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Abstract: This research deals with the evaluation of the anti-cancer activity of Ag@Au NPs synthesis by a hybrid
system combining laser and plasma jet techniques. The effect of NPs on inhibiting the growth of breast cancer cells
and normal cell lines was studied. Firstly, silver nanoparticles were prepared using a Nd:YAG laser with a wavelength
of 1064 nm, a frequency of 6 Hz, an energy of 1000 mJ, and a number of pulses of 558. In the second step, we take
different ratios between Ag NPs and gold salts as follows: (1:9, 2:8, and 3:7), respectively, and exposed to a plasma
jet system for 3 minutes. The NPs were checked using X-ray diffraction, UV-vis spectroscopy, and field emission
scanning electron microscopy (FE-SEM). The highest rate of inhibition of breast cancer cells was 66% after 48 hours
when the concentration was 100% with a ratio of 3:7. As for its toxicity to normal cells, the highest toxicity was 16%
after 24 hours when the concentration was 100% for 3:7. The expected results could provide new light on the
effectiveness of these particles in treating cancer and stimulate future research in this field.
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1. Introduction

Nanotechnology is the study and application of materials with sizes as small as 100 nanometers (nm). They
are employed in a wide range of industries, including agriculture, food processing, material science,
cosmetics, medicine, and diagnostics. Nano-sized inorganic compounds have demonstrated remarkable
antibacterial activity at extremely low concentrations because of their high surface area-to-volume ratio and
distinctive physical and chemical properties [1]. There are three primary methods available for producing
nanoparticles: chemical, physical, and biological approaches [2].

Noble metal nanoparticles, such as gold and silver, are highly sought after due to their distinct optical,
chemical, physical, and electrical properties. Au and Ag nanoparticles both demonstrate a plasmonic effect
due to the scattering and absorption of light. Au nanoparticles (NPs) and Ag nanoparticles (NPs) exhibit
insensitivity to physical variables such as light, air, electrical characteristics associated with size, magnetic
properties, exceptional conductivity, and chemical stability [3].
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The production of metal oxide and metal nanoparticles can be achieved by a straightforward method called
Pulsed Laser Ablation in liquid environments (PLAL).The laser ablation process is significantly influenced
by the specific properties of the laser beam employed, such as the number of pulses, wavelength, pulse
duration, and energy. The ablation rate is directly proportional to the number of laser pulses, which is
particularly evident in the case of dielectrics, semiconductors, and single metals [4]. PLAL offers a
multitude of desirable advantages. This methodology is a direct and effective method for generating a large
number of nanoparticles that are evenly dispersed in a liquid medium [5].

Plasma, often known as the fourth state of matter, is a plasma consisting of charged and neutral particles
that interact together. Plasma encompasses gaseous nebulae, the interiors of stars, atmospheres, and
interstellar hydrogen. Plasma consists of negatively charged electrons and positively charged ions of atoms,
and it constitutes approximately 99% of all matter in the universe [6]. Plasma is often a gas that has been
ionized. The process involves the aggregation of charged particles, including electrons, ions, and molecules.
The term "ionized" refers to the presence of one or more free electrons [7].

Cancer encompasses a wide range of diseases, including liver, stomach, lung, bladder, colon, and breast
cancers, which are the most prevalent. Given its prevalence among women, this study specifically targets
breast cancer as opposed to other types of cancer. The expansion of breast cancer involves the activation or
inactivation of several gene types that are necessary for promoting malignancy. While breast cancer is
mainly a genetic disease affecting somatic cells, there are instances where it is associated with genetic
disorders. Breast cancer is categorized as a metastatic neoplasm. It usually manifests in the axillary lymph
nodes, but it can also metastasize to any location in the skeletal system or bone marrow [8].

In this study, the aim was to prepare Ag@Au nanoparticles using a hybrid system (laser-plasma jet) and
test their inhibition on breast cancer and normal cells.

2. Experimental Procedures

2.1 synthesis of nanopatrticles
2.1.1 Prepared Ag NPs using Nd:YAG system as a core

Using the pulsed laser ablation technique, Ag NPs were created in liquid (PLAL) and a pure silver plate
(0.5x0.5) cm with a purity of 99.99%. They were then 5 ml of deionized water put in a 10-20 ml glass
beaker and 5 cm away from the laser source. The laser source was a Q-switched Nd:YAG laser with a
frequency of 6 Hz, wavelength of 1064 nm, and energy of 1000 mJ. As seen in Fig.1 (A).

