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Abstract

Lung cancer remains a leading cause of cancer-related
mortality worldwide, especially NSCLC is the majority
of cases affecting patients’ survival and quality of life.
Conventional treatments are often limited by high cost,
dose-limiting toxicity and poor therapeutic outcomes.
To address these challenges, we developed an eco-
friendly synthesis of berberine-incorporated copper
oxide nanoparticles (BER-CUONPS) using Solanum
torvum (Turkey berry). The synthesis was confirmed by
a characteristic color change (yellow to olive green)
and UV-visible spectroscopy with a maximum
absorption peak at 400-450 nm. Characterization by
SEM-EDX, TEM, Zeta potential and AFM revealed
spherical, well-dispersed nanoparticles with an
average size of ~22 nm, moderate stability, controlled
surface roughness and favorable physicochemical
properties for biomedical applications.

The cytotoxicity effect of BER-CUONPs demonstrated
enhanced anticancer activity with a significantly lower
IC50 value (49.9 £ 2 pg/mL) compared to BER (122.4
+ 2 pg/mL) and CUONPS (147 £ 2 pg/mL) in NCI1-H460
cells, while retaining low toxicity in HEK-293 cells.
The wound healing assay confirmed dose-dependent
inhibition of cell migration and AO/EtBr staining
validated apoptosis induction comparable to cisplatin.
Therefore, BER-CUuONPs represent a promising
multifunctional nanoplatform for NCI-H460 cells.
Future studies should focus on in vivo validation,
mechanistic pathways, pharmacokinetics and systemic
toxicity for clinical translation.

Keywords: Apoptosis, Anti-cancer activity, Berberine,
Copper oxide nanoparticles, NCI-H460 cells.

Introduction

According to estimates, there were emerging cancer cases of
19.3 million worldwide in 2020 by the Global Cancer
Observatory. India secured the third position followed by
China and the United States, for the incidence of cancer.
GLOBOCAN further predicts that the number of new cases
of cancer occurrence will rise by 57.5% from 2020, reaching
2.08 million by 2040 2> Among them, the most predominant
cancer-related death is lung cancer, contributing to the
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maximum death rates among males and females. The major
common reason is smoking, which accounts for
approximately 85% of total lung cancer occurrences.
Usually, the diagnosis of lung cancer is identified at
advanced stages; therefore, the treatment facilities are also
limited®.

Nowadays, traditional cancer treatments are limited to
surgery, radiation and chemotherapy, which can affect the
normal tissues or may partially eliminate cancer cells. At
present, platinum-based drugs are used in NSCLC
chemotherapy treatments particularly cisplatin is frequently
used due to its cost effectiveness and strong anti-tumor
effect; however, 50% NSCLC patients show cisplatin
resistance due to intrinsic changes and influences of tumor
microenvironment such as enhanced DNA repair
mechanism, reduced cellular uptake, inhibition of apoptosis,
drug efflux and also caused nephrotoxicity in normal cells’.

Therefore, a better alternative source for cancer therapy is
nanotechnology which selectively targets the cancer cells
and neoplasms, optimizes surgical tumor removal and
enhances the efficacy of chemotherapy. In the present study,
the application of nanomedicine in nanotechnology has
transformed and extended both the diagnosis of cancer and
facilitated the development of nanotechnology-assisted
chemotherapy, with the potential to significantly improve
cancer therapy!~ The main advantage of using
nanotechnology-based cancer treatment is to enhance drug
delivery, improve therapeutic efficacy, reduce side effects,
selectively target tumors via mechanisms and even at high
dosages of anticancer drugs at the tumor site with minimal
exposure to healthy cells and promising for NSCLC
treatment!3,

Solanum torvum (Turkey berry) is a traditional medicinal,
tiny shrub that is associated with the Solanaceae Juss and
grows widely in tropical regions throughout Thailand and is
known as “Turkey Berry” and contains approximately 3000
species. The availability and affordability of S. torvum make
it a more sustainable choice for large-scale applications like
green nanoparticle synthesis®.

