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Abstract

Silver nanoparticles (AgNPs) have become a research focus due to its antimicrobial, anticancer applications and cost-effective
properties. In this study the effectiveness of green synthesis of NPs using biological macromolecule chitosan which is act-
ing as a reducing cum stabilizing agent is carried out. An in-depth analysis of the synthesized AgNPs was conducted using
a variety of sophisticated characterization techniques such as UV-visible spectroscopy, particle size analysis, zeta poten-
tial measurements, transmission electron microscopy (TEM), photoluminescence, and Fourier transform infrared (FTIR)
spectroscopy. The antimicrobial activity of the formulated AgNPs were inspected against two human pathogenic strains. In the
antimicrobial activity, the synthesized AgNPs exhibited a reduction in the growth of both the microbes. The minimum inhibi-
tory concentration (MIC) of 1.22 yM was observed for both Candida albicans and Mycobacterium smegmatis. Consequently,
AgNPs may be used as an opportunity for modern-day antibiotics to treat infections due to human pathogens. Antiproliferative
analysis revealed that AgNPs showed antiproliferative characteristics against MDA-MB-231 cells compared to the control.
Such AgNPs have an anticancer effect and are likely to be used as smart drug delivery mediators to treat late-stage cancer.
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1 Introduction

Nanotechnology, the cynosure of research, is finding appli-
cations in almost all areas of human life [1]. Nanomaterials
have unique properties on the nanoscale (1-100 nm) rather
than in bulk, owing to their increased surface-to-volume ratio
and surface area [2]. Nanomaterials are either produced by a
top-down or bottom-up approach, where the latter method is
preferred over others as one can synthesize the desired qual-
ity nanomaterials with customized shapes and properties by
adjusting and optimizing the reaction conditions during nan-
oparticle synthesis [3]. Nanomaterial preparation involves
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nano-precursors, stabilizers, reducing agents, and capping
agents for tailored morphology and applications [4]. The
classic and traditional methods employed to formulate metal
nanoparticles are chemical reduction [5], gamma irradiation
[6], laser ablation, etc., involving hazardous chemicals that
cause environmental pollution.

In contrast, green synthesis allows hassle-free preparation
of nanomaterials with nontoxic reagents like plant extract,
which is very cost-effective and abundant in nature [7, 8].
Green nanotechnology is popular with its different applica-
tions in the antimicrobial, antifungal, and anticancer studies
[9]. Here, the biological macromolecules act as a reducing
and stabilizing agent in synthesizing metal nanoparticles.
Even though physical, chemical, and biological pathway of
synthesis is prevailed, the most advantageous is the latter
due to its rapid preparation, biocompatibility, use of non-
toxic reagents and so on [10, 11].

Silver nanoparticles are used extensively compared to
other metal nanoparticles because to their low cost and bet-
ter properties [12—14]. Many studies use plant extract and
biopolymers to synthesize silver nanoparticles [8, 15]. Chi-
tosan is a biopolymer hydrophilic polysaccharide used as a
template for synthesizing nanoparticles. Also, it acts as a

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12668-023-01218-7&domain=pdf

1934

BioNanoScience (2023) 13:1933-1943

.
Stirring at 90°C n
/I?v

AgNO; Solution

Chitosan Solution -

Antibacterial Studies

* Mycobacterium
smegmatis

Antifungal Studies
* Candida albicans

Anticancer Studies

* MDA-MB-231
breast cells

Scheme 1 A schematic view of the environmentally friendly production of chitosan-stabilized AgNPs and its applications in antibacterial, anti-

fungal, and anticancer studies

stabilizing agent, reducing agent, and capping agent in dif-
ferent systems accordingly [16, 17]. Originating from chitin,
chitosan is the second-most common biopolymer in world.
Using chitosan for silver reduction is possible because Ag*
ions are effortlessly reducible by the electrons (lone pair) in
N and O atoms in chitosan, facilitating the complex forma-
tion and reduction of silver ions. Thus, the reduction was
possible in this study due to the intrinsic property of chi-
tosan, which does not employ any external chemical-reduc-
ing agent. An overview of the study is included as Scheme 1,
consisting of the synthesis route and application of the for-
mulated NPs. Even though many studies are reported on the
synthesis of silver nanoparticles, the presence of chitosan
as the reducing and stabilizing agent plays a vital role in the
synthesis of AgNPs. The smaller size and spherical shape of
the AgNPs are very useful for biological activity.

