO-Amygdalin HNMs were
characterized using various methods, including UV-visible spectroscopy, PL, XRD, DLS, SEM, TEM
and FT-IR analyses. The antibacterial property of Chitosan-NiO-Amygdalin HNMs was assessed
by the disc diffusion method against various pathogens. The cytotoxicity of Chitosan-NiO-
Amygdalin HNMs on Hep3B and MCF-7 cells was assessed by an MTT assay. Results: The synthesis
of Chitosan-NiO-Amygdalin HNMs was confirmed by a UV-vis spectrophotometry study. The PL
emission spectrum of the Chitosan-NiO-Amygdalin HNMs shows their optoelectronic properties.
The XRD patterns reveal that the HNMs possess a cubic crystal structure. The SEM images
showed that the HNMs exhibit hexagonal structures. TEM images illustrate HNMs with hexagonal
morphology.The HNMs have also shown potential antibacterial effects against various pathogens.
The Chitosan-NiO-Amygdalin HNMs effectively inhibited the viability of both Hep3B and MCF-7
cells. Conclusion: The results of this work suggest that Chitosan-NiO-Amygdalin HNMs exhibit
potential to be a prospective therapeutic agent in the future to treat cancer and other diseases.
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Nanotechnology is a fast-growing subject that focuses on the
design, development, surface analysis, and application of materials
at the nanoscale, which typically have diameters between 1 and
100 nm. Nanoscale materials or nanoparticles exhibit distinct
physicochemical and biological characteristics compared to their
bulk counterparts.’ In the medical domain, nanoparticles have
been employed for the purposes of drug delivery, developing novel
pharmaceuticals, disease diagnosis and treatment.> Researchers
have shown significant interest in bio-nanotechnology in recent
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years, as it has found widespread use in various scientific areas,
particularly in the development of novel bioactive materials.’ The
basic element of drug delivery systems is the amalgamation of a
suitable carrier with one or more drug components. The primary
requirements for ideal delivery systems involve the localization of
the active compound at the specific site of action in the body and
the delivery of an accurate dosage at a consistent, appropriate and
specified time.* Biopolymers offer significant benefits for human
health and nutrition due to their exceptional properties.

Chitosan is a polysaccharide obtained from chitin through
the process of deacetylation. Chitosan has received significant
attention in the pharmaceutical and biomedical areas because
of its advantageous characteristics.> ¢ Nickel oxide (NiO)
nanoparticles have exceptional catalytic, optical, electrical, and
magnetic characteristics, which makes them suitable for various
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applications. The NiO NPs possess favorable characteristics such
as a substantial surface area, affordability, availability, and stability,
which make them highly suitable for serving as nanoreinforcing
agents in polymers and biopolymers.”

Breast cancer is a prevalent form of cancer in women,
representing 30% of all diagnosed cancer incidences. In 2020,
breast cancer was responsible for 2.3 million new incidences and
685,000 mortalities, making it the sixth most common cause of
cancer-associated mortalities worldwide. The 5-year survival rate
for breast cancer in all stages is 90%. Nevertheless, as the stage of
cancer advances, the rate of survival reduces.® Liver cancer is the
most prevalent type of cancer in Asia and the third-most common
cause of cancer-related deaths worldwide.” Nanotechnology has
made tremendous developments in the area of drug delivery.
For example, the use of nanoparticles in the cancer treatment
has progressed to the extent that it is now capable of detecting
and specifically targeting an individual cancer cell by delivering
a carrier to treat it. Conventional cancer treatment methods are
associated with adverse effects, while diagnostic tests are costly
and time-consuming. The functionalization of nanoparticles
with diverse biological molecules facilitates drug delivery and the
diagnosis of malignant cells."

There has been a recent increase in interest in natural products
because of their versatile pharmacological effects and reduced
toxicity when used to develop potential drugs."* Amygdalin
is a cyanogenic diglucoside that occurs in the seeds of several
fruits and plants from the Rosaceae family. There is increasing
evidence to suggest that amygdalin has anti-cancer activity
against various tumor cells.”** Amygdalin demonstrates a
synergistic effect when amalgamated with other compounds,
such as cisplatin, resulting in the induction of cell death in cancer
cells.”® Therefore, the current work was conducted to synthesize
and characterize the chitosan-nickel oxide-amygdalin hybrid
nanomaterials (Chitosan-NiO-Amygdalin HNMs) and evaluate
their antimicrobial and cytotoxic effects on Hep3B and MCEF-7
cells.

