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INTRODUCTION 
 

For centuries gold has captivated mankind and has been 

considered as a precious metal. Reports state that 

colloidal gold nanoparticles have been utilized for 

centuries by artists for their vibrant colors, which are 

produced by their interaction with visible light. However, 

only in the 1850s scientists began studying their 

properties in more detail. 

 

Gold is a Block D, Period 6 element. It is a soft metal 

that is often alloyed to give it more strength. It is a good 

conductor of heat and electricity. It is a good reflector of 

infrared and is chemically inert. 

 

The versatile surface chemistry of gold nanoparticles 

allows them to be coated with small molecules, 

polymers, and biological recognition molecules, thereby 

extending their range of application. The morphology of 

gold nanoparticles is spherical, and they appear as a 

brown powder. 

 

 
 

Chemical Properties 
 

Chemical symbol Au 

Group 11 

Electronic configuration [Xe] 4f
142

 5d
10

6s
1
 

The chemical properties of gold nanoparticles are 

outlined - 

 

Physical Properties 

The physical properties of gold nanoparticles are given 

in the following table. 
 

  
Imperial 

Density 19.30 g/cm
3
 0.697 lb/in

3
 

Molar mass 196.97 g/mol - 
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ABSTRACT 
 

Gold is a Block D, Period 6 element. It is a soft metal that is often alloyed to give it more strength. It is a good 

conductor of heat and electricity. It is a good reflector of infrared and is chemically inert. The versatile surface 

chemistry of gold nanoparticles allows them to be coated with small molecules, polymers, and biological 

recognition molecules, thereby extending their range of application. The morphology of gold nanoparticles is 

spherical, and they appear as a brown powder. Gold nanoparticles are versatile materials with a broad range of 

applications in a variety of fields. Researchers have coated gold particles with DNA and injected them into plant 

embryos or plant cells. This will ensure that some genetic material will enter the cells and transform them. This 

method enhances plant plastids. The targeted delivery of drugs is one of the most promising and actively 

developing directions in the medicinal use of GNPs. The options of using GNP conjugated with the following 

antitumor agents were proposed: paclitaxel, methotrexate, daunorubicine, hemcytabin, 6-mercaptopurine, 

dodecylcysteine, sulfonamide, 5-fluorouracil, platinum complexes, kahalalide, tamoxifen, herceptin, doxorubicin, 

prospidin etc. The conjugation was carried out either by simple physical adsorption of the drugs onto GNPs or via 

the use of alkanethiol linkers. The effect of conjugates was assessed both (chiefly) on in vitro models, using tumor 

cell cultures, and in vivo, in mice with induced tumors of different natures and localizations (Lewis lung 

carcinoma, pancreatic adenocarcinoma, etc.). 

http://www.wjpmr.com/
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Thermal Properties- 

The thermal properties of gold nanoparticles are 

provided in the table below. 
 

  
Imperial 

Melting point 1064.43°C 1947.9741°F 

Boiling point 2807°C 5084.6°F 

 

Manufacturing Process 

Gold nanoparticles are commonly produced in a liquid 

by reducing chloroauric acid. After dissolving the acid, 

the solution is rapidly mixed along with a reducing 

agent. This process then causes Au
3+

 ions to be reduced 

to neutral gold atoms. 

 

As more of these gold atoms are generated, the solution 

becomes supersaturated. Gold then begins to precipitate 

in the form of sub-nanometer particles. If the solution is 

mixed in a vigorous manner, the particles tend to be 

uniform in size. A stabilizing agent is sometimes added 

to prevent the particle from aggregating. 

 

 
 

Applications 

Gold nanoparticles are versatile materials with a broad 

range of applications in a variety of fields. Researchers 

have coated gold particles with DNA and injected them 

into plant embryos or plant cells. This will ensure that 

some genetic material will enter the cells and transform 

them. This method enhances plant plastids. 

 

The July 2007 issue of Analytical Chemistry reported 

that scientists from Purdue University were able to use 

gold nanoparticles to detect breast cancer. Later it was 

also discovered that the nanoparticles could detect toxins 

and pathogens. 

 

The optical-electronics properties of gold nanoparticles 

are being explored widely for use in high technology 

applications such as sensory probes, electronic 

conductors, therapeutic agents, organic photovoltaics, 

drug delivery in biological and medical applications, and 

catalysis. 

