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 They often find applications in biology and medicine owing to their unique

physiochemical and biological properties, including:

- Small and tailorable size

- High chemical stability

- Shape-related optoelectronic properties

- Eeasy Surface modification

- Excellent biocompatibility and low toxicity

- Large surface-to-volume ratio

Introduction

The advent of nanotechnology has increased our capability to engineer the

physicochemical properties of materials at the nano-scale to enable their use in

various biomedical applications.

Out of all the nanomaterials, gold nanoparticles (GNPs/AuNPs) and silver

nanoparticles are the most explored nanostructures for biomedical applications.

Nanomaterials can be categorized into four types such as: (1) inorganic-based

nanomaterials-(AuNPs/CuO); (2) carbon-based nanomaterials (carbon nanotube); (3)

organic-based nanomaterials (liposome); and (4) composite-based nanomaterials

(any combination of metal-based, metal oxide-based, carbon-based, and/or organic-

based).





AuNPs are typically defined as particles of 1–100

nm in size, which is in the sub-wavelength regime of

visible light.

In particular, they are generally stable against oxidation under physiological conditions

(incl. variable pH, ionic strength and temperature) without any major risk of leaching of

toxic species.

The key characteristic that distinguishes AuNPs

from many other nanomaterials, in the biomedical

context, is their unique optical properties resulting

from a physical phenomenon known as localised

surface plasmon resonance(LSPR),which is present

typically in nanostructures of plasmonic materials,

such as gold, silver, copper and aluminium.

These excellent properties of GNPs exhibit their

tremendous potential for use including bio-

imaging, site specific drug/gene delivery, nano-

sensing, diagnostics, photon induced therapeutics,

and theranostics.











Synthesis of gold nanoparticles

To date, there are numerous preparative methods for the synthesis of

AuNPs, containing top-down and bottom-up procedures.

Generally, procedures for the synthesis of Au NPs can be arranged into

chemical, physical and biological methods.







1. Methods such as the γ-irradiation method, microwave (MW) irradiation,

sonochemical method, ultraviolet (UV) radiation, laser ablation,

thermolytic process and photochemical process are categorized as

physical procedures.

2. In chemical methods, chemical reactions are performed in an aqueous

medium by a reduction agent. Citrate and sodium borohydride are the

common reducing agents used.

3. Biological synthesis known as favorable environment is another route of

synthesis. Reducing hazardous generated wastes and assisting “green

chemistry” are the main objectives of biosynthesis. Solvent medium,

reducing and stabilizer agents should be nontoxic and safe. Plant-based

compounds and derivatives, bacteria, fungi, algae, yeast, and viruses are

employed as the common resources.





Bare gold nanopartilces (GNPs) are associated with a few challenges, which

need to be resolved to improve the scope of application of GNPs in

biomedical engineering. One of the major challenges is to enhance their

colloidal stability.(Note that bare GNPs have a natural tendency to

agglomerate).

Stability of gold nanoparticles





The stability of the GNPs can be improved by a number of

techniques/approaches ,e.g., electrostatic stabilization, steric stabilization,

phosphine ligation, thiol ligation, and ligand exchange.

Electrostatic and steric stabilization are the two major techniques used to

stabilize nanoparticles in the liquid medium.

The plasmonic properties of metal nanoparticles can change significantly

with changes in particle size, shape, composition, and arrangement. Thus,

stabilization of the fabricated nanoparticles is crucial for preservation of the

desired plasmonic behavior.

Colloidal nanoparticles are usually thermodynamically unstable, and hence

do not possess good long-term stability primarily as a result of

agglomeration.











The steric approach is based on the addition

of organic moieties (polymers, surfactant,

biomolecules) to the system to be adsorbed

onto the particle surface. It works by ensuring

that individual Au nanoparticles are not

permitted to come into close proximity.

The electrostatic, or charge stabilization,

approach makes use of interactivity between

anionic species such as halides or

polyoxoanions and co-ordinatively

unsaturated atoms present at the surface of

the metal, the outcome of which is the

creation of a scattered dual electrical layer

that facilitates coulombic repulsion among

the Au nanoparticles.







Types of gold nanoparticles

Based on dimensions, AuNPs can be divided into three parts:

I) One-dimensional AuNPs: nanorods, nanowires, nanotubes, nanobelts.

II) Two dimensional AuNPs: gold nanoplates such as stars, pentagons, squares/rectangles,

dimpled nanoplates, hexagons, truncated triangle.

III) Three dimensional AuNPs: gold nanotadpoles, gold nanodumbbells (AuNDs), branched

AuNPs such as nanopods, nanostars and gold nanodendrites.





As the pictures indicate, a variety of morphologies and sizes of the nanoparticles have

specific optical property. It may turn in both the visible and near-infrared spectrum.