Even though AgNPs find applications in all fields, the
significant contribution of publications is from biomedical
applications [18, 19]. From ancient times, silver nanoparti-
cles were used for treatment [20, 21]. In the present scenario,
using silver nanoparticles for antibacterial applications is a
boon where antibiotics and overdosing of antibiotics result
in drug resistance and many have side effects on the human
body. The excessive application of antimicrobial drugs
has generated a problem branded as multidrug resistance
(MDR), in which bacterial and fungal pathogens acquire
resistance to multiple drugs. [22]. It is imperative to uncover
new drugs to fight human pathogens [23]. Mycobacterium
tuberculosis is a deadly pathogen that causes fatalities glob-
ally [24]. Hospital-acquired infections, primarily fungal
infections from Candida albicans, are the fourth most com-
mon cause of mortality [25]. AgNPs have been investigated
for their potential anticancer qualities due to the potential of
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silver ions or radical species to cause cellular damage and
death [26]. They demonstrate innate anticancer properties
and can be utilized as carriers of anticancer drugs, leading
to a dual therapeutic healing. Through this research, we aim
to explore the biomedical applications of chitosan-stabilized
colloidal silver nanoparticles. The synthesized silver nano-
particle was characterized and assessed their MIC using
two different human pathogens like, Candida albicans and
Mycobacterium, and the anticancer potential of the synthe-
sized AgNPs was also analyzed using MDA-MB-231 cells
in this study.

2 Experimental
2.1 Chemicals and Reagents

Dulbecco’s Modified Eagle’s Medium, penicillin-G, phos-
phate buffered saline, streptomycin, L-glutamine, 3-(4,5
dimethylthiozol-2-yl)-2,5-diphenyltetrazoliumbromide,
2'7'diacetyl dichloro fluorescein, sodium dodecyl sulfate,
glacial acetic acid, trypan blue, trypsin-EDTA, ethylene
diamine tetra acetic acid, ethidium bromide, rhodamine-123,
acridine orange, ethanol, dimethyl sulfoxide (DMSO), triton
X-100, silver nitrate (AgNO3), chitosan with a deacetylation
degree > 75%, and bovine serum albumin were acquired
from Sigma Aldrich Chemicals Pvt. Ltd (India). Double dis-
tilled (DD) water was used for all aqueous solution prepa-
rations. All other chemical compounds used had been of
analytical quality, bought from Hi Media Laboratories Pvt.
Ltd., India. Breast cancer (MDA-MB-231) cell lines were
obtained from the Cell repository of the National Centre for
Cell Sciences (NCCS), Pune, India.
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2.2 Synthesis of Chitosan-Stabilized AgNPs

The synthesis of AgNPs were done in the same way as in
our previous paper [27]. Chitosan solution 0.5 % (w/v) is
first made using 2% glacial acetic acid through stirring for
30 min and filtered to remove all the impurities. To this
solution, add 0.01 M AgNOj; solution, and stir the solution
for 30 min at 90 degrees Celsius. The color change of the
solution was from colorless to light yellow and finally to a
light brown hue after 30 min. Once cooled, the colloidal
AgNPs have a brown hue.

2.3 Characterization techniques

In a Japanese Shimadzu (UV 2500) UV-visible spectropho-
tometer, absorption peak was observed for the synthesized
AgNPs in the range of 300 to 700 nm. Dynamic light scatter-
ing (DLS) methods were utilized to assess the particle size
distribution and the average hydrodynamic diameter using
a Zetasizer NanoZS ZS ZEN 3600 equipment from Mal-
vern Instruments Ltd. Based on the electrophoretic mobil-
ity measurement method of laser doppler velocimetry, zeta
potential analysis were performed using the same device,
the Zetasizer Nano ZS ZEN 3600. (LDV). Additionally, uti-
lizing a Tensor 37, samples were examined using Fourier-
transformed infrared spectroscopy (FTIR) (Bruker, Munich,
Germany). A measuring range of 4000-400 cm™~! was used
to record the data. With a LaBg source attached, the JEOL
2100 was used for TEM studies. The PL. measurements were
made with a Shimadzu RF-5301 PC.

2.4 Anticandidal Activity
2.4.1 Fungal Strains and Culture Conditions

SC5134 was the C. albicans reference strain used in this
investigation. YEPD broth, which contains 2% (w/v) pep-
tone, 2% (w/v) dextrose, and 1% (w/v) yeast extract, was
used to cultivate C. albicans. Agar was added 2% (w/v) (in
the media) for agar plates. At — 80°C, the Candida strain was
kept in a 30% (v/v) glycerol stock. To confirm the revival of
the strains, freshly revived cells (on YEPD broth) are shifted
before each experiment to an agar plate.