(A) (B)

Fig.1. The prepared Ag@Au NPs by a hybrid system (A) Nd:YAG laser (B) plasma jet.
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2.1.2 Prepared Au NPs using plasma jet as a shell

The (AuCl4+3H20) hydrogen tetrachloroaurate trihydrate, which has a partial weight of 393.83 g/mol, a
purity of > 99.9%, and a concentration of 0.5 mM, has been prepared as a shell. The required weight is
calculated using the following equation (1) [9]:

mol ) mass(g)

liter n?ol) * Volume (liter)

(1)

Concentration (

- Molecular weight (

2.1.3 Prepared Ag@Au NPs

A cylindrical metal tube with a diameter of 1 mm is securely fastened in a vertical position by the catcher.
With the plasma jet technique, the length of the plasma between the two electrodes was 1 cm, the flow
meter was 3 liters/minute, the voltage was 20 kV, and the gas used was argon.

After that, we added Ag NPs prepared by the Nd:YAG method, as shown in Fig.2(a) to gold salts in the
following ratios: (1:9, 2:8, and 3:7), respectively. The mixture was then exposed to the plasma system for
3 minutes until the color of the solution turned violet.

Synthesis Ag@Au
NPs after exposure 3

(B)

Fig.2. Preparation Ag@Au NPs (A) Ag NPs by Nd:YAG and gold salts (B) Ag@Au NPs by plasma jet.

2.2 The impact of prepared nanoparticles on breast cancer cells

This study utilized cell lines derived from cancer patients. The research utilized 96 (12x8) microtiter plates
for tissue culture, with each plate being seeded with 10,000 cells. The cells were subsequently incubated at
a temperature of 37 °C for a duration of 24 hours to form a monolayer, as confirmed by the use of an
inverted microscope. In addition, a solution containing diluted silver nanoparticles (Ag NPs) and gold
nanoparticles (Au NPs) is administered to the cells, whereas no treatment is given to the control wells. The
indicated stages have been performed three times, following which they were subjected to re-incubation at
a temperature of 37 °C. The growth medium was poured out after 48 hours of incubation. The methods
were repeated three times to verify the authenticity, employing a 50ul crystal violet assay, followed by an
incubation period of 20 minutes. The cells were observed using an inverted microscope, captured with a
digital camera, and recorded individually to obtain the data. The results of the experiment are analyzed
using Graph Pad Prism version 8 [9].
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3. Results and Discussion

The reaction process causes the solutions' hue to change, which is connected to the creation of metal
nanoparticles (NPs) made using the Ar jet technique and the metal salts' prepared solutions. The color shift
gives the first hint regarding the formation of NPs during mixing in metal salt solutions. Metal particles
take on their non-metal color due to surface plasmon resonance (SPR), which happens when a metal's
particle diameter becomes close to a nanometer, as in the case of gold and silver. Thus, the spectrum
analysis equipment has been applied at visible light wavelengths to prove the NPs formation. The
ultraviolet-visible absorption spectra connected to colloidal Ag@Au NPs at different ratios (1:9, 2:8, and
3:7), and compare results (Ag NPs) only and at visible light wavelengths (590, 598,608) nm, respectively.
In the ultraviolet-visible spectrum of Ag NPs when exposed to Nd:YAG laser, the sharp peak is at about
415 nm. As a varied Ag@Au NPs ratio, the UV-visible absorption spectra of colloidal Ag@Au NPs are
shown in Figure 3.
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Fig. 3. UV-visible absorption spectrum of NPs prepared using hybrid (laser-plasma) system as a different ratios
functions: (A) Ag NPs (B) Ag@Au NPs.

3.1 X-Ray Diffraction (XRD)

The dried Ag NPs produced by the pulse laser system were placed on a hot plate at 30°C. Figure.4 (A)
shows the XRD Ag NPs spectrum, the peaks at angles of (38.29, 44.44, 64.56, and 77.64) correspond to
(111), (200), (220), and (311) planes of Ag. The XRD analysis of Ag@Au NPs using a plasma jet revealed
several Bragg reflection peaks at specific 2-theta values (38.12°, 44.3°, 46.21°, 54.83°, 64.42°, and 77.45°).
These peaks correspond to the (111), (200), (231), (142), (220), and (311) planes of pure silver, as
determined by the face-centered cubic structure, as shown in the Figure.4 (B). The aforementioned pattern
has demonstrated that peaks' diffraction patterns cannot be replicated in other kinds of material, proving the
prepared sample's purity and lack of additional impurities [10]. The crystal size of silver nanoparticles is
45 nm, and the crystal sizes of Ag@Au NPs for the following ratios (1:9, 2:8, 3:7) are (45, 48, and 17) nm,
respectively, using the Debye-Scherer equation (2) [11].

