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INTRODUCTION

Chitin is a natural substance made of linked N-acetyl-D-
glucosamine units and is known to be the second most common
biopolymer after cellulose [1]. The exoskeletons of crusta-
ceans, especially shrimp and crabs, serve as a significant and
sustainable resource for the extraction of chitin and its deriv-
atives. Annually, it is anticipated that 6 to 8 million tons of crus-
tacean shell trash are produced [2]. Chitosan, derived from chitin,
is often synthesized using chemical or enzymatic deacetylation
methods. Chitosan has attracted considerable attention for
many biomedical and industrial applications and non-toxic
properties [3]. Furthermore, earlier studies have indicated that
chitosan exhibits various bioactive properties such as anti-
bacterial [4], antifungal [5], antiviral [6] and larvicidal effects
[7].

Natural polymers, such as chitosan, have been increasingly
considered safer and more sustainable alternatives in green
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This study explores the anticancer and antimicrobial effects of zinc oxide nanoparticles (ZnO-NPs) synthesized from chitosan (CS)
extracted from crab shells. In this green synthesis approach, chitosan acted as both a reducing and coating agent, resulting in the formation
of stable CS-ZnO-NPs. The synthesized CS-ZnO-NPs were characterized by UV-Vis, FTIR, XRD, SEM, TEM and EDX analysis. The
UV-Vis analysis indicated a strong absorption peak around 316 nm, confirming the successful synthesis of nanoparticles. The structural
analysis conducted through XRD and microscopy showed that the nanoparticles were spherical and hexagonal shapes to cubic, with
diameters between 60 and 150 nm. EDX spectra confirmed the elemental composition and fabrication of CS-ZnO-NPs. The biological
evaluations showed CS-ZnO-NPs exhibited significant antibacterial and antibiofilm properties against Escherichia coli, Klebsiella
pneumoniae and Staphylococcus aureus, along with antifungal effects against Aspergillus niger, Aspergillus flavus and Candida albicans.
The anticancer activity of CS-ZnO-NPs was evaluated using the MCF-7 breast cancer cell line. Cytotoxicity assays showed dose- and
time-dependent cell death with an IC50 of 10 µg/mL. Apoptotic features, such as reduction in cell size and fragmentation of the nucleus,
were identified using AO/EB and DAPI staining. Besides that, green synthesized CS-ZnO NPs significantly inhibited migration of MCF-7
cells. The results indicate that chitosan-coated ZnO-NPs demonstrate significant antimicrobial and anticancer properties, positioning
them as promising candidates for future biomedical applications.
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synthesis processes that aim to address these constraints. Nano-
particles derived from chitosan have potent antibacterial prop-
erties, resulting in them being valuable in several biological
and industrial applications [8]. In recent years, there has been
a growing interest in metal-based nanomaterials due to their
distinctive physico-chemical properties and extensive range
of applications [9,10]. Numerous fields, such as environmental
research, healthcare, agriculture, food safety and the biomedical
sectors, might benefit from the use of metal-based nanoparticles.
Among the many remarkable qualities of zinc oxide nano-
particles (ZnO NPs) are their low toxicity, eco-friendliness,
affordability and biocompatibility. These are some of the most
significant aspects of these particles. As a result, ZnO NPs
have been thoroughly investigated for their potential applica-
tions in biosensing, drug delivery, labeling and therapeutic
interventions [10,11]. Gunathilaka et al. [12] observed that
such materials demonstrate antibacterial, antifungal and mosq-
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uitocidal properties, thereby increasing their relevance in the
biomedical and public health contexts.

Chitosan-derived nanoparticles have attracted interest for
their diverse biological activities, mainly owing to their biodeg-
radability and non-toxic characteristics [13]. The beneficial
characteristics of chitosan-based nanomaterials have resulted
in their extensive use in food technology, healthcare and agricu-
lture [14]. Chitosan-based nanomaterials are recognized for
their antibacterial, antioxidant and immunomodulatory prop-
erties [15]. These materials have been thoroughly investigated
for their potential in drug delivery applications, particularly
in conjunction with metal nanoparticles [16]. Chitosan, a natu-
rally aminated polysaccharide obtained from the exoskeletons
of crustaceans and insects, has shown efficacy as a stabilizer
and matrix for the synthesis of metal and metal oxide nano-
particles [8].