2.4.2 Minimum Inhibitory Concentration (MIC) and Spot
Assay

Method M27-A3 of CLSI, the Clinical and Laboratory
Standards Institute, was used to determine the MIC [28].
Following the inclusion of the AgNPs with the remaining
media, an aliquot of 100 yl has been poured to the wells of
96-well plate and serially diluted. In order to test for anti-
candidal activity, a stock solution of 100 mM concentration

was made and diluted to a range of concentrations ranging
from 78.12 to 0.15 uM. After 48 h at 30 °C, the ODy, of the
100 pl of cell suspension (in normal saline to an ODyj, of
0.1) in each well of the plate was measured. The concentra-
tion at which at least 90% of the growth was inhibited was
referred to as the MIC90. Spot assays were carried out using
a technique that has been previously described [29]. For the
spot assay, 5 ul yeast culture (fivefold serial dilutions) were
spotted in both the absence (control) and presence of the
AgNPs onto YEPD plates, with each dilution having cells
suspended in ordinary saline to an ODgy, nm of 0.1. After 48
h at 30 °C, the growth difference was measured.

2.5 Antimycobacterial Activity
2.5.1 Bacterial Strain and Culture Conditions

In standard flasks of 100 mL (Schott Duran) containing Mid-
dlebrook 7H9 (BD Biosciences) broth supplemented with
0.05% tween-80, 10% ADC, and 0.2% glycerol, Mycobac-
terium cells were cultivated until the exponential phase was
attained. Stock cultures of cells (log phase) were kept in 30%
glycerol and kept at — 80 °C. M. smegmatis mc2155 is the
bacterial strain used in the present study.

2.5.2 MICand Spot Assay

As described in the literature [28—-30], the minimum inhibi-
tory concentration (MIC) testing was conducted. Each well
on the 96-well plate received approximately 100 u1 of Mid-
dlebrook 7 H9 broth supplemented with glycerol 0.05%
(v/v), Tween80, and OADC enrichment 0.5% (v/v). A 100 ul
of cell suspension (equal to the McFarland standard 0.5) was
put into each well of the plate, and then the drug was added
together with the residual media, and finally, it was serially
diluted in the ratio 1:2. The O.Dg, in a microplate reader
was used to determine the MIC values (Elisa Reader). In the
spot experiment, Middlebrook 7H10 agar plates were spot-
ted with 5 pL of fivefold serial dilutions of each M. smeg-
matis culture (each with cells suspended in normal saline
to an OD ¢, nm of 0.1) in both the absence (control) and
presence of the AgNPs. After incubation at 37 °C for 48 h,
growth difference was assessed in both trials.

2.6 Anticancer Activity

The cell line was sustained in Dulbecco’s Modified Eagle
Media (DMEM), which was enhanced with 10% fetal bovine
serum (FBS). To prevent contamination through bacteria,
streptomycin (100 pg/ml) and penicillin (100 U/ml) was put
to the medium. The medium containing the cell lines was
kept at 37 °C in a moist atmosphere with 5% CO,.
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2.6.1 MTT Assay

The Mosmann method [31] was used to assess the cytotox-
icity of colloidal AgNPs stabilized by chitosan on MDA-
MB-231 cells. The cells were grown with the dispersion of
free colloidal AgNPs (negative control), colloidal AgNPs
(positive control), and chitosan-stabilized colloidal AgNPs
in a 96-well culture plate. The mitochondrial dehydroge-
nase of live cells reduces the yellow 3-4,5dimethylthio-
z0l-2-Y1)-2,5diphenyltetrazoliumbromide (MTT), produc-
ing a detectable purple formation product. The NAD(P)
H-dependent reductase found in viable cells transforms
the MTT reagent into formazan, an ingredient with a deep
purple hue. Following the solubilizing solution’s disso-
lution of the formazan crystals, a plate reader measures
absorbance between 500 and 600 nm. A 10 mL of PBS
was utilized to dissolve 50 mg of MTT dye. It was filtered
using 0.45 micro filters after 1 min of vortexing. Since
MTT was light-sensitive, the bottle was covered in alu-
minum foil to block off the light. At 4 °C, the preparation
was kept. MDA-MB-231 viable cells were extracted for
the cell viability assay, counted using a hemocytometer,
and diluted in DMEM media to a density of 1104 cells/ml
before being planted in 96-well plates and cultured for 1
day to promote attachment. Following treatment with col-
loidal AgNPs (control) and various doses of chitosan-sta-
bilized colloidal AgNPs (10-12.5 ug/ml), MDA-MB-231
cells were added to each well. For 24 h, MDA-MB-231
cells were incubated at 37 °C in an incubator with humidi-
fied 95% air and 5% CO,. The chitosan-stabilized colloi-
dal AgNPs containing cells were incubated for 4 h at 37
°C after washing with fresh culture media and adding the
MTT (5 mg/ml in PBS) dye to each well. The cell viability
was evaluated by absorbance at 540 nm using a multi-well
plate reader, and the purple precipitated formazan was dis-
solved in 100 uL of concentrated DMSO. The percentage
of stable cells compared to the control was used to express
the results.

