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Abstract

Cancer is an extremely serious disease with increasing prevalence all over the world. It is quite challenging
to treat cancer. Although many treatments options like chemotherapy, radiotherapy, surgery etc. are currently
available; however, they have damaging side effects. The discovery of nanoparticle’s potential to have anticancer
properties has opened new avenues in this field of research. Studies have revealed that when anticancer drugs are
conjugated with Nanoparticles (NPs), they enhance their activity against cancerous cells showing a remarkable
reduction in unintentional toxic effects on healthy cells. A variety of NPs can be used in anticancer treatment, but
this review focused on gold nanoparticles with the potential scope to be used in cancer treatment. Due to their
chemical inertness, gold nanoparticles are a fantastic option for cancer treatment and a wide range of other
biological applications. This review covers several anticancer drugs that can be conjugated with gold nanoparticles
and discuss the effects of these conjugates on various cancer cell types in vitro. The numerous in vivo and in vitro
investigations covered in this study demonstrated that gold nanoparticles are a promising option for first-
generation cancer medication. Moreover, by delivering these medications straight to the target cells by gold
nanoparticles conjugation, the dosage and negative side effects can be decreased.
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Introduction

With considerable incidence and mortality rates in both industrialized and developing nations, cancer is the
second most common cause of death worldwide and a serious public health concern. The onset of it happens when
a cell begins to proliferate uncontrollably and deviates from the standard laws of cell division (Miller et al., 2022).
Cancer is the result of aberrant cells proliferating out of control because of an inability to govern apoptosis, or
programmed cell death. Uncontrollably growing and developing cells might result from disruptions in their
programming (Giaquinto et al., 2022).
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Cancer Prevalence: Cancer constitutes a huge burden on society and the event of cancer is expanding globally
due to various factors. (Torre et al., 2015). Public health depends on knowing the cancer prevalence, which
indicates the number of people who have the disease at any given time. By using this data, healthcare organizations
may plan and distribute resources more effectively, resulting in an adequate supply of services for support, care,
and treatment (Mao et al., 2022). Policymakers can more effectively prioritize financing and research to enhance
patient outcomes and overall quality of life by knowing the prevalence of cancer. This all-encompassing
perspective aids in decision-making for more efficient disease combat (Corso et al., 2023). According to
GLOBOCAN 2018, there were 18 million new cases of malign tumors and approximately in 2018, 9.6 million
human beings died from most cancers globally (Bray et al., 2018). According to current data, it’s far expected
that during 2019, there may be more than 1.7 million new instances and 0.6 million deaths due to cancer within
the United States only (Siegel et al., 2019). There were estimated to be instances of most cancers in 2020 (Sung
et al., 2021). Similarly, in 2023, 1,958,310 new instances of different cancers and 609,820 deaths because of
cancers are anticipated to arise within United States (Siegel et al., 2023). Moreover, predictions indicate that
cancer is expected to cause 26 million new instances and 17 million deaths each year by 2030 (Thun et al., 2010).
On comparing the incidence of most cancers in Pakistan with other neighboring countries such as India,
Bangladesh and Afghanistan, Pakistan was ranked second, while the mortality rate and prevalence also showed
similar results (Abbas et al., 2020).

Types of Cancer: There are over a hundred diverse forms of cancers. It is difficult to treat due to high rate of
mutation and metastasis of the cancer cells (Chen and Zhao, 2018). Breast, lip, oral cavity, cervix, uterus,
colorectal and bladder are the most common types of cancer in Pakistan (Sarwar and Sagib, 2017).

Conventional Treatments: Chemotherapy, radiation therapy, hormonal treatment, surgical treatments and a
variety of anticancer drugs are common treatment alternatives for cancer (Wallington et al., 2016). Chemotherapy
is one of the methods of treating this disease and the advances in anti-cancer drugs have improved patient care.
Regrettably, the traditional chemical drugs also have negative side effects on healthy cells and tissues, including
alopecia, nausea, vomiting, and restriction of bone marrow function (Baskar et al., 2014; Sak, 2012).

Radiotherapy (RT), also known as radiation therapy, is one of the most effective treatments for cancer
providing survival benefits as well as palliative care (Liauw et al., 2013; Prise, 2006). RT uses high radiation
dosages to kill the cancer cells and reduce size of tumors, however, high radiation doses can also damage the
neighboring healthy cells. RT cures cancer by enhancing the resistant framework against the cancer cells.
However, it frequently happens that the resistant framework acts against sound cells and tissues (Boisselier and
Astruc, 2009).

