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ABSTRACT 

Background: Gold nanoparticles (AuNPs), unlike chemotherapy, may destroy cancer cells without harming normal 

cells. 

Objective: For the first time, Acinetobacter (A.) baumannii-biosynthesized AuNPs (Ab-AuNPs) were evaluated for 

anticancer properties.  

Materials and methods: The Ab-AuNPs were characterized by UV-visible spectroscopy, TEM, FE-SEM, AFM, XRD 

analysis, and FTIR. The MTT assay was used to determine the antiproliferative efficacy of the Ab-AuNPs at different 

concentrations against prostate cancer (PC3) and human breast normal cell line (MCF-10). Potential apoptotic-

mediated cell death was investigated using acridine orange and propidium iodide staining and mitochondrial membrane 

potential (MMP).  

Results: Biosynthesized Ab-AuNP had a zeta potential below 30 mV at -22 mV, suggesting particles stability with no 

aggregation. The average size was estimated at 66 nm (range 20-90 nm). Ab-AuNPs inhibited PC3 cell proliferation 

dose-dependently, with no adverse effect on MCF-10 cells. The mean lethal dose (IC50) was 13.72 µg/mL, and the 

maximal inhibitory concentration was 25.50 mg/mL (57.33% and 80.67%, respectively). Examining PC3 cancer cells 

treated with Ab-AuNPs at IC50 for 24 hours by flow cytometry revealed an increase in apoptosis that resulted in the 

disruption of the membrane and vacuoles of the lysosomes, which corresponded with the depletion of MMP. This was 

in contrast to MCF-10 AuNPs-treated cells, which showed no adverse effects. 

Conclusions: Producing gold nanoparticles in an A. baumannii broth culture is simple, inexpensive, and non-toxic to 

healthy cells. They showed anticancer effects by inducing apoptosis, making them a potential effective anticancer 

agent. 
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INTRODUCTION 

The use of biological systems in nanoscience 

has given birth to the name nanobiotechnology, which 

modulates entities in the 1–100 nm range using 

biological systems or for the benefit of natural systems 
(1). It is a field Bio sourced synthesis of nanomaterials 

mediated by microorganisms and plants. Bio-sourced 

synthesis of nanomaterials through microorganisms and 

plant-based mediators is a growing field (2). Many 

bacteria, the most prevalent species in the biosphere, 

have been shown to create extracellular and 

intracellular metallic nanoparticles (3). Acinetobacter 

(A. ƅaumannii) has been suggested because it is 

widespread in the surrounding environment. 

Acinetobacter is a diverse group of organisms 

ubiquitous in nature (4). Its high forming capacity allows 

it to form biofilms and withstand extreme conditions (5). 

This group is known to resist various metal ions and 

antibiotics (6). 

The biosynthesis of gold nanoparticles 

(AuNPs) would benefit from developing clean, non-

toxic, and environmentally friendly procedures for 

microorganisms from bacteria to fungi (7).  

The simplest way to produce nanoparticles is to 

reduce the respective salts (8). Bacteria have always 

been organisms of choice due to their unique property 

of creating various enzymes for chemical detoxification 

and energy-dependent ion efflux, involved in the 

decrease and stability of metallic nanoparticles (9). 

 

There are several uses for AuNPs in cancer 

diagnostics and therapy, drug delivery, and gene 

therapy (10). AuNPs are the most commonly used metal 

nanoparticles due to their morphology, dimensions, 

excellent optical and electronic properties, high 

biocompatibility, and stability (11). Cancer is one of the 

leading causes of death worldwide, affecting over 11 

million people annually (12). 

Including prostate cancer is a tumor that forms 

in the male prostate (a little gland with a walnut-like 

form) that produces semen, which supplies nutrients 

and transports sperm, and the most common cancer in 

men is prostate cancer (13). After AuNPs enter most 

cancer cells, a series of processes evolve from the loss 

of migration stability, the onset of unstable oxidation 

states, and waves of free radicals that disrupt and 

expand the nuclear membrane of the nucleus. Initially, 

mitochondria unfold to increase oxidative stress within 

the cell (14). 

