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Abstract

Background: Metal nanoparticles such as gold (Au NPs) are less poisonous than those used in drug transporters
through several features, making them predominantly suitable for biological or pharmacological requirements.
Materials and Methods: manufactured Au-NPs-PEG, then followed by encapsulation with SH-PEG-COOH to create
a conjugate, which was validated via X-Ray diffraction analysis (XRD), in addition to Field-emission scanning electron
microscopy (FE-SEM). The effectiveness of the Au NPs and Au NPs-PEG to MCF-7 (a cell line from human breast
cancer) was estimated using antioxidant activity and clonogenicity assays. Results: The results showed that the produced
nanoparticles were generally sphere-shaped with a smooth surface, with sizes of about 20.57 = 2.51 nm and 29.14 +
3.31 nm for gold nanoparticles and gold nanoparticles -PEG conjugate, respectively. Investigations were conducted
into the antioxidant capacity of Au NPs and Au NPs-PEG conjugate against DPPH, and the Au NPs-PEG conjugate
showed the maximum radical scavenging (84.661.79%) in concentration-dependent increments. A clonogenic survival
assay investigated Au NPs and Au NPs-PEG conjugates for cytotoxicity against the MCF-7 cell line. Au NPs conjugate
lowered the number of MCF-7 clones more effectively than the control. Conclusions: The generated Au NPs-PEG had
a strong cytotoxic effect on the MCF-7 cells, accelerating cell death and enhancing cellular absorption of the chemical.
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diagnosis and treatment systems. Current advancements
have nano-systems coupled to imaging probes and
targeting aspects such as antibodies, aptamers, and

Introduction

Cancer is a significant medical problem that affects

millions around the world. Over 11 million individuals
are diagnosed with diverse categories of cancer each year.
By 2022, this number is predicted to climb to 17 million.
The common type of cancer leading to malignancy and its
primary reason for the decrease in females is breast cancer
[1, 2]. May cancer treatments, for example, radiation,
immunotherapy, and hormone therapy, are unsatisfactorily
active due to the non-specific transport to the target site of
the drug. The likelihood of reappearance, restricted value
of the drug, with unfavorable consequences [3, 4]. As a
result, A new, highly valuable chemotherapeutic drug is
desperately needed, as well as strategies for delivering
these mediators to transformed cells in a targeted manner.
The field of nanotechnology remains in its infancy, but it
has the potential to solve many issues in a wide range of
fields [5]. Standard cancer therapy methods have changed
in recent years, benefiting from nanotechnology-based

enzymes. Nanoparticles are routinely used in modern
medicine and have even established more innovative
applications [6]. An attractive benefit of its nanoscale
manufacturing capability and functionalization is due
to the presence of SH (thiol) and NH3 (amine) groups,
permitting the conjugation of different functional groups,
specific antibodies, or pharmaceutical products [7, 8].
Au NPs are also biocompatible and easily conjugatable
with other bioactive molecules like polyethylene glycol
(PEG). They also have unique optical properties, which
lead to a faster binding to active groups like NH3 and SH,
resulting in a broader range of possibilities for altering the
cell surface [9, 10].

Despite these advantages, the biocompatibility and
cytotoxicity of nanoparticles, which vary depending
on properties such as size, form, surface, and chemical
structure, are critical factors that should be considered
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before clinical applications [ 11, 12]. When the nanoparticles
are taken by the cells, proteins of the adjacent environment
form a corona around the nanoparticles’ surface, resulting
in a nanoparticle-protein combination. The corona of this
protein structure is remarkably diverse and flexible, and
it is very significant in the nanoparticle’s biodistribution
in the tissues [13, 14].

Au NPs in the corona combination have an opsonin
surface, by which immune cells identify this substance,
which is a reticuloendothelial system component
(RES). Such substances, in essence, regulate the path of
internalization of nanoparticles, and, as a result, influence
the destiny of the nanoparticles in the tissue [15, 16].
Albumin, fibrinogen, immunoglobulin G, immunoglobulin
M, transferrin, and other proteins are extracted from the
plasma’s corona complex [17]. Changes in particle size
and a charge may be caused by the corona complex that
affects the uptake process of RES immune cells and
their body’s general distribution [18, 19]. Many proteins
help immune cells distinguish nanoparticles; they have
been shown to increase phagocytosis and then eliminate
nanoparticles from specific tissues. However, dies-
opsonins, for instance, albumins, have been shown to
enhance nanoparticles to circulate through the blood for
an extended time [20]. To prevent immune recognition of
nanoparticles, scientists have developed a process known
as “PEGylation,” in which nanoparticles “cover” their
surfaces with a PEG layer. It shields them from antibody
detection, thereby extending their blood supply. The
modification of nanoparticles with PEG can be applied
to a surface by either adsorbing or covalently attaching
the PEG chains to nanoparticles [21, 22]. According to
what was previously stated, the goal of this study was to
design and test the ability of the Au NPs-PEG conjugate
as a candidate for anti-tumor therapy in vitro [23].