Nanoparticles: Although the above treatments are not always successful and have some side effects, it’s still the
first-line clinical treatment for cancer. The progress in nanotechnology has resulted in the creation of novel
nanomaterials possessing a multitude of appealing characteristics, presenting a hopeful avenue for the integration
of diverse cancer therapies (Deng et al., 2018). The focus of study is on nanoparticles (NPs) as a novel platform
for site-specific cancer therapy. Innovative instruments called nano carriers are used to deliver cancer therapies to
precise target locations. Different nanoparticles (NPs) have led to the development of numerous distribution
techniques over the ages. These include nano polymers, NP liposomes, nano dendrimers, nanorods, and nanotubes.
Focused therapy of cancer makes use of these various kinds of nanoparticles (Beik et al., 2016). Scientists and
researchers are creating novel instruments and fresh methods for basic research topics, even if extensive research
is still in its early phases. These comprise toxicity reduction, target indications, medication synthesis, drug carriers,
and tool optimization (Brown et al., 2010). Nanomaterials have the potential to enhance the effectiveness of
medications in specifically targeting cancer cells while reducing the adverse effects on non-targeted cells
(Muntimadugu et al., 2017). Because of the way these nanomaterials interact with the cytosolic glutathione, they
have a tendency to collect within cells. Heavy-atom nanoparticles tend to accumulate more in tumors than in
normal tissues because glutathione levels are much higher in cancer cells than in normal cells (Stobiecka et al.,
2019). The NPs between 5 and 100 nm in size are more likely to survive renal clearance to have good circulation
time to accumulate in tumors (Albanese et al., 2012). Because of their size advantage, scientists have concentrated
on creating new NPs for use in diagnosis and on creating nanotechnology-based pharmaceutical devices for
disease staging, response to treatment management, and stratification of disease (Aljaraba et al., 2022).

Gold Nanoparticles: Our study concentrated on Au-NPs among other NPs because of their unique qualities that
could be used for various biological applications. For qualities like resistance to surface oxidation and chemical
inertness, Au-NP is a great option for treating cancer (Eleraky et al., 2020). Use and exploration of gold has a
long history dating back thousands of years. Indian, Chinese, and Arabic scientists who were studying colloidal
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gold as early as the fifth or fourth century BCE left treatises marks the earliest evidence of the substance (Cabuzu
et al., 2015). Medical research has turned its attention to gold nanoparticles (GNPs) with specific optical and
geometrical features. Numerous domains, including biosensors, immunology, clinical trials, genomics, laser
tumor therapy, drug delivery, and diagnostics, find use for them. By combining cutting-edge techniques for
specific medicinal applications, GNPs provide sophisticated approaches for identifying, visualizing, and directing
cancer cells and tissues (Jazayeri et al., 2016). Their potential as adjuvants is enhanced by their high surface-to-
volume ratio, biocompatibility, inertness, and capacity to be functionalized with diverse groups. For medications
and vaccines, they may lessen toxic effects, improve immunogenicity, and offer stability (Carabineiro, 2017).

Due to their effectiveness in cancer treatment and medication administration, GNPs, have become extremely
popular. By skillfully employing functional groups, they have blazed their own route from discovery to therapeutic
applications in contemporary medicine. They exhibit the ability to transport proteins, nucleic acids, amino acids,
and gene therapies, addressing symptom management and in vivo treatment (Larm et al., 2018). There are
numerous ways to synthesize Au-NPs. The chemical techniques rely on the reduction of chloroauric acid
(HAUCL,). In 1951, Turkevitch and his fellow researchers introduced the citrate reduction method, which produced
Au-NPs with a diameter of about 20 nm (Turkevich et al., 1951). A novel method for producing 1.5-5 nm thiol-
capped Au-NPs was introduced by Schiffrin and Brust in 1994. The process involved the use of sodium
borohydride as a lowering agent while the preferred ligand i.e. thiol-terminated long-chain alkane was present.
(Brust et al., 1994; Turkevich et al., 1995). The Au-NPs can be directly or indirectly linked to a variety of
molecules such as drugs, nucleic acids (Deoxyribonucleic acids (DNASs) or Ribonucleic acids (RNAS)), proteins
or peptides, antibodies and targeted ligands to attain perfect and diverse biological properties and medical
purposes. Gold can be conjugated to the drug using agents such as thiolated polyethylene glycols (PEG) and
indirect ligands as well (Cui et al., 2017).

