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ABSTRACT 
Gold nanoparticles are also called colloidal gold particles and their diameters are generally ranged from 1 to 100 nanometer.  They are 
the promising candidates for many kinds of medical applications based on the characteristics of size and shape dependent physical 
properties, surface chemistry, optical-electronic properties, facile synthesis, excellent biocompatibility and low
article focuses on the recent application of gold nanoparticles in biochemical detection, anticancer therapy and
system.  In addition, a brief introduction was reviewed on several approaches of cancer immunological therapy. The treatment 
prevention on human infectious diseases and novel vaccine adjuvants with gold nanoparticles were discussed.  Finally, the safety 
regulatory concerns were also discussed. 
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1. INTRODUCTION 
 A nanomaterial is defined as any material which has been 

synthesized on the size range roughly from 1 to 100 nm (nano

scale). The material at nano-size will present differently physical 

and chemical properties than it would as the larger scale or as an 

atomic cluster.  Generally, a material changes the light absorption, 

photoluminescense, magnetization and electrical conductivity 

when its size goes down to the nano-scale. Colloidal gold particles 

with vivid visible colors have been used in painting with artists 

and craftsman over centuries.  The metallic gold nanoparticles 

have long been a popular choice of nanomaterial for 

researches and medicinal applications because of their easier 

synthesis method, the high degree of control over shape and size, 

their long-term stability in a wide variety of solvents and pH 

conditions and their conductive nature toward surface

modification [1].  In addition, the scientists can well

choose a specific ligand, such as proteins, nucleic acids or drug 

ingredients, attached to a gold nanoparticle surface. This feature 

makes gold nanoparticles may be either directed to a target tissue 

or to a specific cell in a human body for diagnosis or therapeutic 

purposes. 

 Gold nanoparticles provide non-toxic carriers for drug and 

gene delivery in therapeutic applications.  The gold core imparts 

stability to the assembly within these delivery 

monolayer allows tuning of surface properties such as charge and 

 

2. GOLD NANOPARTICLE USED IN BIOMOLECULE DETECTION
 Gold nanoparticles show massive dipole interactions with 

light rays.  These surface plasmon resonance (SPR) bands are very 

sensitive to the microenvironment.  Plasmon resonance is the basis 

of a widely-used analytical technique for detection of biological 
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human body for diagnosis or therapeutic 

toxic carriers for drug and 

he gold core imparts 

delivery systems.  The 

uning of surface properties such as charge and 

hydrophobicity.  An extra attractive feature of gold nanoparticles 

is their interaction with thiols, providing an effective and selective 

means of controlled intracellular release [

nanoparticles are a suitable platform for development of 

delivery systems.  They can be easily synthesized, functionalized, 

and are biocompatible.  The tunability of this monolayer also 

allows for complete control of surface properties for targeting and

stability/release using these nano

unique features of gold nanoparticles may be used for adequate 

and specific releasing of anticancer agents in tumor tissues as well 

as have a great potential for application of anticancer t

Thus, the first part of this review will focus on the recent 

applications of anticancer strategies utilizing gold nanoparticles 

[3]. 

 Gold nanoparticles with the characters of non

and as a nano-scaled carrier are not only widely inv

anticancer therapies but also suitable for vaccine development.  In 

addition, gold nanoparticles are ideal multivalent antigen carrier 

scaffoldings because of their biocompatibility, lack of 

immunogenicity as well as readily absorbed by antige

cells through endocytosis/phagocytosis [4, 5].T

this review will also focus on 

nanoparticlesfor antigen carrier and presenting system.