The aim of current study was to demonstrate the 

biosynthesis of AuNPs using A. ƅaumannii broth 

cultures and measuring its in vitro cytotoxic effects on 

tumor cell lines prostate cancer (PC3) and comparing 

them with the normal human cell line MCF-10, to 

evaluate its potential therapeutic anticancer activity and 

its apoptosis induction in prostate cancer cell lines. 
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MATERIALS AND METHODS 

Detection of A. ƅaumannii 

In this study, AuNPs were synthesized by 

growing A. baumannii in a broth culture functioned as 

both a stabilizer and a reducing agent. Isolates of A. 

baumannii were collected in the microbiology 

laboratories at the Yarmouk Teaching Hospital, 

Baghdad, Iraq.  Gram staining, colony characterization, 

dye production, blood hemolysis, culturing, such as the 

growth on nutrient broth and MacConkey agar (Oxoid 

Ltd., England), and biochemical tests, such as catalase, 

coagulase, urease, and oxidase, and lastly the VITEC® 

2 Compact system (bioMérieux, France) were used to 

confirm the isolation (15). 

 

Biosynthesis of AuNPs using A. baumannii: 

AuNPs were produced using the modified 

method described in Sabir et al. (16). Ten milliliters of 

stock solution of gold chloride (HAuCll4.4H2O, Merk, 

Germany) were combined with two milliliters, four 

milliliters, six milliliters, eight milliliters, and ten 

milliliters of A. baumannii broth culture and heated at 

50 °C for 30 minutes on a magnetic hotplate stirrer. 

Deionized water was then added to bring the total 

volume to 15 mL.  

The resulting mixture was placed in a tube and 

a 30-minute ultrasonic bath.  

Following the development of red dots on the 

sides of the transparent line inside the Ultrasonic Bath 

device, the solution’s color changed from bright yellow 

to yellowish-orange. Each time the procedure is carried 

out, two mL of the bacterial broth culture was added to 

the gold salt solution, while the other parameters, 

including the gold salt solution concentration, 

temperature, time, and pH value, were held constant to 

produce an orange-colored solution. Changing in the 

color from light purple to a darker purple indicated the 

creation of AuNPs (Figure 1).  

 

--------------------------------------------------------------------------------------------------------------------------------------------- 

 

 

 
 

Figure (1): Graphical representation of the steps followed for Acinetobacter baumannii-biosynthesized gold 

nanoparticles (Ab-NPs) 
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Characterization of Ab-AuNPs 

Ab-AuNPs were characterized using many 

techniques, UV-Vis spectroscopy (Shimadzu UV-

160A   , Fourier transform infrared (FTIR) 

(IRAffinity1Shmadzo), field emission scanning 

electron microscope (FE-SEM), transmission electron 

microscope (TEM) (Carl Zeiss, Germany), atomic force 

microscopy (AFM) (ZEISS Integrated), X-Ray 

diffraction (XRD) ((Philips PW1730), and Zeta 

potential measurement. 

Identification of the cytotoxic effects of AuNPs 

Cancer cell lines 

The PC3 prostate cancer line and the MCF-10 normal cell 

line were kindly provided by the Cell Bank of the Iraqi 

Center for Cancer and Medical Genetic Research, 

Baghdad, Iraq. The RPMI-1640 medium (USbiological), 

was used to cultivate the cell lines. A 10% fetal bovine 

serum (FBS), 100 mg/mL streptomycin, and 100 

units/mL penicillin (Capric Scientific, Germany) were 

added as supplementations to the medium. At 80% 

confluence, cells were trypsinized and subcultured twice 

weekly before being incubated at 73 °C in a humidified 

environment containing 5% CO2 
(17,18). 

Determination of cytotoxicity of Ab-AuNPs using 

MTT assay 

The cytotoxicity test was done based on Al-

Salman et al. (19). The MTT assay was performed by 

seeding a 96-well plate with 1×105 of PC3 and MCF-10 

cells/well grown in RPMI-1640 medium. After 24 hours 

or when formation a confluent monolayer, cells were 

treated with 3.1, 6.25, 12.5, 25, and 50 µg/mL Ab-

AuNP. After 72 hours, the cells' viability was assessed 

by removing the medium, adding 2 µg/L MTT, and 

incubating them for 2.5 hours at 37 °C. After removing 

the MTT solution, the wells were shaken for 15 minutes 

at 37 °C with 130 µL of DMSO to break up the crystals. 

A microplate reader was used to determine the 

absorbency at 492 nm. The concentration that inhibited 

growth of 50% of cells (IC50) was determined using the 

regression analysis. 

