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ABSTRACT 
 
Gold nanoparticles have proved promising in diagnosis and treatment of cancer by selectively targeting the tumourous cells in the body. This review 
focused on use of various nanotechnology tools used for cancer diagnosis and its treatment. It also describes about gold nanoparticles, their history, 
methods of synthesis and their biological applications. The basic approaches for diagnosis of cancer includes Cantilevers, Nanopores, Nanotubes, 
Quantum dotes, Nanoshells and Dendrimers. The treatment approaches includes the use of photodynamic therapy where the cancer cells are destroyed 
chemically by light activated sensitizer particles or photothermal therapy if they (cancer cells) are destroyed by heating the nanoparticles with an 
external energy source i.e. infrared laser. 
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INTRODUCTION 
 
Cancer has a reputation as a deadly disease. It is a state where there is 
uncontrolled growth of abnormal cells in the body. These abnormal cells 
are also called as malignant cells. A conventional method for treating 
cancer includes surgery, chemotherapy, radiation etc. These methods are 
useful but they have certain adverse effects on healthy human cells. There 
is a new technology that is showing promise in detecting cancer cells and 
thereby destroying them using either chemical (cytotoxicity agents) 
found in nature or synthesized artificially. This new technique which is a 
subcategory of nanotechnology is less painful and targets the infected 
cells. In this technique gold nanoparticles are prepared using various 
synthetic methods viz Brust method, Turkevich method and Sonolysis. 
These prepared gold nanoparticles are selectively targeted to cancerous 
cells. Various anticancer agents can also be targeted to these tissues by 
adsorbing them initially on these small gold nanoparticles.  
 
Today gold nanoparticles have been studied and found useful successfully 
for detecting and destroying cancer cells in mice. These gold 
nanoparticles also help to destroy cancer cells by photodynamic therapy 
(PDT) or photothermal therapy (PTT). However, there is a problem using 
these gold nanoparticles in human volunteers since these particles are 
very tiny and can pass through healthy cells as well causing them to 
mutate into cancerous cells. 
 
This review puts focus on use of gold nanoparticles as a nanotechnology 
tool for selectively targeting cancerous cells in the body. 
 
CANCER AND NANOTECHNOLOGY 
 
Nanotechnology has the potential to offer many advantages over more 
conventional forms of cancer treatment. Chemotherapy often induces 
severe side effects and can cause damage to healthy cells, whereas the 
radiation technique is useful on localized, well defined tumours. Even the 
surgery for removal of cancerous cells requires that the tumour should be 
localized and often is impossible if the tumour has spread across the body 
or is surrounded by sensitive tissues of the brain.  
 
Hyperthermic treatment has also been tried in many forms but 
conventional techniques tend to cause substantial damage to surrounding 
tissues. Modern nanotechnology offers the possibility of materials that 
selectively bind to particular types of cancer cells, sensitizing them to 
light without affecting surrounding healthy tissues. When used as a 
diagnostic tool these nanoparticles enhance image contrast while 
studying a tumour, whereas in treatment of cancer they can be used in the 
form of photodynamic therapy (PDT) where the tumour is destroyed 
chemically by the light activated sensitizer or photothermal therapy 
(PTT), where the nanoparticles are heated with external energy source 
(Generally infrared laser is used for this purpose) [1]. Some nanoparticles 
absorbs certain wavelength of radiation and get heated, such 
nanoparticles when enter cancerous cell will burn it if irradiated by 
suitable wavelength radiation. Thus nanotechnology can be used to create 
therapeutic agents that target specific cells and deliver toxin to kill them  
[2]. 
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NANOTECHNOLOGY TOOLS FOR CANCER DETECTION 
 
Various new tools have been developed to detect presence of cancer cells 
in the body a few of them are: 
 
a) Cantilevers 
 
These are tiny bars which are anchored at one end and designed to bind 
to molecules which are associated with cancer. These molecules may bind 
to altered DNA proteins that are present in certain types of cancer. This 
leads to change in surface tension thereby causing the cantilevers to bend. 
Bending of these cantilevers indicates presence of cancerous molecules; 
hence it becomes possible to detect early molecular events in the 
development of cancer. 
 