Other applications of gold nanoparticles are listed below: 

 As an anti-biotic, anti-fungal, and anti-microbial agent 

when added in plastics, coatings, nanofibers and textiles 

 In nanowires and catalyst applications 

 In therapeutic agent delivery 

 To connect resistors, conductors, and other elements 

of an electronic chip 

 In photodynamic therapy - When light is applied to a 

tumor containing gold nanoparticles, the particles 

rapidly heat up, killing tumor cells 

 In various sensors, e.g. colorimetric sensor with gold 

nanoparticles can identify if foods are suitable for 

consumption 

 As substrates to enable the measurement of 

vibrational energies of chemical bonds in surface 

enhanced Raman spectroscopy 

 The scattered colors of gold nanoparticles are 

currently used for biological imaging applications 

 Gold nanoparticles are quite dense, thus allowing 

them to be used as probes for transmission electron 

microscopy 

 To detect biomarkers in the diagnosis of cancers, 

heart diseases, and infectious agents 

 As catalysts in a number of chemical reactions 

 For fuel cell application. 

 

 
 

Gold Nano-Particles- Properties and Applications 

Introuction 

Colloidal gold particles have been utilized for centuries 

by artists due to the vibrant colors produced by their 

interaction with visible light. More recently, these 

unique optoelectronic properties have been researched 

and utilized in high technology applications such as 

organic photovoltaics, sensory probes, therapeutic 
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agents, drug delivery in biological and medical 

applications, electronic conductors and catalysis. The 

optical and electronic properties are tunable by changing 

the size shape, surface chemistry, aggregation state.  

 

 
 

Optical and electronic properties 
Gold interact ion with light is strongly dictated by their 

environment, size and physical dimensions. Oscillating 

electric fields of a light ray propagating near a colloidal 

nanoparticle interact with the free electrons causing a 

concerted oscillation of electron charge that is in 

resonance with the frequency of visible light. These 

resonant oscillations are known as surface plasmons. For 

small (~30nm) monodisperse gold nanoparticles, the 

surface plasmon resonance phenomenon causes an 

absorption of light in the blue-green portion of the 

spectrum (~450 nm) while red light (~700 nm) is 

reflected, yielding a rich red color.  

 

As particle size increases, the wavelength of surface 

plasmon resonance related absorption shifts to longer, 

redder wavelengths. Red light is then absorbed, and blue 

light is reflected, yielding solutions with a pale blue or 

purple color. 

 

 As particle size continues to increase toward the bulk 

limit, surface plasmon resonance wavelengths move into 

the IR portion of the spectrum and most visible 

wavelengths are reflected, giving the nanoparticles clear 

or translucent color. The surface plasmon resonance can 

be tuned by varying the size or shape of the 

nanoparticles, leading to particles with tailored optical 

properties for different applications. 

 

This phenomenon is also seen when excess salt is added 

to the gold solution. The surface charge of the gold 

nanoparticle becomes neutral, causing nanoparticles to 

aggregate. As a result, the solution color changes from 

red to blue. To minimize aggregation, the versatile 

surface chemistry of gold nanoparticles allows them to 

be coated with polymers, small molecules, and biological 

recognition molecules. This surface modification enables 

gold nanoparticles to be used extensively in chemical, 

biological, engineering, and medical. 

 

 
 

Applications 

The range of applications for gold nanoparticles is 

growing rapidly and includes: 

Electronics - Gold nanoparticles are designed for use as 

conductors from printable inks to electronic chips. As the 

world of electronics become smaller, nanoparticles are 

important components in chip design. Nanoscale gold 

nanoparticles are being used to connect resistors, 

conductors, and other elements of an electronic chip. 

Photodynamic Therapy - Near-IR absorbing gold 

nanoparticles (including gold nanoshells and nanorods) 

produce heat when excited by light at wavelengths from 

700 to 800 nm. This enables these nanoparticles to 

eradicate targeted tumors. When light is applied to a 

tumor containing gold nanoparticles, the particles rapidly 

heat up, killing tumor cells in a treatment also known as 

hyperthermia therapy. 

Therapeutic Agent Delivery - Therapeutic agents can 

also be coated onto the surface of gold nanoparticles.The 

large surface area-to-volume ratio of gold nanoparticles 

enables their surface to be coated with hundreds of 

molecules (including therapeutics, targeting agents, and 

anti-fouling polymers). 