Acridine orange (AO)–propidium iodide (PI ) staining 

The ability of Ab-AuNP nanoparticles to 

induce apoptosis was evaluated using AO/PI double 

staining as previously described (19). PC3 and MCF-10 

cells seeded 24 hours in 12-well glass slides were 

exposed to Ab-AuNP at IC50 concentration for 24, 48, 

and 72 hours. Following two PBS washes, dual 

fluorescent dyes were added to each well and examined 

using a fluorescence microscope. 

Mitochondrial membrane analysis 

Rh123, a noncytotoxic fluorescent dye isolated 

from mitochondria, is used to identify key apoptotic 

events in cells treated with Ab-AuNPs. This dye was 

used before and after Ab-AuNP treatment to investigate 

mitochondrial cell membrane potential. After 24 hours 

seeding of the PC3 and MCF-10 cells in 96-well plates, 

the cells were treated with Ab-AuNPs at the IC50 

concentration and labeled with 2.5 M Rh123 dye for 1 

hour at 37 °C. Trypsin-EDTA at 0.5% was applied to 

separate the cells, which were centrifuged for 5 minutes 

at 3000 rpm. Following suspension of cells in FACS 

buffer and flow cytometric analysis, histograms were 

generated. Flow cytometric histograms were created 

following suspension of cells in FACS buffer and 

counts were made (20). 

 

Ethics approval: Center for Cancer and Medical 

Genetic Research at Mustansiriyah University in 

Baghdad, Iraq with the Scientific Committee of the 

Department of Biology in the College of Education for 

Pure Science at Ibn-Al-Haitham University in Baghdad, 

Iraq approved the conduction of this study. 

 

Statistical analysis 
The results were statistically analyzed using 

GraphPad Prism 6 and are shown as the mean ± SD of 

three replicates for each experiment (21). The data were 

analyzed statistically using GraphPad Prism 6, and the 

results were presented as the mean ± SD of the three 

independent experiments. 

 

RESULTS 

Figure (2) showed how the color changes from 

yellow to dark violet, evidence of the biosynthesis of 

Ab-AuNPs using A. baumannii broth culture. 

-----------------------------------------------------------------------------------------------------------------

---------------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Exhibit gold nanodots in suspension. Particle sizes and shapes cause color differences 
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UV-Visible analysis 

The UV-Visible spectrum of Ab-AuNPs biosynthesized using A. baumannii broth culture, as seen in figure (3). 

Ab-AuNPs demonstrated surface plasmon resonance (SPR) bands about 574 nm in UV-Visible spectra. 

 

Figure (3): UV-Vis spectrum of Ab-AuNPs colloidal and A. baumannii broth culture. 

 

FTIR: 

The FT-IR spectra of Ab-AuNPs in figure (4) showed that the main peaks were at 3321.42, 2823.79, 2144.84, 

and1631.78 cm-1. The large height at 3321.42 cm-1 is the relativity O-H stretch of hydrogen-bonded alcohols, phenol, 

and the N-H stretch of amines or amides. Alkanes, aldehydes, and corrosive carboxylic compounds independently 

exhibit C=H stretches at 2823.79 cm-1, with C=O stretch at 1631.78 cm-1. The vibration of Ab-AuNP is shown by strong 

peaks in the region of 578.64-748.38 cm1. This result indicates that Ab-AuNPs were successfully produced (22). 

 

 

Fig. (4): FTIR spectrum of A. baumannii broth culture and (blue) the Ab-AuNPs colloidal. 

 

XRD analysis: 

Main peaks are shown in figure (5) at 111, 200, 220, and 311. These correspond to reflections with Bragg angles 

of 38.18°, 44, 51°, 64.80°, and 77.72° respectively. These findings confirm that the substance under study is, in fact, 

highly pure AuNPs. In order to calculate the average crystallite size of the Ab-AuNPs arrays, the Debye-Scherrer 

equation was used. 

Figure (5) demonstrated the main peaks at 111, 200, 220, and 311, which are respectively reflections with 2 values 

of Bragg angles 38.18°, 44, 51°, 64.80°, and 77.72°. These results showed that the analyzed substance is highly pure 

AuNPs. These findings demonstrated that the substance under study is in fact, highly pure AuNPs. The average 

crystallite size of the Ab-AuNPs arrays was calculated to be 26.82 nm using the Debye-Scherrer equation (23). 