MATERIALS AND METHODS

Chemicals

Amygdalin, chitosan, nickel nitrate, Muller-Hinton agar (MHA)
and other chemicals were procured from Sigma Aldrich, USA.

Synthesis of Chitosan-NiO-Amygdalin HNMs

Chitosan-NiO-Amygdalin HNMs were synthesized using the
chemical precipitation process. The 0.1 M nickel nitrate and
500 mg of chitosan were dissolved with acetic acid (1%) in 50
mL of aqueous solution. Additionally, 50 mg of amygdalin was
combined with a NiO-Chitosan solution. About 0.1 M of NaOH
solution was mixed to the Chitosan-NiO-Amygdalin solution. A
white residue has been obtained, which was vortexed for 3 h using
a magnetic stirrer. The obtained residue was rinsed thrice using
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distilled water and an ethanol solution. The final suspension was
centrifuged at 15,000 rpm, and the resultant residue was dried at
200 °C for 2 h.

Characterization of the Chitosan-NiO-Amygdalin
HNMs

The UV-visible spectra of the Chitosan-NiO-Amygdalin HNMs
were obtained using a JASCO770-UV-vis spectrophotometer
(Tokyo, Japan). The Chitosan-NiO-Amygdalin HNMs were
analyzed by photoluminescence (PL) analysis, and their spectrum
was obtained using the F-2500 FL Spectrophotometer (Hitachi,
Japan). The X-ray diffraction (XRD) patterns of the Chitosan-NiO-
Amygdalin HNMs were acquired using an XRD-600 Diffract
meter (Shimadzu, Tokyo, Japan) at 30 kV and 30 mA. The
scanning rate was set at 2°/min, and the XRD measurements were
taken between the 2-60° ranges of 2 © angles. The hydrodynamic
diameter of the Chitosan-NiO-Amygdalin HNM particles was
measured using a Malvern Zetasizer Nano ZS device (Malvern
Instruments, UK). The scanning electron microscope (SEM;
FEI, USA) was employed to study the surface morphology of
Chitosan-NiO-Amygdalin HNMs. The 5 pL of sample was placed
on an aluminum stub and dehydrated overnight at 37°C. An
EDX spectrometer in conjunction with the SEM was utilized to
investigate the elemental profile of the Chitosan-NiO-Amygdalin
HNMs. The transmission electron microscopy (TEM) analysis
of Chitosan-NiO-Amygdalin HNMs was conducted using a
Hitachi H-7100 TEM machine. The samples were diluted using
acetone and then dehydrated overnight at 37°C on 200 mesh
carbon-coated TEM copper grids. The surface functional groups
of Chitosan-NiO-Amygdalin HNMs were studied by Fourier
transform infrared spectroscopy (FT-IR) using the Thermo
Nicolet-6700 (Thermo Scientific, USA).

Antibacterial activity

The well diffusion technique was employed to study the
antibacterial properties of the chitosan-NiO-amygdalin HNMs.
These pathogens, including Streptococcus pyrogens, Escherichia
coli, Bacillus subtilis, Klebesiella pneumonia, Klebesiella terrigena,
and Klebesiella planticola, were loaded onto the MHA medium,
and wells were created on the surface. The Chitosan-NiO-
Amygdalin HNMs samples at various dosages (20, 40, 60, 80, and
100 pg/ml) were then loaded onto the wells, and incubated for 24
h. Following the incubation, the findings were assessed, and the
inhibition zones were tabulated.

In vitro assays
Cell collection and maintenance

The liver cancer (Hep3B) and breast cancer (MCF-7) cells
were purchased from ATCC, USA. Subsequently, the cells were
cultivated on DMEM medium with 10% FBS in a CO, incubator
at 37°C. After cells reached 80% confluency, they were trypsinized
and utilized for further assays.
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MTT assay

The MTT assay was done to analyze the cytotoxicity of the
Chitosan-NiO-Amygdalin HNMs on Hep3B and MCF-7 cells.
Both cells were loaded separately on the 96-well plate and
incubated for 24 h. Later, cells were exposed to diverse dosages (1,
2.5, 5, 10, 20, 40, and 60 pg/ml) of the Chitosan-NiO-Amygdalin
HNMs for 24, 48, and 72 h time periods. After the treatment, 20yl
of MTT reagent and 100pl of DMEM were mixed to the well for 4
h. Subsequently, DMSO (100ul) was mixed to each well in liquefy
the formed formazan crystals, and the absorbance was taken at
570nm.