Chitosan-coated nanoparticles exhibit significant antimi-
crobial properties, demonstrating efficacy against Candida species
along with a range of bacterial and fungal pathogens [17].
Recently, it is also demonstrated that chitosan-ZnO nanoparticles
can effectively target tumors, exhibit bacteriostatic properties
and diminish biofilm formation [3]. Furthermore, recent advan-
cements in hydrothermal synthesis methods have been utilized
to form chitosan-encapsulated ZnO nanoparticles that exhibit
improved antibacterial effectiveness [8]. This study aims to
enhance knowledge of chitosan-coated ZnO nanoparticles
through an exploration of their physico-chemical properties,
biological performance and environmental compatibility. This
study demonstrates their antibacterial, antifungal and apoptosis
inducing properties in MCF-7 breast cancer cells, highlighting
their multifunctional potential. It contributes significantly to
the current development of sustainable nanomaterials for thera-
peutic and medicinal applications.

EXPERIMENTAL

Crab shell collection and preparation: Mud crab (Scylla
serrata) shells were procured from a local market in Coimbatore,
India. To preserve freshness during transportation, the samples
were stored on ice until arrival at the laboratory. Upon receipt,
the crab exoskeletons were carefully chopped into smaller frag-
ments using a meat tenderizer. A 20 g quantity of crushed shell
material was carefully weighed, labeled and oven-dried at 65
ºC for 4 days to achieve a consistent weight. The moisture
content was calculated by subtracting the original wet weight
from the final dry weight. The average moisture level of the
crab shell samples was deter-mined to be 15.66%.

Chitosan extraction and purification from crab shell:
The recovery of chitosan from crab shells began with thoro-
ughly washing the crushed exoskeletons using distilled water.
The cleaned material was then transferred into 1000 mL beakers
containing boiling NaOH solutions at concentrations of 2% and
4% (w/v) and heated for 1 h to remove proteins and sugars,
effectively isolating crude chitin. The 4% NaOH concentration
aligns with the method used by the Sonat Corporation [18].
After boiling, the beakers were removed from the hot plate
and allowed to cool at room temperature for 30 min, following
the approach described by Lamarque et al. [19]. The softened

exoskeletons were further crushed into smaller fragments (0.5-
5.0 mm) using a meat tenderizer. The demineralization of crude
chitin was carried out using 1% HCl (v/v) and 2% NaOH, as
per the method reported by Huang et al. [20]. Subsequently,
the demineralized chitin was subjected to deacetylation by
adding 50% NaOH and boiling the mixture at 100 ºC for 2 h.
The reaction mixture was then cooled for 30 min at room temp-
erature. This deacetylation process was repeated to ensure the
conversion of chitin into chitosan, yielding a creamy-white
final product.

Preparation of chitosan-coated zinc oxide nanoparticles
(CS-ZnO-NPs): To prepare a 1.0% (w/v) chitosan solution,
chitosan was dissolved in 1% (v/v) acetic acid while stirring
constantly until fully dissolved. Following this, 45 mL of 0.1
M Zn(CH3COO)2·2H2O was slowly added to 5 mL of chitosan
solution. The pH of the resulting mixture was adjusted to 9- 10
using 0.1 M NaOH, with continuous stirring maintained for 4 h
at 85 ºC. After the reaction, the mixture underwent drying at
120 ºC for 2.5 h. This was followed by annealing at 450 ºC for
4 h to yield chitosan-coated zinc oxide nanoparticles (CS-ZnO-
NPs) [21-23].

Characterization: The physico-chemical characteristics
of the chitosan-zinc oxide nanoparticles (CS-ZnO-NPs) were
initially confirmed by UV-visible spectrophotometry. Further
morphological and structural analyses were conducted using
scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and energy-dispersive X-ray analysis
(EDAX). X-ray diffraction (XRD) was employed to evaluate
the crystalline structure and phase purity of the synthesized
nanoparticles. The particle size and the presence of functional
chemical groups were characterized using Fourier-transform
infrared (FTIR) spectroscopy, following the protocol outlined
by Ramimoghadam et al. [24].

Evaluation of the antibacterial effect of CS-ZnO-NPs
on bacterial pathogens: The antibacterial activity of chitosan-
zinc oxide nanoparticles (CS-ZnO-NPs) was assessed using
the agar well diffusion method on sterile Müller-Hinton agar
plates. A 0.1% inoculum suspension of E. coli, K. pneumoniae
and S. aureus was used for inoculation. Wells were aseptically
punched into the agar and CS-ZnO-NPs were introduced at the
concentrations of 10, 15 and 30 µg mL–1. Following incubation,
the diameter of the inhibition zones surrounding each well was
measured to evaluate antibacterial efficacy, as described by
Gulati et al. [25].