BIOMOLECULE DETECTION 
Gold nanoparticles show massive dipole interactions with 

light rays.  These surface plasmon resonance (SPR) bands are very 

sensitive to the microenvironment.  Plasmon resonance is the basis 

for detection of biological 

molecules. Taton et al. developed a technique to 

complementary hybridization of nucleic acids with detecting

shifts of colloidal gold SPR bands [6].

nanoparticles may be characterized by a drastic shift in color from 
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attractive feature of gold nanoparticles 

is their interaction with thiols, providing an effective and selective 

means of controlled intracellular release [2].  Therefore, gold 

ticles are a suitable platform for development of effective 

delivery systems.  They can be easily synthesized, functionalized, 

and are biocompatible.  The tunability of this monolayer also 

allows for complete control of surface properties for targeting and 

stability/release using these nano-carriers.  Taken together, the 

unique features of gold nanoparticles may be used for adequate 

and specific releasing of anticancer agents in tumor tissues as well 

as have a great potential for application of anticancer therapies.  

Thus, the first part of this review will focus on the recent 

of anticancer strategies utilizing gold nanoparticles 

Gold nanoparticles with the characters of non-toxic, inert 

scaled carrier are not only widely investigated in 

anticancer therapies but also suitable for vaccine development.  In 

addition, gold nanoparticles are ideal multivalent antigen carrier 

scaffoldings because of their biocompatibility, lack of 

immunogenicity as well as readily absorbed by antigen-presenting 

cells through endocytosis/phagocytosis [4, 5].The second part of 

focus on recent development of gold 

for antigen carrier and presenting system. 

. developed a technique to monitor the 

of nucleic acids with detecting the 

shifts of colloidal gold SPR bands [6]. The aggregation of gold 

characterized by a drastic shift in color from 
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red to blue.  The closer nanoparticles get to others, the greater the 

magnitude of the shift.  Therefore, the shifting SRP energies of 

gold nanoparticles are the basis of colorimetric assays using 

capture-target biomolecular binding schemes.  When gold 

nanoparticles coated with a specific recognition DNA sequence 

are introduced to a solution in which the complementary targeting 

 DNA sequence is also bound to gold nanoparticles, the 

hybridization will draw the nanoparticles together and shift the 

SPR frequency to lower energy.  A color change of the solution 

indicates the detection of the specific DNA sequence [7].The 

further use of many spots combined with the specific DNA 

sequence on each spot can be used for high-throughput analysis 

and detection of genes or for profiling hereditary disease or 

genomic-based pathogen detection [1].  Dubertret et al. developed 

a gold nanoparticle method using the fluorescence quenching 

principle to detect single base-pair mismatches of complementary 

DNA [8].   

 In brief, a hairpin loop of single-strand DNA sequence was 

synthesized to contain a small gold nanoparticle at one end and a 

fluorescent dye at the other side.  When the single-strand DNA 

sequence was wrapped up in the hairpin loop, the fluorescent dye 

and nanoparticle were very close and the dye was incapable of 

emitting photons of light.  If a complementary sequence matched 

the template oligonucleotides on the nanoparticle, the hairpin 

structure would unravel to form a more stable, linear double-

strand DNA structure which more stable than the hairpin 

conformation.   

 After that, the dye and nanoparticle were separated and this 

leaded to the dye emitting photons of light.  The results of 

fluorescence emission correlated to the concentration of the 

targeting DNA sequence to be detected. 

3. PHOTOTHERMAL ABLATION THERAPY WITH GOLD NANOPARTICLE 
 The use of heat to preferentially kill tumor cells is a 

promising approach to cancer therapy. Thermal ablation occurs 

when the local tissues are heated to temperatures greater than 

46°C [9]. This type of heating causes denaturation of proteins and 

results in the cellular apoptosis and necrosis [10]. Photothermal 

ablation (PTA) therapy is an emerging technique that use near-

infrared (NIR) laser light-generated heat to destroy tumor cells.  

However, PTA therapy along is difficult to destroy tumor cells 

completely because of the heterogeneous heat distribution [11].  A 

successful PTA therapy needs effective delivery of photothermal 

conducting metal nanoparticles to mediate the balanced 

distribution of heat against tumor cells [12].  The SPR of gold 

nanoparticles has the potential use in PTA therapy except 

colorimetric assays and nanometal surface energy transfer (NSET) 

fluorescent quenching.  The SPR band is a gigantic dipole, with 

extinction coefficients ranging into the billions if the particles are 

large enough.  Most of the gold nanoparticles are non-

photoluminescent structures where the absorbance energies by the 

nanoparticle are mostly dissipated to the surrounding environment 

as heat.  If the gold nanoparticle appears in a tumor mass, then the 

heat dissipated by the nanoparticle through light absorption will 

locally destroys its environment, leaving the healthy neighboring 

cells alone [1]. 