Copper nanoparticles are inorganic due to being easily
oxidized to form copper oxides (CuO). The copper has its
potential for broad-spectrum bioactivity with cost-
effectiveness compared to noble metals and is easy to
synthesize. Therefore, both copper and its nanoparticles
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have been broadly applied as diagnostic tools and targeted
drug delivery for various diseases, particularly in anti-
cancer, radiotherapy and radiation dosimetry and their
ability to associate with the cellular level, providing
multifunctional reactions in our human body 2.

Berberine is an isoquinoline alkaloid chemically known as
(2,3-methylenedioxy-9,10-dimethoxyprotoberberine
chloride) quinolizinium present in many parts of plants such
as stems, rhizomes, roots, the outer layer of the trunk,
flowers and acrid fruits of Coptis chinensis including various
Berberidaceae species®. It can also be used for the treatment
of many diseases like cancer, cardiovascular, neurological
disorders, diabetes, lipid balance, nonalcoholic fatty liver
disease and particularly against digestive diseases. Research
has found that berberine is a potent anticancer and
chemosensitizer that prevents the replication of cells in many
cancer cells and disrupts the interaction with tissue
infiltration and cancer cell dissemination?..

Berberine has exhibited many biological benefits but it has
its limitations such as poor bioavailability when
administered orally than intravenously due to first-pass
effects in the intestinal lumen, leading to drawbacks in
clinical application. To overcome these challenges,
berberine can be formulated via an eco-friendly approach to
improve therapeutic potential in NSCLC“ Therefore,
recently, studies have evidenced that berberine can be used
for targeted drug delivery via nanotechnology-based
approachest.

The present study primarily aims to synthesize and optimize
berberine conjugated copper oxide nanoparticles (BER-
CuONPs) using the green synthesis approach mediated by S.
torvum (Turkey berry) and to investigate their therapeutic
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potential against non-small cell lung cancer (NCI-H460).
The objective of the present study is to prepare and
characterize  BER-CuONPs using eco-friendly plant-
mediated synthesis and to evaluate the anti-cancer and anti-
migration effect of BER-CUONPs using MTT assay and
wound healing assay, along with apoptotic assay in NSCLC.
Cisplatin is the chemotherapeutic drug used for the positive
control.

Material and Methods

Green synthesis of berberine-loaded copper oxide
nanoparticles: Fresh Solanum torvum (Turkey berry) was
purchased in Chennai and authenticated at the Siddha
Central Research Institute, Chennai. The plant material was
washed thoroughly with distilled water, dried completely
and finely ground using a manual grinder. One gram of the
powdered sample was mixed with 100 mL of distilled water,
boiled at 70 °C for 30 minutes and the supernatant was
collected. 30 mL of the extract was added to 70 mL of 20
mM CuSOs solution and maintained at a neutral pH. The
mixture was stirred at 750 rpm for 24 hours to obtain S.
torvum mediated copper oxide nanoparticles (CUONPS).

For the preparation of the berberine nanoformulation, 100
mg of berberine chloride (BBR-CI) was dissolved in 1 mL
of dimethyl sulfoxide (DMSO) and 4 mL of phosphate-
buffered saline (PBS) and stirred at 750 rpm for 1 hour.
Berberine-loaded = CuONPs  (BER-CuONPs)  were
synthesized by mixing the berberine chloride solution and S.
torvum (Turkey berry)-mediated CuUONP solution in a 1:1
ratio, followed by sonication for 1 hour. The mixture was
then dried in a hot-air oven at 60 °C for 5 hours and the air-
dried powder was collected for further characterization and
biological applications, as shown in figure 1.
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Figure 1: The preparation of berberine-conjugated copper oxide nanoparticles mediated
by Solanum torvum (Turkey berry)

https://doi.org/10.25303/301rjce0930101

94



Research Journal of Chemistry and Environment

Vol. 30 (1) January (2026)

