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Abstract

Nanoparticles are increasingly becoming indispensable tool of modern day 
research in almost every field of science. Application of gold nanoparticles, 
particularly, in cancer imaging and therapy is notably promising through the 
recent surge of scientific communications from all around the world. Apart from 
being biocompatible and non-toxic, surface plasmon resonance enhanced light 
scattering and absorption, and their ability to convert absorbed light into localized 
heat makes them more suitable as agents for photothermal cancer therapy 
resulting in thermal ablation of the cancer cells. Moreover, the high surface-to-
volume ratio of the gold nanoparticle supports the bio-functionalization of their 
surface with ligands that can specifically target the cancer cells and also with 
biocompatible polymers, making them more suitable for in vivo applications. 
This review focusses on overview of characteristic features, synthesis and 
potential applications of gold nanoparticles in cancer therapy and diagnosis.
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controlled GNPs, various chemical methods such as sodium citrate 
mediated reduction described by Turkevich(1951) and Frens(1973); 
and sodium borohydride mediated reduction method (Brustand 
Schriffin; 1994) have been employed [3-5]. However, seed mediated 
growthproposed by Schmid et al (1996) is the widely used chemical 
method of synthesizing GNPs [6]. Similarly, seed-mediated growth 
methods by Murphy et al (2001) and Nikoobakht& El-Sayed (2003) 
arequite common for the chemical synthesis of gold nanorods.
Although, several chemical methods have been successfully employed 
for the synthesis of various gold nanostructures, their toxicity limits 
their application in medicine [7,8]. Therefore, eco-friendly (green 
chemistry) and non-toxic biological or biomimetic methods have 
been widely considered for synthesis.

Several attempts had been made to synthesize GNPs of fairly 
uniform size and shape using plant extracts and extracellular 
microbial extracts [9]. Sastry et al reported the synthesis of GNPs 
using three different microbes, namely fungus Fusariumoxysporum, 
fungus Verticillium sp. and actinomycete Thermomonosporasp 
[10-12]. Biosynthesis of metal and semiconductor nanoparticles 
using microorganisms has emerged as a more ecofriendly, simpler, 
and more reproducible alternative to chemical synthesis, allowing 
the generation of rare forms such as triangles. Use of fungus 
Helminthosporumsolani, when incubated with an aqueous solution 
of chloroaurate ions, produced a mixture of extracellular gold 
nanocrystals in diverse shape and size.  These smallest separated gold 
nanoparticles when conjugated to Doxorubicin (DOX) demonstrated 
efficient uptake and cytotoxicity in HEK293 cells [13].

Similarly GNPs of various shape and size can be synthesized in 
a controlled manner using plant extracts, where the bioreduction 
of gold ions to GNPs occurs on account of the pharmaceutically 
active biomolecules such as alkaloids, phenolic compounds, and 
terpenoidspresent in them [14,15]. For instance, stem extracts of 
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Introduction
Gold Nanoparticles (GNPs) are known for their unique 

optical & electronic properties. They produce vibrant colors upon 
interaction with visible light and thus were used by artisans in the 
past centuries. Gold nanoparticles have proved to be versatile for a 
range of applications with well characterized physical and electronic 
properties. Moreover, their surface chemistry can be easily modified. 
Their large surface area to volume ratio enables surface coating with 
a variety of molecules including therapeutics and target agents. The 
optical and electronic properties of gold nanoparticles are tunable 
by changing the size, shape, surface chemistry, or aggregation state. 
One of the unique properties exhibited by GNPs is surface plasmon 
resonance enhanced light scattering and absorption, which can 
be customized by varying the size or shape of the nanoparticles 
for different applications [1,2]. These features have made gold 
nanoparticles one of the most widely used nanomaterials for academic 
research. In recent years, GNPs have been researched for medical 
applications as therapeutic and drug delivery agents. Here, we have 
attempted to review synthesis and promising applications of GNPs in 
chemotherapy of cancer highlighting in-vitro efficacy studies in the 
recent times.

Synthesis
GNPs are synthesized using physical, chemical and biological 

methods. Nevertheless, synthesis of GNPs by the conversion of 
metallic gold into nanoparticulate gold by chemical reduction is 
the most popularly used method. For synthesizing stable and size 
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Cassia fistula of Leguminosae family and leaf extracts of tropical 
almond tree (Terminalia catappa), rose plant (Rosa rugosa), Magnolia 
kobustree and persimmon (Diopyros kaki)were used for the synthesis 
of gold nanoparticles;rose geranium plant (Pelargonium graveolens) 
extract was used to synthesize decahedral and icosahedral shaped 
gold nanoparticles; lemon grass (Cymbopogonflexuosus) extract has 
been used to synthesize gold nanostructures of various shapes, namely 
gold nanospheres and gold nanotriangles; neem (Azadirachtaindica) 
extract used to synthesize gold triangles and hexagons; sugar beet 
pulp was used to synthesize gold nanowires; and Aloe vera plant 
extract for synthesizing gold nanotriangles [16-24]. All of these 
biosynthetic methods were highly reproducible and are relatively 
non-toxic (Figure 1).

