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Exploring the anticancer potential of green
synthesized Zn/Cu nanocomposites from olive
leaves against lung cancer

Jing Sun', Shu Mei Tang?, Jing Sun' and Wei Gao'""

Abstract

Lung cancer remains one of the leading causes of cancer-related death worldwide, with a significant number of
patients succumbing to the disease each year. Olea europaea, commonly known as the olive tree, offers a range of
health benefits due to its rich content of antioxidants. In the present study, we have reported the green synthesis
of a bimetallic nanocomposite of zinc and copper using the leaf extract of Olea europaea (Zn/Cu NCs@ Olea
europaea). The nanoparticles were characterized using common chemical techniques. The antioxidant activity of
Zn/Cu NCs@ Olea europaea was evaluated using the DPPH assay. The cytotoxicity and anti-lung cancer activity of
Zn/Cu NCs@ Olea europaea were investigated using the MTT assay. The results of XRD analysis and FE-SEM imaging
showed a crystalline structure for Zn/Cu NCs@ Olea europaea with a semi-spherical morphology and an average
size of 49.37 nm. Zn/Cu NCs@ Olea europaea scavenged the free radical DPPH with an ICy, of 363.42+£5.02 pg/

mL. Furthermore, Zn/Cu NCs@ Olea europaea exhibited acceptable anti-lung cancer activity by preventing growth
in the cell lines SK-MES-1, A-549, and LK-2 with ICs, of 154.00+1.83, 228.83+10.59, and 250.55+8.04 pg/mL
respectively. The NPs were inactive against the normal cell lines of HUVEC even at high concentrations. The results
of the study indicate that Zn/Cu NCs@ Olea europaea, which is green synthesized with a sufficient nano size, can
be considered a potent anti-lung cancer agent.
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Introduction spontaneous mutations in DNA replication, while
Cancer encompasses a group of diseases character- non-intrinsic factors include modifiable aspects like
ized by uncontrolled cell growth and proliferation. The = smoking, alcohol consumption, nutrient intake, and
incidence of this condition is influenced by a range of  exposure to carcinogens, as well as endogenous factors
risk factors, which can be divided into intrinsic and such as genetic susceptibility and dysregulated hor-
non-intrinsic categories. Intrinsic factors stem from mone levels. Types of cancer are differentiated based

on their tissue or cell origins, showcasing specific

anatomical, histopathologic, molecular, genetic, and
*Correspondence: topographic traits [1, 2, 3]. Lung cancer is prominently
Wei Gao diagnosed in both men and women [4]. Lung cancer
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locations [5]. Lung cancer presents with consider-
able variability and is predominantly divided into two
primary subtypes: small-cell lung cancer (SCLC) and
non-small-cell lung cancer (NSCLC). NSCLC accounts
for approximately 85% of all lung cancer instances,
while SCLC comprises 10-15% of cases. NSCLC is
typically categorized into three histological subtypes:
adenocarcinoma, squamous cell carcinoma, and large
cell lung cancer. Unfortunately, a large percentage of
lung cancer cases are diagnosed at advanced stages [6,
7, 8]. Lung cancer carries the highest mortality rate
among all cancers in both the United States and China.
A robust and successful anti-smoking campaign has
played a critical role in reducing the incidence of lung
cancer [9, 10].