Materials and Methods

The Iraqi Center for Cancer and Medical Genetic
Research, AL-Mustansiriyah University, Baghdad, Iraq,
provided the human breast (MCF-7) cancer cell line.
Trypsin/EDTA, serum of fetal bovine, DMSO (di-methyl
sulfoxide), DPPH 32,2- (Diphenylpicrylhydrazyl), SH-
PEG-COOH (Poly ethylene (2-mercaptoethyl) ether acetic
acid) MTT Kit (Intron Biotech, Korea), antimicrobials as
bacitracin and trimethoprim were provided from Sigma-
Chemical Company (USA).

Generation of Metallic Nanoparticles

The Au NPs were produced using the technique
described by Wu and his colleagues [19] with minor
changes. Au NPs of 21 nm were created through boiling
100 milliliters of tri-sodium citrate with 2 mL of gold salts.
Within 10 minutes, the solution altered to a wine-colored
colour, suggesting the production of Au NPs. The mixture
was subsequently cooled to room temperature with periodic
stirring. The Au NPs—PEG preparation was mixed 1 mL
SH-PEG-COOH with 100 mL of Au NPs. The mixture was
stirred at 300 RPM. The citrate was exchanged thoroughly
with the thiol at room temperature overnight. The mixture
was cooled to 4°C and centrifugation at 13000 rpm for 30
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minutes. The supernatant was discarded, The pellet was
re-dispersed in phosphate-buffered saline (PBS). The Au
NPs-PEG were completely purified for confirmation, and
the centrifugation step was repeated.

Au NPs-PEG Characterization

FE-SEM is a scanning electron microscope that
uses field emission. Examination was shown via MIRA
3 TE-SCAN to recognize the structural features of the
produced Au NPs-PEG. A diffractometer for X-rays was
used to clarify the crystals of the produced Au NPs-PEG.
A Cu incident beam was used to determine the particles’
diffraction patterns.

Free radical scavenging capacity

According to [24]. The DPPH test was used to assess
the ability to scavenge free radicals’ ability of Au NPs
and Au NPs—PEG Briefly, in a cuvette, A combination of
DPPH (60 mM) and each compound’s IC50 concentration
(0.5 mL) was produced and allowed to stay at 25 °C for
35 min. At 517 nm, absorbance was measured using a
UV/VIS spectrophotometer (Lambda 19, PerkinElmer,
Waltham, MA).

Maintenance and culture of cell lines

MCF-7 cells were cultivated in tissue-culture flasks
(T 25 em2, Falcon, USA) at 5 percent CO2 and 37 °C in
RPMI-1640 supplied with L-glutamine (2 mM), HEPES
(20 mM), and FBS (10%) for an in vitro cytotoxicity
experiment.

Cytotoxicity Assays

The MTT assay was conducted utilizing 96-well plates
to assess the cytotoxic effects of AuNPs. [25]. Cell lines
were seeded at a density of 1 x 10* cells per well following
24 hours. A confluent monolayer was formed. MCF-7
cells underwent treatment with AuNPs. After 72 hours of
treatment, cell viability was evaluated by removing the
medium, adding 28 pL of a 2 mg/mL MTT solution, and
incubating the cells for 2.5 hours at 37°C. Following the
removal of the MTT solution, the crystals in the wells were
solubilized by the addition of 130 pL of DMSO (Dimethyl
Sulphoxide) and incubated at 37°C for 15 minutes with
shaking [26, 27].

The absorbance was quantified at 492 nm utilizing a
microplate reader, and the experiment was conducted in
triplicate. The cell growth inhibition rate (percentage of
cytotoxicity) was calculated using the following equation
[28].