Characterization of BER-CuONPs: The synthesized
BER-CUuONPs  were confirmed through  various
characterization  techniques, including  UV-visible
spectroscopy (Shimadzu UV-1900), performed within a
wavelength range of 200-700 nm. Surface morphology and
elemental composition were assessed using Scanning
Electron Microscopy (SEM) and Energy Dispersive X-ray
(EDX) analysis (Carl Zeiss model sigma 300). A
Transmission Electron Microscope was used to determine
the size, shape and structure of the nanoparticles (HR-TEM)
(Talos F200S High-Resolution  Scanning TEM).
Additionally, Atomic Force Microscopy (AFM) was used to
investigate the three-dimensional structure of the green-
synthesized copper oxide nanoparticles. Dynamic Light
Scattering (DLS) was used to determine the hydrodynamic
size distribution and surface charge (zeta potential) of the
nanoparticles.

Cell culture: NCI-H460 Non-Small Cell Lung Cancer
(NCI-H460) cell lines and Human Embryonic Kidney cells
(HEK-293) were procured from the National Centre for Cell
Science (NCCS), Pune, India. Cells were cultured in
Dulbecco’s Modified Eagle’s medium (DMEM)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) and 5% penicillin—streptomycin (10,000 U/mL).
Cultures were maintained at 37 °C in a humidified
atmosphere  containing 5% CO: until reaching
approximately 90% confluence.

Cell Viability Assay: The cytotoxic effects of CuONPs,
BER, BER-CUONPs and cisplatin were evaluated against
NCI-H460 cells and HEK-293 using the MTT assay. Briefly,
5 x 10 cells were seeded into 96-well plates and incubated
for 24 h to allow cell attachment. The cells were then treated
with varying concentrations of 0, 25, 50, 75 and 100 pg/mL
of the respective compounds and incubated for an additional
24 h in a CO: incubator. Following treatment, the medium
was removed and replaced with 110 pL of fresh medium
containing SDS-HCI solution. Plates were incubated for 4—
18 h to solubilize the formazan crystals. Absorbance was
measured at 570 nm using a microplate ELISA reader. All
experiments were conducted in triplicate and the percentage
of cell viability was calculated by Hanif et al*!.

Wound healing analysis: The cell migration of NCI-H460
cells was assessed using a wound healing assay. Briefly, 5 x
10¢ cells were seeded into 6-well plates containing complete
growth medium and incubated for 24 h to allow monolayer
formation. A uniform scratch was created across the cell
monolayer using a 200 pL micropipette tip and the wells
were gently rinsed with PBS to remove detached cells and
debris. The cells were then treated with varying
concentrations of BER-CUuONPs at 0, 25, 50, 75 and 100
pg/mL and cisplatin, incubated for 24 h. Cell migration into
the wound area was monitored using an inverted microscope
and images were captured at 0 h and 24 h. The percentage of
wound closure was quantified and all experiments were
performed in triplicate?’.
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AO/EtBr Fluorescence Microscopy Analysis: AO/EB
staining was performed with slight modifications to the
method described by Mohamed et al*4. NCI-H460 cells were
seeded at a density of 5 x 10° cells per well in a 12-well plate
and incubated overnight to allow cell attachment. The cells
were then treated with varying concentrations of BER—
CuONPs and a high concentration of cisplatin for 24 h.
Following treatment, the cells were washed twice with
phosphate-buffered saline (PBS) to remove residual medium
and unattached cells. Subsequently, they were stained with a
freshly prepared mixture of acridine orange and ethidium
bromide (1:1, 10 uM) for 15 min at room temperature in the
dark. Stained cells were immediately examined under a
confocal laser scanning microscope to distinguish viable,
apoptotic and necrotic populations based on differential
fluorescence emission.

Statistical analysis: Statistical analyses were performed
using Microsoft Excel and IBM SPSS Statistics v19 (IBM,
Chicago, USA). Data (n = 3) are presented as Mean + SD.
The Shapiro-Wilk test was used to verify normality,
followed by parametric analysis. Intra-group comparisons
were conducted using paired t-tests, while inter-group
differences were assessed by one-way ANOVA. The
statistical significance was considered p < 0.05.