Antibiofilm activity: The antibiofilm activity of CS-ZnO-
NPs was evaluated by cultivating E.coli, K. pneumoniae and
S. aureus individually in glass test tubes containing nutrient
broth. An equal volume (10 mL) of overnight bacterial culture
and sterile nutrient broth was mixed and treated with CS-ZnO-
NPs at a concentration of 30 µg mL–1. The cultures were incu-
bated for 48 h. After incubation, the contents were centrifuged
at 5000 rpm for 5 min and the supernatant was discarded. The
biofilm-forming cells adhered to the glass surface and were
washed three times with sterile distilled water. Subsequently,
each tube was stained with 1 mL of 0.1% crystal violet solution
and incubated at room temperature for 30 min. Excess stain
was removed and the tubes were washed thrice with distilled
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water and gently dried. Photographs were taken to document
the extent of biofilm formation on the inner surface of the tubes.

Antifungal activity: The antifungal activity of the CS-
ZnO-NPs was assessed using the agar well diffusion method,
as described by Gizaw et al. [26]. Subcultured A. niger, A. flavus
and C. albicans were incubated on Potato Dextrose Agar (PDA)
plates at 35 ºC for three days. To prepare the fungal inoculum,
10 mL of potato dextrose broth was inoculated with three-day
old cultures of each fungal strain. The surface of PDA plates
was uniformly swabbed with the prepared inocula. Using sterile
pipette tips, four wells (6 mm diameter) were made in each
plate. CS-ZnO-NPs (10, 15 and 30 mg/mL) were loaded into
the wells (0.1 mL/well), alongside DMSO as a negative control
and fluconazole (1 mg/mL) as a positive control. After allowing
the plates kept at room temperature for 1 h to permit diffusion,
they were incubated at 28-30 ºC for 92 h. Antifungal activity
was evaluated by measuring the diameter of the inhibition
zones in millimeters. The percentage of inhibition was calcu-
lated using a standard formula, following the method of
Urnukhsaikhan et al. [27].

ZOI of samples (mm)
Inhibition (%) 100

ZOI of standard drug (mm)
= ×

Anticancer activity of CS-ZnO NPs against human breast
cancer cells

Cell culture: The MCF-7 breast cancer cell line was sourced
from the National Centre for Cell Sciences (NCCS) in Pune,
India. These cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) with 10% fetal bovine serum (FBS) and main-
tained at 37 ºC in a CO2-incubated, humidified environment.

MTT assay: The cytotoxicity of CS-ZnO-NPs was assessed
using the MTT assay. A549 cells were seeded in 96-well plates
to form confluent monolayers. Different concentrations of CS-
ZnO-NPs (0-100 µg/mL) were added to the cells and cell via-
bility was determined by evaluating the reduction of the tetra-
zolium salt MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide], purchased from Sigma Chemical Co.,
St. Louis, Missouri, USA. This reduction occurs through the
action of succinate dehydrogenase, an enzyme found in the
mitochondria, resulting in the formation of formazan crystals
that indicate viable cells. Each concentration was tested in
triplicate to ensure consistency and reliability of the results.
The 50% inhibitory concentration (IC50), which represents the
concentration required to decrease cell viability by 50%, was
determined using regression analysis. The percentage viability
was calculated from the optical density (OD) values using the
following formula:

OD value of experimental sample
Viability (%) 100

OD value of experimental control
= ×

Morphological analysis: Human cancer cells, seeded
onto coverslips at a density of 1 × 105 cells per coverslip, were
exposed to CS-ZnO-NPs at concentrations of 10, 25 and 50
µg/mL for 24 h. After treatment, the cells were fixed using a
3:1 (v/v) ethanol and acetic acid solution. The treated coverslips
were then carefully transferred to glass slides for subsequent

morphometric analysis. To evaluate the cell morphology, three
monolayers from each experimental group were captured using
bright-field inverted light microscopy at a 40x magnification
on a Nikon (Japan) microscope. This technique allowed for
the detailed observation of any morphological changes in the
cells following treatment.