Rate of Inhibition = A- B/A*100

A represents the control’s optical density, while B
denotes the samples’ optical density [29].

A and B represent the optical densities of the control
and test, respectively, for observing cell morphology
under an inverted microscope. Cells were inoculated into
24-well microtiter plates at a density of 1x10° cells mL—1
and incubated for 24 hours at 37 °C. Subsequently, cells
were subjected to AuNPs for 24 hours. After exposure,
the plates were stained with crystal violet and incubated
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at 37°C for 10 to 15 minutes. The stain was meticulously
rinsed with tap water until the dye was entirely eliminated.
The cells were observed using an inverted microscope
at 100x magnification, and images were captured with a
digital camera linked to the microscope [30].

Data was analyzed using an unpaired t-test using
GraphPad Prism 6. Values were provided as the mean +
SD of triplicate measurements [31].

Ethical consideration

The research followed the ethical guidelines specified
in the Helsinki Declaration. To get this permission, the
local ethics committee amended and approved a research
protocol by Document Number 61 on August 4, 2024.

Results

Creating Au NPs and Au NPs-PEG

Many techniques, including chemical, physical,
and biological ones, have been used to create gold
nanoparticles (Au NPs) of regulated size and form, and
they have significantly improved human health. Citrate
reduction of gold salts resulted in the creation of Au NPs.
As tetra-chloroauric acid trihydrate solution was added
dropwise to boiling sodium citrate dihydrate, the color
progressively converted from pale yellow to brilliant red,

suggesting the creation of spherical Au NPs with a size of
less than 50 nm, as shown in Figure 1. The second phase
was to functionalize Au NPs via Au-S bonds with SH-
PEG-COOH to produce the final conjugate Au NPs-PEG.

X-ray diffraction characterization (XRD)

XRD was used to investigate the crystal-like phase
of Au NPs and Au NPs-PEG. The physical investigation
of Au NPs and Au NPs-PEG using XRD is shown in
Figure 2A and B. Firm diffraction peaks at (38.20), (44.40),
(64.70), and (77.70) connect the Bragg’s reflections of the
111, 200, 220, and 311 planes to the face-centered cubic
of typical Au (Figure 2C).

Scanning electron microscopy using field emission (FE-
SEM)

Figure 3 shows the Au NPs developed uniform
surfaces by perfectly separating, then a sphere appearance
through a size distribution of about 22.57 1.51 nm for Au
NPs and 28.14 2.31 nm for Au NPs-PEG. Most particles
were distributed in a single, uniform pattern without
accumulations. This might be because the Au NPs were
in a citrate-reduced mixture.

Capacity for Free Radical Scavenging
Free radical scavenging action of DPPH of Au NPs

Figure 1. Shows the Gold Salts (A), Au NPs (B), and Au NPs-PEG (C).
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Figure 3. Scanning Electron Microscopy with Field-
Emission. Au NPs (A) and Au NPs-PEG (B).

and conjugate was determined using a stable DPPH free
radical scavenging assay at 100 g mL-1 for each treatment
(Figure 4). The mean absorption at 517 nm was calculated

and compared to the results obtained with vitamin C. The
results revealed that Au NPs had an antioxidant activity
of 55.24, with significant differences (p 0.0001) when
compared to vitamin C. Surprisingly, Au NPs-PEG had the
highest radical scavenging activity of 78.334.73 percent,
with no significant difference in scavenging activity when
compared to vitamin The results show that Au NPs-PEG
was more efficient than Au NPs in terms of hydrogen
atom donation and the elimination of DPPH’s unstable
electrons.

The cytotoxic effect of (Au NPs)

Figures 5 and 6 show the viability of MCF-7 cells
after treatment with varying doses of Au NPs-PEG. The
compound treatment for 24 hours resulted in considerable
cellular growth suppression (P > 0.5), which was
concentration-dependent. The highest cytotoxicity was
seen at a concentration of 50 ug ML-1. The conjugate’s
cytotoxic impact on MCF-7 cells was investigated. The
antiproliferative effect of (Au NPs-PEG) was investigated
by examining their capacity to suppress cell growth. The
results showed that the AuNPs have a high cytotoxic
impact against breast cancer cell types.
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Figure 4. DPPH (Free Radical Scavenging) Activity of Au NPs and Au NPs-PEG. Vitamin C was used as a positive
control. The data shows that the percent of antioxidant potential is at 517 nm (mean SD). **, p 0.01; NS, nonsignificant;

SD, standard deviation. (n = 3).
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Figure 6. Control Untreated MCF-7 Cells. A. Morphological changes in MCF-7 cells after being treated with AuNPs-
PEG. B. Magnification power 10x.