Table-1: Synthesis of gold nanoparticles by chemical method.

Chemical methods Procedure References
Turkevich Method Tannic acid, ascorbic acid, and citrate are examples Hussain et al., 2020:
of mild reducing agents that can decrease Au+3 o
ions. For the synthesis of Au-NPs during this Kimling et al., 2006;
process, it is important to manage factors including Larm et al., 2018
temperature, pH and concentration.
Brust-Schiffrin Method Using tetraoctylammonium bromide (TOAB) as a
phase-transfer and sodium bohydride (NaBH4) as
a reduction agent, tetrachloroaurate (AuCl4) was
transferred from an aqueous to toluene in the Brust et al., 1994
presence of dodecanethiol. The organic phase turns
deep brown instead of orange when reducing
chemicals are used.

Seeding Growth Method It is possible to generate particles ranging from 5- o
40 nm in size by adjusting the seed to metal salts | Janaetal., 2001; Siti, et
ratio. This process has benefits due to a cost- al., 2013

effective, simple and rapid.

Gold Nanoparticles for Anticancer Application: The Au-NPs can be utilized as a drug delivery platform by
combining the active drugs with the Au-NPs, typically using spacers like SH-PEG (Thiolated Polyethylene
Glycol) that are covalently attached to the gold; The aim is to achieve plasmatic stabilization, selectivity and active
drug release through metabolic pathways (Cui et al., 2017). To increase paclitaxel's solubility in aqueous solutions,
Mirkin and associates created conjugates of oligonucleotide and gold nanoparticle. (Zhang et al., 2020). To
achieve selectivity and stability properties, oligo- and Polyethylene glycol (PEG) are commonly used as spacers
for covalently join AuNPs and drug molecules at the terminal (Aryal et al., 2009; Paciotti et al., 2006). 5-
fluorouracil is another medication that has been conjugated with AUNPSs and is an anticancer agent which prevents
synthesis of DNA and RNA. (Longley et al., 2003).
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Table-2: Some examples of bio functionalized GNPs.

85

Anticancer Conjugation Types of Outcomes References
drug cancer
cells
Naproxan Naproxen-derived Ovarian Higher rates of apoptosis were | Tunc et al., 2023
compounds-Gold cancer induced by Gold Nanoparticles
nanoparticles (AUNP) systems, providing a
(NDC-AUNP) unique and easy approach to
assess the efficacy of potential
medications in drug discovery
research.
Doxorubicin Acid-labile linkage Breast More cytotoxicity and improved | Wang et al.,
Doxorubicin- cancer drug accumulation over free | 2011
Polyethylene glycol- Doxorubicin (DOX).
Gold  nanoparticles
(DOX-PEG-GNP)
5-Fluorouracil | 5-Fluorouracil- Colon and | Greater cytotoxic impact on | Safwat et al.,
glutamic acid-Gold | rectal cancer cells in comparison to 5- | 2016
nanoparticles cancerous Fluorouracil (5-FU) that is not
(5-FU-glu-AuNPs cell lines conjugated.
(GNPs)
Paclitaxel Paclitaxel-Red blood | mouse Possibly  directed  toward | Zhu et al., 2018
cell membrane- Anti- | breast and | cancerous cells as compared to
epithelial cell | mammary alone paclitaxel (PTX).
adhesion  molecule | gland
antibody- Gold | cancerous
nanoparticles cells
(PTX-RBC-EpCam-
GNP)
Bleomycin Bleomycin- Breast It Reduced survival and more | Yangetal., 2016
Arginylglycylaspartic | cancer Desoxyribonucleic acid (DNA)
acid- Gold damage compared to free
nanoparticles Bleomycin (BLM)
(BLM-RGD-GNP)
Methotrexate | Methotrexate- Gold | Lewis lung | In tumor cells, more tumor | Chenetal., 2007
nanoparticles carcinoma | inhibition, more cytotoxicity,
(MTX-GNP) cells; and greater accumulation in
contrast to free Methotrexate
(MTX).