Analysis of apoptotic cell death using fluorescence
microscopy: For staining, a mixture of 1 µL distilled water,
100 mg/mL acridine orange (AO) and ethidium bromide (EtBr)
was prepared. A 0.9 mL solution containing 1 × 105 cells was
added to the mixture on clean coverslips. Prior to staining, cancer
cells were treated with different concentrations of CS-ZnO-
NPs, then collected and washed with phosphate-buffered saline
(PBS, pH 7.2). The cells were treated with 10 µL of AO/EtBr
solution for 2 min, washed twice with PBS and observed under
a Nikon Eclipse fluorescence microscope at 40x magnification
using a 480 nm excitation filter. In a separate procedure, cells
were grown on glass coverslips in six-well plates and exposed
to varying concentrations of CS-ZnO-NPs for 24 h. After treat-
ment, the cells were fixed with a 3:1 (v/v) methanol-acetic
acid solution, washed with PBS and stained with DAPI (1 mg/
mL) for 20 min in dark. Images were captured using a fluore-
scent microscope with the appropriate excitation filter.

Statistical analysis: All in vitro experiments were carried
out in triplicate, with each experiment repeated a minimum of
three times. Data were analyzed using SPSS version 17.0 and
a p value of < 0.01 was regarded as statistically significant.

RESULTS AND DISCUSSION

UV-visible spectroscopy: The UV-vis spectrophotometric
analysis of CS-ZnO-NPs revealed a peak at approximately 316
nm, with the symmetrical band structure suggesting uniform
dispersion and affirming particle stability (Fig. 1). Prior studies
have recognized a specific absorption band for ZnO NPs within
the 280-400 nm range [28]. ZnO/CS composites have demons-
trated notable absorption in the range of 350 to 380 nm [29],
whereas ZnO-NPs and CS-ZnO-NPs displayed peaks at 375
and 357 nm, respectively [30]. The spectra indicate the success-
ful integration of ZnO nanoparticles onto the chitosan surface,
resulting in the formation of ZnO-CS composite. The detected
blue shift in the UV spectra indicates the formation of the CS-
ZnO nanocomposite, probably attributed to the presence of
ZnO [31,32]. Oh et al. [33] also observed a significant peak at
320 nm in the UV-visible spectrum of chitosan nanoparticles.

FTIR studies: The FTIR transmittance spectra of CS-
ZnO-NPs, illustrated in Fig. 2, display distinct bands ranging
from 4000 to 600 cm–1, with significant peaks at 3322.75,
2917.77, 2135.78, 1644.02, 1390.42, 1149.37, 1034.42,
893.84, 813.81 and 753.06 cm–1. The broad band at 3322.75
cm–1 and the minor peak at 1390.42 cm–1 are associated with
O–H stretching, which is the characteristic of alcohol and phen-
olic compounds. The peaks observed at 2917.77 and 753.066
cm–1 are indicative of C-H stretching in alkanes. The peak
observed at 2135.78 cm–1 is associated with C-H modes in
aromatic compounds. The peaks observed at 1644.02, 893.844
and 813.813 cm–1 correspond to C=C stretching in alkenes.
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Fig. 2. FT-IR spectrum of CS-ZnO NPs

The stretching vibrations of C-O in primary and secondary
alcohols are observed at 1149.37 and 1034.42 cm–1, respectively.
Previously, observed pronounced bands in the 1250-1100 cm–1

range, linked to C–O stretching, indicating the organic charac-
teristics of CS-ZnO-NPs and their eco-friendly synthesis [34].

X-ray diffraction studies: The phase and crystal structure
of CS-ZnO-NPs were examined using X-ray diffraction, which
showed a clear and specific pattern (Fig. 3). The CS-ZnO-NPs
displayed peaks at 2θ values of 31.97º, 34.81º, 36.87º, 47.98º,
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Fig. 3. XRD spectrum of CS-ZnO NPs

56.91º, 62.91º, 66.93º, 68.51º, 69.62º, 72.74º and 77.87º, which
correspond to the (hkl) planes (100), (002), (101), (102), (110),
(103), (200), (112), (201), (004) and (202). The peaks corres-
ponded with JCPDS card No. 36-1451, thereby confirming
the existence of a hexagonal phase structure in the synthesized
ZnO nanoparticles [35].