Discussion

Citrate reduction is an excellent approach for creating
Au NPs since the citrate ions on the surfaces of Au NPs
get negatively charged, and Au NPs spread effectively in
polar solvents like water [32]. A colour change has most
probably been caused by the appearance of maximum
absorption of localized plasmon resonances (LSPR),
which is characteristic of containing nanostructures such
as gold. Additionally, Au NPs are surprisingly small
nanoparticles in which electrons cannot flow as easily
as in bulk metal. Due to this limitation in mobility, Au
nanoparticles react to visible light differentially [33].

Compared to traditional procedures, our synthetic
process streamlines the steps, reduces reaction time,
and cost. As a result, many such Au NPs-PEG may be
easily generated using a similar ecologically favorable
method. Au NPs are small spheres ranging from 19 to 55
nm, commonly utilized in cancer treatment because they
can swiftly enter cancer cells, functionalize, and interact
with various chemicals. As a result, Au nanoparticles are
frequently recognized as the most efficient drug-carrier
choice for treating a variety of malignancies [34]. Au NPs
coating with a single PEG layer or many PEG layers in
combination with other compounds would aid in GNP
internalization within target cells. As a result of their
capacity to connect to cell membranes, these Au NPs
might be effective medication carriers [35].

To improve antitumor efficacy, this study aims to
look into the therapeutic potential of PEGylated Au
NPs to assess their influence on human breast cancer.
According to XRD, it indicated. Furthermore, Au NPs and
Au NPs-PEG were primarily crystalline in the whole set
of Au NPs-PEG diffraction peaks of Au NPs, indicating
the structural stability of Au NPs under the influence of
PEG. The newly identified diffraction peaks for Au NPs-
PEG at 32.3 © and 56.1 indicated the good crystallization
of PEG on a GNP’s surface. A few other intense peaks
were discovered in the neighborhood of the Au NPs-PEG
unique peaks. These peaks might have been generated by
intermediary chemicals formed during production.

The appearance of these unselected external peaks
did not influence the gold-specific Bragg reflection
peaks, suggesting that their presence may help stabilize
Au NPs. Citrate ions can provide a negative charge on

the surface of Au NPs, allowing them to disperse [36].
efficiently. Au NPs-PEG spherical nanoscale particles had
atypical size 0f 29.14 +3.31 nm, as shown in Figure 3-B,
which could be attributed to the PEG existence, which
caused size shifting. However, compared to Au NPs,
Au NPs-PEG were not as monodisperse. Because of the
presence of PEG, the nanoparticles formed hydrophobic
interactions. Similarly, smooth and spherically formed
Au NPs FE-SEM profiles revealed little homogeneity,
and clusters of spherical structure appeared [24, 37].
Indeed, the antioxidant activity of citrate-capped Au NPs
is achieved by donating hydrogen atoms, which removes
DPPH’s unstable electron. The PEG may be responsible
for the significant antioxidant activity of Au NPs-PEG.
The latter was found to have strong antioxidant properties
against radicals such as peroxide, nitric oxide, hydroxyl,
superoxide, and hydrogen, and the potential to be used
as a therapeutic agent for leukemia [25].

Furthermore, the increased antioxidant activity of
Au NPs-PEG could be due to functional groupings,
such as amine and hydroxyl groups, which aid in better
radical scavenging ability [38]. Meanwhile, Au NPs-PEG
demonstrated greater antioxidant activity than citrate-
capped Au NPs and may be useful in treating a broad
variety of harmful diseases. The functionalized PEG on
Au NPs demonstrated long-term stability, which could
be helpful in long-term chemotherapy for cancer cells
[39, 40]. The fast loss of MCF-7 clonogenic potential
revealed that 24 hours of continuous exposure to the Au
NPs-PEG resulted in MCF-7 cell death. The numerous
pathways of necrosis and apoptosis are almost certainly
implicated in cell viability suppression following Au NPs-
PEG conjugate treatment. As a result, further research
was necessary to determine the precise mechanism of
cell death induction.

