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Abstract: Breast cancer is one of the most common types of cancer in the world. This shows how important it is to find
advanced treatments that merely eliminate cancer cells and avoid harming the rest of the body. Zinc oxide
(ZnO) nanoparticles possess intrinsic anticancer characteristics through the induction of oxidative stress,
while gold (Au) nanoparticles offer superior biocompatibility and plasmonic enhancement. The synergistic
therapeutic potential of Au/ZnO hybrid nanocomposites, produced by clean, surfactant-free physical
techniques, is still not well understood. This research produced Au/ZnO nanocomposites by pulsed laser
ablation in liquid (PLAL), yielding chemically pure nanostructures free from stabilizers or reducing agents.
The TEM study confirmed the existence of spherical nanoparticles with an average size of 14.5 nm and a
uniform distribution, which made it easier for cells to take them in. XRD analysis revealed significant
diffraction peaks at 38.23°, 44.44°, 64.67°, and 77.67°, which correspond to the (111), (200), (220), and (311)
planes of face-centered cubic (fcc) gold, indicating high crystallinity. FTIR confirmed the presence of ZnO
by showing the Zn-O stretching band below 600 cm™ and UV-Vis spectroscopy confirmed it by showing the
ZnO band-edge absorption and a strong surface plasmon resonance band near 530 nm. This suggests strong
optical coupling and better charge separation. The Au/ZnO nanocomposites demonstrated a concentration-
dependent cytotoxicity against MCF-7 breast cancer cells, resulting in a decrease in cell viability from 69.8%
to 25.8%, accompanied by pronounced apoptotic morphological alterations. The enhanced anticancer efficacy
is attributed to synergistic interactions between plasmonic and semiconductor materials that augment the
generation of reactive oxygen species (ROS) and trigger mitochondrial-mediated apoptosis.

1 INTRODUCTION properties, and may change oxidative stress [5]. Gold

nanoparticles (AuNPs) exhibit significant anticancer
action, intricately linked to their colloidal stability
and redox-regulating characteristics. Their steady
dispersion improves interactions with cancer cells,
and their ability to scavenge reactive oxygen species
(ROS) can lead to redox imbalance and ROS-
mediated cytotoxicity, making them appealing
candidates in cancer nanomedicine [6]. ZnO
nanoparticles (ZnO NPs), on the other hand, are pH-
responsive, which means they stay stable at
physiological pH (around 7.4) but break down
quickly in acidic tumor environments (pH < 6.5). The
breakdown releases Zn?* ions, which cause oxidative
stress and mostly kill cancer cells [7], [8]. Hybrid
Au/ZnO nanocomposites combine the best features of
both materials, which often leads to increased
biological activity, synergistic generation of reactive
oxygen species (ROS), and greater stability [9]. But

Nanotechnology is currently an attractive field of
exploration. It allow us fabricate materials with
certain qualities in the 1-100 nm range [1]. When
materials are smaller than 100 nm, the ratio of surface
area to volume increases, which makes the surface
more reactive than the bulk [2]. Nanoparticles (NPs)
are very small, so they can easily interact with cell
membranes and help biological systems take them in.
This leads to responses inside cells [3]. Moreover,
particle size affects physiological activity;
nanoparticles ranging from 20 to 100 nm demonstrate
advantageous  biodistribution and  circulatory
characteristics, rendering them suitable for in vivo
biomedical applications [4]. Metal nanoparticles,
especially gold (Au) and zinc oxide (ZnO), show a lot
of promise as medicines since they are biocompatible,
stable in terms of their physical and chemical
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people are worried about biocompatibility and
clinical application because standard chemical
synthesis processes often involve harmful chemicals
and surfactants. Laser ablation in liquid (LAL) is a
safe and ecologically friendly approach to generate
nanomaterials that are very pure and can be made to
any size and composition. This makes them safer and
more suitable for biological reasons [10], [11]. Even
while Au/ZnO nanostructures have good biological
characteristics, most of the methods used to make
them use chemical precursors or stabilizing agents,
which could leave behind undesired surface residues
that could make them less biocompatible.
Furthermore, there is a lack of research dedicated to
the biological assessment of laser-ablated Au/ZnO
nanocomposites, especially for breast cancer cell
lines like MCF-7. The current study seeks to produce
Au/ZnO nanocomposites using a clean, surfactant-
free pulsed laser ablation method and to examine their
cytotoxic effects on MCF-7 cells. This method looks
at how the physicochemical features of
nanocomposites affect how well they work in living
things.