Statistical analysis

The GraphPad Prism Software was utilized for the statistical
analyses, and the values are illustrated as the mean+SD of triplicate
assays (n = 3). The values are analyzed by the one-way ANOVA
and Tukey’s post hoc assay, and p<0.05 was set as significant.

RESULTS

Characterization of the Chitosan-NiO-Amygdalin
HNMs

The synthesis of chitosan-NiO-amygdalin HNMs was confirmed
by UV-vis spectrophotometry analysis. The absorbance was taken
at 200 to 1000 nm. Previous reported that the absorbance edge
peak of NiO nanoparticles (NPs) was observed at 330 nm.*® The
combination of Chitosan-NiO-Amygdalin hybrid nanomaterials
(HNMs) exhibits absorbance peaks at 311 nm. This shift to a
lower wavelength is due to the coating effects of chitosan and
amygdalin. (Figure 1A). The PL spectrum of the synthesized
Chitosan-NiO-Amygdalin HNMs is presented in Figure 1B.
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The emission spectrum of the Chitosan-NiO-Amygdalin HNMs
exhibits peaks at 368 nm, 390 nm, 399 nm, 414 nm, 436 nm,
466 nm, 483 nm, and 522 nm, respectively. The UV emissions
(near the band edge) are observed at 368 nm, 390 nm, and 399
nm, corresponding to the radiative recombination in the free
exciton-exciton collision. The violet emissions at 414 nm and 436
nm are attributed to surface state emissions from recombining
trapped electron-hole pairs from dangling bonds in the
Chitosan-NiO-Amygdalin HNMs. The violet emissions observed
at 414 nm and 436 nm can be attributed to electron transitions
from the surface donor level of the nickel interstitials (Ni) to the
top level of the valence band. The blue emission bands at 466 and
483 nm are associated with singly ionized Ni vacancies (Ni,).
Finally, the green emission band centered at 522 nm is due to
oxygen vacancies (Ov).

The XRD patterns of the synthesized Chitosan-NiO-Amygdalin
HNMs are presented in Figure 2A. These patterns reveal that
the Chitosan-NiO-Amygdalin HNMs possess a cubic crystal
structure, with distinct peaks observed at 20 values of 37.25°,
43.28°,62.81°,75.42°,and 79.30°. These peak positions correspond
to the (111), (200), (220), (311), and (222) planes of the NiO
structure, respectively, in agreement with the data provided by
the Joint Committee on Powder Diffraction Standards (JCPDS
Card No: 04-0850). Therefore, we can confidently ascertain
the highly crystalline nature of the synthesized Chitosan-NiO-
Amygdalin HNMs. Additionally, distinct peaks at 20.30° and
12.68° were observed in the XRD pattern, corresponding to
chitosan and amygdalin. These peaks suggest the coexistence
of chitosan and amygdalin within the NiO matrix, indicating
the formation of a hybrid nanostructure. The construction of
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Figure 1: UV-visible spectroscopy and photoluminescence (PL) analysis of the Chitosan-NiO-Amygdalin HNMs. A): The absorbance of the sample was measured

at 200 to 1000 nm, demonstrating a maximum absorbance peak at 311 nm, which evidences the presence of Chitosan-NiO-Amygdalin HNMs. B): The PL emission

spectrum of the synthesized Chitosan-NiO-Amygdalin HNMs exhibits various peaks at 368, 390, 399, 414, 436, 466, 483, and 522 nm, respectively, which proves
the optoelectronic properties.
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this hybrid nanostructure can be attributed to steric effects and
intermolecular hydrogen bonding interactions among chitosan,
NiO, and amygdalin. The crystallite size D was used to calculate
the Debye-Scherrer relation. Average crystallite size D = The
average crystallite size of the Chitosan-NiO-Amygdalin HNMs,
calculated at 35 nm. The DLS analysis was done to assess the
hydrodynamic size of the prepared Chitosan-NiO-Amygdalin
HNMs, as shown in Figure 2B. The study reveals reasonably small
agglomeration with an average hydrodynamic diameter of 43.90
nm. Furthermore, the DLS particle size was consistent with the
XRD and TEM findings.