In conclusions, Au NPs can be directly functionalized
with PGE, resulting in a conjugate with excellent
biocompatibility and stability. The produced Au NPs-PEG
revealed a very cytotoxic outcome. The breast cancer cell
line (MCF-7) induces cell death and increases cellular
absorption of the compound. These findings validated
the ability to generate cytocompatible Au NPs-PGE that
induce apoptosis and develop new anticancer medicines.
Further research is needed to fully appreciate the influence
of AuNPs-PEG in inhibiting cancer progression and killing
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malignant cells accurately. Finally, we are optimistic that
our work will include groundbreaking information for
applying diverse materials and multifunctionality in cancer
therapy via programmed cell death (apoptosis).

Author Contribution Statement

Ali G. Al-Dulimil,Samah Ali Al Lateef : Study design.
Ahmed Flayyih Hasan: Writing the manuscript and
corresponding with the journal. Mustafa Hadi , Zina F.H.
Al-Obaidi: Conducting data and statistical work.

Acknowledgements

Conflicts of interest
There aren’t any interests.

References

1. AliJ, Hassan S, Merzah M, Ali H, Merzah M. Prolactin serum
levels and breast cancer: Relationships with hematological
factors among cases in Karbala Province, Iraq. Med J
Babylon. 2018;15:178-85]

2. Jasim BH, Ali EH. Isolation, extraction, purification, and
characterization of fibrinolytic enzyme from pseudomonas
aeruginosa and estimation of the molecular weight of the
enzyme. Arch Razi Inst. 2021;76(4):809-20. https://doi.
org/10.22092/ari.2021.355745.1716.

3. Almuthaffer A. Awareness and attitude on use of
nanotechnology among dental and medical professionals in
iraq. Med J Babylon. 2022;19:528. https://doi.org/10.4103/
MJBL.MJBL 94 22.

4. Abdula AM, Mohsen GL, Jasim BH, Jabir MS, Rushdi
AIR, Baqi Y. Synthesis, pharmacological evaluation,
and in silico study of new 3-furan-1-thiophene-based
chalcones as antibacterial and anticancer agents. Heliyon.
2024;10(11):32257. https://doi.org/10.1016/j.heliyon.2024.
e32257.

5. Omran ZH, Hussen AK, Yahya AM, Mohammed DA,
Rawdhan HA, Ahmed HM, et al. Copper nanoparticles
against two types of bacteria staphylococcus aureus and
escherichia coli. J Nanostruct. 2024;14(3):780-8. https://
doi.org/10.22052/jns.2024.03.008.

6. Vines JB, Yoon JH, Ryu NE, Lim DJ, Park H. Gold
nanoparticles for photothermal cancer therapy. Frontiers in
chemistry. 2019;7:167.

7. Sotnikov DV, Berlina AN, Ivanov VS, Zherdev AV, Dzantiev
BB. Adsorption of proteins on gold nanoparticles: One or
more layers? Colloids Surf B Biointerfaces. 2019;173:557-
63. https://doi.org/10.1016/j.colsurfb.2018.10.025.

8. Chakrabarti S, Barrow CJ, Kanwar RK, Ramana V, Veedu
RN, Kanwar JR. Evaluation of novel anti-VEGF molecules
in the animal model of human lung cancer. Aptamers and
Synthetic Antibodies. 2017;3(1):74-93.

9.LimZZ, LiJE, Ng CT, Yung LY, Bay BH. Gold nanoparticles
in cancer therapy. Acta Pharmacol Sin. 2011;32(8):983-90.
https://doi.org/10.1038/aps.2011.82.

10. Rehman SU, Arshad L, Ali S, Azeem S, Khan S, Sameed
A, et al. Unlocking the medicinal potential of sarcococca
saligna: Green synthesis of silver and gold nanoparticles
for enhanced antibacterial and antifungal applications. Pak J
Agric. 2023;36(4):327-34. https://doi.org/10.17582/journal.
pjar/2023/36.4.327.334.

11. Dobrovolskaia MA, Patri AK, Zheng J, Clogston JD,
Ayub N, Aggarwal P, et al. Interaction of colloidal gold

4224 4sian Pacific Journal of Cancer Prevention, Vol 26

nanoparticles with human blood: Effects on particle
size and analysis of plasma protein binding profiles.
Nanomedicine. 2009;5(2):106-17. https://doi.org/10.1016/].
nano.2008.08.001.