D = 𝐾𝜆𝛽𝐶𝑂𝑆𝜃 [Debye-Scherrer equation] 
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It elaborates on the connection between XRD peak broadening and crystallite size. Where D is the average size of 

nanoparticles, K is the Scherrer constant, which has a value of 0.9, Bragg's angle, and the wavelength of the X-ray 

radiation source, 0.15406 nm. 

Figure (5): XRD of Ab-AuNPs biosynthesized using A. baumannii broth culture. 

 

TEM examination: 

Ab-AuNPs ranged in size from 20 to 90 nm, averaging 66 nm (Figures 6 and 7). The reaction starts with the 

generation of hemispherical Ab-AuNPs. Besides rectangular, triangular, pentagonal, cylindrical, irregular, and 

polymorphic shapes. Due to the high concentration of reducing factor in the culture broth of A. baumannii. 

Figure (6): TEM image of biosynthesized AuNPs using A. baumannii broth culture, (a) Average diameters of gold 

nanoparticles, (b) diverse shapes. 

Figure (7): TEM image of biosynthesized Ab-AuNPs using A. baumannii broth culture, (a) Average diameters of gold 

nanoparticles, (b) diverse shapes 
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FE-SEM: 

The FE-SEM results showed that Ab-AuNPs have a spherical form, a high degree of aggregation, and a size 

that ranges from 66 to 363 nm (Figure 8)  nm.  

Figure (8): FE-SEM images of biosynthesized Ab-AuNPs using A. baumannii broth culture, a, b, c shows shapes of Ab-

AuNPs. 

 

AFM analysis: 

The size distribution of Ab-AuNP can be seen on the 2D and 3D AFM images. No aggregation or agglomeration 

was observed in the AFM sample slide sample, showing the high stability of the Ab-AuNPs produced after two months 

of AuNP synthesis. Ab-AuNPs ranged in size from 15 to 125 nm, with a mean length of 63.82 nm. (Figure 9). 

 

Figure (9): AFM images of biosynthesized Ab-AuNPs using A. baumannii broth culture, (a) Two-Dimensional, (b) 

Three-Dimensional, and (c) Average particle size. 
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Zeta potential measurements: 

Figure (10) showed that the biosynthesized Ab-AuNPs produced by A. baumannii broth culture had a zeta 

potential of -22 mV and less than 30 mV, indicating that the particles are stable and do not aggregate. 

 

 Figure (10): Zeta potential analysis of biosynthesized Ab-AuNPs using A. baumannii broth culture. 

 

Evaluation of cytotoxic activity of synthetic Ab-AuNPs 

The cytotoxicity of Ab-AuNP on cells under in vitro conditions was assessed by the MTT technique in terms 

of the effect of nanoparticles on cell proliferation. In the current study, results of cytotoxicity of Ab-AuNP against the 

PC3 cell line showed that the cytotoxicity of Ab-AuNPs increases as the concentration increases (Figure 11). 

 

 

Figure (11): Cytotoxicity effect of biosynthesized Ab-AuNPs using A. baumannii broth culture on PC3 cells. IC50= 13.72 

µg/mL. 

 

The minimal inhibitory concentration of PC3 cells per reaction with Ab-AuNPs was received at 6.25 µg/mL and 

12.5 µg/mL (20.67% and 47.00%, respectively). The calculation of cytotoxicity was as follows: 

Inhibition rate (%) = (A- B/A) ×100 

Where A is the optical density of the control, and B is the optical density of the samples (18). 

     However, the maximum inhibitory concentration was 25, 50 mg/mL (57.33% and 80.67%); AuNP against the PC3 

cancer cell line but not against the normal MCF-10 cell line (Figures 12 & 13). 

 

Figure (12): Morphological alterations in PC3 cells after Ab-AuNP treatment 
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Figure (13): Cytotoxic effect of biosynthesized Ab-AuNPs using A. baumannii broth culture on MCF-10 cells. IC50= 

13.72 µg/mL. 

 

Cytotoxic effect of synthetic Ab-AuNPs on MCF-10 normal cell lines: 

The proliferation of lineage PC3 versus MCF-10 cells was significantly inhibited, as were PC3 line and MCF-

10 cells treated with Ab-AuNP simultaneously and under identical conditions, as shown in figure (14). 