 In addition, to improve the efficacy and tumor selectivity of 

laser-induced PTA, NIR-laser-modulated photothermal effects can 

not only provide PTA of tumor cells but also induce to release 

anticancer agents from the gold nanoparticles.  You et al. 

synthesized multifunctional doxorubicin (DOX)-loaded hollow 

gold nanospheres (DOX@HAuNS) that target EphB4, a member 

of the Eph family of receptor tyrosine kinase over expressed on 

the cell membrane of multiple tumors and angiogenic blood 

vessels [13].  Briefly, a 14-mer peptide which bound Eph4 

specifically conjugated doxorubicin (DOX)-loaded hollow gold 

nanospheres (T-DOX@HAuNS) was used to treat three Eph4B 

positive tumors both in vitro and in vivo.  In vivo release of DOX 

from DOX@HAuNS, triggered by NIR laser, was confirmed by 

dual radiotracer technique. Treatment with T-DOX@HAuNS 

followed by NIR laser irradiation resulted in significantly 

decreased tumor growth when compared to treatments with non-

targeted DOX@HAuNS plus laser or only gold nanospheres plus 

laser. The tumors in six of the eight mice treated with T-

DOX@HAuNS plus laser regressed completely with only residual 

scar tissue by 22 days following injection, and none of the 

treatment groups experienced a loss in body weight. The findings 

of You et al. demonstrated thatconcerted chemo-photothermal 

therapy with a single nanodevice capable of mediating 

simultaneous PTA and local drug release may have promise as a 

new anticancer therapy. Furthermore, in order to raise the tumor-

specific and localized PTA effects, gold nanoparticles can be 

coated with various targeting molecules that increase their 

selectively cellular binding and internalization through receptor-

mediate endocytosis [14].   

 One of the molecular targets that could be used for 

distinguishing between the tumor cells and the surrounding normal 

cells are transmembrane tyrosine kinase receptor, the fibroblast 

growth factor receptors (FGFRs).  Over expression of FGFRs has 

been indicated in many kinds of cancerous tissues, such as breast, 

prostate, bladder and gastric tumors [15].  Moreover, a low level 

of FGFRs expression is found on the membranes of the 

surrounding normal cells in the tumor vicinity.  Therefore, FGFRs 

have a potential to become the therapeutic targets.  Szlachcic and 

coworkers showed a gold nanoparticle-based system employing a 

modified FGF1 stable variant a targeting agent to reach and 

destroy tumor cells [16].   

 A recombinant ligand of all FGFRs, human fibroblast 

growth factor 1 (FGF1), can be used as a targeting agent 

covalently bound with gold nanoparticle to tumor cells over 

expressing FGFRs.  The results indicated the gold nanoparticles 

conjugated with highly stable novel FGF1 variant were 

specifically internalized only by the cells expressing FGFRs and 

significantly reduced their viability after irradiation of NIR light.  

However, the proliferation potential of cells lacking FGFRs is not 

affected. 
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4. GOLD NANOPARTICLE-INDUCED RADIATION THERAPY FOR BRAIN TUMORS 
 Brain tumors are prevalent and aggressive and carry a 

dismal prognosis.  For example, multimodal therapies involving 

surgical resection, chemotherapy and radiation therapy (RT) are 

the currently standard treatments for glioblastoma multiforme 

(GBM), the most brain malignancy. However, the median survival 

remains just over one year [17].  A major problem in the treatment 

of brain tumor is the blood-brain barrier (BBB).  The BBB 

restricts entry of many blood plasma constituents, including a host 

of circulating anticancer drugs.  Recent MRI approach has shown 

that radiation can increase permeability of gadolinium 

diethylenetriaminepentaacetic acid in human patients [18].  In 

addition, Baumann et al. demonstrated that RT-induced BBB 

disruption could enhance the delivery of anticancer drug-loaded 

nanopolymers to orthotopic animal models of human GBM [19].  