Results and Discussion

Visual and Spectroscopic characterization of BER-
CUONPs: The aqueous extract of Solanum torvum (Turkey
berry) exhibited a golden-yellow color, which, upon mixing
with copper sulfate solution (blue), resulted in a visible color
change to olive-green, initially confirming the formation of
copper oxide nanoparticles (CuONPs). Similar research has
shown that the colour changes resulting from the extraction
of copper oxide nanoparticles, such as those found in
Psidium guajava leaf, Solanum tuberosum and Moringa
oleiferal®1%25, This green synthesis approach offers distinct
advantages, as it is eco-friendly by eliminating the need for
toxic chemicals, is cost-effective due to the use of readily
available plant extracts and scalable for large-scale
production.

Moreover, the phytochemicals present in S. torvum act as
natural reducing, capping and stabilizing agents, thereby
controlling particle size, preventing agglomeration and
improving nanoparticle stability. Importantly, the
biocompatible nature and reduced toxicity of these green-
synthesized CuONPs make them highly suitable for
biomedical applications, particularly in anticancer research.
The dual benefits of enhanced stability and sustainable
production further highlight the therapeutic potential of S.
torvum-mediated CUONPs in cancer therapy%2,

UV-Visible spectroscopy of BER-CUONPs: The UV-
Visible absorption spectra of CUONPs and BER—CuONPs
revealed distinct optical properties indicating successful
functionalization of nanoparticles with berberine. The
CUuONPs (black curve) showed a broad absorption peak in
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the range of 250-380 nm, characteristic of CuO
nanoparticles due to their intrinsic band gap transitions. In
contrast, BER—CUONPs (red curve) exhibited a noticeable
shift with a strong and broad absorption extending from 250
nm to nearly 600 nm, with a prominent peak around ~460
nm, which can be attributed to the surface plasmon
resonance (SPR) effect modified by the conjugation of
berberine molecules (Figure 2). This red-shift and enhanced
absorption intensity suggests effective surface interaction
and capping of CuONPs by berberine, leading to altered
electronic transitions and improved stability of the
nanocomposite. Previous findings recorded similar peak
absorbance of copper oxide nanoparticles of VeA-CuONPs
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of 412nm3,

Scanning Electron Microscope with EDX: The SEM
micrograph revealed that the synthesized BER—-CUONPs
exhibited a predominantly rod-like and irregular crystalline
morphology, with a tendency to form agglomerated clusters.
The average particle size was estimated to be approximately
107 nm, confirming their nanometric nature and the
successful formation of nanoparticles (Figure 3). Previous
studies also confirmed that the green synthesis of CuO-NPs
using Aloe vera extract and Ralstonia solanacearum showed
similar morphology and particle sizes?%2426,
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Figure 2: The pictorial image represents the UV-visible spectroscopy of CUONPs and BER-CuONPs
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Figure 3: The diagram illustrates the Scanning Electron Microscope with Energy Dispersive X-ray of BER-CuONPs

Table 1
Elemental composition of BER-CUONPs
Element Weight % We¥ght o Atomic %
Sigma

C- Carbon 55.17 0.31 72.37
O- Oxygen 16.28 0.15 16.03
Na- Sodium 4.33 0.05 2.96
Al- Aluminium 0.13 0.01 0.08
Si- Silicon 0.06 0.01 0.03
P- Phosphorus 2.76 0.03 141
S- Sulfur 0.94 0.02 0.46
Cl- Chlorine 7.26 0.06 3.23
K- Potassium 1.41 0.02 0.57
Mn- Manganese 0.18 0.02 0.05
Fe- Iron 0.07 0.02 0.02
Cu- Copper 11.21 0.1 2.78
Pb- Lead 0.2 0.08 0.02
Total 100 100
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Figure 4: The picture demonstrates the Transmission Electron Microscope of BER-CuONPs

SEM coupled with Energy Dispersive X-ray Spectroscopy
(EDS) confirmed the elemental composition of BER-
CuONPs, showing C, O and Cu as major constituents along
with trace elements. Analysis further showed a high carbon
content (55.17 wt%), supporting the berberine conjugation,
while oxygen (16.28 wt%) and copper (11.21 wt%) were the
major inorganic components, confirming the formation of
copper oxide. Chlorine (7.26 wt%) indicated residual
precursor salts and trace elements (Na, P, S, K, Mn, Fe, Al
Si, Pb) were also detected, likely from the synthesized
compounds as shown in table 1'8.