A broad diffraction peak in the chitosan-ZnO nanocom-
posite pattern suggested the semi-crystalline nature of chitosan
and validated the successful incorporation of hexagonal ZnO
nanoparticles into the chitosan matrix [36]. The XRD patterns
clearly illustrated the successful synthesis of CS-ZnO NPs.
The Scherrer’s formula was employed to calculate the cryst-
allite size [37]. The diffraction peaks associated with cotton
fabric and the CS-ZnO nanocomposite indicated that the CS-
ZnO coating was effectively applied to the cotton fabric [30].

Morphological studies: The morphological characteristics
of CS-ZnO-NPs were examined through scanning electron
microscopy (SEM) to determine their shape. The SEM images
demonstrated that the synthesized nanoparticles displayed both
spherical and hexagonal morphologies, with some agglomera-
tion noted, as shown in Fig. 4. The particles exhibited a uniform

Fig. 4. Scanning electron microscopy of CS-ZnO-NPs (a) 7000× (b) 13,000× and (c) 25,000× magnifcation
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distribution, with sizes varying from 60 to 150 nm and agglom-
erates can be observed in Fig. 4a-c. The results align with earlier
works also [38-40]. The SEM analysis validated the spherical
morphology of the ZnO nanoparticles, distinguished by smooth
edges, consistent with previous reports [41,42].

The surface structure and particle size of CS-ZnO-NPs were
examined through transmission electron microscopy (TEM),
as illustrated in Fig. 5. The TEM image shows the agglomerated
particles that display both spherical and hexagonal shapes,
with an average particle size of 60-150 nm. High-resolution
transmission electron microscopy (HR-TEM) was utilized to
verify the spherical morphology of the nanoparticles. The syn-
thesis of chitosan-coated ZnO nanoparticles (CS-ZnO-NPs)
was validated by comparing particle sizes obtained through TEM
and X-ray diffraction, confirming the successful fabrication
of the nanoparticles. The results align with the earlier research,
notably the study conducted by Pillai et al. [43].

EDX spectrum of CS-ZnO-NPs: The elemental comp-
osition of CS-ZnO-NPs was examined through energy dispersive
X-ray spectroscopy (EDS), which indicated the presence of
Zn, O and Ca atoms. Fig. 6 illustrates the stoichiometric mass
percentages of Zn (68%), O (20%) and Ca (12%). The EDS
results of this study aligned with the earlier findings [44,45].
The findings indicated that these nanoparticles exhibit encour-
aging characteristics for possible biomedical uses, especially
in drug delivery systems. After characterization, the chitosan
nanoparticles were subjected to in vitro biological assays to
assess their anticancer, antibacterial and antifungal activities.

Antibacterial activity: The antibacterial activity of CS-
ZnO-NPs was assessed at concentrations of 10, 15 and 30 µg/
mL against bacterial pathogens such as E. coli, K. pneumoniae

1500

1000
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0
0 2 4 6 8 10

keV

Ca

O

Zn

Zn

Zn

Fig. 6. Energy dispersive X-ray analysis of CS-ZnO NPs

and the S. aureus complex. Following a 24 h incubation period,
the inhibition zones were measured, resulting in the following
values: E. coli (6.7, 12.5, 22 mm), K. pneumoniae (7, 13, 21.9
mm) and S. aureus (7.1, 15.1, 24.5 mm). The data show that
the inhibition of bacterial growth increased with higher
concentrations of CS-ZnO-NPs. The CS-ZnO nanocomposites
exhibited significant antibacterial activity, especially against
S. aureus, a Gram-positive bacterium [46]. ZnO-NPs demons-
trated a bacteriostatic effect on E. coli and P. aeruginosa while
exhibiting bactericidal effects on S. aureus and K. pneumoniae
[47]. Furthermore, the photocatalytic and antibacterial proper-
ties of chitosan nanomaterials concerning methylene blue have
also been documented [48]. The CS- ZnO nanocomposites
exhibited the most significant inhibition zone against E. coli,
with an inhibition zone of 25.5 mm, followed by K. pneumoniae
(24.5 mm), S. aureus (22.5 mm) and B. subtilis (21 mm) [49].