Properties of gold nanoparticles



Gold nanoparticles are

coated, stabilized,

functionalized, or conjugated

with different organic moieties

to improve their stability or

specificity, thereby forming a

protective layer on the surface

of the particles and preventing

aggregation in biological

fluids.

Surface Chemistry 



The intrinsic optical properties of AuNPs

provide the opportunity of being

composite therapeutic agents in the clinic.

The morphology and physiology of

AuNPs is associated with optical features.

Changing the size of the nanoparticles,

affects the color of colloidal AuNPs. This

trait utilizes the fundamental of

colorimetric detection forms

 Physical properties



Biomedical applications of AuNPs

The potential of AuNPs for

biomedical purposes has awakened

interest owing to their unique optical

properties (strong and size-tunable

surface plasmon resonance, and

fluorescence), easy surface

functionalization, and

biocompatibility. Some of the

important biomedical engineering

applications are biomedical imaging,

diagnostics, nano-biosensing,

nanotheranostics,nanomedicine,targ

eted cancer treatment, dentistry and

photothermal/photodynamic therapy.





1. Bio-imaging applications



The use of GNPs in biomedical imaging

techniques such as X-ray computed

tomography, photo-acoustic imaging,

darkfield microscopic imaging,

magnetic. resonance imaging, and

fluorescence imaging is very popular.



GNPs have provided possible solutions

to these issues and have many

advantages over organic fluorophores

and quantum dots.



The presence of LSPR in GNPs is the main advantage of using GNPs. By varying the

size/shape of GNPs, the LSPR wavelength can be tuned from the visible to the NIR

region of the electromagnetic spectrum.



GNPs have been proven to be a better

choice for in vivo and in vitro imaging due

to low toxicity, low interaction with

biological components, easy synthesis,

easy surface modification, and easy LSPR

tunability.



Nanocages have considerably improved the photo-acoustic tomography (PAT). PAT has

applications in blood flow monitoring, temperature monitoring, oncology, gastroenterology,

neurology, cancer treatment and many more.

GNPs have good X-ray absorption efficiency and therefore can provide contrast to

computed tomography images. Conventional iodine based contrast agents have short

circulation time in blood, while GNPs show good circulation time. Excitingly, GNPs have

been used in targeted cellular level detection of cancer using specific immunogens.

Gadolinium based contrast enhancement agents have been widely used to obtain MRI

images. The hybrids of gold with gadolinium chelates have also been reported for

improved MRI performance. Magnetic nanocores (e.g., iron, cobalt and nickel) coated with

gold shells have been successfully used to enhance MRI contrast.

Gold, when interacting with magnetic nanoparticles, produces magneto-plasmonic

properties. These magneto-plasmonic structures have been utilized in MRI contrast

enhancement as well as for optical bio-imaging.











Triple-modality detection of

brain tumors in living mice

with MRI, photoacoustic and

Raman imaging.



2. Bio-sensing application

Au NPs have been used as efficient

sensors for the detection of different

analytes such as metal ions, anions,

and molecules like, saccharides,

nucleotides, proteins and toxins. Fig. 5

shows various nanobiosensors based

on AuNPs features.

The fundamentals of colorimetric

sensing is based on visible color

change due to the aggregation of

AuNPs,fluorescence-based sensors:

the fluorescence quenching feature of

AuNPs, electrical and electro-chemical

sensors conductivity, high surface area

and catalytic propeties of AuNPs,

AuNP-based surface plasmon

resonance sensors: the optical

properties (surface plasmon

resonance, SPR) of AuNPs,surface-

enhanced Raman scattering (SERS)-

based sensors: the inelastic scattering

of photons by AuNPs.







A polyA aptamer-based label-free

colorimetric biosensor for the detection of

kanamycin in human serum.

Nano optical and electrochemical sensors

and biosensors for detection of narrow

therapeutic index drugs.



3.Therapeutic applications of GNPs



Drug and gene delivery

Considerable features of AuNPs such as unique optical, physicochemical properties,

biocompatibility, functional flexibility, tunable monolayers, controlled dispersity, high

surface area for loading the density of drugs, stability and nontoxicity make them an

efficient nanocarrier in drug and gene delivery systems.





Gold nanoparticles (GNPs) have shown excellent potential to overcome biological

barriers and enhance cellular drug accumulation.

To overcome the rapid enzymatic degradation and low transfection efficiency of

siRNA, the delivery carriers for siRNA is a therapeutic demand to increase its

stability. Gold nanoparticles modified by branched polyethyleneimine (bPEI) were

developed as an efficient and safe intracellular delivery carriers for siRNA.

Delivering siRNA efficiently to

the target cell/tissue/organ is

a challenge, since naked

siRNAs is rapidly degraded

by serum ribonucleases and

have difficulty in passing

through the cell membrane,

because of their poly-anionic

nature and relatively large

molecular weight.









