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Abstract Article Info. 
A simple physical technique was used in this study to create stable and 

cost-effective copper oxide (CuO) nanoparticles from pure copper metal using the 

pulsed laser ablation technique. The synthesis of crystalline CuO nanoparticles 

was confirmed by various analytical techniques such as particle concentration 

measurement using atomic absorption spectrometry (AAS), field emission 

scanning electron microscopy (FE-SEM), the energy dispersive X-ray (EDX), and 

X-ray diffraction (XRD) to determine the crystal size and identify of the crystal 

structure of the prepared particles. The main characteristic diffraction peaks of the 

three samples were consistent. The corresponding 2θ is also consistent, and the 

cytotoxicity of the nanoparticles was also investigated. After 24 hours of 

exposure, the percentage of cytotoxicity was calculated. The maximum toxicity of 

Hep-G2 was 37.81% at the maximum concentration of (500) µg mL
-1

 after 24 

hours of exposure. Also, the maximum toxicity of the normal cell line was 

27.85% at a maximum concentration of (500) µg mL
-1

. 
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1. Introduction 

There has been an increase demand for nanoparticles, which has resulted from 

large-scale manufacturers employing high-energy processes and solvents. Nanoparticles 

exhibit unique electrical, optical, chemical, and biological capabilities [1]. 

Nanoparticles differ from bulk particles in terms of electrical resistance, chemical 

reactivity, electrical conductivity, strength and hardness, diffusivity, and biological 

activity, photovoltaics, heterogeneous catalysis, gas-sensor technologies, nonlinear 

optics, medicine, and microelectronics [2-6]. For synthesizing nanoparticles, a simple 

top-down method Pulsed Laser Ablation in liquid (PLAL( was utilized. Among the 

many advantages of this method is the capacity to manage the size and quality of the 

generated nanoparticles and the guarantee that they are contaminated-free [7-9]. A range 

of ablation variables, including laser fluence, pulse width, repetition rate, wavelength, 

temperature, ablation duration, and the concentration of the stabilizing agent, influence 

nanoparticles shape, size, and morphology [10]. Researchers are particularly interested 

in metallic oxide nanoparticles since they are used in various industrial operations and 

medical and pharmaceutical applications. They can also be used in the manufacture of 

cosmetics, microelectronic devices, and semiconductors [11-16]. Metal oxide 

nanoparticles, such as (CuO), have generated interest due to their antibacterial and 

biocidal properties, and their potential use in a wide range of biomedical applications 

[17, 18].  

Cancer of the liver is the world's third leading cause of cancer death. Liver cancer 

is  a  major  public  health  concern  because  it  has such a dramatic impact on our lives.  
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Fundamental research into the molecular mechanisms of liver cancer is required for 

long-term and dependable prevention and treatment methods. The cell lines are treated 

as in vitro equivalents of tumor tissues, making them indispensable for basic cancer 

research. Certified cell lines retain most of the original tumor's genetic properties and 

mimic its microenvironment. Hep-G2 is a well-known hepatic cell line. It is used in 

various scientific research applications, from oncogenesis to the cytotoxicity of 

substances on the liver [19].  

The aim of the study is to prepare copper oxide particles in an economical and 

inexpensive way and to employ these particles in measuring the cytotoxicity of normal 

and cancerous cells. 

 

2. Experimental Methods 

2.1. CuO Nanoparticles Synthesis 

CuO nanoparticles were created in deionized water using a pulsed Q-switched 

Nd:YAG nanosecond laser with the following parameters: energy = 400 mJ, frequency f 

= 4, 6, and 8 Hz, wavelength λ = 1064 nm, and the number of pulses = 100 shots. The 

operation was achieved by placing a (1x1) cm copper plate of (1) mm thickness at the 

bottom of a quartz container filled with (3) ml of deionized water, as illustrated in Fig.1. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1:  Prepared CuO nanoparticles by PALA. 

 
2.2. Nanoparticles Sample Preparation  

The drop method was used to prepare thin films; the solution containing the 

copper nanoparticles was deposited on a glass slide at room temperature; this was done 

several times and left to completely dry, thus forming a thin layer on the surface of the 

glass slide. 

Atomic Absorption Spectroscopy (AAS) measures the amount of UV/Visible light 

energy absorbed by an element. The wavelength of light absorbed corresponds to the 

energy needed to excite electrons from the ground state to a higher energy level. The 

amount of energy absorbed in this excitation process is proportional to the concentration 

of the element in the sample, as shown in Table 1. The Field Effect Scanning Electron 

Microscope (FESEM), Energy-Dispersion X-ray Spectroscopy (EDX), and X-Ray 

Diffraction (XRD) were employed to study the characteristics of the prepared thin films. 
 