The morphology of the Chitosan-NiO-Amygdalin HNMs was
analyzed through FESEM analysis, as shown in Figure 3. At
lower (Figure 3a) and higher magnifications (Figure 3b), the
images reveal that the Chitosan-NiO-Amygdalin HNMs exhibit
hexagonal structures with some degree of aggregation, typical
of hybrid material formation. The average particle sizes of the
Chitosan-NiO-Amygdalin HNMs are the range of 50-60 nm.
These observations confirm the successful coating of chitosan and
amygdalin with the NiO surface matrix. These interactions can be
attributed to the electrostatic forces between the chitosan-NiO-
amygdalin surface matrix components. An EDAX spectrum of
the Chitosan-NiO-Amygdalin HNMs is presented in Figure
(3¢). The major elements identified were nickel (Ni) at 45.59%,
oxygen (O) at 43.70%, carbon (C) at 8.34%, and nitrogen (N) at
2.36%, confirming their presence in the chitosan-NiO-amygdalin
HNM nanocomposite. The EDAX analysis provides further
confirmation of the formation of the Chitosan-NiO-Amygdalin
HNMs.
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TEM images and SAED patterns of Chitosan-NiO-Amygdalin
HNMs. Figure 4 (a-e) illustrates the synthesis of Chitosan-NiO-
Amygdalin HNMs, which exhibit a hexagonal morphology
and possess an average size of 40 nm. During the formation of
the Chitosan-NiO-Amygdalin HNMs, significant aggregation
was occurred. This phenomenon is attributed to the high
surface-area-to-volume ratio of the nanomaterial, resulting in
very high surface energy. The nanomaterial's surface energy is
reduced, leading to aggregation onto the nanomaterial surface
matrix. The crystallization of the Chitosan-NiO-Amygdalin
HNMs was confirmed by the SAED patterns (Figure 4f).

The FT-IR spectra reveal the functional groups of the
biomolecules (chitosan, amygdalin) with NiO HNMs Figure
5. The FT-IR spectra of the biomolecule chitosan reveals the
hydrogen (-OH) bond, and the amide (-NH) I group is observed
at 3432 cm™ and 1662 cm’, respectively. The carboxylic acid
(COO) peaks at 1377 cm™ and 1042 cm™ correspond to the
glucose circle for stretching C-O-C. The functional characteristics
of amygdalin include asymmetric and symmetric peaks detected
at 2928 cm™ and 2878 cm, respectively, due to the C-H group.
The C-O stretching peak is 1115 cm™, and the HCCH out-of-
plane bending peak is 943 cm™. The figure illustrates the distinct
functional groups of chitosan, amygdalin, and NiO in HNMs.
Chitosan characteristics peaks were found at 3631 and 3425 cm™
wavenumbers for O-H and N-H with hydrogen bonds. Amygdalin
peaks include asymmetric and symmetric (C-H) peaks at 2923
cm-' and 2852 cm’!, respectively. The acetyl CO stretching peaks
were noted at 1648 cm-1 and 1050 cm™, respectively. The CH3
symmetrical angular deformation peak was observed at 1399
cm. The metal-oxide (Ni-O) stretching band modes were noted
at 694, 567, and 452 cm™, respectively. The hybrid formation of
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Figure 2: XRD and DLS analyses of the Chitosan-NiO-Amygdalin HNMs. A): The XRD patterns of the synthesized Chitosan-NiO-Amygdalin HNMs possess a
cubic crystal structure with a crystalline nature. B): The DLS analysis revealed the agglomeration of particles with an average hydrodynamic diameter of 43.90
nm.
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Chitosan-NiO-Amygdalin HNMs confirms these peaks due to
the intermolecular hydrogen bonds between the biopolymer
(chitosan), organic (amygdalin), and inorganic (NiO) surface
matrix (Figure 5).