Targeted drug delivery
Gold nanoparticles are known to be non-toxic and non-

immunogenic [25,26] and are effectively employed as drug 
delivery vehicles in targeting tumors simultaneously improving the 
chemotherapy of certain drugs known to be limited by severe dose-
limiting side effects. Brown et.al had shown that the active component 
of the platinum-based anticancer drug oxaliplatin when conjugated 
to gold nanoparticles provided improved drug delivery. Naked gold 
nanoparticles were functionalized with a thiolated polyethylene 
glycol (PEG) monolayer capped with a carboxylate group. A platinum 
complex, [Pt(1R,2R-diaminocyclohexane)(H2O)2]2NO3, was added 
to the PEG surface to yield a supra-molecular complex with around 
280 drug molecules per nanoparticle. The platinum-tethered gold 
nanoparticles were examined for cytotoxicity, drug uptake, and 
localization in the A549 lung epithelial cancer cell line and the colon 
cancer cell lines HCT116, HCT15, HT29, and RKO. The platinum-
tethered nanoparticles demonstrated as good as, or significantly 
better, cytotoxicity than oxaliplatin alone in all of the cell lines and 
also an unusual ability to penetrate the nucleus in the lung cancer 
cells [27].

The potential of multifunctional GNPs for drug delivery was 
demonstrated by the use of 5 nm GNPs as a delivery vehicle, 
covalently bound to cetuximab, as targeting agent and gemcitabine as 

a therapeutic drug in pancreatic cancer. Patra et al demonstrated that 
high intra-tumoral gold concentrations (4500 μg/g) could be achieved 
using this approach compared with 600 μg/g with untargeted GNPs. 
The GNP–cetuximab–gemcitabine nanocomplex was found to 
be superior to any of the agents alone or in combination both in-
vitro and in-vivo. Low doses of complex gemcitabine led to >80% 
tumor growth inhibition in an orthotopic pancreatic cancer model 
compared with 30% inhibition using the non-conjugated agents in 
combination [28,29].

GNPs stabilized with a monolayer of L-aspartate in combination 
with conventional anti-cancer drugs doxorubicin, cisplatin, and 
capecitabine were successfully used as a tumor targeting drug delivery 
agents [30]. The cellular proliferation rates in hepatocellular carcinoma 
cells were reported to be significantly lower in presence of the GNPs-
drug combinations indicating that GNPs facilitated an increased 
susceptibility of cancer cells. Gold nanoparticles of ultra-small size 
(2.8 nm) conjugated to doxorubicin were found to be up to five fold 
toxic to B16 melanoma cells than the drug alone. Transfection of cells 
with Bcl-2, protected the cells against plain doxorubicin treatment 
but not against cells treated with drug conjugated to GNPs; and the 
cell death of conjugated GNPs was reported to be necrotic [31].

Several studies had shown that gold nanoparticles tagged to 
cancer cell surface markers can be used for targeted cancer therapy. 
Gold nanoparticles functionalized with anti-epidermal growth factor 
receptor antibodies have been found to facilitate photothermal 
destruction of cancerous cells over expressing EGFRs [32]. Similarly, 
uptake rate of GNPs can be improved via the ligand-receptor 
mediated endocytosis. Tsai SW et al, using human breast cancer 
cell lines, MDA-MB-435S and T-47D, had demonstrated that the 
expression of the folic acid receptors in the former is much higher 
than that of the latter. Upon surface-modification of GNPs with folic 
acid, the uptake amount of GNPs in MDAMB- 435S cells, which had 
sufficient folic-acid receptors, was found to be higher [33].

