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Nanomaterials are popularly used in drug delivery, disease diagnosis and therapy. Among a number of functionalized

nanomaterials such as carbon nanotubes, peptide nanostructures, liposomes and polymers, gold nanoparticles (Au NPs)

make excellent drug and anticancer agent carriers in biomedical and cancer therapy application. Recent advances of

synthetic technique improved the surface coating of Au NPs with accurate control of particle size, shape and surface

chemistry. These make the gold nanomaterials a much easier and safer cancer agent and drug to be applied to the

patient’s tumor. Although many studies on Au NPs have been published, more results are in the pipeline due to the rapid

development of nanotechnology. The purpose of this review is to assess how the novel nanomaterials fabricated by Au

NPs can impact biomedical applications such as drug delivery and cancer therapy. Moreover, this review explores the

viability, property and cytotoxicity of various Au NPs.
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1. Introduction

Gold nanoparticles (Au NPs) are effective radiosensitizers in medical applications such as drug delivery and cancer

therapy. In biomedical and cancer therapy applications, Au NPs can act as a contrast agent and dose enhancer in image-

guided nanoparticle-enhanced radiotherapy using kilovoltage cone-beam computed tomography . With recent

advances of synthesis and fabrication methods in nanomaterials, particle variables such as size, composition, morphology

and surface chemistry can be controlled easily by precise technology . Moreover, biocompatible surface coating can be

added onto the NP surface to provide stabilization under physiological condition. The integration of functional ligands as

coating through surface chemistry on the NPs enables them to perform multiple biomedical functions in the molecular or

cellular level simultaneously. Applications of these nanomaterials include contrast agents in multimodal imaging, carriers

in drug delivery and enhancers in cancer therapy. In this review, we will highlight various synthesis methods to fabricate

Au NPs. We will explore different applications of nanomaterials in drug delivery and cancer therapy such as plasmid

deoxynucleic acids vector delivery, ribonucleic acids delivery and gold nanoparticle-based therapy.

2. Application

Tremendous technological interest have been given to Au NPs due to their unique optical properties, ease of synthesis

and chemical stability. The particles can be used in biomedical applications such as cancer treatment, biological imaging,

chemical sensing, and drug delivery . However, their potential toxicity and health impact need to be explored

thoroughly, before they can be used in clinical settings . Considerable interest has been given to nanostructures in the

past few years due to their properties, such as safe delivery and ability to act as a therapeutic agent. Several therapeutic

approaches have been reported to make use of NPs, such as in anticancer drug delivery, molecular diagnosis for disease

detection and nanoscale immunotherapy. These areas show high potential for future clinical implementation . Recent

studies on NPs have given insight on how to develop new targeted therapies, systemic cancer treatments and

identification of novel oncogenic targets . Commonly used nanomaterials in biomedical application are Au NPs,

liposomes, carbon nanotubes, polymeric micelles, graphene, ferrous or ferric oxide NPs, and quantum dots . Human

exposure to engineered nanomaterials is inevitable due to recent advances of NP-based applications. NPs provide

plentiful advantages from industrial and consumer perspective. NPs are used in many applications and their properties

determine their usage in application . Some of the important properties of NPs are size, melting point, chemical

reactivity and particle surface area. The size of NPs is generally below 100 nm and they have low melting point, high

chemical reactivity and large external surface area . Recently, NP-based drug delivery attracted increasing attention

. Au NPs are one of the popular NPs and have been widely studied in cancer theranostics. The application of Au NPs

can be traced back to the middle age and that is why they are also known as potable gold . Some of the unique

properties of Au NPs prominent in medical application are the high x-ray absorption coefficient, localized surface plasmon
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resonance and radioactivity . Au NPs also display amazing electronic and optical properties that can enable

controllable interactions with organic molecules having electron-donating groups. With the advances of functionalized Au

nanomaterials, their usages have been increased with the potential to be implemented in many more applications .

From the drug administration for patients, whose degradation, movement, drug accumulation in tumor and body excretion

follow complex theories, which compromising of vascular morphology and blood flow rate. As the injected dose

transverses into the patient’s body, the drug accumulation and kinetics fate are dictated by factors such as spatial

diameter, geometry, number of and length of blood vessels. When the drug transports to the target destination, the

efficacy of optimal dose uptake is reduced by the patient’s defense mechanism that tries to keep foreign materials such as

viruses, drug chemicals, bacteria and sensor devices out of the body . Biomaterials offer the ability to improve upon

medical technologies through increased control of the type and concentration of immune signals delivered. With the

advances of surface coating technology, surface functionalization of Au NPs becomes possible. Different functional groups

such as PEG, ssDNA, antibody, peptide, drug, florescence marker and siRNA can be attached on the particle surface as

shown in Figure 1. This makes Au NPs act as molecular sensors, therapeutic agents, and vehicles for imaging agent and

drug delivery .

Figure 1. Representation of an Au NP for theranostics.
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