Transmission Electron Microscope: TEM analysis of
BER—-CUONPs revealed predominantly rod-like and wire-
shaped structures with some smaller irregular particles. The
size ranged from 5 to 105 nm, with an average of 22 nm,
confirming their nanoscale nature. Some aggregation was
observed, likely due to high surface energy, which may
support sustained drug release. The rod-like morphology
provides a larger surface area and may enhance cellular
uptake, suggesting favorable properties for biomedical
applications (Figure 4). Similar findings also suggested that
the green synthesis of CuO nanorods using Muntingia
calabura leaves demonstrated a similar particle size of
61.48nm and rod-shaped nanoparticles?°, while Momordica
charantia showed 79-90nm?é,

Dispersive Light Scattering: DLS is known as quasi-light
scattering. Zeta potential is applied for assessing both the
surface charge and particle size distribution. During
electrophoresis, the surface charge determines the electrode
to which particles move. The DLS assessment revealed a
well-distributed particle system with a dominant peak at
0.6829 nm, suggesting the presence of smaller, well-
dispersed nanoparticles. The moderate polydispersity index
(PDI: 0.3447) reflects a reasonably stable formulation with
a controlled size distribution, making it suitable for
biological interactions. Additionally, the Z-average size of
9018 nm suggests the possible formation of nanoparticle
aggregates, which may enhance the sustained release of
berberine, leading to prolonged therapeutic effects. Similar
findings showed that the extract of the Catharanthus Roseus
plant Leaf in copper oxide nanoparticles was found to be
—1.88 mV28, The zeta potential measurement further supports
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the formulation stability, with a mean surface charge of
0.4715 mV. Although the value is relatively low, it suggests
that the formulation has good compatibility with biological
systems, reducing the likelihood of excessive repulsion that
could hinder cellular uptake. The moderate zeta deviation
(14.38 mV) indicates a balanced charge distribution across
the nanoparticles, ensuring effective bioavailability. The
berberine copper oxide nanoformulation of synthesized (-
potential is shown in figure 5.

Atomic Force Microscopy: AFM was demonstrated to
examine the characterization of BER-CUONPs in three-
dimensional form with sub-nanometer resolution, as
depicted in figure 6. The AFM analysis of the copper
nanoparticles (CuNPs) conjugated with  berberine
nanoformulation: The mean surface roughness (Sa: 73.155
nm) and root mean square roughness (Sg: 111.26 nm)
indicate a moderately rough surface, suggesting a well-
dispersed nanoformulation. The maximum height difference
(Sy: 870.4 nm) highlights some degree of nanoparticle
aggregation, which could be optimized with stabilizers to
enhance uniformity. The peak height (Sp: 597.38 nm)
exceeding the valley depth (Sv: -273.02 nm) signifies an
overall protruding topography which may enhance
biological interactions, such as cellular uptake and adhesion.

Further, the line roughness parameters (Ra: 51.263 nm, Rq:
64.185 nm, Ry: 251.58 nm) suggest a relatively smooth
nanoformulation with controlled surface variations, which
could aid in the sustained release of berberine. The
deflection force values (Mean: 27.8 nN, Line Fit: 18.5 nN)
indicate strong adhesion forces, ensuring the mechanical
stability of the nanoparticles and optimizing them for
biomedical applications including antimicrobial and
anticancer therapies. The presence of some aggregation, as
indicated by the high Sy value, suggests that further
optimization using polymer coatings or surfactants might
improve dispersion and enhance its pharmacological
efficacy.