_ kAr
B Bcos©

2

Where D is the crystallite size, k is the Scherer's constant (k = 0.9), A for X-ray wavelength, and 8 for full
width at half maximum (FWHM) of the peaks at the 6 diffracting angle relative to Bragg's angle position.
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Fig.4. X-ray patterns of NPs prepared using a hybrid (laser-plasma) system as different ratios functions: (A) Ag NPs
(B) Ag@Au NPs.

3.2 Field Emission Scanning Electron Microscopy Study (FE-SEM)

FE-SEM images show the morphological properties of Ag NPs and Ag@Au NPs synthesized with a plasma

jet (see Figure 5).
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Fig.5. FE-SEM pictures of the colloidal nanoparticles: (A) Ag NPs (B) Ag@Au NPs 1:9 (C) Ag@Au NPs 2:8 (D)
Ag@Au NPs 3:7.
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Figure 5 (a) displays a well-dispersed picture of Ag NPs with a spherical shape and sizes ranging from 32
to 50 nm. The images revealed highly agglomerated spherical Ag@Au NPs in the sample, as determined
by FESEM. It s likely that chemical processes or pre-experimental conditions led the spherical particles to
cluster together and form agglomerated formations. This can occur due to forces between particles such as
superposition and surface cross-linking. Agglomerated nanoparticles provided a significant benefit in
preparation since they could influence the physical and chemical properties of the particles. It may result in
an increase in particle interface area, leading to better surface interactions and performance.

3.3Transmission Electron Microscopy (TEM)

The synthesis of core/shell nanoparticles was confirmed using transmission electron microscopy (TEM)
analysis utilizing the hybrid method was employed because of its capability to accurately determine the
thickness and distance between the core and shells. TEM analysis provided further data regarding the
morphology, dimensions, and clustering of the particles. The transmission electron microscopy (TEM)
images reveal that the Ag@Au NPs exhibit a configuration of interlocking spheres, forming dense clusters.
It is noteworthy that not all ratios demonstrate the synthesis of core/shell structures, particularly the 1:9
ratio. The reason for this is that the proportion of silver particles is significantly smaller than that of gold
particles. Additionally, gold ions have the ability to reduce silver on their surface due to the electrical
disparity. This prevents the formation of a silver core that is coated with a layer of gold, as depicted in
Figure 6.

Fig.6. TEM image of Ag@Au NPs by the hybrid system.
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Furthermore, TEM examination revealed the presence of two distinct zones. The core is represented by the
dark inner area, while the light part around the dark region represents the shell. This confirms the synthesis
of core/shell nanoparticles at the ratios of 2:8 and 3:7.

3.4 Cytotoxicity Assay

The cytotoxicity of the various series with Ag@Au NPs at different ratios has been evaluated in vitro using
the normal cell line (REF) and the breast cancer cell line (MDA) after exposure for 24 and 48 hours. As
shown in Fig.6 (A) and (B), respectively, the greatest rate of destruction for the breast cancer cell line
(MDA) was 55% after 24 hours when the concentration of core-shell nanoparticles was 100% for 3:7 , and
the greatest rate was 63% after 48 hours for 3:7. According to Fig.7 (A) and (B), for the normal cell line
(REF), the highest toxicity was 16% after 24 hours when the concentration of core-shell nanoparticles was
100% for 3:7, and the lowest toxicity was 5.6% when the concentration was 12.5% for 1:9. Similarly, for
the 48-hour period, the highest toxicity was 21% when the concentration was 100% for 2:8 and 3:7, and the
lowest toxicity was 7% when the concentration was 12.5% for 1:9, which stars means [(*) refer (p< 0.05),
(**) refer (p<0.01), (¥**) refer (p< 0.001), and (****) refer (p< 0.0001)].
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Fig.6. Growth inhibition of the breast cancer cells line (MDA) as different ratios of Ag@Au NPs: (A)
After 24 hours (B) After 48 hours.
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Fig.7. Growth inhibition of the normal cells line (REF) as different ratios of Ag@Au NPs: (A) After 24 hours (B)
After 48 hours.
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3. Conclusions

In conclusion, this research successfully evaluated the anti-cancer activity of gold-coated silver particles
prepared using a hybrid system combining laser and plasma techniques. The study showed the ability of
these particles to inhibit the growth of breast cancer cells, with the highest inhibition rate at 66% after 48
hours at a 100% concentration of 3:7. In addition, the toxicity was relatively low to normal cells, with the
highest toxicity rate of 16% after 24 hours at 100% concentration for the same ratio. These results highlight
the effectiveness of Ag@Au NPs in cancer treatment and pave the way for future research in this promising
field.
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