Mean absorbance of the control — Mean absorbance of the sample

like UV-Visible spectroscopy, photoluminescence spec-
troscopy, dynamic light scattering techniques such as par-
ticle size distribution and zeta potential measurements,
TEM and FT-IR spectroscopy.

3.1.1 UV-Visible Spectroscopy

UV-Visible spectroscopy is the primary confirmation
method for the formation of AgNPs. Visual observa-
tion revealed that the color of the solution had changed
from colorless to light yellow, then to yellowish-brown,
which supported the synthesis of AgNPs. The activation
of AgNO;’s surface plasmon resonance (SPR) causes the
yellowish-brown color to become more intense. Kinetic
measurements were made of the solution’s light absorption
pattern between 300 and 700 nm. In an aqueous solution,
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Fig.1 UV visible spectra of chitosan-stabilized colloidal silver nano-
particle

size- and shape-controlled NPs could be examined using
UV-vis spectroscopy. AgNPs from crab shell waste showed
a distinctive absorbance peak observed at 422 nm in the

x 100

Inhibitory of cell proliferation (%) =

Mean absorbance of the control

Each experiment was run in duplicate at least three times.

3 Results and Discussion
3.1 Characterizations of the synthesized AgNPs

An extensive characterization of the synthesized AgNPs
were conducted using various characterization techniques
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spectrum (Fig. 1). The fact that this peak could be attrib-
uted to an SPR of metal NPs and that it did not broaden
suggested that the particles were monodispersed. The peak
characteristic to bulk Ag at 320 nm in the UV-Vis spectra
typically represents the 4d to 5sp inter-band transitions in
this material. However, the silver nanoparticles’ dispersion
exhibits a redshift, and the peak at 320 nm changed to 422
nm, matching the dipole resonance of spherical silver nano-
particles, further supported by TEM images.
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Fig.2 Fluorescence emission of chitosan-stabilized silver nanoparti-
cle at 435 nm

3.1.2 Photoluminescence Spectroscopy

The synthesized nanomaterials exhibit photolumines-
cence which is a further plus point to the study (Fig. 2).
When the size of metal particles is decreased to 2 nm,
the energy bands are replaced by discrete energy levels,
and this induces electronic transitions with interaction
with electromagnetic waves resulting in absorbance and
fluorescence.

The size and shape of the nanoparticles influence the
absorption and emission spectra. Strong fluorescence
emission was observed for the synthesized spherical-
shaped silver nanoparticles with £, = 435 nm (£, = 422
nm). The observed fluorescence can be attributed to the

recombination of sp electrons with holes in the d band.
The synthesized AgNPs can be further used for optical
sensor applications.

3.1.3 Dynamic Light Scattering (DLS)

Dynamic light scattering was used to study the particle size
distribution of the synthesized silver nanoparticles’ using
chitosan as template. The hydrodynamic diameter of the syn-
thesized AgNPs was observed to be 6.266 nm (Fig. 3), and
the smaller size of the obtained NPs can be attributed to the
occurrence of the chitosan template. The value of the hydro-
dynamic diameter of the synthesized nanoparticles is more
or less similar to the results obtained from TEM (2.5 nm).

The zeta potential measurement of the sample was carried
out to comprehend the stability of the synthesized AgNPs.
The measurement gives an idea about the surface charge
around the nanoparticle and its colloidal stability. The zeta
potential of the synthesized nanoparticles was observed to
be — 2.64 mV, and the negative charge shows the potential of
these silver nanoparticles in biological applications (Fig. 4).
The biological entity in chitosan provides a negative charge
to the nanoparticle, which helps stabilize nanoparticles and
ultimately prevents agglomeration.