Antibacterial effects of the Chitosan-NiO-Amygdalin
HNMs

The antibacterial properties of Chitosan-NiO-Amygdalin HNMs
against various pathogens, such as S. pyrogens, E. coli, B. subtilis,
K. pneumonia, K. terrigena, and K. planticola, were analyzed
using the well diffusion technique (Table 1). The treatment of
HNMs with different concentrations demonstrated significant
antibacterial effectiveness against all tested pathogens. The growth
of several strains, specifically E. coli, B. subtilis, andK. planticola,
was successfully inhibited by Chitosan-NiO-Amygdalin HNMs.
The minimum inhibitory concentrations of the Chitosan-NiO-
Amygdalin HNMs are depicted in Table 2.
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Cytotoxic effects of the Chitosan-NiO-Amygdalin
HNMs

An MTT cytotoxic assay was done to assess the cytotoxic
properties of the Chitosan-NiO-Amygdalin HNMs on both
MCEF-7 and HepB3 cells at 24, 48, and 72 h time intervals.
The findings are illustrated in Figure 6(A and B). The findings
demonstrate that the treatment of Chitosan-NiO-Amygdalin
HNMs at diverse dosages (1, 2.5, 5, 10, 20, 40, and 60 pg/ml)
remarkably diminished the viability of both MCF-7 and Hep3B
cells. Both cell viability exhibited a significant decline at increasing
concentrations of Chitosan-NiO-Amygdalin HNMs compared
to untreated cells. However, the MCEF-7 cells showed more

sensitivity to the Chitosan-NiO-Amygdalin HNMs treatment

than the Hep3B cells, as shown by the assay results.
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Figure 3: FE-SEM and EDX analyses of the Chitosan-NiO-Amygdalin HNMs. a): The lower and b): higher magnification images of the Chitosan-NiO-Amygdalin

HNM:s exhibit hexagonal structures with some degree of aggregation, typical of hybrid material formation with an average particle size of 50-60 nm. c): An EDAX

spectrum of the Chitosan-NiO-Amygdalin HNMs showed the presence of major elements identified: nickel (Ni) at 45.59%, oxygen (O) at 43.70%, carbon (C) at
8.34%, and nitrogen (N) at 2.36%, confirming their presence in the HNMs.
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Figure 4: TEM and SAED pattern of the Chitosan-NiO-Amygdalin HNMs. a-e): The TEM images illustrate the formation of Chitosan-NiO-Amygdalin HNMs with
hexagonal morphology and an average size of 40 nm. f): The SAED patterns confirmed the crystallization of the Chitosan-NiO-Amygdalin HNMs.

Table 1: Antibacterial effects of the Chitosan-NiO-Amygdalin HNMs.

SI. No Bacterial Strain Concentration of the sample (ng/ml) Zone of inhibition (mm)
Gram Positive 20 ug 40 ug 60 ug 80 ug 100 ug
1 A-Streptococcus pyrogens 7 9 12 15 21
2 B-E. coli 6 8 11 16 22
3 C-Bacillus subtilis 8 9 12 18 23
Gram negative
1 A-Klebesiella pneumonia 10 11 15 20.5
2 B-Klebesiella terrigena 11 12 16 21
3 C-Klebesiella planticola 10 12 14 18 22.3
DISCUSSION controlled release of drugs through the breakdown of chitosan.

In recent decades, there has been substantial research on
various inorganic nanoparticles because of their wide range of
practical applications in several domains, like biomedicine.”” NiO
nanoparticles have the distinct advantages of being cost-effective,
non-toxic, and exhibiting exceptional stability as conductive
materials. These nanoparticles were also employed for various
medical purposes, such as imaging, drug distribution, biological
detection, and antibiotics.'®!* Chitosan nanoparticles enable the
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The hydrophobic properties of chitosan and the self-assembly
of nanoparticles in a fluid arrangement allow for effective
adsorption of hydrophobic medicines and their controlled
release. Consequently, it has the ability to serve as an outstanding

2021 Chitosan nanoparticles were discovered

carrier for drugs.
to possess an extended duration of circulation, hence aiding in
the prevention of adhesion. Additionally, these nanoparticles
demonstrated selectivity for cancer cells, displaying sensitivity to

changes in pH.?
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Figure 5: FT-IR analysis of the Chitosan-NiO-Amygdalin HNMs. The FT-IR spectra of the Chitosan-NiO-Amygdalin HNMs exhibited absorption peaks at various
wave numbers, indicating the presence of many functional groups.

Table 2: Minimum inhibitory concentrations of the Chitosan-NiO-Amygdalin HNMs.