12. Jasim B, Sattar R, Dhary M, Ali E, Jabir M, Saddi M, et al.
Thrombolytic activity and antibacterial activity optimize
staphylokinase enzyme production from staphylococcus
aureus. Indones J Biotechnol. 2025;30:26-33. https://doi.
org/10.22146/ijbiotech.95686.

13.Karakoti AS, Das S, Thevuthasan S, Seal S. Pegylated inorganic
nanoparticles. Angew Chem Int Ed Engl. 2011;50(9):1980-
94. https://doi.org/10.1002/anie.201002969.

14. Alzahani F. Co-treatment of caffeic acid phenethyl ester with
chitosan nanoparticles inhibits DNA methylation in hepg2
cells. Pak J Zool. 2022;56. https://doi.org/10.17582/journal.
pjz/20220407050442.

15. Mackay F, Figgett WA, Saulep D, Lepage M, Hibbs ML.
B-cell stage and context-dependent requirements for
survival signals from baff and the b-cell receptor. Immunol
Rev. 2010;237(1):205-25. https://doi.org/10.1111/1.1600-
065X.2010.00944.x.

16. Shafique Q. Cloning and expression of human interleukin
2 (il-2) in e. Coli and its antitumor activity. Pak J
Zool. 2023;56(3):1263. https://doi.org/10.17582/journal.
pjz/20220822180803.

17. Neagu M, Piperigkou Z, Karamanou K, Engin AB, Docea
AOQ, Constantin C, et al. Protein bio-corona: Critical issue in
immune nanotoxicology. Arch Toxicol. 2017;91(3):1031-48.
https://doi.org/10.1007/s00204-016-1797-5.

18. Sempf K, Arrey T, Gelperina S, Schorge T, Meyer B, Karas
M, et al. Adsorption of plasma proteins on uncoated plga
nanoparticles. Eur J Pharm Biopharm. 2013;85(1):53-60.
https://doi.org/10.1016/j.ejpb.2012.11.030.

19. Kadhim AS, Jasim BH, Ghadir GK. Antibacterial activity
of klebsiella pneumoniae isolated from pneumonia patients.
J emerg med trauma acute care. 2024;2024(6 - Al-Bayan
University Scientific Conference). https://doi.org/10.5339/
jemtac.2024.absc.18.

20. Singh P, Pandit S, Mokkapati V, Garg A, Ravikumar

V, Mijakovic 1. Gold nanoparticles in diagnostics
and therapeutics for human cancer. Int J Mol Sci.
2018;19(7):1979-83. https://doi.org/10.3390/ijms19071979.

. Khezri S, Moghaddas E, Mehdi M. Application of

nanotechnology in the food industry and related health
concern challenges. Int J Adv Biotechnol Res. 2016; 6:612-
20.

22. Hatem M, Kadhim A, Obayes K, Jasim B, Flayyih Hasan
A, Nafea M. Biosynthesis of tio2 nanoparticles and
evaluation of their antibacterial activities. J Biosci Appl Res.
2025;11:260-9. https://doi.org/10.21608/jbaar.2025.419831.

23.WuM, Zhang Y, Zhang Y, Wu M, Wu M, Wu H, et al. Tumor
angiogenesis targeting and imaging using gold nanoparticle
probe with directly conjugated cyclic ngr. RSC Advances.
2018;8(3):1706-16. https://doi.org/10.1039/C7RA10155D.

24. Lingling W, Guihua Z, Wei Y, Dahai Z, Yingchun Z,
Liye Z, et al. Photothermal properties of near-spherical
gold nanofluids with strong localized surface plasmon
resonance. J Therm Sci Eng Appl. 2017;10(1). https://doi.
org/10.1115/1.4036800.

25. Vijayakumar S, Vasecharan B, Malaikozhundan B, Gopi N,
Ekambaram P, Pachaiappan R, et al. Therapeutic effects of
gold nanoparticles synthesized using musa paradisiaca peel
extract against multiple antibiotic resistant enterococcus
faecalis biofilms and human lung cancer cells (a549).
Microb Pathog. 2017;102:173-83. https://doi.org/10.1016/;.
micpath.2016.11.029.