These suggested that targeted RT could enhance the uptake of 

anticancer agents in circulation system for brain tumors by 

decreasing the resistance of BBB.  In addition, the effect of RT-

increased permeability on the BBB could coordinate with the 

efficient delivery system of anticancer agents to tumor tissues.  

Several approaches have shown the gold nanoparticles have the 

ability to enhance the efficacy of RT in vitro and in vivo [20-24].  

The results indicated that gold nanoparticles decorated with 

polyethylene glycol (PEG) present to be highly uniform in 

diameter, stable under physiological conditions and biocompatible 

[20, 25].  These PEG-coated gold nanoparticles exhibit prolonged 

systemic circulation half-life and can further promote the 

enhanced permeability and retention effect of anticancer agents in 

brain tumors [26]. Joh and coworkers showed that combined 

PEGylated-gold nanoparticles and RT significantly increased 

cellular DNA damage inflicted by ionizing radiation in human 

GBM-derived cell lines as well as in brain blood vessels, and 

resulted in reduced clonogenic survival [27]. Furthermore, the 

combination of gold nanoparticles and RT increased survival of 

mice with orthotopic GBM tumors.  These suggested that RT-

induced BBB disruption can be leveraged to improve the tumor-

tissue targeting of gold nanoparticles. Thus, the gold nanoparticles 

could be integrated into RT treatment of brain tumors in the 

future. 

 

5. GOLD NANOPARTICLE FOR ANTICANCER DRUG DELIVERY SYSTEM 
 The use of gold nanoparticles for biomolecule detection, 

photothermal therapy and modification of RT has been reviewed.  

The following subjects will focus on the use of gold nanoparticles 

for drug delivery systems in recent development of cancer therapy.  

The application of gold nanoparticles as a drug delivery tool is 

rapidly developing [28, 29].  The natures of gold nanoparticles 

make them a promising carrier for delivery of anticancer agents.  

The fabrication of various sizes and shapes of nanoparticles has 

been established [30].  In addition, the use of ligand place 

exchange reactions, multifunctional monolayers can also be 

fabricated [31].  The variation of nanoparticle structures enabled 

their surfaces to contain multiple targeting and/or anticancer 

agents [32-34].  For instance, Lee et al. reported that surface 

modification of lipid nanoparticles was shown to reduce the 

toxicity of gold porphyrin, a recent developed chemotherapeutic 

agent, both in vitro and in vivo [35].  Their following study 

presented that a PEG surface-modified lipid nanoparticle could be 

a drug carrier platform.  The anticancer agent encapsulated into 

PEG-modified lipid nanoparticles enhanced the preferential uptake 

in tumor tissue.  The higher tumor killing efficiency was also 

observed in response to treatment with PEG-modified lipid 

nanoparticle encapsulating gold porphyrin or camptothecin when 

compared with only treatment by gold porphyrin or camptothecin 

[36].  Huang et al. investigated the effect of PEGylated gold 

nanoparticle son human chronic myeloid leukemia K562 cells 

[37].  The results showed that PEG-gold nanoparticles markedly 

inhibited the viability and impaired the cell membrane integrity of 

K562 cells and have the potential to inhibit growth and induce 

apoptosis in human chronic myeloid leukemia K562 cells.  Yeh 

and coworkers generated physical gold nanoparticles conjugated 

with different ratios of (-)-epigallocatechin-3-gallate (EGCG), a 

phenolic compound in green tea with the cancer-chemopreventive 

properties [38, 39].  They found that EGCG-gold nanoparticles at 

ratios of 23:2.5 with the size of 50 nm showed longer EGCG 

activity half-life, controlled release, higher antioxidant activity and 

inhibition of tumor cell growth than controls.In addition, to 

maximize the effectiveness of EGCG, Chen and coworkers as well 

as Yeh attached EGCG to gold nanoparticles in various ratios to 

examine in vitro cytotoxicity and in vivo anticancer activity [40].  