Individuals often succumb to lung carcinoma as a
result of its late diagnosis, typically occurring in its
advanced stages. A comprehensive understanding of
its pathogenesis, effective early, and the availability of
appropriate medications are crucial for the successful
treatment of lung cancer. Therefore, timely identifica-
tion in the early stages plays a pivotal role, especially
when screening individuals at higher risk. Addition-
ally, chemotherapy and radiotherapy are essential
treatment options [11, 12]. Currently, presents new
opportunities for developing controlled drug delivery
systems to combat various illnesses, including lung
cancer. Nanotechnology can enhance important char-
acteristics such as antimicrobial properties, electroca-
talysis, thermal stability, and luminescence, for a wide
range of applications in tissue engineering, biotechnol-
ogy, healthcare, beauty products, food, textiles, and
more. The integration of diverse nanostructures into
medical practices has been facilitated by the applica-
tion of nanotechnology in the healthcare sector [13,
14, 15, 16]. The integration of nanotechnology in med-
icine has advanced the use of various nanostructures in
medical settings [17]. Nanoparticles (NPs) are minus-
cule solid particles at the nanoscale, engineered at
the atomic or molecular level to display unique physi-
cal properties not found in traditional bulk materials
[18]. These tiny particles act as a single unit in terms
of their properties. For all materials, there is a criti-
cal size or value below which their properties undergo
significant changes. Metallic nanoparticles have
gained popularity due to their diverse chemical and
physical properties, as well as their tunability, which
greatly influences their performance, making them
ideal materials for various biomedical applications
[19]. Bimetallic nanoparticles, composed of two dif-
ferent metals, have garnered significant interest from
both scientific and technological perspectives. The
selection of metals and their nanoscale dimensions
play vital roles in determining the properties of these
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bimetallic nanoparticles. They are created through
various methods that combine different structures of
metallic nanoparticles. Bimetallic nanocomposites
have recently gained momentum due to their wide
range of applications, including anti-corrosion bar-
rier coatings, UV protection gels, lubricants, scratch/
abrasion-resistant materials, and more. They also con-
tribute to the production of superior strength fibers
and films [20]. The synthesis of bimetallic nanopar-
ticles involves mixing two different metals under con-
trolled conditions, leading to diverse structural and
morphological variations. Various combinations of
metals, such as noble and transition metals, can pro-
duce a wide array of bimetallic nanoparticles. These
nanoparticles can be gold-based, silver-based, copper-
based, nickel-based, iron-based, platinum-based, or
palladium-based bimetallic nanoparticles. Typically,
the synthesis process involves either breaking down
bulk materials into nanoscale particles or assembling
nanoparticles from individual atoms [21].

Natural products are significant reservoirs of bio-
logically active compounds crucial for cancer treat-
ment. Approximately 60% of drugs available today are
derived from natural sources [22]. These resources
are plentiful and provide promising avenues for dis-
covering therapeutic agents, particularly for challeng-
ing conditions like lung cancer, which show limited
responses to existing treatment protocols [23]. Medici-
nal plants have historically been valuable in discov-
ering new remedies for various health issues. They
contain a diverse range of secondary metabolites with
potent biological activities that can be harnessed for
medicinal purposes [24]. The olive tree (Olea europaea
L.) is truly iconic in the Mediterranean Basin, offering
significant social, economic, and ecological benefits.
With six recognized subspecies based on morphology
and geography, the olive is versatile, thriving in vari-
ous climatic conditions, altitudes, and soil types. Its
resilience to drought and diverse temperature ranges
makes it a valuable crop globally, prominently culti-
vated in the Mediterranean, Asia-Pacific, North, and
South America [25, 26, 27, 28, 29]. Olive leaves have
a long history in traditional remedies across European
and Mediterranean regions, showcasing a wealth of
potential health benefits. Experimental animal stud-
ies investigating total olive leaf extracts or their com-
ponents have revealed a range of therapeutic effects,
including hypotensive, anti-arrhythmic, anti-athero-
sclerotic, hypoglycemic, and vasodilator properties.
Additionally, these studies have highlighted the anti-
microbial, antiviral, anti-tumor, and anti-inflammatory
activities present in olive leaves, underscoring their
diverse medicinal potential [23, 30, 31, 32, 33]. In the
past, the plant has been used for managing diabetes,
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malaria, hypertension, respiratory ailments, muscu-
loskeletal conditions, renal issues, urinary tract infec-
tions, epistaxis, ocular infections, and alleviating
throat discomfort. The historical uses of olive tree-
derived products in promoting human well-being span
centuries. The notable health benefits attributed to
olive tree products primarily stem from the antioxi-
dative attributes present in their constituents. These
antioxidant actions might play a role, either directly
or indirectly, in various preventative pathways against
specific human ailments [34]0.21,22 The phytochemi-
cal analysis revealed that Olea europaea leaves contain
alkaloids, glycosides, phenolics, coumarins, flavonoids,
anthocyanins, carbohydrates, proteins, amino acids,
tannins, resins, and fats. Numerous investigations have
explored the presence of a myriad of phenolic com-
pounds in olive leaves, including hydroxytyrosol, rutin,
verbascoside, luteolin-7-glucoside, oleuropein, oleuro-
pein aglycone, ligstroside, as well as other compounds
like quinic acid. Generally, among olive cultivars, oleu-
ropein emerges as the most prevalent phenolic com-
pound [35, 36, 37, 38, 39].