b) Nanopores 
 
These are holes that allow DNA to pass through one strand at a time and 
hence the sequencing of the DNA becomes more efficient, this passage of 
DNA through a nanopore can be used to translate the encoded 
information, like errors in the code which are associated with cancer. 
 
c) Nanotubes 
 
These are smaller than Nanopores. Nanotubes and carbon rods which are 
about half the diameter of a molecule of DNA can be put to identify DNA 
changes associated with cancer.   
 
d) Quantum Dotes (QD) 
 
These are small crystals that glow when these are stimulated by 
ultraviolet light. The latex beads filled with these crystals when 
stimulated by light, the colors they emit act as dyes that light up the 
sequence of interest. By combining different sized quantum dotes within 
a single bead, probes can be created that release a distinct spectrum of 
various colors and intensities of lights, serving as sort of spectral bar 
code. 
e) Nanoshells 
 
Nanoshells are small beads that are coated with gold. The forming 
different layers of such nanoshells, they can be designed to absorb 
specific wave-length of light. These are similar to gold nanoparticles they 
create intense heat due to absorbtion of infra-red light that is lethal to 
tissues. They can be linked to antibodies to detect cancer. In laboratory 
cultures, the heat generated by the light-absorbing nanoshells has 
successfully killed tumor cells while leaving neighbouring cells intact. 
 
f) Dendrimers  
 
This is a kind of nanoparticle that can link to treatment and detection or 
diagnosis of cancer. These are highly branched particles which gives them 
large surface area to which large therapeutic or active ingredients can be 
attached. It can carry a molecule that can recognize cancer cells and 
destroy them. These tools are still in the discovery and development 
stage. However they can be put to commercial use for diagnosis and 
detection in next ten years [2]. 
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GOLD NANOPARTICLES 
 
Gold nanoparticles also known as colloidal gold is a suspension of 
particles of gold in water.  The liquid is usually either an intense red 
colour (for particles less than 100 nm), or a dirty yellowish colour (for 
particles more than 100 nm). Due to the unique optical, electronic, and 
molecular-recognition properties of gold nanoparticles, they are the 
subject of substantial research, with applications in a wide variety of 
areas, including electron microscopy,  electronics, nanotechnology,  and 
materials science. Properties and applications of colloidal gold 
nanoparticles depend upon shape. For example, rod like particles have 
both transverse and longitudinal absorption peak and anisotropy of the 
shape affects their self-assembly [3, 4, 5]. 
 
HISTORY OF GOLD NANOPARTICLES 
 
Man is familiar with gold since ancient times; the synthesis of colloidal 
gold was originally used as a method of staining glass. Colloidal gold has 
been used since ancient roman times to colour glass intense shades of 
yellow, red depending on the concentration of gold. In the 16th century, 
the alchemist Paracelsus claimed to have created a potion called Aurum 
Potabile (Latin: potable gold). In the 17th century the glass-colouring 
process was refined by Andreus Cassius and Johann Kunckel. In 1842, 
John Herschel invented a photographic process called Chrysotype (from 
the Greek word for gold) that used colloidal gold to record images on 
paper. Paracelsus' work is known to have inspired Michael Faraday to 
prepare the first pure sample of colloidal gold, which he called 'activated 
gold', in 1857. He used phosphorus to reduce a solution of gold chloride. 
For a long time the composition of the Cassius ruby-gold was unclear. 
Several chemists suspected it to be a gold tin compound, due to its 
preparation.  Faraday was the first to recognize that the color was due to 
the minute size of the gold particles. In 1898 Richard Adolf Zsigmondy 
prepared the first colloidal gold in diluted solution [6]. 
 
SYNTHESIS OF GOLD NANOPARTICLES 
 
Gold nanoparticles are produced in a liquid ("liquid chemical methods") 
by reduction of chloroauric acid (H [AuCl4]), although more advanced and 
precise methods do exist. After dissolving H [AuCl4], the solution is 
rapidly stirred while a reducing agent is added. This causes Au3+ ions to 
be reduced to neutral gold atoms. As more and more of these gold atoms 
form, the solution becomes supersaturated, and gold gradually starts to 
precipitate in the form of sub-nanometer particles. The rest of the gold 
atoms that form stick to the existing particles, and, if the solution is 
stirred vigorously enough, the particles will be fairly uniform in size. To 
prevent the particles from aggregating, some sort of stabilizing agent that 
sticks to the nanoparticle surface is usually added. They can be 
functionalized with various organic ligands to create organic-inorganic 
hybrids with advanced functionality. It can also be synthesized by laser 
ablation [6]. 
 