The results showed that the gold nanoparticle coated with EGCG 

is a combination capable of inhibiting the growth of murine 

B16F10 melanoma cells.  They found that the inhibitory 

mechanism of EGCG-gold nanoparticles was through cell 

apoptosis by increasing abnormal cell observation, percentage of 

apoptotic bodies, caspase-3, -8, -9 activities and alteration of 

mitochondria potential.  Furthermore, the high biocompatibility of 

EGCG-gold nanoparticle was also established via hemolysis 

assay. 

 

 

6. CANCER IMMUNOTHERAPY WITH GOLD NANOPARTICLES 
 Cancer immunotherapy is a novel treatment that stimulates 

the patient’s immune system to attack tumor cells.  The induction 

of anti-tumor T cell responses through specific cancer vaccines is 

the key point to enhance the anticancer efficacy.  The tumor 

associated antigens (TAA) or TAA-derived peptides have been 

developed for induction of anti-tumor immungenecity [41-43].  

The clinical studies of gp100 peptides, a melanocyte lineage-

specific protein expressed in most melanomas, indicated that 

gp100 peptides could induce strong anti-melanoma CD8+ 

cytotoxic lymphocytes (CTLs) in 14% of patients and CD4+ helper 

T cell effects in 79% of patients [44, 45].  However, the results 

also showed that the overall response rate was only 2.6% and this 

low response could correlate with peptide degradation and limiting 

amount of antigen delivered to the peripheral antigen-presenting 
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cells (APCs).  Several nano-scaled antigen carriers have been 

developed to improve the delivery of TAA to APCs [46].  Reddy 

and coworkers reported that the smaller nanoparticles (~ 45 nm) 

could drain into lymph nodes and were readily taken up by lymph 

node-resident dendritic cells (DCs), a kind of APCs, following 

subcutaneous injections [47, 48].  The results indicated that sub-

100-nm nanocarrier designs could facilitate antigen delivery to 

APCs in the lymph nodes.  The non-toxic gold nanoparticles can 

be endocytosed by DCs and other phagocytic mononuclear cells 

[49, 50].  In addition, gold nanoparticles tend to accumulate in the 

reticulo-endothelial system when injected intravenously [51].  For 

this property, Lin and his coworkers designed novel gold-based 

nano-vaccines using a simple self-assembling bottom-up 

conjugation method to produce gold nanoparticle conjugated with 

high-density peptides [52].  The results showed that DCs uptake 

high-density peptide conjugated gold nanoparticles and process 

the specific peptide antigens to stimulated CTLs better than free 

peptides only.  Furthermore, this also indicated that gold 

nanoparticles have great potential to be an antigen carrier for 

various vaccines. 

 

 

7. GOLD NANOPARTICLES FOR ANTIGEN DELIVERY SYSTEM 
 In recent years, more and more synthetic immunogenic 

peptides were created and used for vaccine antigens because they 

are ideal subunit components for novel vaccines compared with 

traditional ones. However, synthetic immunogenic peptides were 

too small to recognized by immune cells and not long enough to 

prevent enzymatic degradation in human body. The co-

administration of adjuvants and engaged with carrier proteins were 

important role for synthetic immunogenic peptide vaccines. 

Recently, many studies showed that the gold nanoparticles may be 

an ideal choice for stabilizing the synthetic small peptides [53]. 

For instance, Yersinia pestis is Gram-negative rod-shaped 

coccobacillus and is the causative agent of plaque. The infection 

of Yersinia pestis can initiate the pneumonic, septicemic and 

bubonic plaques of three major forms.  This bacterium no longer 

causes pandemic of Black Death and threats human lives. 