3.1.4 Transmission Electron Microscopy (TEM)

The transmission electron microscopy is employed for
detecting the morphology of the synthesized AgNPs. Fig-
ure 5 shows the TEM images of the synthesized chitosan-
stabilized AgNPs. The TEM images clearly show the spheri-
cal shape of the synthesized silver nanonanoparticles with
uniform particle size distribution. In the TEM images, the
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Fig.3 The particle size distribution by DLS where the Z-average diameter was 6.266 nm and a PDI of 0.364
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Fig.4 Zeta potential distribution of chitosan-mediated biogenic silver nanoparticles with an apparent zeta potential of — 2.64 mV

bright color corresponds to chitosan template matrix, and
dark spots refer to the AgNPs embedded in the chitosan
matrix. A statistical particle distribution curve is included,
which is obtained using Image J software. The average par-
ticle size distribution) of the formulated silver NPs was
observed to be 2.5 nm. The SAED (selected area elec-
tron diffraction) is used to identify whether a material is
monocrystalline or polycrystalline in nature. The concentric
ring-like diffraction pattern and some bright spots in SAED
images indicate that the particles are polycrystalline in
nature. The interplanar distance d (1/r where r is the radius
of the concentric circle) value was found to be 0.282 nm and
0.1452 nm suggesting the FCC crystal lattice of the AgNPs.

3.1.5 FTIR Analysis

In our study, we used FTIR analysis to determine functional
groups in the chitosan template and the synthesized silver
nanoparticles. Figure 6a denotes the FTIR spectrum of the
chitosan template, and Fig. 6b represents the FTIR spectra
of the synthesized silver nanoparticles. Figure 6a depicts two
distinct bands in the pure chitosan spectrum: one at 3311
cm™!, matching to the -OH stretching, and the other at 1640
cm™!, matching to the -CONH, group. The -OH stretching
band is at 3307 cm™! in Fig. 6b, while the band correspond-
ing to the -CONH, group is shown at 1638 cm™'. The band
at 3300 cm™! in the pure chitosan spectra is expanded and
slightly shifted to 3307 cm™! in Fig. 6b. This shift may
be due to the interaction of the chitosan template with the
AgNPs. The amino groups of chitosan are displaced to a
lower wavelength of 1638 cm™!, where the AgNPs’ minor
changes in the IR spectrum of the particles occur. This
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demonstrates that the interaction between the primary -NH,
and -OH groups found in the template and the nanoparticles’
surface causes AgNPs to be stabilized by chitosan.

3.1.6 Optimization of Experimental Conditions

The optimization of experimental conditions required for
the preparation of silver nanoparticles were carried out.
The first parameter to be optimized were the weight per-
centage of the chitosan solution used to prepare the nano-
particle. The viscosity of the chitosan solution increased
with increasing weight percentage. The studies were con-
ducted with a lower weight percentage of about 0.5 wt%
of chitosan solution with an optimal volume of acetic acid
as 2 ml. The parameter to be considered were the con-
centration of silver nitrate, the precursor for synthesizing
silver nanoparticles. The optimum concentration for the
synthesis of nanoparticles were found to be 0.01 M for
AgNO;, giving a smaller particle size and low PDI value.
The PDI value reflects the uniformity of the synthesized
AgNPs, and it is in the range of 0.01 to 0.7 for a mono-
disperse system, and values more than 0.7 correspond to
the polydisperse nature of the synthesized nanoparticles.
The comparison of different optimization conditions such
as weight % of chitosan solution, the concentration of
the AgNO;, volume of glacial acetic acid, hydrodynamic
diameter, and PDI of the formulation of AgNPs are sum-
marized in Table 1.

The biological activity of these inorganic nanoparti-
cles were depends upon certain factors like size distribu-
tion, surface charge, surface chemistry, and morphol-
ogy [32, 33]. Considering these factors, the synthesized
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Fig.5 TEM images (a, b) of the
synthesized AgNPs using chi-
tosan as a template with particle
size in the range of a 5 nm, b

2 nm, c particle size distribu-
tion, and d SAED pattern of the
formulated AgNPs
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chitosan-stabilized silver nanoparticles were taken for bio-
logical applications such as antifungal, antibacterial, and cell
viability studies and anticancer activities.