2 MATERIALS AND METHODS

2.1 Materials and Regents

(Au) (99.9% pure), It was bought at a bazaar in
Baghdad, Iraq, and it is 0.2 cm thick and around 2 cm
wide. VWR International (Radnor, PA, USA) sold Zn
(quality 98%). It was around 0.5 cm thick and 1.6 cm
wide. This work employed the following reagents:
methyl thiazolyl tetrazolium (MTT) from Bio-World
(USA), trypsi/EDTA, RPMI-1640 medium, and
fetal bovine serum (FBS) from Capricorn Scientific
(Germany), and dimethyl sulfoxide (DMSO) from
Santa Cruz Biotechnology (USA). All reagents
utilized were of analytical quality and applied without
further purification.

2.2 Synthesis of Au/ZnO
Nanocomposites

The laser ablation (LA) method used a pulsed
Nd:YAG laser in deionized water to make gold (Au)
and zinc oxide (ZnO) nanoparticles. The laser had a
wavelength of 1064 nm, an energy of 800 mJ per
pulse, a repetition rate of 1 Hz, and a focal length of
10 cm. In sterile glass vials, 5 mL of deionized water
was poured over each metal target, one at a time. The
ablation was done using 500 laser pulses per target,
and the targets were always moving to make sure the
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ablation was even. The colloidal suspensions of Au
and ZnO nanoparticles were mixed together in equal
amounts to make Au/ZnO nanocomposites (NCs).
Then, an ultrasonic cell crusher (Nanjing Xianou,
X0-400S model, Jiangsu, China) was used to
sonicate the mixture for 15 minutes at 20.00 kHz and
20% power in pulse mode to improve dispersion and
make it easier for the nanocomposite to form [12].

2.3 Techniques for Characterization

We used a number of different analytical methods to
look at the produced Au/ZnO nanocomposites. We
used Transmission Electron Microscopy (TEM) at an
accelerating voltage of 100 kV (ZEISS, Germany) to
do a morphological examination. Origin 2023b
software (OriginLab, Northampton, MA, USA) was
used to look at the distribution of nanoscale particle
sizes. A UV-Vis spectrophotometer (Shimadzu,
Japan) was used to get optical absorbance spectra in
the 200-800 nm range. The crystalline structure was
investigated via X-ray Diffraction (XRD) using a
diffractometer operated at 40 kV and 30 mA,
equipped with Cu Ko radiation (A = 1.5406 A)
(Panalytical X’Pert Pro, UK). The Zeta Potential
Analyzer (Malvern, UK) was used to check the
colloidal stability and surface charge. We used an
FTIR spectrometer (PerkinElmer, USA) to do Fourier
Transform Infrared Spectroscopy (FTIR) study
-1

spanning the range of 4000-400 cm™.

2.4 Cell Line Culture

The MCF-7 cell line, which has estrogen,
progesterone, and glucocorticoid receptors, is a
model for human breast cancer [13], [14]. It was
kindly given to us by the Cell Bank Unit of the
Experimental =~ Therapy Department at Al-
Mustansiriyah University in Baghdad, Iraq. Cell
culture was done in RPMI-1640 media with 100
pg/mL of streptomycin, 10% fetal bovine serum
(FBS), and 100 U/mL of penicillin. The incubation
took place in a humidified incubator at 37 °C with 5%
CO?. When the cells were about 80% confluent,
subculturing was done twice a week using Trypsin-
EDTA [15], [16].

2.5 Cytotoxicity Activity (MTT Assay)

The cytotoxic activity of Au/ZnO nanocomposites
was evaluated using the MTT test in 96-well
microplates [17], [18]. MCF-7 cells were cultured at
a density of 1x10"4 cells per well. After 24 hours, a
confluent monolayer was created, and the cells were



Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

treated with the experimental chemicals. To check if
the cells were still alive after 72 hours, the medium
was removed and 100 pL of 2 mg/mL MTT solution
was added to each well. The cells were then incubated
for 2.5 hours at 37 °C. After incubation, the medium
was thrown away, and the crystals that formed were
dissolved in 130 pL of DMSO (Dimethyl
Sulphoxide). The plates were put back in the
incubator at 37 °C for 15 minutes with gentle
shaking [19]. Using a microplate reader, we measured
absorbance at 492 nm. All experiments were
performed in duplicate. We used the following
equation [20], [21] to figure out the proportion of cell
growth inhibition (cytotoxicity):

A
Inhibition rate (%) =

x 100. (1)

A is the absorbance of the control cells that
weren't treated, and B is the absorbance of the cells
that were treated with Au/Zn NCs [22]. Afterward,
those cells were cleaned and photographed with a
digital imaging system that had an inverted
microscope with 100x magnification for a
comparative morphological study.

2.6 Statistical Analysis

GraphPad Prism (version 9.0) was used for all
statistically analyses [23]; the results were shown as
mean + standard deviation (SD). One-way ANOVA
was employed to determine statistical significance,
with p < 0.05 serving as the criterion for statistical
significance [24].

3 RESULTS

3.1 TEM: Morphological Features

Figure 1 shows a TEM illustration of the Au/ZnO
nanocomposites. It shows nanoparticles that are
almost spherical and have a considerable amount of
aggregation. The nanoparticles are spread out evenly,
with different levels of contrast between dark and
light areas. The histogram of particle sizes (Fig. 2)
shows that majority of the particles are between 10
and 20 nm in size, with sizes ranging from 5 to 50 nm.
The Gaussian fitting curve shows that the average
particle size is 14.5 nm. The scale bar shows 60 nm,
and the magnification is 60,000x.
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Figure 1: Au/ZnO NCs TEM image.
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Figure 2: Au/ZnO NCs particle size distribution histogram.

3.2  XRD: Crystalline Structure

The XRD spectra (Fig. 3) and XRD peak parameters
of the Au/ZnO nanocomposites (Table 1) show four
diffraction peaks at 38.23°, 44.44°, 64.67°, and
77.67°. These peaks are for the (111), (200), (220),
and (311) planes of face-centered cubic (fcc) Au
(JCPDS 04-0784). There were no more crystalline
peaks seen.
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Figure 3: XRD spectra of Au/ZnO NCs.
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Table 1: XRD peak parameters of Au/ZnO nanocomposites.

Relatlv(eo/gltensuy d sl()gc)mg (hkl) | 26 ()
100 2.353 (111) | 38.23

41.93 2.038 (200) | 44.44
23.62 1.441 (220) | 64.67
22.62 1.230 311) | 77.67

3.3 UV-Visible Spectroscopy: Optical
Properties

Figure 4 shows the UV-Visible absorption spectrum
of the Au/ZnO nanocomposites, which was measured
throughout the wavelength range of 200-1000 nm.
The spectrum has a significant absorption edge at
about 370 nm, which is the same as the intrinsic band-
to-band transition of ZnO. There is also a wide
secondary absorption band between 520 nm and 550
nm, which shows that there is surface plasmon
resonance (SPR) linked to gold nanoparticles. The
total absorbance intensity peaks at around 1.08 a.u. in
the UV range (about 230-250 nm) and then slowly
drops in the visible range. The nanocomposites are
quite clear in the near-infrared range because the
absorbance drops below 0.3 a.u. at 900 nm.
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Figure 4: UV-vis spectroscopy of Au/ZnO NCs.
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Figure 5: Tauc plot showing the optical bandgap of Au/ZnO
nanocomposites (Eg = 1.8 eV).

834

The optical bandgap (E,) was carried out using the
Tauc relation (ahv)? versus hv, giving a bandgap
value of ~1.8 eV (Fig. 5).

3.4 FTIR: Chemical Bonding

The FTIR spectra of Au/ZnO nanocomposites (Fig.
6) shows clear absorption peaks at 3273 cm™, 2132
cm!, and 1637 cm™. There is also a large low-
frequency band that appears below 600 cm™.
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Figure 6: FTIR spectrum of Au/ZnO NCs.
3.5 MTT Assay: Cytotoxicity Activity

The MTT assay results showed that MCF-7 cell
viability decreased in a concentration-dependent way
after being exposed to Au/ZnO nanocomposites
(Table 2). At a 1/8 dilution, the cytotoxicity was 30.2
+ 2.1 %, and the cell viability was 69.8 + 2.1 %. Ata
1/4 dilution, the cytotoxicity was 46.3 + 2.4 % and the
viability was 53.7 + 2.4 %. When the concentration
was raised to 1/2 dilution, the cytotoxicity went up to
64.7 = 2.8 % and the viability went down to 35.3 +
2.8 %. When the concentration was raised to 1/1
dilution, the cytotoxicity went up to 74.2 + 3.0 % and
the viability went down to 25.8 = 3.0 %.