Au-NPs had been covalently joined with doxorubicin for the remedy for breast cancer that resists drugs (Wang
et al., 2011). Additionally, the anticancer drug conjugated to Au-NPs was the polypeptide drug (Hosta et al.,
2009). Paclitaxel (PTX) can be targeted to cancer cells 4T1 invitro and emitted when exposed (NIR) compared to
other combinations, the EpCam-RBC-PTX-GNP-NIR complex demonstrated more cytotoxicity and decreased
cell survival. (Zhu et al., 2018). Methotrexate (MTX) was more cytotoxic and could accumulate more in tumor
cells when conjugated with Au-NPs than its free from. Additionally, in mice with Lewis lung carcinoma (LL2)
ascites tumors, MTX-AuNP conjugates outperformed free MTX in inhibiting tumor growth (Chen et al., 2007).
An in vitro look confirmed that Bleomycin (BLM) conjugated to Au-NPs and RGD-peptide induced higher DNA
harm and a higher rate of death compared to free BLM treated with Malondialdehyde (MDA) target MB231 cells
(Yang et al., 2016).

When the concept of active targeting NPs to a known oncogene was initially created, the antibodies showed
to be a perfect targeting molecule. Antibody AuNPs may have developed more quickly due to the emergence of
antibodies as stand-alone, clinically authorized treatments. Treatment options for overexpressing human
epidermal growth factor receptor 2 (HER2) breast tumors include the clinically approved antibodies cetuximab
and trastuzumab. (McKeage and Perry, 2002) which have been employed to target tumors with Au-NPs for
improved RP (Chattopadhyay et al., 2013; Popovtzer et al., 2016). Peptides are comparatively tiny molecules
made up of amino acids, that can be synthesized chemically, and completely characterized according to considered
specifications (Biscaglia et al., 2019). In the literature, several examples of peptides being used to target Au-NPs
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to several cancers for imaging has been documented (Avvakumova et al., 2014). Arg-glycoprotein (RGD) and a
cyclic derivative (c(RGD)) can be directed by AuNPs towards a broad spectrum of tumors because angiogenesis
promotes the proliferation of endothelial cells that express the alpha subunit of integrin (alphavp3) (Desgrosellier
and Cheresh, 2010). The EGFR over expressing glioblastoma cells have been exposed to AuNPs containing the
photosensitizer Pc4 through EGFR targeting peptide GE11 (YHWYGYTPQNVI) (Cheng et al., 2011). There are
many aptamers that have been created for different purposes, but only a few have been used to deliver Au-NPs.
AS1411 is the most widely studied aptamer for the delivery of Au-NPs. AS1411 is a 26- base guanine-rich aptamer
for the targeting of nucleolin, an over expressed phosphoprotein in cancer cells (Berger et al., 2015).

Photothermal Action: In photothermal therapy (PTT), heat is produced using laser light in combination with light-
absorbing materials (such dyes or nanoparticles). This heat is concentrated on tissues or cells, usually malignant
ones, resulting in localized destruction and damage (Guan et al., 2021). Hyperthermia is the use of heat to ablate
the cancer cell, increase tumor's drug delivery, enhance the chemotherapeutic response of the tumor, or enhance
the body defenses against cancer by the immune system (Schildkopf et al., 2010). In PTT, nanoparticles are
inserted into tumor to produce warmness in reaction to externally applied laser light. Research indicates that PTT
is especially powerful in most cancers' treatment. As a combination, PPT is being utilized with other treatments
such as gene regulation and chemotherapy (Riley and Day, 2017). Numerous preclinical research was
accomplished to illustrate that each radio and chemotherapy may be stronger with the aid of using concurrent
hyperthermic therapy (Peeken et al., 2017). In the realm of cancer treatment, PPT is a promising strategy that
holds the promise of efficient, tailored therapy with fewer side effects and better patient outcomes (O’Neal et al.,
2004). Hieb et al. used a rat model tumor as an in vivo targeting agent, in which Au-NPs were conjugated to C225
monoclonal antibodies. Compared to cells without Au-NPs, the laser influence threshold for bubble formation and
the amount of cell injury was reduced 100-folds in GNP-containing cells (Hleb et al., 2008).

Conclusion

Study concluded that Au-NPs offer a good chance for treating different types of cancer. By delivering these
medications straight to the target cells through Au-NPs conjugation, the dosage and negative side effects can be
decreased. It can be utilized for diverse chemotherapeutic drugs, binding agents of distinctive structures and
lengths, allows incorporating various terminal end groups, like dicarboxylates or even thiols, and combining them
with a variety of release modulators, chemo sensitizing agents, and targeting agents. Due to the versatility of Au-
NPs, a wide group of gold and platinum NPs can now be created to refine and accomplish the innovation.
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