A similar research on targeted cancer therapy by Banu H et.al 
had shown that GNPs can be conveniently employed in potentiating 
the cytotoxicity of anti-cancer drugs such as cyclophosphamide in 
alpha human folate receptor (αHFR) positive breast cancer cells by 
conjugating the GNPs to the cancer targeting ligand folic acid. In this 
study, GNPs functionalized with Folate were delivered to highly αHFR 
positive MDA-MB-231 breast cancer cells. Upon photo-excitation of 
such GNPs, which had accumulated in these cells via folate receptor-
mediated endocytosis had resulted in increased cell membrane 
permeability to Cyclophosphamide due to hyperthermia-mediated 
cellular membrane damage. A ten-fold increase in sensitization of 
MDA-MB-231 cells to cyclophosphamide treatment was reported in 
comparison to MCF-7 cells that doesn’t express detectable levels of 
αHFRs. Further, the strategy allowed reduction in drug dosage thus 
making it a promising approach in the treatment of folate positive 
cancers [34] (Figure 2).

Also, water-soluble, doxorubicin conjugated gold nanoparticles 
exhibited a significant pH-responsive drug release profile, when they 
were stabilized by thiolated methoxy polyethylene glycol (MPEG-
SH) and Methyl Thioglycolate (MTG) at an equi-molar ratio. The 
anticancer drug DOX was conjugated to the MTG segments of the 
thiol-stabilized GNPs using hydrazine as the linker. The resulting 

Figure 1: The SEM micrograph of poly-dispersed, large and uniform biogenic 
gold nanoparticles synthesized using the pollen extract of Date palm tree 
Phoenix dactylifera. [picture courtesy: School of Life Sciences, Manipal 
University, Dubai].
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hydrazine bonds formed between the DOX molecules and the MTG 
segments of the thiol-stabilized GNPs are acid cleavable, thereby 
providing a strong pH-responsive drug release profile. The MPEG 
segments attached to the GNPs provided excellent solubility and 
stability in an aqueousmedium while potentially enhancing the 
circulation time. The DOX release rate from the DOX conjugated 
GNPs in an acid medium (i.e., pH 5.3) was dramatically higher than 
that in physiological conditions (i.e., pH 7.4) [35]. 

Cancer cell imaging
Small size, biocompatibility, high atomic number (high-Z) 

combined with the ability to bind with targeting agents demonstrates 
the potential of GNPs as contrast agents. At energies above 80 kV, 
the mass attenuation of gold is said to be higher than that of iodine, 
suggesting better contrast with gold. In-vivo studies using Balb/c 
mice with GNPs of 1.9 nm have shown longer retention times and 
superior contrast to iodine with resolution of vessels as small as 
100 μm. While GNPs have the potential to improve contrast with 
structural imaging modalities, it is possible that functionalized GNPs 
could be effectively employed in in-vivo molecular imaging for 
obtaining information on the metabolic activity of cancer cells and 
the expression of molecular markers. Further, GNPs have been shown 
to cause radio-sensitization at kilo voltage and megavoltage photon 
energies [35]. Another study reported novel DOX conjugated GNPs 
with a potential to simultaneously enhance CT imaging contrast and 
facilitate photothermal cancer therapy while delivering anticancer 
drugs to their target sites [36]. 

Jain PK et.al had studied the optical properties of various gold 
nanostructures (particularly gold nanospheres, silica-gold nanoshells 
and gold nanorods) and calculated the absorption and scattering 
efficiency, and optical resonance wavelengths. This study showed that 
the increase in the size of the gold nanospheres resulted in increased 
light scattering efficiencies and gold nanospheres of 80 nm size 
exhibits 5 orders of magnitude of light scattering higher than that 
of emission from other fluorescing dyes. The study also showed that 
the light scattering of gold nanoshells can be increased by increasing 
their size and decreasing ratio of core-to-shell radius; and the gold 
nanorods exhibiting a high aspect ratio and a larger effective radius 
are best suited as highly contrast agents for imaging, whereas gold 

nanorods of higher aspect ratio and a smaller effective radius are 
suitable for photo-absorption [37]. 

Photothermal cancer therapy
Gold nanoparticles specifically targeted to biomarkers on cancer 

cells allow molecular specific imaging and detection of cancer within 
the body. In addition to that, the GNPs have the highly tunable 
plasmon resonances, on account of which the GNPs can absorb light 
and quickly convert the absorbed light energy effectively into localized 
heat energy and this property can be harnessed to cause thermal 
ablation of the cancer cells in a process called nanophotothermal lysis 
or hyperthermic/photothermal cancer therapy [38-40]. Hyperthermia 
is a minimally invasive technique that is known to induce apoptotic 
cell death in many tissues and has been shown to increase local 
control and overall survival in combination with radiotherapy and 
chemotherapy in randomized clinical trials [41-43]. Hyperthermia 
is generally used in combination with other treatments, including 
radiotherapy, with heat generation by radiofrequency waves, 
microwaves or ultrasound. 