However, there are over 3000 infections of plaque around the 

world annually based on the estimation of World Health 

Organization (WHO) [54]. Yersinia pestis expresses a capsule-like 

protein, the fraction 1 antigen (F1-antigen), during the bacterium 

stays at 37oC of the environment temperature.  Several studies 

have shown that BALB/c mice immunized with F1-antigen could 

be against experimental plaque.  The results indicated that F1-

antigen may be as the candidate antigen of plaque vaccine [55-57].  

To improve the slow-response immunogenicity of F1-antigen 

subunit candidate vaccine against Yersinia pestis, Gregory et al. 

showed that F1-antigen conjugated with gold nanoparticles using 

N-hydroxysuccinimide and 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide coupling chemistry(AuNP-F1) was introduced to 

immunization of BALB/c mice.  Compared with unconjugated F1-

antigen, the IgG2a response was enhanced in mice dosed with 

AuNP-F1 in PBS but not in mice immunized with AuNP-F1 in 

alum hydrogel. The results demonstrated that gold nanoparticles 

have the potential to arise the protective titer of F1-antigen 

immunized mice. Furthermore, the use of alum as an adjuvant also 

enhanced the antibody response to F1-antigen linked to gold 

nanoparticle. Therefore, the conjugation of F1-antigen to gold 

nanoparticle has been successfully achieved with protective B-cell 

epitopes in F1-antigen. [58]. In addition, the second example of 

gold nanoparticles used in vaccine development is influenza 

vaccine.  Seasonal influenza vaccine is the most important tool for 

prevention of pandemics and seasonal epidemics of flu.  Influenza 

A virus expresses two dominant membrane proteins, 

hemagglutinin (HA) and neuraminidase (NA), which is the proven 

targeted antigen of influenza A virus vaccine. The HA and NA 

gene in virus is unstable because of the single strand RNA 

(ssRNA) viral genome without proof reading function as well as 

reassortant capability of the 8-segmented ssRNA genome.  The 

unstable genome integrity of influenza Avirus variesits 

antigenicity rapidly and leads to the replacement of HA antigen 

for influenza vaccine year-by-year. The 23-amino acid-long 

extracellular region of matrix 2 protein (M2e) has been considered 

one of the most promising antigens for developing an effective 

universal influenza vaccine [59-61]. However, these studies also 

showed that the candidate vaccines must use adjuvants with potent 

or potentialtoxicity to enhance their immunogenicity[59-63]. 

Hashemiand co-workers synthesized the 12 nm-diameter gold 

nanoparticles conjugated with M2e using the gold-thiol 

interaction.  These M2e-caped gold nanoparticles (M2e-AuNP) 

with uniform shape and size could be lyophilized and stably 

resuspended in water.  The M2e-AuNP conjugates were used for 

immunogenicity analysis in mice though intranasal administration.  

The results showed that M2e-AuNPconjugates induced specific 

serum IgG against M2e with addition of adjuvant, soluble CpG. In 

animal model challenged with lethal PR8 strain virus, the mice 

immunized with M2e-AuNP conjugates were only partially 

protected.  However, the mice immunized with M2e-AuNP as well 

as soluble CpG adjuvant could be fully protected [64]. Tao et al. 

also demonstrated that the potential of using the M2e–AuNP 

conjugates with CpGas a platform for developing a universal 

influenza A vaccine [65]. 

 

8. INFECTION DISEASE THERAPY WITH GOLD NANOPARTICLE 
 Many kinds of human infectious diseases are not cured by 

medicines and could be prevented by vaccines in the future. 

Dengue fever (DF) and acquired immune deficiency syndrome 

(AIDS) are these kinds of human infectious diseases and are two 

examples of possibly resolved by gold nanoparticles. Dengue 

viruses (DENV) are enveloped positive ssRNA viruses classified 

in the Flaviridae family, and transmitted by Aedes mosquitoes. 

There are four distinct serotypes of DENV and each of them can 

cause the same symptoms of DF, dengue hemorrhagic fever 

(DHF) and dengue shock syndrome (DSS). Dengue vaccine has 

been developed for over 30 years. But there are no safe and 

effective vaccines for all serotypes of dengue till now [66, 67]. 