 

Figure (14): Morphological alterations in MCF-10 cells after Ab-AuNP treatment 

AO and PI staining assay: 

Dual staining (AO/PI) is a fluorescent combination stain that detects morphological modification in the nucleus 

by producing distinctive fluorescent colors. Fluorescence dye permeability to the plasma membrane is enhanced in 

apoptotic cells. Dual cell staining and fluorescence microscopy were used to identify nucleus morphological changes 

after treating cell lines with the IC50 concentrations of Ab-AuNPs. IC50 doses of Ab-AuNPs disrupted lysosome 

membranes and vacuoles, whereas untreated cells labeled green with AO-PI demonstrated viability (Figure 15). 

Figure (15): Apoptosis marker in cancer cells, Fluorescence microscopy images of cell lines stained with acridine 

orange (AO) and propidium iodide (PI). Cells were treated with IC50 concentrations of Ab-AuNPs. Scale bare 30 µm. 

9.667±0.8819

20.67±2.186

47±1.732

57.33±1.202

80.67±1.202

0

20

40

60

80

100

3.1 µg/mL 6.25 µg/mL 12.5 µg/mL 25 µg/mL 50 µg/mL

C
y

to
to

x
ic

it
y

 (
%

)

Concentration



https://ejhm.journals.ekb.eg/ 

 

3893 

Effect of AuNPs on mitochondrial membrane potential of cancer cells 

Through cell death stimulation, apoptosis is caused by the mitochondria, which play a significant and crucial 

part. This organ's changes are marked by the decrease in its membrane potential (Figure 16), releasing cytochrome c 

protein into the cytoplasm. This study used a flow cytometry assay and followed the manufacturer's instructions to find 

apoptosis. The decrease in mitochondrial membrane potential in PC3 cells is an important and useful sign of apoptotic 

cell death (24). 

Figure (16): Effect of AuNPs on potential mitochondrial activity. 

---------------------------------------------------------------------------------------------------------------------------------------- 

 

DISCUSSION 

Ab-AuNPs were biosynthesized using the gold 

solution and A. baumannii broth cultures for the first 

time. Bacterial broth cultures contain polysaccharides, 

amino acids, peptides, proteins, and enzymes. The color 

changed from dazzling yellow to dark purple in broth 

culture, indicating Ab-AuNP synthesis. These chemicals 

capped and decreased Ab-AuNPs synthesis. These data 

reveal that metal biotransformation incorporates metals 

and metal oxides that diminish capping 

proteins/peptides, reductases, kinins, cytochromes, 

photokeratitis, or electron shuttles. It supports enzyme-

related studies (25). This study gave many broth cultures 

a constant amount of gold solution. Broth culture 

increased the color shift, indicating that AuNPs have 

more reducing and capping agents . This investigation 

promoted the reaction with a lot of broth medium Similar 

to Al-Kalifawi  (26). 

UV-Visible analysis: Surface plasmon 

resonance (SPR) bands were seen around 574 nm in the 

UV-Visible spectra of Au-NPs. The results of this study 

agree with what reported about how bacteria Klebsiella 

pneumonia were used to make AuNPs with surface 

plasmon resonance values between 400 and 700 nm. The 

color change of the solutions from yellow to purple could 

be used to track the production of gold nanoparticles. 

This showed that turning Au3+ into Au0 nanoparticles led 

to the formation of AuNPs (27). 

Fourier transforms infrared spectroscopy 

analysis: Ab-AuNPs were made, and their FTIR spectra 

showed no functional groups from the A. baumannii 

broth culture in the synthesized Ab-AuNPs showed that 

during the formation of Ab-AuNPs, some bonds can 

form, some can break, and some absorbances have 

decreased because it was used as a capping agent. When 

AuNPs move, they make sharp peaks between 578.64 

and 748.38 cm1. This means that Au-NPs were made 

correctly (28). 

X-Ray diffraction analysis: X-Bragg's 

examination of Ab-AuNPs, similar to a previous study 

using bacterial and yeast external and intracellular 

culture supernatants showed four prominent peaks in the 

XRD spectra (29). The reflection with two Bragg angles, 

38.18°, 44.51°, 64.80°, and 77.72° matches the greatest 

peaks at 111, 200, 220, and 311. These findings indicate 

extraordinarily pure Ab-AuNPs. The Debye-Scherrer 

equation calculates the array's Ab-AuNPs' average 

crystallite size as 26.82 nm. Our results are similar to 

yeast, bacteria, and plant extract AuNP studies (30). 