VARIOUS METHODS EMPLOYED TO SYNTHESIZE GOLD 
NANOPARTICLES 
 
a) Brust method 
 
In early 1990s Brust and Schiffin developed a method to synthesize gold 
nanoparticles. This method is utilized to synthesize gold nanoparticles in 
organic liquids that are not miscible with water e.g. toluene, it involves 
the reaction of a chlorauric acid solution with tetraoctylammonium 
bromide (TOAB) solution in toluene and sodium borohydride as an 
anticoagulant and a reducing agent respectively. In this reaction sodium 
borohydride (NaBH4) would act as a reducing agent, while TOAB is phase 
transfer catalyst and a stabilizing agent nanoparticles formed would be of 
size 5-6 nm [7]. 
 
b) Turkevich method 
 
The method was invented by J. Turkevich et al in 1951 and refined by G. 
Frens in 1970s, is the simplest one available. Generally, it is used to 
produce modestly monodisperse spherical gold nanoparticles suspended 
in water of around 10–20 nm in diameter. Larger particles can be 
produced, but this comes at the cost of monodispersity and shape. It 
involves the reaction of small amounts of hot chlorauric acid with small 
amounts of sodium citrate solution. The colloidal gold will form because 
the citrate ions act as both a reducing agent, and a capping agent. 
Recently, the evolution of the spherical gold nanoparticles in the 

Turkevich reaction has been elucidated. Interestingly, extensive networks 
of gold nanowires are formed as a transient intermediate. These gold 
nanowires are responsible for the dark appearance of the reaction 
solution before it turns ruby-red. To produce larger particles, less sodium 
citrate should be added (possibly down to 0.05%, after which there 
simply would not be enough to reduce all the gold). The reduction in the 
amount of sodium citrate will reduce the amount of the citrate ions 
available for stabilizing the particles, and this will cause the small 
particles to aggregate into bigger ones (until the total surface area of all 
particles becomes small enough to be covered by the existing citrate ions) 
[8]. 

 
 

Figure 1. Gold nanoparticles exposed to light 
 

 
 

Figure 2. Gold nanoparticles 
 
c) Sonolysis 
 
This method is based on ultrasound technique for the experimental 
generation of gold particles. The reaction of an aqueous solution of 
HAuCl4 with glucose, the reducing agents are hydroxyl radicals and sugar 
pyrolysis radicals (forming at the interfacial region between the 
collapsing cavities and the bulk water) and the morphology obtained is 
that of nanoribbons with width 30 -50 nm and length of several 
micrometers. These ribbons are very flexible and can bend with angles 
larger than 90°. The morphology of these ribbons is directed by glucose, if 
substituted by cyclodextrin which is a oligomer of glucose, only spherical 
gold nanoparticles would be produced [9]. 
 
GOLD NANOPARTICLES FOR CANCER DIAGNOSIS 
 
Nanoparticles can be used in many ways to detect cancer cells and the 
stage of the disease in the body. A couple of these new cancer detecting 
nanoparticles are gold nanoparticles and magnetic oxide nanoparticles 
encased in biocompatible material. 
 
These gold nanoparticles can be essentially used for detection and 
destruction of cancer cells. Cancer cells have a protein called epidermal 
growth factor receptor (EGFR) to which the gold nanoparticles attach 
themselves. If these nanoparticles solution is added to healthy cells and 
examined with simple microscope under light image. Then these (cancer 
cells if present) shine. The healthy cells do not bind specifically to these 
gold nanoparticles hence do not glow under light. There are other 
benefits of using gold nanoparticles such as being less expensive since all 
one needs is a microscope and a white light. Also the results are obtained 
immediately; one need not have to wait for the detection of cancer. This 
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means that treatment can be started immediately. This process is non-
toxic to healthy human cells. Gold nanoparticles are found to have 600 
percent greater affinity for cancerous cells than for non-cancerous one. 
The most widely used particle size was found to be 35 nm. 
Researchers tested their technique using cell cultures of two different 
types of oral cancer and one non-malignant cell line. Gold nanoparticles 
show strong absorption spectrum and hence are helpful to distinguish 
between cancer and non-cancerous cells [10]. 