Table 1. Concentration of CuO NPs by Atomic Absorption. 

Concentration 

(µg/ml) 

Frequency 

(Hz) 
Sample 

0.7 4 CuO 

1.2 6 CuO 

1.4 8 CuO 
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2.3. MTT Assay 

10,000 cells from different cell lines were cultured into 96-well plates with 

different concentrations of CuO NPs and incubated for 24 hours at 37° C in an incubator 

with 5% CO2. Also, cells without adding CuO NPS were cultivated to serve as the 

positive control group. The well without the cells serves as the negative control. After 

24 hours, using a sampler, 10 μl of MTT solution was added to 100 μl of cell culture 

supernatant with gentle shaking by hand or on a shaker until smooth. The plates were 

Dimethyl sulfoxide (DMSO) incubated for 4 hours in an incubator (CO2   ٪ 5) at 37 ° C. 

Then, empty the whole medium, add (100) μl of DMSO to each well, and wait for the 

formazan crystals to dissolve to form a pink-purple solution. Then the light absorption 

of the samples was read at (570) nm using a Dana 3200 microplate reader, value was 

calculated with Prism software version 8.2. 

 

3. Results and Discussion 

The X-Ray diffraction analyses were done for the synthesized CuO NPs to 

confirm their crystalline nature. The results of the XRD analysis of the CuO NPs were 

interrelated with the Joint Committee on Powder Diffraction Standards (JCPDS), which 

confirmed the crystalline nature of CuO NPs (JCPDS 96- 901-5925) and (JCPDS 48-

1548). Fig. 2 shows the XRD patterns at different frequencies of (4,6,8) Hz for the 

synthesized CuONPs.  

The crystallite size was determined for different frequencies using the Scherrer 

formula, which is given by [8]: 

   
     

       
                                                                                                                                                 

where: λ is the wavelength of the X-ray, β is the FWHM, and θ is the Bragg angle. The 

structural property parameters are displayed in Table (2). For Cu films, the XRD results 

indicated that the crystallite size increase was frequency dependent.  

The main characteristic diffraction peaks of the three samples were consistent, as 

shown in Fig. 2, and the corresponding 2θ is also consistent. The peaks of the copper 

oxide were 111, 002, and 020 corresponding to 2θ of 35.63°, 38.9°, and 52.65°, 

respectively. 

 

 
Figure 2: XRD patterns of CuO nanostructures at frequency of (4,6,8) Hz with laser energy 

of 400mJ. 

θ2 °
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Table 2: The calculated values for the (CuO) peaks for frequency of 8Hz in XRD. 

Sample hkl Frequency (Hz) d(nm) FWHM 2 

CuO 110 8 22.92934 0.3739 33.54 

CuO 111 8 25.11332 0.336 38.65 

CuO 020 8 18.15219 0.4723 53.54 

 

The morphology of nanocrystalline CuO thin film was examined using FESEM, 

as shown in Fig. 3. The sample formed at a f=4Hz was observed to have a surface with 

uniform grains but of small numbers. The increase in laser frequency (6, and 8 Hz) 

resulted in an increase in grain density, as it is evident from Table 2. The crystal size of 

copper nanoparticles ranged between (18-50) nm. 

 

Figure 3: FESEM image for CuO nanoparticles at different frequencies (4,6,8) Hz with laser 

energy of 400mJ. 

 

The Energy Dispersive X-ray (EDX) spectrum confirmed the presence of 

elemental gold (specific to the test device), copper and oxygen at different laser 

frequencies, as shown in Fig. 4. The energy is displayed on the horizontal axis in KeV, 

while the number of X-ray count rate is shown on the vertical axis. For CuO NPs, the 

weight and atomic percentage of copper (Cu) and oxygen (O) present in the samples 

were (82.0:18.0, 62.1:37.9, and 50.4:49.6) per cent for the different laser frequencies (4, 

6 and 8) Hz, respectively; this demonstrates that the CuO thin films were free of 

contaminants.  

 
 

a b 

c 
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Figure 4: EDX pattern of CuO nanostructures at different frequencies (a) 4 (b) 6 (c) 8 Hz 

with laser energy of 400mJ. 