In the present study, we focused on the green syn-
thesis of a novel bimetallic nanocomposite of zinc and
copper using the leaf extract of Olea europaea (Zn/Cu
NCs@ Olea europaea). The potent antioxidant, anti-
inflammatory, and anti-cancer properties of Olea euro-
paea, the sustainable and eco-friendly approach to the
synthesis of green nanomaterials, and the development
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Fig. 1 The FE-SEM images of Zn/Cu NCs@ Olea europaea
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of a novel drug delivery system for lung cancer treat-
ment were the main reasons for conducting this
research. The nanoparticles (NPs) were characterized
using various chemical techniques including FE-SEM
imaging, elemental analysis of EDX, XRD, FT-IR, and
UV-Vis spectroscopy. The antioxidant activity was
investigated using a radical scavenging assay. The cyto-
toxicity and anti-lung cancer activity of Zn/Cu NCs@
Olea europaea were studied by MTT assay against the
normal cell line of HUV Zn/Cu NCs@ Olea europaea
EC and human lung cancer cell lines of SK-MES-1,
A-549, and LK-2.

Materials and methods

Plant material and extraction

The leaves of Olea europaea were collected from an
olive farm near Qingdao. The plant part was identified
by a botanist, and a voucher specimen of WG 1701 was
deposited in the School of Life Sciences and Health at
the University of Health and Rehabilitation Sciences.
To extract from the plant part, 10 g of dried Olea euro-
paea leaves were chopped and boiled for 10 min in 100
mL of deionized water. After cooling and filtration, the
extract was kept in a cold place before the synthesis of
the NPs.

Green synthesis of Zn/Cu NCs@ Olea europaea
To synthesize Zn/Cu NCs@ Olea europaea, 35 mL
of the plant extract was added to a 50 mL mixture
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Fig. 2 The EDX diagram of Zn/Cu NCs@ Olea europaea

to 8 with NaOH. The reaction mixture was then

of Zn(NO;),.4H,0 (0.01 M) and Cu(NO;),.3H,0
refluxed for 3 h at 90 °C. Following this, the residue

(0.01 M) in equal amounts. The pH was adjusted
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Fig. 3 The UV-Vis. spectrum of Zn/Cu NCs@ Olea europaea
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Fig. 4 The FT-IR spectrum of Zn/Cu NCs@ Olea europaea

was centrifuged at 6500 RPM for 15 min. The Zn/Cu
NCs@ Olea europaea were washed three times with
deionized water and finally dried at 45 °C.
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Chemical characterization

The FT-IR spectrum of Zn/Cu NCs@ Olea europaea
was obtained using the PerkinElmer FT-IR spectro-
photometer Version 10.6.2 (USA) from 400 cm™! to
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Fig. 5 The XRD diagram of Zn/Cu NCs@ Olea europaea
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4000 cm™! using the attenuated total reflectance (ATR)
technique; The XRD diagram was obtained in the 20
scale using an STOE PW2773.00 device with Cu Ka
radiation at 45 kV and 40 mA. The diffraction angle
(20) was scanned from 6° to 80° at a rate of 2°/min. The
FE-SEM images and EDX diagram of Zn/Cu NCs@
Olea europaea were recorded using a MIRASTESCAN
instrument. The UV-Vis. sectrum was recorded by a
UV-Vis spectrophotometer (Jena Speko 12000 spectro-
photometer) in the range of 200—800 nm.

Radical scavenging activity of Zn/Cu NCs@ Olea europaea
(RSC) assay

The DPPH assay was conducted to assess the antioxi-
dant activity of Zn/Cu NCs@ Olea europaea. To do
this, 1 mL of Zn/Cu NPs at varying concentrations
(0-1000 pg/mL) was combined with 1 mL of a meth-
anolic solution of DPPH (1 mM). The mixtures were
then shaken in the dark for 90 min. Subsequently,
the optical density of the mixtures was measured at
517 nm. BHT was utilized as the positive control for
this assay. Each concentration was tested in triplicates.
The percentage of Zn/Cu NCs RSC was determined
using the following equation.