26. Kong FY, Zhang JW, Li RF, Wang ZX, Wang WJ, Wang W.

2

—_



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

DOI:10.31557/APJCP.2025.26.11.4219

Modification of Gold Nanoparticles Provides Antioxidant and Anti-Tumor Properties

Unique roles of gold nanoparticles in drug delivery, targeting
and imaging applications. Molecules. 2017;22(9). https://
doi.org/10.3390/molecules22091445.

Jasim B, Mohammed K, Mohammed S, Sulaiman S,
Flayyih Hasan A, Mohammed S. Extraction, optimization,
and purification of anti-cancer l-glutaminase enzyme
from bacillus subtilis b7. Opera Medica et Physiologica.
2025;12:43-57.

Tiwari PM, Vig K, Dennis VA, Singh SR. Functionalized
gold nanoparticles and their biomedical applications.
Nanomaterials (Basel). 2011;1(1):31-63. https://doi.
org/10.3390/nano1010031.

Crowley LC, Marfell BJ, Waterhouse NJ. Analyzing cell
death by nuclear staining with hoechst 33342. Cold Spring
Harb Protoc. 2016;2016(9). https://doi.org/10.1101/pdb.
prot087205.

Baskar G, Lalitha K, Garrick BG, Chamundeeswari M.
Conjugation, labeling and characterization of asparaginase
bound silver nanoparticles for anticancer applications. Indian
J Exp Biol. 2017;55:421-6.

Salari S, Esmacilzadeh Bahabadi S, Samzadeh-Kermani
A, Yosefzaei F. In-vitro evaluation of antioxidant
and antibacterial potential of greensynthesized silver
nanoparticles using prosopis farcta fruit extract. Iran J Pharm
Res. 2019;18(1):430-55.

Pérez-Cruz K, Moncada-Basualto M, Morales-Valenzuela J,

Barriga-Gonzalez G, Navarrete-Encina P, Nufiez-Vergara L,
et al. Synthesis and antioxidant study of new polyphenolic
hybrid-coumarins. Arab J Chem. 2018;11(4):525-37. https://
doi.org/10.1016/j.arabjc.2017.05.007.

Raghunandan D, Ravishankar B, Sharanbasava G, Mahesh

DB, Harsoor V, Yalagatti MS, et al. Anti-cancer studies of
noble metal nanoparticles synthesized using different plant
extracts. Cancer Nanotechnol. 2011;2(1-6):57-65. https://
doi.org/10.1007/s12645-011-0014-8.

Al-Shammari AM, Al-Saadi H, Al-Shammari SM, Jabir
MS. Galangin enhances gold nanoparticles as anti-tumor
agents against ovarian cancer cells. InAIP Conference
Proceedings 2020 Mar 25 (Vol. 2213, No. 1, p. 020206).
AIP Publishing LLC.

Ibrahim AA, Kareem MM, Al-Noor TH, Al-Muhimeed T,
AlObaid AA, Albukhaty S, et al. Pt(ii)-thiocarbohydrazone
complex as cytotoxic agent and apoptosis inducer in
caov-3 and ht-29 cells through the p53 and caspase-8
pathways. Pharmaceuticals (Basel). 2021;14(6). https://doi.
0rg/10.3390/ph14060509.

Sameen AM, Jabir MS, Al-Ani MQ. Therapeutic combination
of gold nanoparticles and LPS as cytotoxic and apoptosis
inducer in breast cancer cells. InAIP Conference Proceedings

2020 Mar 25 (Vol. 2213, No. 1, p. 020215). AIP Publishing
LLC.

Siddiqui RA. Prevention of rhabdomyolysis-induced
acute kidney injury via attenuation of oxidative injury and
inflammation by cinnamic acid coated gold nanoparticles in
mice. Pak J Zool. 2022;56(2):653. https://doi.org/10.17582/
journal.pjz/20220104040118
Verma H, Singh P, Chavan R. Gold nanoparticle: Synthesis
and characterization. Vet World. 2014;7:72-7. https://doi.
org/10.14202/vetworld.2014.72-77.

Aiswarya R, G B. Microbial production of l-asparaginase
and its immobilization on chitosan for mitigation of
acrylamide in heat processed carrot slices. Indian J Exp

Biol. 2018;56:504-10.

Salih H, Al-Bayati M. Spermicidal activity of gold
nanoparticles on male mice in vitro. Adv Anim Vet Sci.
2025;13(1):176-88.

Glolel

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Asian Pacific Journal of Cancer Prevention, Vol 26 4225