Conventional cancer therapy methods encounter with serious drawbacks and cannot often provide

satisfactory outcomes. It has been demonstrated that the effect of various treatment modalities can be

enhanced when combined with nanomaterials.

Recently, gold nanoparticles

have been widely

implemented as one of the

leading nanomaterials for

combinatorial cancer therapy.

Like other nanoscale materials, AuNPs are able to passively accumulate and preferentially retain at the 

tumor site via enhanced permeability and retention (EPR) effect arising from the leaky vasculature and 

ineffective lymphatic drainage of the tumor tissue

Moreover, the surface of AuNPs can be easily functionalized with active targeting moieties such as

proteins, peptides, monoclonal antibodies and small molecules to avoid from non-specific uptake, thus

realizing tumor-specific targeting.

AuNPs with high atomic number provide a larger X-ray absorption cross-section, making them qualified

agents to be served as effective radiosensitizers for enhance RT.

Gold nanoparticles in cancer therapy













AuNPs in cancer chemotherapy

Precise delivery of nanovehicles to the diseased tissue, controlling the rate and site of

payload release, enhancing the bioavailability of drug at the target site, improved

solubility and stability of drug are some of the favorable attributes of drug delivery using

nanoparticles which may lead to reduced morbidity and mortality rates.

To date, different kinds of nanocarriers have been used for drug delivery applications

such as liposomes, polymers, dendrimers and metallic nanoparticles. AuNPs possess

outstanding properties that make them an ideal drug delivery scaffold.

Owing to high surface area-to-volume ratio, a dense loading of ligands with diverse

functions involved in therapy, diagnosis and targeting can be anchored to the surface of

AuNPs.

To develop a drug delivery system, it is necessary to understand how different

physiochemical properties such as size, surface charge and surface modification could

affect the cellular uptake and intracellular fate of AuNPs.













- Radiotherapy (RT)

- Photothermal therapy (PTT)

- Radiofrequency hyperthermia (RFHT) 

- Ultrasound-induced hyperthermia (USHT)

- Magnetic hyperthermia (MHT)

- Photodynamic therapy (PDT)

- Sonodynamic therapy (SDT)



AuNPs in cancer radiotherapy (RT)

RT is thought to be a major line of cancer therapy, so that over 50% of cancer patients

receive RT with curative or palliative intent.

RT is based on the use of ionizing radiation which either interacts with DNA as the

critical cellular target, directly, or indirectly via inducing radiolysis of water and

generating free radicals, eventually resulting in cellular damage.

However, RT techniques are currently insufficient to destroy radioresistant hypoxic

tumors and advanced metastases. As an urgent need, further improvement of RT

effectiveness may be realized via incorporation of radiation sensitizers into the tumor.

AuNPs have been extensively utilized as ideal radiosensitizer agents, offering distinctive

merits over other evaluated radiosensitizers (e.g. gadolinium, iodine, platinum), including:

(i) high atomic number (Z=79) as the primary need for radiosensitization, (ii) suitable size

for passive accumulation within the tumor via EPR, (iii) synthetic versatility to control

morphological characteristics, (iv) ability to conjugate with active targeting .ligands and

(v) offering diagnostic capabilities for image-guided RT.

AuNPs were also demonstrated to be able to chemically enhance the radiation-induced

reactions through a catalytic function for ROS production.















 AuNPs in cancer hyperthermia

Cancer hyperthermia refers to the strategy of elevating temperature of the tumor which can be either

implemented alone to induce direct cell killing if the temperature is high enough (>45 C), termed as

thermoablation, or as an adjuvant therapy to make cancer cells more sensitive to other therapeutic

modalities in smaller temperature rises (40–45 C).

Until now, many clinical experiments regarding the association of hyperthermia and chemo-/radio-

therapy have reported improved local tumor control and overall survival in patients suffering from

cancer with various origins, such as bladder, rectum, breast, brain, head and neck.

The major technical challenge facing the use of hyperthermia in practice is to deliver sufficient heat,

selectively and homogenously, within the tumors particularly for deep-seated ones. For this purpose,

various energy sources are currently employed to heat up the tumor including microwaves, RF .waves,

laser and ultrasound.

Conventional hyperthermia methods are unable to create a discrimination between the heating of

tumor and its surrounding healthy tissues. As a result, they are often associated with adverse side

effects raised from unwanted heating of normal tissues.

In nanotechnology-mediated hyperthermia, however, nanoparticles as the primary sources of heat

are embedded within the target and may reverse the direction of heat loss (inside-out hyperthermia).

Due to their elegant thermophysical properties, AuNPs could potentially be responsive to

electromagnetic (EM) waves at different frequencies.

Photothermal therapy (PTT)

Radiofrequency (RF) hyperthermia

Ultrasound hyperthermia













Photothermal therapy of tumor-burdened mice
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