 
GOLD NANOPARTICLES FOR CANCER TREATMENT   
 
Cancer cells can be destroyed by normal techniques but it is time 
consuming, painful, breaks patients morale including immune system, 
bone strength etc. Sometimes these treatments even fail to completely 
cure the disease. With invent of this new nanotechnology, cancer 
treatment can be made less painful and more effective which would make 
the treatments less stressful for the patient. Some types of nanoparticles 
for destroying cancer cells are gold nanoparticles, chemical therapy (anti-
cancer drugs) carrying nanoparticles, etc. Study of Gold nanoparticles is 
very important in cancer research since they are able to be used for both 
detecting and destroying cancer cells. Gold nanoparticles can carry 
chemicals to destroy a cancer cell or they can be used with radiation. Gold 
nanoparticles are able to be heated up by radio frequency (RF). The 
heated nanoparticles would in turn heat the cancer cell up which would 
destroy the cancer cell. These radio waves would not harm healthy cells. 
Infrared light waves can be used in place of radio waves to heat up the 
cancer cells for destruction [11].  Nanoparticles carrying chemical therapy 
show great promise in treating cancer patients. One type of chemical that 
the nanoparticles can carry is docetaxel which is currently used in 
treating prostate cancer. The outside of these nanoparticles are coated 
with proteins that link directly to the cancer cells. The nanoparticles also 
contain polyethylene glycol molecules that help stop the internal defences 
of a tumour cell. Although docetaxel is one type of chemical used, there 
are many more that can be used [12]. 
 
BIOLOGICAL APPLICATIONS OF GOLD NANOPARTICLES 
 
Gold nanoparticles can be biologically employed in three areas viz 
labeling, delivery and heating, for labeling, certain properties of the 
particles are exploited to generate contrast. The particles' optical 
properties like strong absorption, scattering and especially plasmon 
resonance - make them of value for a large variety of light-based 
techniques including combined schemes such as photothermal or photo-
acoustic imaging. In addition, gold nanoparticles can be radioactively-
labeled by neutron activation, which allows for very sensitive detection, 
and used as an x-ray contrast agent. 
For carrier properties, they can serve as carriers for drugs and gene 
delivery. These drugs are adsorbed on the surface of gold nanoparticles 
and can be guided to reach inside cells and release. The strong light 
absorbing properties make gold nanoparticles suitable as heat mediating 
objects. This absorbed light is scattered into the particles surroundings 
thereby generating an elevated temperature in the vicinity. This use of 
gold nanoparticles can be directed to thermal therapy by heating the 
particle loaded tissue in order to destruct the cancerous cells. [13] 
 
RECENT ADVANCES IN GOLD NANOPARTICLES 
 
Evan S. Glazer et al studied the heating effect of gold nanoparticles in 
nonionizing radiofrequency (RF) radiation to investigate human 
pancreatic xenograft destruction in a murine model. Weekly, Panc-1 and 
Capan-1 human pancreatic carcinoma xenografts in 
immunocompromised mice were exposed to an RF field 36 hours after 
treatment (intraperitoneal) with cetuximab- or PAM4 antibody–
conjugated AuNPs, respectively. Tumor sizes were measured weekly, 
whereas necrosis and cleaved caspase-3 were investigated with 
hematoxylin–eosin staining and immunofluorescence, respectively. In 
addition, AuNP internalization and cytotoxicity were investigated in vitro 
with confocal microscopy and flow cytometry, respectively.  This study 
demonstrates a potentially novel cancer therapy by noninvasively 
inducing intracellular hyperthermia with targeted AuNPs in an RF field. 
While the therapy is dependent on the specificity of the targeting 
antibody, normal tissues were without toxicity despite systemic therapy 
and whole-body RF field exposure [14]. 
 