Transmission Electron Microscope analysis 

(TEM): The wide range of Ab-AuNPs in the solution 

showed that the Ab-AuNPs made under those conditions 

were polydispersed. This result is in line with the 

sample's UV-Vis analysis, in which broad spectrums 

were formed. Ab-AuNPs were found to have a diameter 

of between 20 and 90 nm, with an average of 60 nm. 

During the synthesis process, the magnetic stirrer might 

have moved in a way that made AuNPs different shapes. 
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These findings match prior research (31). 

Field Emission Scanning Electron Microscope 

analysis: The results of the FESEM of the biosynthesized 

gold showed much aggregation in the images. This is 

because of the heat that was created during the 

deposition process. It has demonstrated that the Ab-

AuNPs, which were about 66 nm to 363 nm in size, were 

made up of leftover bacteria or proteins with gold 

nanoparticles, with a cluster that looks like castor plant 

leaves (Figure 8). 

AFM Analysis: Atomic force microscopy 

measured the size and form of A. baumannii broth-

biosynthesized Ab-AuNPs (AFM). 2D and 3D AFM 

images and AuNP size distribution are shown. Ab-

AuNPs were 15-128 nm, with an average size of 63.8 

nm. 

Zeta Potential: Based on the results of the 

samples, the Zeta Potentials of the synthesized Ab-

AuNps were between -22 mV and 30 mV. This could be 

because the bacteria solution was used as a stabilizer. 

Bacteria solution comprises magnesium, chloride, 

potassium, sodium salts of dead bacterial cells, and 

nutrient broth. The salts break apart when bacteria are 

analyzed in water, revealing the negative charge. This 

allows the negative charge of the bacteria to interact with 

the positive charge of the gold nanoparticles, causing 

them to stick together.  

MTT assay: Synthesized Ab-AuNPs were used 

to test their cytotoxicity. Ab-AuNPs were tested for 

anticancer effects by inhibiting malignant cell 

proliferation. Synthesized Ab-AuNPs were harmful to 

PC3. While the results did not reveal that Ab-AuNPs 

generated cytotoxicity in healthy cells (MCF-10). 

Anticancer phenomena were found by analyzing the 

nanoparticles' capacity to diminish or block cancer cells, 

as shown in figure (12). Ab-AuNPs treatment of cancer 

cell lines (PC3) for 72 hours greatly reduced their 

proliferative capacity, which is consistent with the 

findings of studies (32). According to a survey by 

Abdullah and Mohammed (33), AuNPs significantly 

impact cancer cells compared to healthy cells. In 

contrast, the morphology of PC3 cells lines treated with 

Ab-AuNPs was altered. 

Effect of AuNPs on Apoptotic cells: Dual 

(Ao/Pi) staining is a fluorescent combination stain that 

detects morphological changes in the nucleus by 

generating a distinctive luminous color. Apoptotic cells 

of AO-Pi-PC-3-treated cells increased the plasma 

membrane's permeability to the fluorescent dye. Ab-

AuNPs at IC50 concentrations ruptured lysosomal 

membranes and vacuoles compared to MCF-10, which 

exhibited a green stain and indicated survivability.  

Effect of AuNPs on potential mitochondrial 

activity: The manufacturer's instructions identified 

apoptosis in this work using a flow cytometry technique. 

The decrease in mitochondrial membrane potential is an 

essential and crucial signal of apoptotic cell death. 

Compared to control cells, this is linked to the depletion 

of mitochondrial membrane potential. Ab-AuNPs were 

discovered to have strong lethal effects on aberrant cells 

in local investigations (34). These results are consistent 

with these findings. As a result, these nanoparticles may 

be utilized in researching and developing efficient 

anticancer drugs. 

 

CONCLUSION 

We found that using A. baumannii broth culture 

to make Ab-AuNPs is a relatively safe way to do it 

because no outside chemicals are used. The process is 

easy to scale up, and the cost is stable. The anticancer 

effects of gold nanoparticles showed that they might 

have the potential to be utilized as a different anticancer 

treatment agent, pending assuredly more evaluation. 
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