Anti-cancer activity of BER-CuONPs on H460 cells and
HEK-293 cells: The cytotoxic potential of synthesised
CuONPs, BER, BER-CuONPs and the reference
chemotherapeutic drug cisplatin was evaluated in H460 and
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HEK-293 cell lines using the MTT assay. The cell inhibition
percentage was noted at different concentrations of 0, 25, 50,
75 and 100 pg/mL. The results show that all the drug dose-
dependent cytotoxic effect was observed in the NCI-H460
cell lines. In H460 cells, CUONPs exhibited a cytotoxic
effect (27% at 25 pg/mL - 77% at 100 pg/mL) while BER
showed effect (32% at 25 pug/mL - 80% at 100 pg/mL).

However, the combination of BER-CuONPs produced
greater inhibition (48% at 25 pg/mL - 92% at 100 pg/mL)
and cisplatin, a standard chemotherapeutic drug, showed
inhibition (37% at 25 pg/mL- 82% at 100 pg/mL)

Res. J. Chem. Environ.

respectively.

In contrast, HEK-293 normal cells exhibited significantly
lower inhibition with all test compounds. CUONPs and BER
exhibited moderate inhibition (9% at 25 pg/mL — 31 % at
100 pg/mL) and (8% at 25 ug/mL - 33% at 100 ug/mL)
respectively. BER-CUONPs also showed minimal
cytotoxicity (5% at 25 pug/mL - 16% at 100 pg/mL).
However, cisplatin showed higher cytotoxicity in HEK-293
cells (10% at 25 pg/mL - 47% at 100 pg/mL) shown in figure
7. The ICsp values for BER-CuONPs, CuONPs, BER and
cisplatin are provided in table 2.
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Figure 5: The graphical image depicts the zeta potential of BER-CuONPs
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Figure 6: The diagram illustrates the Atomic Force Microscopy (AFM) of BER-CUONPs

Table 2
ICso value by Mean £ SD of CuONPs, BER, BER-CUuONPs and Cisplatin

ICs value by Mean + SD values
NCI-H460 cells HEK-293 cells
CuONPs 147.0+2 CuONPs >100
BER 122.442 BER >100
BER-CuONPs 49.9+1 BER-CuONPs >100
Cisplatin 84.1x1 Cisplatin 88.3+2
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Overall, our results demonstrated that BER-CuONPs
showed significantly greater anticancer activity against
H460 cells compared to CuONPs, BER and cisplatin.
Notably, BER-CUONPs showed lower cytotoxicity towards
normal cells (HEK-293), while cisplatin induced greater
toxicity. These findings were statistically significant with p-
values < 0.05, indicating that BER-CuONPs may offer a
more effective and safer alternative for lung cancer
treatment. Previously, research has demonstrated the
anticancer activity of berberine encapsulated in Poly (lactic-
co-glycolic) acid compared with free berberine in MCF-7
cells. The I1Cso values for berberine nanoparticles were
identified as 42 pg/ml, lower than that of berberine at 80
pg/ml, strongly showing its cytotoxicity effects?.

Similarly, another study has shown the cytotoxic effect of
free AuNPs, BBR and a nanoformulation of berberine-
loaded gold nanoparticles on liposomes. The cell viability of
free  AuNPs resulted in 94% at 60ug/mL, exhibiting
negligible toxicity in A549 cells. In contrast, BBR revealed
a dose-dependent cytotoxic effect of 98% (< 16 uM/mL) and
19% (200 pM/mL) respectively. The nanoformulation
(Lipo@AuNPs@BBR) demonstrated significantly better
cytotoxicity with an ICso of 80 2 pg/ml in single treatment,
further reduced to 60 4 pg/ml in combination treatment,
indicating its superior anticancer activity compared to free
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forms of AuNPs and BBR 15,

Anti-Migratory Effects of BER-CuONPs on H460 cells:
The anti-migratory potential of BER-CuONPs against H460
non-small cell lung cancer (NSCLC) cells were assessed
using a scratch wound-healing assay, with cisplatin (100
pg/mL) as a positive control. Cells were treated with BER-
CuONPs at 0, 25, 50, 75 and 100 pg/mL for 24 h. Untreated
control cells displayed extensive wound closure, indicating
high migratory activity. In contrast, BER-CuONPs treatment
significantly reduced migration in a dose-dependent manner
with wound closure decreasing from 22.00% at 25 pg/mL to
10.19% at 100 pg/mL. Cisplatin-treated cells exhibited
13.87% wound closure in the highest concentrations as
illustrated in figure 8. These results demonstrate that BER-
CuONPs effectively suppress the migration of NSCLC cells,
with statistically significant inhibition (p < 0.001), as
illustrated in table 3.