Table 2: Cell Viability and Cytotoxicity of Au/ZnO

Nanocomposites against MCF-7 Cells at Different
Concentrations.

Cell Viability (%) | Cytotoxicity (%) C‘zgcjl‘l‘ttlrg;‘)‘m
69.8 £2.1 302 +2.1 1/8
53.7+24 46.3+24 1/4
353+2.8 64.7+2.8 1/2
25.8+3.0 742 £3.0 1/1

Note. Data are presented as mean + SD (n = 3).
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Figure 7: Control untreated MCF-7cells. Magnification
power 40x.

Figure 8: Morphologival changes in MCF-7cells after been
treated with Au/Zn NCs. Magnification power 40x.

Microscopic examination at 40x magnification
demonstrated distinct morphological variations
between the control and treatment groups. Control
MCEF-7 cells (Fig. 7) exhibited dense, polygonal, and
well-adhered monolayers. Au/ZnO-treated cells (Fig.
8), on the other hand, showed alterations over time,
such as cell shrinkage, rounding, detachment, and
loss of membrane integrity. The effects become
worse as the concentration of the nanocomposites
went up.

4 DISCUSSIONS

4.1 TEM: Morphological Features

The TEM the illustration indicates that the Au/ZnO
nanocomposites have a mainly round shape and that
the Au and ZnO nanoparticles are uniformly spread
out in space. This structural arrangement aligns with
previous research on Au/ZnO nanocomposites
generated using pulsed laser ablation and analogous
physical synthesis methods [25]-[27]. The average
particle size of roughly 14.5 nm is in accord with the
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normal nanoscale range for similar hybrid
systems [28]. The disparity in color between Au and
ZnO in the micrograph arises from the elevated
electron density of gold, a frequent observation in
TEM analyses of metal-oxide nanostructures [29].
There is a little amount of nanoparticle
agglomeration, but this is a frequent property of Au-
ZnO materials created without chemicals that cap or
stabilize the surface, and it doesn't really influence the

dispersion's homogeneity [30]. The resulting
nanocomposites exhibit a limited size distribution and
a stable nanostructural framework, closely

resembling the properties of Au/ZnO systems
previously produced using pulsed laser ablation [31],
[32]. Recent assessments of nanoparticle-cell
interactions reveal that the dimensions, morphology,
and surface properties of nanostructures significantly
influence cytotoxicity, especially in breast cancer cell
models [33]. Nanoparticles with sizes ranging from
10 to 20 nm exhibit superior internalization efficiency
and are linked to increased ROS-mediated
cytotoxicity, unlike bigger or aggregated
particles [34]. Our Au/ZnO nanocomposites have a
distinctive  spherical ~ morphology, negligible
aggregation, and an average diameter of
approximately 14.5 nm, which promote cellular
uptake and intracellular ROS generation. The
nanoscale architecture identified in the TEM analysis
establishes a robust mechanistic foundation for the
increased anticancer efficacy exhibited in the MTT
assay of this study.