RSC% = [(Ag — A;)/Ao] x 100

A, is the absorbance at the zero time and A, is the
absorbance after 90 min.
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Anti-lung cancer and cytotoxicity of Zn/Cu NCs@ Olea
europaea

The cytotoxicity and anti-lung cancer activity of Zn/
Cu NCs@ Olea europaea were investigated using a
standard procedure previously reported [40]. The
cytotoxicity of Zn/Cu NCs was tested on normal
cells of HUVEC (Normal Primary Human Umbili-
cal Vein Endothelial cells, CVCL_B7UI), and the
anti-lung cancer activity was assessed on SK-MES-1
(Lung squamous cell carcinoma, CVCL_0630), A-549
(adenocarcinomic human alveolar basal epithelial
cells, CVCL_0023), and LK-2 (Human lung squa-
mous cell carcinoma, CVCL_1377) cell lines obtained
from Shenzhn Bike Biotechnology Company, China.
To begin, each cell line was cultured in appropriate
media, humidity, temperature, and atmosphere. Sub-
sequently, the cells were transferred to a 96-well plate
containing medium and exposed to Zn/Cu NCs@ Olea
europaea at varying concentrations (0-1000 pg/mL)
for 24 h. The viability of the cell lines was then deter-
mined using an MTT assay, with each concentration
tested in triplicate. Doxorubicin 2 uM) was used as the
positive control.

Statistical analysis

The results were analyzed using Origin software with
the one-way ANOVA method. The data has been
reported as mean + SD.
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Fig. 6 The antioxidant activity curve of Zn/Cu NCs@ Olea europaea and BHT at concentrations ranging from 0-1000 ug/mL for scavenging free radicals

of DPPH
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Results and discussion

Chemical characterization

The morphology of Zn/Cu NCs@ Olea europaea was
analyzed through FE-SEM imaging. The images can be
seen in Fig. 1. The results indicate that the nanocom-
posite takes on a semi-spherical shape with an average
size of 49.37 nm, smaller than the size of a chemically
synthesized Zn/Cu nanocomposite [41]. Like other
metallic nanoparticles, Zn/Cu NCs@ Olea europaea
exhibit a tendency to aggregate. This property is com-
monly observed in this class of materials, as shown in
previous studies on the green synthesis of metallic NPs
[42, 43, 44]. It appears that the presence of organic
compounds from the plant extract is responsible for
this characteristic of NPs.

The elemental analysis of Zn/Cu NCs@ Olea euro-
paea was studied using energy dispersive X-ray analy-
sis (EDX), which is an efficient qualitative method to
investigate the elemental structure of nanomaterials.
The results are graphed in Fig. 2. The presence of cop-
per and zinc in Zn/Cu NCs@ Olea europaea is con-
firmed by the signals at 0.92, 8.03, and 8.87 keV for Cu
La, Cu Ka, and Cu Kf respectively; and the signals at
1.02, 8.65, and 9.60 keV that belong to Zn La, Zn Ka,
and Zn K. Additionally, signals of carbon and oxy-
gen appeared at 0.24 and 0.54 keV. Hitkari et al. have
reported similar signals for a bimetallic nanocompos-
ite consisting of zinc and copper [41].

Figure 3 displays the UV-Vis. spectrum for the sur-
face plasmon resonance (SPR) of Zn/Cu NCs@ Olea
europaea. Surface plasmon resonance (SPR) on green-
synthesized metallic nanoparticles is a fascinating
phenomenon that arises from the collective oscilla-
tion of free electrons on the nanoparticle surface when
excited by light. The use of green synthesis methods,
such as those involving Olea europaea leaf extract,
presents a sustainable approach to producing metallic
nanoparticles with unique SPR properties. According
to the results, the bands at 212, 291, and 431 indicate
the formation of Zn/Cu NCs@ Olea europaea.

FT-IR spectroscopy is a reliable method for assess-
ing the presence of various bonds in metallic NPs.
This technique allows for the screening of the metallic
bonds and organic functional groups. The FT-IR spec-
trum of Zn/Cu NPs is shown in Fig. 4. The peaks at
438, 517, and 563 cm™! are attributed to metal-oxygen
bonds, which have been previously reported for cop-
per and zinc nanoparticles. Other bands at different
wavenumbers such as 1051, 1395-1745, 2916, and
3247 cm™! correspond to organic functional groups
like C-O, C=C, C=0, C-H, and O-H from the second-
ary metabolite of Olea europaea extract. These groups
are known to act as reducing and capping agents in the
green synthesis of Zn/Cu NCs@ Olea europaea, and
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they are attached to the surface of Zn/Cu NCs@ Olea
europaea.