3.2 Antifungal and Antibacterial studies

In order to investigate the potential of AgNP as an antimi-
crobial agent, two independent procedures were employed
to evaluate the antimicrobial efficacy of AgNP on two
diverse human pathogens, Candida albicans and Myco-
bacterium. Primarily, MIC of AgNP was estimated by
broth microdilution method, and it was found that 1.22 yuM
of AgNP was sufficient to inhibit both Candida albicans
(Fig. 7) and Mycobacterium smegmatis, a widely used
nonpathogenic surrogate for MTB (Fig. 8) respectively.
The spot assay reconfirmed the earlier results, showing

30 35

that 1.22 uM concentration of AgNP was effective in
inhibiting both microbes.. In order to combat the issue of
drug-resistance in these two human pathogens, combinato-
rial therapy using nanoparticles could be a viable alterna-
tive to existing drugs, augmenting their effectiveness.

3.3 Cell Viability Analysis

The chitosan-stabilized colloidal AgNPs were used as trans-
porters for drug delivery applications, by evaluating their
biocompatibility for in vivo applications. To prevent cel-
lular death due to competition for space, the cell viability
tests were conducted for a three day period. Figure 9 depicts
the cell viability of various concentrations of chitosan-sta-
bilized colloidal AgNPs treated samples. To make easier
comparisons with colloidal AgNPs that have been stabilized
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Fig.6 a FTIR Spectra of chitosan template and b chitosan-stabilized
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by chitosan, the control was treated as 100% growth at any
concentration. Remarkably, the number of cells grew over
time. After 1 day, almost 95% of viable cells rose to 112.5%
after three days. According to the findings, cell growth is
unaffected and equivalent to control cells.

3.3.1 Anticancer Activity

Photomicrograph (10 X) shows the morphological altera-
tions in MDA-MB-231 cells brought on by treatment with
chitosan-stabilized colloidal AgNPs (10 and 12.5 pug/ml for
24 h), as related to control, including detachment, membrane
blebbing, shrinkage, and deformed shape profile. The photos
of the control cells, which had normal, intact cell morphol-
ogy, were taken. As a result, the generated AgNPs have an
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Fig.7 Antifungal activity of AgNP against C. albicans. a Broth
microdilution assay depicting MIC. b Spot assay validating the MIC
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Fig.8 Antibacterial activity of AgNP against M. smegmatis. a Broth
microdilution assay depicting MIC. b Spot assay validating the MIC

Table 1 Comparison of
different optimization

Sample Weight % of chi- Concentration of Volume of glacial ~ Hydrodynamic Poly Disper-

. . number tosan solution AgNO; (M) acetic acid (ml) diameter (nm) sive Index
paramet.efs 1mfolved in . (PDI)
synthesizing silver nanoparticles

1 0.5 0.01 2 6.266 0.364
2 0.5 0.1 2 19.18 0.409
3 1 0.001 10 6.603 0.572
4 1 0.01 20 19.89 0.393
5 1 0.02 10 105.5 0.473
6 1 0.1 2 11.39 0.355
7 1 0.1 1 156.9 0.472
8 1 0.5 2 146.1 0.137
9 2 0.01 10 150.5 0.104
10 3 0.01 10 64 0.362
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Fig.9 Cell viability of control
and chitosan-stabilized colloidal 120
AgNPs treated cells for 24 h
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Fig. 10 Morphological changes in a control and b chitosan-stabilized colloidal AgNPs and ¢ treated MDA-MB-231 cells for 72 h

effective potent cytotoxic effect on MDA-MB-231 cells than
on other types of cell lines (Fig. 10).

4 Conclusion

In this research work, we have synthesized AgNPs utiliz-
ing chitosan as the bio template. The synthesis pathway
adheres to nontoxic chemicals, simple preparation steps, and
environment-friendly applications. The formulated AgNPs’
size and morphology were examined using various charac-
terization techniques, and it was discovered that they were
small and very stable. Furthermore, the nanoparticles were
taken for various antibacterial, antifungal, and anticancer
studies. The MIC of the chitosan-stabilized AgNPs against
Candida albicans and Mycobacterium smegmatis at 1.22
uM predicts the efficiency of these nanoparticles for vari-
ous therapeutic and clinical applications. Colloidal AgNPs
stabilized by chitosan exhibited in vitro antitumor efficacy
against breast cancer cell lines (MDA-MB-231). Besides the

pharmaceutical, food, and cosmetic industries, AgNPs can
be utilized successfully in medicine due to their improved
antibacterial, antifungal, and anticancer activities.
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