4.2 XRD: Crystalline Structure

The XRD pattern indicates that pulsed laser ablation
produces crystalline Au/ZnO nanocomposites. At 20
= 38.23°, 44.44°, 64.67°, and 77.67°, there are four
different diffraction peaks that can be seen. These are
the (111), (200), (220), and (311) planes of face-
centered cubic (fcc) Au, which are shown in JCPDS
card no. 04-0784. The (111) reflection and the narrow
full width at half maximum (FWHM = 0.307°) reveal
that there are a lot of Au nanoparticles that are quite
crystalline and well-ordered. This trait is often found
in PLAL-derived Au/ZnO systems because
nucleation is controlled in liquids and plasma cools
very quickly [35]-[38]. There were no distinct ZnO
diffraction peaks in the XRD pattern. This is because
the ZnO crystals are very small and don't scatter light
very well, and the Au has a larger diffraction
intensity, which covers the ZnO reflections. This
phenomenon has been extensively documented in
Au-ZnO nanocomposites produced via pulsed laser
ablation, where ZnO may exist in a nanocrystalline or
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partially disordered form, yet is structurally and
chemically corroborated by FTIR (Zn-O stretching
below 600 cm™) and UV-Vis (band-edge absorption
of ZnO) analyses [39]-[41]. The XRD results match
up with the TEM examination, which showed that the
nanoparticles were spherical and had an average
diameter of about 14.5 nm with very little
aggregation. This confirms that the nanodomains
found are crystalline and not amorphous. Au has a
high level of crystallinity and is almost at the
nanoscale level with ZnO, which makes it easier for
charge separation and electron transport to happen.
These are key parts of the ROS-mediated apoptotic
cytotoxicity seen in MCF-7 cells [42].

4.3 UV-Visible Spectroscopy: Optical
Properties

The UV-Vis spectrum of the Au/ZnO
nanocomposites offers crucial insights into the
interaction between the semiconductor and the metal.
The absorption edge from the Tauc figure shows an
apparent optical band gap of about 1.8 eV, which is
much lower than the intrinsic band gap of bulk ZnO,
which is between 3.2 and 3.3 eV. The redshift is due
to plasmon-induced sub-band transitions and
interfacial charge-transfer states that happen because
Au and ZnO are strongly coupled electronically [43].
The broad absorption band between 520 and 550 nm
is caused by the surface plasmon resonance (SPR) of
the Au nanoparticles that are incorporated in the ZnO
matrix [44]. The small redshift of this SPR
characteristic compared to bulk Au (~520 nm) shows
that there is dielectric coupling and coherent
interfacial contact, not nanoparticle aggregation [45].
This interaction makes the local electromagnetic field
stronger and makes it easier for hot electrons to
migrate from the Au conduction band to the ZnO
conduction band. This makes it possible to absorb
more visible light and slows down the process of
electron-hole recombination [46]. The presence of the
AusZn alloy phase, which alters carrier density and
modifies the band structure, substantiates the concept
of interfacial electronic interaction [47]. The
observed band-edge redshift indicates plasmon-
induced bandgap renormalization and interfacial
strain within the composite [48]. The behavior is
typical of Au/ZnO nanocomposites made using
pulsed laser ablation, which are recognized for having
clean surfaces and a strong plasmonic-
semiconducting synergy [49]. You can detect
plasmonic and charge-transfer interactions with the
naked eye. These interactions help generate reactive
oxygen species (ROS), which makes oxidative stress
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worse in cancer cells. The activation of hot electrons
and a lower possibility of recombination make it
simpler for reactive oxygen species to develop. This
explains the greater cytotoxicity reported in the MTT
assay.