Anti-migratory effect of BP-LCN treated at various
concentrations like 1, 2.5 and 5uM, in A549 cells observed
that the control group showed 49.4+ 5.5% wound closure
compared with 43.2 = 3.1, 37.6+0.6 % and 26.3% at 1, 2.5
and 5uM respectively. Therefore, at the highest
concentration, there was a drastic reduction in the wound
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Figure 7: The bar diagram shows the anticancer activity of BER-CuONPs, BER and CuONPs treated at different
dosages like 0,25, 50, 75 and 100ug/ml. 1) The graphical image illustrated the cytotoxicity of NCI-H460 cells.
1) It depicted the effect of anticancer activity in HEK-293 cells

Table 3
Intergroup and intra-group comparisons of migration distance of BER-CUONPs
Drug concentration 0 hours (Ty) 24 hours (T2)
Control 51.68+1.05 38.26+0.70
25pug/mL 52.32+1.97 42.50+1.37
50ug/mL 50.69+1.21 47.33+1.10
75ng/mL 53.04+1.48 46.03+1.05
100pg/mL 51.93+2.07 48.96+1.52
p-value <0.001* <0.001*
Paired t-test (intragroup comparisons); 0 hours’ vs 24 hours; One Way
ANOVA (inter-group comparisons);
*p-value<.0.05-statistically significant
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Figure 9: The diagram illustrates the AO/EtBr dual staining of BER-CuONPs in the Apoptosis assay

Apoptotic Assay: AO/EtBr dual staining of H460 cells
treated with increasing concentrations of BER—CuONPs
demonstrated a dose-dependent induction of apoptosis as
evidenced by a progressive shift from green fluorescent
viable cells to yellow/orange early apoptotic cells and red
late apoptotic/necrotic cells. Untreated control cells
exhibited predominantly green fluorescence, indicating high
viability with minimal cell death, whereas treatment with 25
and 50 pg/mL BER-CuUONPs resulted in a moderate
reduction in viable cells and the appearance of early
apoptotic populations.

Higher concentrations (75 and 100 pg/mL) markedly
decreased green fluorescence with a predominance of
orange/red cells indicative of advanced apoptotic and
necrotic stages. At 100 pg/mL, BER—CUONPs produced a
slightly higher proportion of late apoptotic/necrotic cells
compared to 100 pg/mL cisplatin, suggesting marginally
greater cytotoxic efficacy as shown in figure 9. These
findings confirm that BER-CUONPs possess potent,
concentration-dependent anticancer activity against H460
cells, with efficacy at high doses comparable to or exceeding
that of cisplatin.

Conclusion

The berberine-conjugated copper oxide nanoparticles were
successfully synthesized and characterized, confirming their
stability, morphology and conjugation. They demonstrate a
strong cytotoxicity effect by reducing cell viability and
inhibiting migration in NCI-H460 cells. In normal (HEK-
293) cells, the cell viability was 99% indicating no toxicity.
In the wound healing assay, it was shown that the changes in
wound space at 24h were associated with sustained control
release of the drug for a longer duration.

The apoptotic assay showed a potent, dose-dependent
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cytotoxic efficacy at higher concentrations than cisplatin.
These combined properties highlight its multifunctional
therapeutic agent for strong anti-cancer cytotoxic potential
and reduced cell migration (antimetastatic). While these
findings are promising, the study is limited to in vitro
studies. Future in vivo studies, mechanistic evaluations and
optimization for targeted delivery are required to confirm
their therapeutic efficiency and clinical applicability.
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