Photothermal cancer therapy mediated by GNPs is gaining 
immense attention in the treatment of cancers and recently several 
researches have demonstrated the potential use of gold nanostructures 
of various shapes and sizes in thermal ablation of cancer cells [44,45]. 
Depending on the size and shape of the GNPs, the ability of the 
gold nanoparticle to absorb and scatter light also varies; and so far, 
gold nanostructures such as gold nanospheres, gold nanorods, gold 
nanoshells and gold nanocages had been explored for their use as 
photothermal agents in the treatment of cancers [46,47]. As reported 
by Prashant K Jain et.al, changing the shape or composition of gold 
nanoparticles results in tuning the surface plasmon resonance to the 
near-infrared region, enabling in-vivo imaging and photothermal 
therapy of cancer [48].

The ability of photostable gold nanospheres to absorb light several 
times more potent than the organic dye molecules and their capability 
to convert the absorbed light effectively into heat to cause cellular 
damage makes them attractive as photothermal agents for cancer 
therapy [49,50]. El-Sayed et al have used the anti-Epidermal Growth 
Factor Receptor (EGFR) antibody conjugated gold nanoparticles for 
mediating laser photo-thermal therapy of oral squamous carcinoma 
and epithelial carcinoma cell lines [51].

Gold nanorods are one of the preferred nanostructures for 
photothermal therapy as they exhibit highly efficient absorption 
in the Near-Infra Red (NIR) region, which is the optimal optical 
wavelength for the penetration of deep tissues for cancer treatment 
[52]. Researchers have shown that gold nanorods coated with 
photosensitizers such as AlPcS4 or indocyanine green can act as 
effective photothermal agents [53-55].

Several successful efforts had been made with the application 
of gold nanoshells for the photothermal destruction of cells. 
Immunotargeted gold nanoshells having a dielectric core had been 
designed by Loo C et.al to scatter light in the NIR region and absorb 
light making it appropriate for integrated cancer imaging and breast 
cancer therapy under in-vitro conditions [56]. In-vivo studies using 
gold nanoshells when administered to mice intravenously followed 
by NIR resonant radiation resulted in destruction of tumor cells in 
mice [57].

Figure 2: EC50 (half maximal effective concentration) of cyclophosphamide 
shows about ten-fold sensitization of highly folate positiveMDA-MB-231 
breast cancer cells to cyclophosphamide treatment after folate GNP mediated 
hyperthermia [Banu H. et al [34]].
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However, lack of tumor specificity, difficulty in heating of deep 
rooted tumors to therapeutic temperatures and thermo- tolerance 
after initial treatment has limited the use of hyperthermia in cancer  
treatment [58]. Perhaps, quite a lot of approaches had been developed 
to overcome most of these limitations of hyperthermia. A targeted 
photothermal cancer study by Huff TB et al had shown that KB cells 
treated with gold nanorods functionalized with the cancer targeting 
ligand folate had resulted in increased susceptibility of the KB cells to 
photothermal damage upon irradiation of the plasmon resonant gold 
nanorods [59]. Due to the lack of penetration of light into deep tissues 
and absorption/scattering of light by biomolecules like hemoglobin, 
hyperthermia was believed to be very effective in the treatment of 
only superficial tumors like in case of skin cancers. Nevertheless, gold 
nanorods and gold nanoshells that absorbs in NIR range can mediate 
best tissue penetration as the hemoglobin and water absorption 
is decreasing predominantly in the optical wavelength of around 
800 nm (biological NIR window). Thus, for in vivo cancer therapy 
applications, plasmonresonances of nanoparticles have been optically 
tuned to be in the NIR region for achieving effective hyperthermia of 
deeper tissues [60,61].

Conclusion
Gold Nanoparticles have many properties that demonstrate their 

potential use in cancer diagnosis and therapy. They can be easily 
synthesized by chemical and biological methods without much need 
of sophistication. Their size and enhanced permeability and retention 
effect enables easy penetration and accumulation at tumor sites. 
GNPs have a high atomic number, which leads to greater resonant 
absorption of energy and provides greater contrast than standard 
agents. Further, GNPs are able to bind proteins and drugs targeted to 
cancer specific cell surface receptors. They can be effectively employed 
in photothermal therapy due to surface plasmon resonant light 
absorption when exposed to the light of specific energy producing 
heat. Owing to these properties, there is great deal of excitement and 
interest among research community worldwide. However, issues 
related to evaluation of toxicity and mutagenic potential, large scale 
production for clinical use and implementation of standards for 
characterization and pre-clinical testing have to be addressed.
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