SI. No Bacterial Strain

1 A-Streptococcus pyrogens
2 B-E. coli

3 C-Bacillus subtilis

Gram negative

1 A-Klebesiella pneumonia
2 B-Klebesiella terrigena

3 C-Klebesiella planticola

MIC (ug/ml) MBC(ug/ml)
50+0.58 6.58+0.65
12.5+1.2 8.53+0.78
15.6+0.69 9.65+0.89
18.9+0.94 10.23+0.95
15.2+0.62 9.85+1.23
17.5+0.61 10.2+0.98

The values are statistically analyzed by one-way ANOVA and Tukey’s post hoc assay using the GraphPad Prism software. The data are not sharing common superscript

and significantly vary at p<0.05 from untreated control.

In this study, the Chitosan-NiO-Amygdalin HNMs were
formulated and characterized using numerous methods. The
synthesis of Chitosan-NiO-Amygdalin HNMs was confirmed
by a UV-vis spectrophotometry study. The emission spectrum
of the Chitosan-NiO-Amygdalin HNMs in PL analysis exhibits
various peaks, which show their optoelectronic properties. The
XRD patterns reveal that the Chitosan-NiO-Amygdalin HNMs
possess a cubic crystal structure. The DLS analysis was done to
measure the hydrodynamic size of the prepared Chitosan-NiO-
Amygdalin HNMs, and the results showed a small agglomeration
with an average hydrodynamic diameter of 43.90 nm, which is
consistent with the XRD and TEM findings. The SEM images
revealed that the Chitosan-NiO-Amygdalin HNMs exhibit
hexagonal structures with aggregated form. An EDAX spectrum
showed the presence of major elements identified as Ni, O, C,
and N. The EDAX analysis provides further confirmation of the
formation of the HNMs. TEM is the most effective technique for

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 4, Oct-Dec, 2024

accurately identifying the size and morphological characteristics
of a nanostructure. TEM images illustrate the synthesis of
Chitosan-NiO-Amygdalin HNMs with hexagonal morphology
and an average size of 40 nm. The FT-IR analysis was done to
study the functional groups responsible for reducing, capping,
and stabilizing the produced nanoparticles. The FT-IR spectra
of HNMs exhibited various absorption peaks, indicating the
occurrence of many functional groups.

Cancer is a pathological condition characterized by the abnormal
proliferation and spreading of a group of cells within the body.
Various factors influence the development of cancer, such as
toxin exposure, alcohol, infections, and the existence of metabolic
disorders.” Human cells undergo cell division, a natural and vital
process that facilitates the proliferation and growth of normal
and healthy cells, resulting in the generation of new cells in
the body. Cellular damage, or senescence, results in cell death,
prompting the body to regenerate and replace them with new
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Figure 6: Effect of Chitosan-NiO-Amygdalin HNMs on the viability of (A) liver cancer Hep3B and (B) breast cancer MCF-7 cells. The results demonstrate that the

treatment of HNM:s at different concentrations of significantly inhibited the viability of both MCF-7 and Hep3B cells at 24, 48, and 72 h time periods. The values

are depicted as a mean=SD of triplicate measurements (n = 3). The values are statistically analyzed by one-way ANOVA and Tukey’s post hoc assay using the
GraphPad Prism software.

cells.** Occasionally, this interruption results in the development
and spread of anomalous cells (cancerous cells). In cancer, the
uncontrolled growth and spread of somatic cells leads to the
destruction of healthy tissues through destabilization, erosion,

and invasion.”