XRD analysis is a common method used to study the
crystallinity of materials. The XRD graph of Zn/Cu
NCs@ Olea europaea is shown in Fig. 5. The presence
of different signals at 2 theta values indicates a crys-
tal structure for Zn/CuNPs. The signals correspond
to CuO and ZnO with a slight shift. Specifically, the
signals at 32.47 (110), 35.35 (11-1), 38.55 (111), 48.37
(20-2), 58.30 (202), 61.21 (-113), and 67.62 (220)
match to PDF card No. 96-901-6327 for CuO. The
other signals of 36.16 (101), 43.12 (102), 62.74 (103),
and 66.10 (200) are well matched to JCPDS card No
136-14511 for ZnO. These results are consistent with
a previous study on the synthesis of zinc/copper nano-
composites [41].

Bioactivity evaluation of Zn/Cu NCs@ Olea europaea
Antioxidant activity of Zn/Cu NCs@ Olea europaea

The DPPH assay is a common method used to evalu-
ate the antioxidant activity of nanoparticles. In this
method, the material scavenges the free radical DPPH,
causing the purple color to change to yellow. The more
antioxidant activity present, the greater the color
change. The antioxidant activity of Zn/Cu NCs@ Olea
europaea is depicted in Fig. 6, with a comparison made
to the antioxidant activity of BHT as a positive con-
trol. The results indicated a dose-dependent activity
for both samples. An IC;, value of 363.42+5.02 was
obtained for the scavenging of DPPH by Zn/Cu NCs@
Olea europaea, while a value of 132.95+6.10 was cal-
culated for the IC;, of BHT. Anticancer activity and
antioxidant activity are closely linked in several ways.
Antioxidants play a crucial role in combating oxida-
tive stress by neutralizing free radicals that can dam-
age cells and potentially lead to cancer formation.
Many natural antioxidants found in fruits, vegetables,
and other foods have been shown to possess anti-can-
cer properties by reducing oxidative damage to DNA
and other cellular components. Additionally, some
compounds with anticancer properties also exhibit
antioxidant effects by scavenging free radicals and pro-
tecting cells from oxidative stress. Therefore, the rela-
tionship between anticancer and antioxidant activities
underscores the importance of maintaining a balance
in cellular redox status to promote overall health and
potentially reduce the risk of cancer development. For
metallic nanoparticles, the ability to trap reactive spe-
cies such as radicals, ROS, and RNS is the primary rea-
son for their antioxidant activity [45].
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Fig. 7 The anti-lung cancer activity graph of Zn/Cu NCs@ Olea europaea
at concentrations ranging from 0-1000 pg/mL, compared to the positive
control of doxorubicin (Dox) at 2 uM. The graph demonstrates the activity
against lung cancer cell lines LK-2, A-549, and SK-MES-1
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Anticancer and cytotoxicity activity of Zn/Cu NCs@ Olea
europaea
The development of effective cancer treatments poses
challenges, particularly due to limitations in selecting
suitable therapies and concerns about the toxicity of
conventional chemotherapy drugs. Hydrophobic che-
motherapy drugs have limitations in their solubility
in water, making it challenging to administer them in
high doses without causing excessive toxicity to nor-
mal cells [5]. Nanotechnology offers a potential solu-
tion to certain challenges in cancer treatment. The
unique features of nanoparticles, such as their small
size, magnetic and optoelectronic properties, and
specific atomic arrangement, make them a deal for
targeted drug delivery. Nanobiotechnology has made
significant progress in cancer treatment by harness-
ing these nanoparticle characteristics [46, 47]. When
nanoparticles are administered intravenously, they
come into contact with plasma proteins and lung lin-
ing fluid proteins, leading to the formation of a ‘pro-
tein corona’ around their surfaces. This protein corona
plays a role in the rapid clearance of nanoparticles by
the mononuclear phagocyte system (MPS). Two criti-
cal properties of nanoparticles that are significant in
cancer treatment are their uptake by cells and their
ability to release bioactive ions [11]. Nanoparticles
are typically absorbed by cells through mechanisms
such as endocytosis and are commonly transported
to endolysosomes. Once there, they can either enter
the cytosol or be expelled from the cell. Oxidation of
nanoparticles can lead to the liberation of metal cat-
ions, which could have unexpected consequences, par-
ticularly in the instance of bimetallic nanoparticles.
The use of nanoparticles in cancer therapy shows great
promise in addressing certain drawbacks of conven-
tional chemotherapy and improving treatment efficacy
while reducing harm to healthy tissues [48, 49, 50].
The anti-lung cancer activity of Zn/Cu NCs
was investigated against the human cell lines SK-
MES-1, A-549, and LK-2. The results are displayed
in Fig. 7. For all selected cell lines, Zn/Cu NCs@
Olea europaea exhibited dose-dependent activ-
ity. The highest inhibition was observed against SK-
MES-1 with IC;, of 154.00+1.83 ug/mL followed
by A-549 (IC,,=228.83+10.59 ug/mL) and LK-2
(IC5p=250.55+8.04 pg/mL). The results indicated
that the anti-lung cancer activity of Zn/Cu NCs@ Olea
europaea was more pronounced at higher concentra-
tions of 250 pg/mL compared to the positive control of
doxorubicin (2 uM). The cytotoxicity of Zn/Cu NCs@
Olea europaea was evaluated against the normal cell
line HUVEC (refer to Fig. 8). The findings revealed a
non-toxic effect even at the highest concentration of
1000 pg/mL, with around 80% cell viability in HUVEC