4.4 FTIR: Chemical Bonding

The FTIR assessment of Au/ZnO nanocomposites
reveals the distinctive vibrational signatures
originating from the ZnO lattice and the surface
functional groups generated during laser ablation
with water. The significant absorption at 3273 cm™" is
because the O-H bonds in hydroxyl groups on the
surface of the nanocomposite and the water molecules
that are physically adsorbed there are stretching. The
hydroxylation exhibited is frequent in ZnO
nanostructures formed in water. This makes the
surface more hydrated and increases the surface
energy, which is excellent for the adhesion of Au
nanoparticles [50]. The signal at 1637 cm™ is the H-
O-H bending mode of molecular water. This means
that the nanostructured surface has taken in moisture.
The modest signal at 2132 cm™ may be due to small
amounts of carbon-based molecules, like CO2 or C=O
stretching, that enter into the air before or after laser
ablation [51]. The weak carbon-related bands
demonstrate that the surface isn't extremely unclean,
which doesn't change the chemical structure of the
nanocomposite. The Zn-O stretching vibration causes
the distinctive absorption band below 600 cm™. This
means that crystalline ZnO is present in the wurtzite
phase. This part demonstrates the metal-oxygen
lattice vibrations that are common in both pure and
mixed ZnO systems [52]. The somewhat larger Zn-O
band compared to pure ZnO indicates that the
structure has been altered or that localized strain
effects have arisen due to the incorporation of Au
nanoparticles into the ZnO matrix [53]. The
interaction between plasmon and phonon can induce
the broadening. In this situation, the localized surface
plasmon resonance (LSPR) of Au affects the phonon
field of ZnO. This makes the bands move slightly and
absorb additional infrared light [54]. The absence of
additional bands associated with organic capping or
contaminants indicates that the laser ablation
technique produced clean, surfactant-free Au/ZnO
nanocomposites. This supports previous research that
shown that pulsed laser ablation in liquids (PLAL)
produces highly pure nanomaterials devoid of
chemical stabilizers [55]. The results confirm the
XRD findings, which indicated the presence of
crystalline ZnO and intermetallic ~ AusZn
domains [56]. The UV-Vis analysis indicated a
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significant plasmonic-semiconductor interaction
inside the Au-ZnO framework [57]. FTIR detects
hydroxyl groups on the surface that have a direct
effect on how well the nanocomposites perform in
biological systems. When ZnO is in contact with
living things, the -OH groups on its surface act as
active reaction centers for making reactive oxygen
species (ROS). This induces oxidative stress and
initiates the process of killing cancer cells [58]. The
distortion of the lattice and the expansion of the Zn-
O vibrational band due to defects indicate the
presence of electron-rich trap states that facilitate the
separation of charge carriers. This is critical for
raising the amount of ROS generated and the amount
of oxidative damage done to living organisms [59].
Pulsed laser ablation makes a clean, surfactant-free
surface that keeps the Au-ZnO contact electrically
accessible. This increases both plasmonic activation
and cytotoxicity caused by ROS. The FTIR results,
combined with the XRD and UV-Vis data,
demonstrate that the nanocomposites have structural
and interfacial features that make them better at
fighting cancer, as shown by cytotoxicity tests.

4.5 MTT Assay: Cytotoxicity Activity

The cytotoxicity test demonstrates that Au/ZnO
nanocomposites stop MCF-7 breast cancer cells from
growing in a way that depends on their concentration.
The gradual decrease in survivability from 69.8% to
25.8% corresponds with an increased concentration
of nanoparticles, illustrating the dose-dependent
cytotoxicity typical of metal-oxide nanocomposites.
Similar findings have been observed with ZnO-based
nanostructures, where increased particle
concentration resulted in elevated oxidative stress and
mitochondrial damage in cancer cells [60], [61]. The
changes in shape, including cells rounding, shrinking,
and breaking apart, show that apoptosis and
membrane damage have happened [62]. These
alterations are consistent with the ability of ZnO
nanostructures to generate reactive oxygen species
(ROS) that damage biological components such as
DNA, lipids, and proteins [63]. Gold nanoparticles
make cancer cells more dangerous when they are
mixed with ZnO because they speed up electron
transport and create hot electrons through plasmonic
interactions. This raises oxidative stress in cancer
cells [64]. The synergistic interaction between Au and
ZnO enhances the separation of electrons and holes
while prolonging the lifespan of reactive oxygen
species (ROS), hence augmenting apoptotic
activity [65]. Au/ZnO nanocomposites are known for
their capacity to change the potential of mitochondrial
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membranes and turn on caspase-dependent apoptotic
signaling pathways, which slows down cell growth by
a large amount [66], [67]. The absence of necrotic
debris and the presence of condensed nuclei in treated
cells indicate that cell death primarily happens
through apoptosis rather than necrosis. The findings
corroborate prior research suggesting that plasmonic
hybrid systems of Au/ZnO exhibit superior anticancer
activity relative to standalone ZnO or Au
nanoparticles [68]. The increased cytotoxicity of the
Au/ZnO nanocomposites is closely linked to their
physicochemical properties as established in the
materials analysis. TEM revealed nanoscale size and
uniform distribution, which are known to improve
cellular absorption and increase interaction with
important  intracellular  targets [69]. XRD
demonstrated that the crystalline structure and
interfacial alloying facilitated electron mobility,
thereby enhancing the production of reactive oxygen
species (ROS) in cancer cells [70]. The plasmonic
absorption characteristics identified in the UV-Vis
analysis suggest that Au domains promote hot-
electron production, hence intensifying oxidative
stress and hastening mitochondrial damage [71], [72].
Additionally, the surface hydroxyl groups and lattice
strain signals detected in FTIR correlate with the
production of reactive oxygen species (ROS) and the
initiation of redox-mediated apoptotic signaling [73].
The structural and optical properties work together to
create a synergistic cytotoxic mechanism: (1)
effective cellular uptake because of nanoscale size,
(2)  intracellular  reactive  oxygen  species
amplification  through Au-ZnO electron-hole
separation, (3) disruption of mitochondrial membrane
potential, and (4) activation of caspase-mediated
apoptotic pathways [74], [75]. A thorough
examination of TEM, XRD, UV-Vis, and FTIR data
elucidates the mechanistic insights into the biological
behavior of Au/ZnO nanocomposites: their nanoscale
architecture, interfacial electronic interactions,
plasmonic enhancement, and customized surface
chemistry synergistically facilitate ROS-mediated
apoptosis, yielding significant anticancer effects
against MCF-7 cells.