Evan S. Glazer et al developed solid gold nanoparticles and delivered to 
cancer cells via conjugation with targeting antibodies. Gold nanoparticles 
of size 20nm were conjugated to cetuximab, which is an epidermal 
growth factor receptor-1 (EGFR-1) antibody. A pancreatic carcinoma cell 
line that highly expresses EGFR-1, Panc-1, and Cama-1, which is a breast 

carcinoma cell line that minimally expresses EGFR-1, were treated with 
100-nmol/L cetuximabconjugated gold nanoparticles for 3 h (n = 4). 
Thirty-six hours later, the dishes were placed in an RF field with a 
generator power of 200 W for 5 min. After another 36 h, cell injury and 
death were evaluated with flow cytometry. This technique could be useful 
in cancer treatment if a cancer-specific antibody is used to localize gold 
nanoparticles to malignant cells [15]. 
 
Christine H. Moran, Sean M. Wainerdi et al studied that Capacitive 
coupled shortwave radiofrequency fields resistively heat low 
concentrations of gold nanoparticles. Smaller diameter gold nanoparticles 
heat at nearly twice the rate of larger diameter gold nanoparticles, which 
is attributed to the higher resistivity of smaller gold nanostructures. A 
Joule heating model had been developed to explain this phenomenon and 
provided critical insights into the rational design and engineering of 
nanoscale materials for noninvasive thermal therapy of cancer. By 
quantifying the amount of heat produced by gold nanoparticles as a 
function of size and concentration, this study established the critical 
design metrics necessary for formulating RF responsive nanoscale 
materials to enhance the noninvasive thermal destruction of cancer [16]. 

 
Cardinal J et al studied a novel non-invasive radio wave machine that 
uses RF energy to thermally destroy tissue. Gold nanoparticles were 
designed and produced to facilitate tissue heating by the radio waves. A 
solid state radio wave machine consisting of a power generator and 
transmitting/receiving couplers which transmit radio waves at 13.56 
MHz was used. Gold nanoparticles were produced by citrate reduction 
and exposed to the RF field either in solutions testing or after incubation 
with HepG2 cells. A rat hepatoma model using JM-1 cells and Fisher rats 
was employed using direct injection of nanoparticles into the tumor to 
focus the radio waves for select heating. Temperatures were measured 
using a fiber-optic thermometer for real-time data. Solutions containing 
gold nanoparticles heated in a time- and power-dependent manner. 
HepG2 liver cancer cells cultured in the presence of gold nanoparticles 
achieved adequate heating to cause cell death upon exposure to the RF 
field with no cytotoxicity attributable to the gold nanoparticles 
themselves. In vivo rat exposures at 35 W using direct gold nanoparticle 
injections resulted in significant temperature increases and thermal 
injury at subcutaneous injection sites as compared to vehicle (water) 
injected controls. These data showed that non-invasive radio wave 
thermal ablation of cancer cells is feasible when facilitated by gold 
nanoparticles [17]. 
 
Steven A Curley et al studied novel approaches to treat human cancer 
that are effective with minimal toxicity profiles are needed. Authors 
evaluated gold nanoparticles (GNPs) in human hepatocellular and 
pancreatic cancer cells to determine: 1) absence of intrinsic cytotoxicity 
of the GNPs and 2) external radiofrequency (RF) field-induced heating of 
intracellular GNPs to produce thermal destruction of malignant cells. 
GNPs (5 nm diameter) were added to 2 human cancer cell lines (Panc-1, 
Hep3B). 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT) assay and propidium iodide-fluorescence associated cell sorting 
(PI-FACS) assessed cell proliferation and GNP-related cytotoxicity. Other 
GNP-treated cells were exposed to a 13.56 MHz RF field for 1, 2, or 5 
minutes, and then incubated for 24 hours. PI-FACS measured RF-induced 
cytotoxicity. Authors also demonstrated that GNPs 1) have no intrinsic 
cytotoxicity or anti-proliferative effects in two human cancer cell lines in 
vitro and 2) GNPs release heat in a focused external RF field. This RF-
induced heat release is lethal to cancer cells bearing intracellular GNPs in 
vitro [18]. 
 
CONCLUSION 
 
Currently research activities are focused on the optimization of the 
nanoparticle based- imaging and therapy techniques to physiological 
environments, which will determine the clinical stage success of gold 
nanoparticle- based nanomedicine. The diagnostic and therapeutic 
strategies based on the unique optical properties of gold nanoparticles 
discussed in this review are in general and can be extended to other 
diseases and disorders as well. This would require the identification of 
biomolecular signatures associated with the particular disorder being 
targeted.  
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