Fig. 5. Transmission electron microscopy of CS-ZnO-NPs
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Antibiofilm activity of CS-ZnO-NPs: The anti-biofilm
activity of biosynthesized CS-ZnO-NPs was assessed against
E. coli, K. pneumoniae and S. aureus strains through the crystal
violet assay. Biofilm was allowed to form in glass test tubes
before treating with CS-ZnO-NPs at a concentration of 30 µg/
mL. The bacterial strains formed biofilms on the glass surfaces,
as indicated in Fig. 7a-c. Following treatment with the nano-
particles, a notable decrease (75-90%) in biofilm formation
was observed, demonstrating that the biosynthesized nano-
particles successfully interfered with the biofilms. Without
treatment, the bacteria formed a clear ring at the top of the liquid
in the glass test tubes, but this ring was much smaller after
being treated with CS-ZnO-NPs. This finding demonstrates the
capability of chitosan nanoparticles to inhibit bacterial growth
and biofilm formation, especially in S. aureus strains [50]. Hsueh
et al. [51] reported a reduction in biofilm formation in B. subtilis
when treated with low concentrations of ZnO NPs, resulting
in smoother surface structures. Furthermore, ZnO NPs at a
concentration of 50 µg/mL were the most effective in inhibiting
biofilm formation in E. coli when compared to B. subtilis,
thereby strengthening the potent biofilm-disrupting capabilities
of ZnO-based nanocomposites [52].

Antifungal activity: The CS-ZnO-NPs demonstrated
significant antifungal activity against A. niger, A. flavus and
C. albicans by compromising the integrity of the fungal cell
membrane. In vitro testing revealed inhibition zones for A.
niger at concentrations of 10 mg/mL, 15 mg/mL and 30 mg/mL,
measuring 5.2, 7.2 and 9.5 mm, respectively. For A. flavus,
the inhibition zones were 6.1, 8.8 and 10.6 mm and for C.
albicans, they were 6.6, 8.7 and 10.4 mm at the same concen-
trations. These findings suggest that CS-ZnO-NPs exhibit broad-
spectrum antifungal activity and could serve as promising
candidates for novel antifungal agents. Previous studies have
also highlighted the antifungal potential of ZnO nanoparticles,

showing effective activity against C. albicans at a concentration
of 200 µg/mL [53]. In comparison, ZnO-chitosan nanocompo-
sites demonstrated a lower minimum inhibitory concentration
(MIC) of 75 µg/mL, indicating enhanced antifungal properties
[54]. Moreover, chitosan-ZnO composites have been found to
show greater antifungal effects against A. flavus and A. parasiticus
[55].

Exploring the anticancer potential of CS-ZnO-NPs against
MCF-7 cells

MTT assay: The potential cytotoxicity of CS-ZnO-NPs
(up to 100 µg/mL) was evaluated using the MTT assay over
24 h. The results indicated that CS-ZnO-NPs significantly inhi-
bited cell proliferation, with the degree of inhibition increasing
with higher concentrations. The IC50 values, presented in Table-1,
revealed that CS-ZnO-NPs had an IC50 of 10 µg/mL for breast
cancer cells, while the standard treatment, doxorubicin, showed
an IC50 of 4.5 µg/mL. This suggests that CS-ZnO-NPs exhibit
notable efficacy against breast cancer cells, potentially outper-
forming traditional therapies. Similar studies have reported
comparable outcomes. For instance, berberine-decorated zinc
oxide-loaded chitosan nanoparticles showed an IC50 of 7.41
µg/mL against MCF-7 cells [56]. Chitosan-ZnO NPs also dem-
onstrated cytotoxicity in A549 cells, with an IC50 of 20 µg/mL
[3]. These findings are consistent with previous research on
the anticancer effects of nanoparticles [57]. Furthermore, other
studies have highlighted the anticancer potential of chitosan-

TABLE-1 
CYTOTOXIC ACTIVITY OF CS-ZnO-NPs (µg/mL) 

Sample MCF 7 (breast cancer cells) IC50 
CS-ZnO NPs 10 ± 1.2 µg/mL 

Doxorubicin (std.) 4.5 ± 0.3 µg/mL 
IC50 = values of respective sample at 24 h 
 

Fig. 7. Antibiofilm activity of CS-ZnO-NPs (30 µg/mL concentration) against (a) E. coli, (b) K. pneumoniae and (c) S. aureus
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based nanocomposites, such as chitosan/PVA/copper oxide,
against MCF-7 cell viability [58].