 

3.1. Effects of CuONPs on liver Cancer (Hep-G2) Cell Line 
Maximum cytotoxicity was 37.81 percent after 24 hours of incubation of      

(HepG-2) cells, whereas maximum viability was 62.19 percent, which was achieved at          

500 µg mL
-1

 CuO concentration, as shown in Fig. 5. 

 

3.2. Effects of CuONPs on normal (HdFn) cell line 

Maximum cytotoxicity was 2.89 percent after 24 hours of incubation of (HdFn) 

cells, whereas maximum viability was 97.11 percent, which was achieved at 500 µg 

mL
-1

 CuO concentration, as illustrated in Fig. 6. 

This in vitro study validated the selective effects of nanoparticles on cells. 

Nanotechnology has opened up a whole new area in cancer care by monitoring the 

release of the medication and lowering its side effects, i.e., cancer cells have been 

inhibited without harming normal cells, opened up a whole new sector in cancer care 

through regulating the delivery of medicine and lowering its side effects. Another aspect 

is that nanoparticles with a high surface-to-volume ratio aid distinct functional groups in 

attaching to such a nanoparticle and therefore tie tumor cells together. Because of the 

small nanoparticle size (under 100 nm) and the lack of a good tumor lymphatic drainage 

system, tumor cells can act as an active center for collecting nanoparticles [20]. 

Cytotoxicity is an essential factor in studying the activity of prepared nanomaterials on 

normal and cancer cells. Biologically, cytotoxicity is dependent on the production of 

a 

b 

c 
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ROS. Aside from oxidative stress, other factors include dose, autophagy activation, 

exposure time, cell uptake, and substance concentration effects on the cytotoxicity [21, 

22]. 

 

 
Figure 5: Cell viability rate of synthesis CuO nanoparticles for Hep-G2 Cell line. 

 

 
Figure 6: Viability of CuO NPs in (HdFn) cell line. 

 

4. Conclusions 

In terms of cost and speed, this approach has several advantages. The copper 

nanoparticles' crystal sizes ranged from (18 to 50) nm. The presence of copper and 

oxygen was confirmed in the prepared materials, which were free of impurities. The 

cytotoxic effects of CuO NPs on cancer cell lines (human Hep-G2 liver cancer) and 

normal cell lines (HdFn) were studied. The toxicity of CuONPs on the cancerous Hep-

G2 cell line was 37.81 %, while that of the normal HdFn cell line was 27%. Although 

the toxicity on the cancer cells is higher, it is not effective to the extent required to kill 

cancer cells. 
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انىبووً بطرٍقة الاستئصبل انهَزر انىبضٌ فٌ انسوائم و تبثَرهب عهي انخلاٍب   CuOتحضَر 

 انسرطبوَة فٌ انكبد وانقونون

هدى حسَه عببس
1

، صببح وورً مزهر 
1

 
 جبيعت بغذاد ،كهٍت انعهوو نهبُبث، قسى انفٍزٌبء1

 انخلاصة
نخحضٍش جسًٍبث َبَوٌت يسخقشة وفعبنت يٍ حٍذ انخكهفت حى اسخخذاو حقٍُت الاسخئصبل انهٍزس انُبضً فً انسوائم فً ْزِ انذساست 

رى فحص رركيت انجسيًبد اننبنىيخ لأكسيد اننحبس انجهىري ين خلال رقنيبد رحهيهيخ يخزهفخ يثم قيبس رركيز . يٍ يعذٌ انُحبس انُقً

رى أيضًب فحص . نبهوسة وححذٌذْبنخحذٌذ حجى ا (XRD) طٍبف الايخصبص انزسي، ويقٍبس حٍود الأشعت انسٍٍُت انجسيًبد ثبسزخداو و

ثعد . ، وانسًٍت انخهوٌت نهجسًٍبث انُبَوٌتFESEMانزركيت انجهىري نهجسيًبد انًحضرح، وفحص انعينبد ثبنًبسح انًجهر الإنكزروني 

سبعخ  24ثعد  500٪ بخشكٍز HepG-2 37.81أر كبَج أقصى سًٍت نـ  ة نهسًٍت انخهوٌت،سبعخ ين انزعرض رى حسبة اننسجخ انًئىي 24

 .500٪ ثزركيز 27.85وايضب كبنذ انسًيخ انقصىي نهخط انطجيعي . ين انزعرض

 حلأنؤ  ،HdFnخطوط خلاٌب  ، سشطبٌ انكبذ،الاجخثبد ببنهٍزس انُبضً فً انسبئم جسًٍبث اوكسٍذ انُحبس انُبَوٌّ، انكهمبت انمفتبحَه:

 ضوئً