Sun et al. Hereditas (2025) 162:65

Page 9 of 11

—e—HUVEC

100
P e e S LR L L PR S
X
=
5 ]
2
>

60

40 I T J T T T . T J T

0 200 400 600 800 1000

Concentration (ug/mL)

Fig. 8 The cytotoxic effects of Zn/Cu NCs@ Olea europaea at concentrations ranging from 0-1000 pg/mL on the normal cell line HUVEC

cell lines. Therefore, the results of this study demon-
strate that Zn/Cu NCs@ Olea europaea have a strong
anti-proliferative effect on human lung cancer cell
lines. Several recent studies have examined the anti-
cancer activity of Zn/Cu bimetallic NPs. For instance,
Zhou et al. investigated the anti-breast cancer prop-
erties of chemically synthesized Zn/Cu bimetallic
nanoparticles against a 4T1 breast cancer cell line [51].
Additionally, Zn/Cu NPs synthesized using Lonicera
caprifolium plant extract demonstrated activity against
the MCF-7 breast cancer cell line of MCEF-7 cell line
[52]. Recent studies have highlighted the potential of
zinc-based nanocomposites, specifically zinc metal-
organic frameworks (Zn-MOFs), in cancer treatment.
These materials are being investigated for their abil-
ity to combine cancer diagnosis and therapy [53].
For example, Zn-NMOFs coated with folic acid func-
tionalized chitosan have shown promise in delivering
chemotherapeutic agents like doxorubicin to breast
cancer cells. They have demonstrated low toxicity and
high efficacy in inducing apoptosis and autophagy
[54]. Copper-based nanomaterials have also attracted
attention for their antitumor properties. They are
known for their ability to induce oxidative stress and
initiate programmed cell death in cancer cells while
sparing healthy cells [55]. Both Zn and Cu nanocom-
posites offer unique advantages in cancer therapy,

representing promising avenues in oncology. Each
contributes distinct benefits to cancer diagnosis and
treatment. Their incorporation into clinical practice
could significantly improve the effectiveness and safety
of cancer therapies. Recent literature emphasizes the
potential of these nanocomposites to overcome tradi-
tional chemotherapy limitations by providing targeted
and efficient treatments with reduced side effects
[56, 57]. However, further studies are needed to fully
understand their mechanisms and optimize their use
in clinical settings.

Conclusion

Lung cancer remains is still a significant global health
concern due to its high mortality rates and prevalence.
Early detection and effective treatment are essential
for improving patient outcomes. The integration of
nanotechnology, particularly through the green syn-
thesis of zinc/copper nanocomposites, offers promis-
ing therapeutic options for lung cancer treatment. Our
research successfully synthesized Zn/Cu nanomateri-
als, which were characterized using UV-Vis, FT-IR,
EDX, XRD, and FE-SEM techniques The nanoparticles
took on a semi-spherical morphology with an average
size of 49.37 nm. These nanocomposites showed sig-
nificant antioxidant activity and inhibited the growth
of human lung cancer cell lines SK-MES-1, A-549, and
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LK-2 with minimal toxicity to normal cells. The most
promising results were seen in SK-MES-1 with an
IC;, of 154.00+1.83 pg/mL. While the present study
reports promising results from in vitro cytotoxic-
ity and antioxidant assays, an in vivo study is crucial
to evaluate the bioavailability, toxicity, and overall
therapeutic potential of the nanocomposite in a living
organism to confirm safety and efficacy, our findings
suggest that zinc/copper nanocomposites could be a
powerful tool in combating lung cancer, potentially
improving treatment outcomes by offering targeted
and efficient therapeutic options. Ultimately, this
research highlights the potential of nanotechnology to
transform lung cancer treatment, providing new hope
for enhanced survival rates and improved patient care.
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