Recently, many researches focused in particle therapeutics for 

dengue vaccine applications, which designed dengue siRNA with 

gold-nanoparticles [68]. Villegas-Rosales et al. found that highly 

conserved sequence among the four DENV serotypes located in 
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the encoding sequence for NS4B and NS5 proteins [69]. Paul et al. 

showed that siRNA with gold-nanoparticles significantly reduced 

replication of type 2 DENV and to release infectious virions at 

both pre- and post-infection conditions. Therefore, gold 

nanoparticles are able to efficiently deliver siRNA and control 

infection in vitro, indicating a novel anti-dengue virus strategyfor 

treatment of DF, DHF and DSS [70]. In addition, AIDS caused by 

human immunodeficiency virus type1 (HIV-1) and continues to be 

a major leading pandemic disease in the world. Approximately 34 

million people are living with HIV and 800 thousand deaths per 

year [71]. Bowman and co-workers designed and synthesized a 

multivalent 2 nm diameter of gold nanoparticle coated with SDC-

1721, a fragment of the potent HIV inhibitor TAK-779.The SDC-

1721-gold nanoparticle conjugates displayed inhibitory effect on 

HIV infection comparable to whole TAK-779, but free form of 

SDC-1721 had no inhibitory effect on HIV infection [72]. 

Chiodo’s research team prepared and characterized of near 3 nm 

of glucose-coated gold nanoparticles loaded with anti-HIV agents, 

abacavir and lamivudine. The anti-HIV agents-containing 

glyconanoparticles were the pH-mediated release of the anti-HIV 

agents from the nanoparticles. Furthermore, the anti-HIV agents 

released by glyconanoparticles were able to inhibit viral 

replication similar to the free drugs [73].  The above approaches 

described proof-of-principle aims to a further exploration of gold 

nanoparticles as a new multifunctional tool in the world of drug-

delivery system against life-treating human infection disease. 

 

9. CONCLUSIONS 
 Nanotechnology is rapidly developing and trying to use for 

medical approaches in recent years.  The application of gold 

nanoparticles is the most important and promising one because 

their unique optical, photothermal, and facile surface chemical 

properties.  This article reviewed the potential application and 

therapeutic prospective of gold nanoparticles.  The SPR property 

of gold nanoparticles has been used in biomolecule detection of 

medical diagnostics.  The PTA effect, the cooperation with RT 

and the assistance of delivering anticancer agents also show the 

ability of gold nanoparticles to hopeful future of anticancer 

therapies.  In addition, the gold nanoparticles used as vaccine 

adjuvants as well as siRNA and antiviral agent carriers also 

present an exciting treatment for life-threatening human infectious 

diseases. However, all the ideal prospects still need further 

investigation for the clinical safety and usage in human subjects.  

For example, the cytotoxicity in living human cells, the ultimate 

destination and possible pathways in human body as well as the 

mechanisms for absorption, circulation, distribution, metabolism 

and excretion has to be elucidated. Most nanomaterial-induced 

toxicity is through free-radical mechanisms, among which, the 

generation of oxidative stress mediated by reactive oxygen species 

(ROS) formation is most important [74, 75]. Piryazev and co-

workers found that the effect of gold nanoparticles on leukocyte 

ROS production depended on nanoparticle size. Incubation 

of gold nanoparticles with autologous plasma increased leukocyte 

ROS production if nanoparticle size was 30 and 10 nm [76]. 

Furthermore, the regulatory system for medicinal products also 

has to be modified and updated for the future needs of 

nanotechnology in medical application.  The currently regulatory 

guidance of WHO and most national authorities for medicinal 

products still lacks unique chapters and articles to regulate the 

products containing nanomaterials and/or nanotechnology.  

Therefore, to ensure safety and facilitate the pre-market approval 

of the medicinal products with nanotechnology, the regulatory 

system has to incorporate the specific consideration for physical-

chemical features of nanomaterials. 
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