5 CONCLUSIONS

This study effectively illustrated the production of
Au/ZnO nanocomposites via pulsed laser ablation in
liquid, a pristine and ligand-free manufacturing
method that circumvents chemical impurities and
maintains intrinsic surface reactivity. A full
evaluation using TEM, XRD, UV-Vis, and FTIR
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showed that well-dispersed nanostructures with good
crystallinity had formed and that there was a strong
synergistic interaction between Au and ZnO. The
TEM study showed that the nanoparticles were
evenly spread out and had a regulated size and shape.
The XRD patterns confirmed the phase purity,
fluctuations in lattice strain, and the appearance of the
AusZn intermetallic phase, which improved
electronic connections. The UV-Vis results showed
plasmonic absorption patterns coming from Au
domains, which means that plasmon-semiconductor
coupling works well. The FTIR spectra, on the other
hand, showed surface hydroxylation and functional
groups that are important for charge transfer and ROS
formation. The biological assessment against MCF-7
breast cancer cells further underscored the therapeutic
significance of the produced nanocomposites. The
Au/ZnO combination showed a definite cytotoxic
effect that depended on the concentration and was
closely related to its physicochemical properties.
Mechanistically, the nanocomposites caused too
much ROS to be generated inside cells, which then
caused the mitochondrial membrane to depolarize,
cytochrome c to leak, and the caspase-8 and caspase-
9 pathways to be turned on. These occurrences
cumulatively validated that the predominant
mechanism of cell death was apoptosis rather than
necrosis, signifying regulated and specific
cytotoxicity. The inclusion of Au enhanced electron-
hole separation in ZnO and extended the lifespan of
reactive oxygen species (ROS), while the surface
chemistry and defect states promoted electron
mobility, ultimately increasing oxidative stress in
cancer cells. This work identifies significant
relationships between structural attributes—such as
crystallite size, defect density, surface hydroxyl
groups, and interfacial alloy formation—and the
resultant biological reactions. The enhanced photonic
and redox properties of the hybrid nanostructures can
be ascribed to optimized charge carrier dynamics
produced at the nanoscale. These insights offer an
enhanced mechanistic comprehension of how shape,
crystal structure, and surface chemistry influence
biological performance, highlighting the significance
of laser-ablated nanomaterials for biomedical
applications. While the results are positive, the study
also points up areas that need more research. A
comprehensive toxicological evaluation
incorporating supplementary cancer cell lines, normal
cell controls, and long-term viability studies is
essential to ascertain therapeutic selectivity and
safety. In addition, it will be important to study the
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biodistribution, pharmacokinetics, biodegradation,
and immunological responses of Au/ZnO
nanocomposites in living organisms in order to make
them useful as medicines. Optimizing synthesis
parameters, including laser fluence, pulse energy,
ablation medium, and Au:ZnO ratio, may provide
precise modulation of ROS generation, surface
charge, and intracellular uptake efficiency. In general,
the results show that Au/ZnO nanocomposites made
by pulsed laser ablation have strong physicochemical
stability, better electronic contacts, and a lot of
anticancer potential since they cause death by ROS.
The research establishes a robust groundwork for
forthcoming advancements in nanomedicine,
especially in the creation of tailored oxidative stress-
based  cancer  therapeutics, = multifunctional
nanocarriers for integrated chemo-photothermal
treatments, and intelligent theranostic platforms that
amalgamate imaging and therapy. This research
offers essential insights and practical guidance for the
progression of Au/ZnO nanocomposites towards
innovative breast cancer therapy methodologies.
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