Morphological analysis: MCF-7 cancer cells were treated
with the IC50 concentration of CS-ZnO-NPs for 24 h, resulting
in significant morphological changes, as depicted in Fig. 8.
The appearance of the treated cells altered with increasing
concentrations of CS-ZnO-NPs, showing more pronounced
cytotoxicity at higher doses. Significant effects included shrin-
kage of cells, formation of membrane blebs, cytoskeletal rearran-
gement and a significant reduction in viable cell numbers.
These findings strongly indicate that CS-ZnO-NPs caused cell
death in MCF-7 cells, as shown in Fig. 8b-d. In contrast, the
untreated control cells showed no visible morphological differ-
ences (Fig. 8a). Similarly, previous studies have reported signi-
ficant cytotoxic effects of chitosan-based nanoparticles, such as
Ch-ZnO-NPs and chitosan silver nanoparticles, on the MCF-7
breast cancer cells [59,60]. Moreover, the present results demon-
strated a cytotoxic effect of CS-ZnO-NPs up to 85%, surpassing
the previous findings [61,62].

Fluorescence microscopic analysis of AO/EtBr and DAPI
staining for nuclear fragmentation: Fluorescence micro-
scopy was employed to assess the apoptotic impact of CS-ZnO-
NPs on selected cancer cell lines. Green fluorescence indicated
living cells, while dead cells were showed by characteristic
acridine orange staining. Fig. 9a shows an unusual abundance
of viable cells in the untreated control cells. On the other hand,
the MCF-7 cells treated with CS-ZnO-NPs indicated an incre-
ased presence of cells undergoing apoptosis and the formation
of apoptotic bodies. These were distinguishable by their unique

characteristics, including nuclear condensation, structural dam-
age to the nucleus and the formation of blebs, which appeared
as bodies emitting an orange/red colouration (Fig. 9b-d). It
appears that the treatment caused apoptotic changes in MCF-7
cells, resulting in noticeable alterations that suggest apoptosis
when examined.

Furthermore, DAPI staining was used to assess the effect-
iveness of CS-ZnO-NPs. Fig. 10 illustrates that MCF-7 cells
treated with CS-ZnO-NPs displayed bright spots, indicating
clumped chromatins and damaged nuclear morphology (Fig.
10b-d). In contrast, untreated cells (Fig. 10a) did not show signi-
ficant changes. The fluorescence microscopy findings highlight
the potential of CS-ZnO-NPs as a promising therapeutic agent
for cancer treatment, demonstrating substantial growth inhibi-
tion in MCF-7 cancer cells. These findings align with previous
studies that report the apoptosis-mediated cytotoxicity of ZnO
NPs in various cancer cell lines, including breast cancer [63,64].
Moreover, the results suggest that phyto-fabricated ZnO nano-
particles may enhance breast cancer therapies by targeting the
anti-apoptotic mechanisms in cancer cells [65].

Conclusion

This study successfully demonstrated the biosynthesis of
zinc oxide nanoparticles (ZnO NPs) using chitosan (CS) extra-
cted from crab shells as a capping agent. The resulting CS-
ZnO-NPs were small size, stable and structural and elemental
characteristics were confirmed using multiple characterization
techniques including UV-vis spectroscopy, FTIR, XRD, SEM,
TEM and EDX analysis, indicationg the successful of the bio-

Fig. 8. Morphological analysis of CS-ZnO-NPs treated MCF 7 cells for 24 h (a) Control (b)10 µg/mL (c) 25 µg/mL (d) 50 µg/mL
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Fig. 9. Assessment of apoptosis in MCF-7 cells using AO/EtBr staining after treatment with CS-ZnO-NPs (a) Control (b) 10 µg/mL (c) 25 µg/
mL (d) 50 µg/mL

Fig. 10. Assessment of apoptosis in MCF-7 cells using DAPI staining after treatment with CS-ZnO-NPs (a) Control (b) 10 µg/mL (c) 25 µg/
mL (d) 50 µg/mL
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synthesis process. The results revealed that the CS-ZnO-NPs
exhibited outstanding antibacterial and antifungal properties.
Moreover, these nanoparticles significantly inhibited the prolif-
erative and migratory activities of human breast cancer MCF-7
cells, inducing apoptotic cell death. The mechanism behind
this effect involves the activation of apoptotic pathways, leading
to the suppression of cancer cell growth. Overall, this study
suggests that chitosan-coated ZnO nanoparticles (CS-ZnO-
NPs) show the promising safety profiles, highlighting their
potential for use in the biomedical applications.
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