Multidrug resistance (MDR) in pathogenic bacteria is a universal
public health issue since the treatment of bacterial infections
that are resistant to several drugs using current antibiotics
becomes increasingly difficult.?® The increase of MDR pathogenic
microorganisms poses a significant issue for global public
health. MDR bacteria pose several health risks, including the
spread of infectious diseases and the potential to hinder the
success of important medical treatments such as surgery, organ
transplantation, and cancer treatment.” There are many cases
of infections due to the MDR bacteria, which can be extremely
difficult to treat and cause significant death rates worldwide.”® As
per the World Health Organization, drug-resistant diseases are
currently causing the deaths of at least 700,000 cases annually.”’
The MDR bacteria encompass a range of species, such as K.
pneumoniae, S. pneumoniae, E. coli, etc.’® Gradually, a growing
number of bacteria are developing resistance to antibiotics.
Hence, there is an immense need to develop innovative, safe,
and efficient antibacterial candidates to manage MDR infections.
In the present study, the synthesized Chitosan-NiO-Amygdalin
HNMs showed significant antibacterial properties against the
tested strains. More specifically, E. coli, B. subtilis, andK. planticola
showed more sensitivity to the chitosan-NiO-amygdalin HNMs.
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Chitosan-NiO-Amygdalin hybrid nanomaterials (HNMs) show
significant potential in combating multidrug-resistant (MDR)
bacteria by employing a multifaceted approach that differs from
traditional antibiotics. While current antibiotics target specific
bacterial processes, which MDR strains often evade through
resistance mechanisms, these HNMs combine the antibacterial
properties of chitosan, which disrupts bacterial cell membranes,
with the oxidative stress induced by NiO nanoparticles and the
metabolic interference from amygdalin. This synergistic effect not
only enhances antibacterial activity but also reduces the likelihood
of resistance development. Moreover, the biocompatibility and
safety of these HNMs, due to the natural and non-toxic nature
of chitosan and the controlled use of NiO and amygdalin, make
them a promising alternative to traditional antibiotics, potentially
overcoming the challenges posed by MDR bacteria.

Nanoparticle-mediated drug delivery systems have the potential
to increase the bioavailability and antitumor efficacy of
chemotherapeutic drugs.*! Furthermore, these formulations have
the potential to alter the biodistribution of the drugs in the body,
decrease the development of drug resistance, lower non-specific
toxicity, and protect the drugs from enzymatic breakdown.*>*
Nanocarriers provide more specificity in delivering drugs to
specified targets by using both active and passive targeting
mechanisms.* Nanoparticle-mediated targeted drug delivery
provides several benefits over traditional chemotherapy for cancer
treatment. These benefits include reduced toxicity in healthy cells,
prevention of drug degradation, and improved specificity.*® In
this study, the effect of Chitosan-NiO-Amygdalin HNMs on the
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growth of both Hep3B and MCF-7 cells was assessed at different
time periods. The results demonstrated that the synthesized
Chitosan-NiO-Amygdalin HNMs at various concentrations
effectively reduced the growth of both MCF-7 and Hep3B cells.
These results showed the cytotoxic effects of chitosan-NiO-
amygdalin HNM:s against both liver and breast cancer cells.

CONCLUSION

The present study has found that synthesized Chitosan-NiO-
Amygdalin HNMs have a significant effect on inhibiting the
viability of both Hep3B and MCF-7 cells. The Chitosan-NiO-
Amygdalin HNMs have also shown potential antibacterial
effects against various pathogens. Hence, the findings suggest
that Chitosan-NiO-Amygdalin HNMs exhibit potential to be a
prospective therapeutic agent in the future. Nevertheless, further
extensive analyses are still required to fully comprehend the
various therapeutic roles of the Chitosan-NiO-Amygdalin HNMs
against cancer and other diseases.
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ABBREVIATIONS

Hep3B: MCF-7: PL:
Photoluminescence; XRD: X-ray diffraction; DLS: Dynamic
light scattering; SEM: Scanning electron microscopy; TEM:

liver  cancer; Breast cancer;

Transmission electron microscopy; FT-IR: Fourier transform
infrared; NiO: Nickel oxide; HNMs: Hybrid nanomaterials;
MHA: Muller-Hinton agar; DMEM: Dulbeccos modified Eagle’s
medium; FBS: Fetal bovine serum; S. pyrogens: Streptococcus
pyrogens; E. coli: Escherichia coli; B. subtilis: Bacillus subtilis;
K. pneumonia: Klebesiella pneumonia; K. terrigena: Klebesiella
terrigena; K. planticola: Klebesiella planticola.

SUMMARY

The study results of the various characterization analyses showed
the formation of metallic Chitosan-NiO-Amygdalin HNMs.
The treatment of Chitosan-NiO-Amygdalin HNMs significantly
decreased cell viability, and potential antibacterial effects against
various pathogens. Hence, the present findings indicate that
Chitosan-NiO-Amygdalin HNMs hold potential as a highly
effective candidate for reduced the growth of both MCEF-7
and Hep3B cells. These results showed the cytotoxic effects of
chitosan-NiO-amygdalin HNMs against both liver and breast
cancer cells.
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