Sensors - Gold nanoparticles are used in a variety of 

sensors. For example, a colorimetric sensor based on 

gold nanoparticles can identify if foods are suitable for 

consumption.Other methods, such as surface enhanced 

Raman spectroscopy, exploit gold nanoparticles as 

substrates to enable the measurement of vibrational 

energies of chemical bonds. This strategy could also be 

used for the detection of proteins, pollutants, and other 

molecules label-free. 

Probes - Gold nanoparticles also scatter light and can 

produce an array of interesting colors under dark-field 

microscopy. The scattered colors of gold nanoparticles 

are currently used for biological imaging applications. 
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Also, gold nanoparticles are relatively dense, making 

them useful as probes for transmission electron 

microscopy.  

Diagnostics - Gold nanoparticles are also used to detect 

biomarkers in the diagnosis of heart diseases, cancers, 

and infectious agents. They are also home pregnancy 

test. 

Catalysis - Gold nanoparticles are used as catalysts in a 

number of chemical reactions. The surface of a gold 

nanoparticle can be used for selective oxidation or in 

certain cases the surface can reduce a nanoparticles are 

being developed for fuel cell applications. These 

technologies would be useful in the automotive and 

display industry application. 

 

.  

 

Gold nanoparticles have a broad spectrum of application 

areas including medicine, food industry, water 

purification and biological applications. 

 

In particular, gold nanoparticles are applied to drug-

delivery, photo-thermal therapy, imaging, sensing, 

catalysis, and even antimicrobials .The actual list of 

applications of gold nanoparticles is much longer due to 

their unique properties. 

Gold nanoparticles are known to be biocompatible but 

conventional reduction methods can leave some toxic 

chemical species on the surface, which may compromise 

their advantages. 

 

Therefore, greenly synthesized gold nanoparticles have 

much more potential in different fields.  

Gold nanoparticles exhibit natural biocidal properties 

and although their use as antibacterial agents is not so 

prominent compared to silver nanoparticles, they still 

have significant antibacterial effects on several 

pathogens. 

Moreover, green-synthesized gold nanoparticles have 

also shown their antioxidant and antifungal activity. 

 

Fungi such as eukaryotes possess more resistant cell 

boundaries compared to bacteria. The efficacy of gold 

nanoparticles is therefore manifested in their manifold 

biocidal effects with variable size and shapes have been 

obtained  

 

Plant mediated synthesis of gold nanoparticles is usually 

carried out with chloroauric acid (HAuCl4) as a 

precursor, which is then added to the given plant extract 

to be reduced into elemental gold. 

 

 
 

Greenly synthesized gold nanoparticles using plants have 

low cytotoxicity compared to chemically synthesized 

gold nanoparticles. These results refer to several shapes 

and sizes ranging from spherical to triangular and 10 to 

300nm respectively shows gold nanoparticles from 

alkaline pear fruit extract. 

 

Plant extract derived gold nanoparticles are used to coat 

acrylic glass and window glass and they also have 

potential as coatings in food packaging materials due to 

active bacterial mold protection and antioxidant activity. 

 

In the same way, plant mediated gold nanoparticles can 

be used to cover differen fabrics such as cotton, silk, and 

leather to achieve antibacterial properties. 

 

Recent reports have shown an enhanced antibacterial 

activity of green-synthesized gold nanoparticles due to 

biomolecules originating from plant extracts. 
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Gold Nano Particles Biological Advances 

Functionalized gold nanoparticles with controlled 

geometrical and optical properties are the subject of 

intensive studies and biomedical applications, including 

genomics, biosensorics, immunoassays, clinical 

chemistry, laser phototherapy of cancer cells and tumors, 

the targeted delivery of drugs, DNA and antigens, optical 

bioimaging and the monitoring of cells and tissues with 

the use of state-of-the-art detection systems. This work 

will provide an overview of the recent advances and 

current challenges facing the biomedical application of 

gold nanoparticles of various sizes, shapes, and 

structures. The review is focused on the application of 

gold nanoparticle conjugates in biomedical diagnostics 

and analytics, photothermal and photodynamic therapies, 

as a carrier for delivering target molecules, and on the 

immunological and toxicological properties.  

 

Gold Nano Partcles In Diagnostics 

Visualization and bioimaging 
Gold nanoparticles have been in active use in the 

identification of chemical and biological agents. Electron 

microscopy (predominantly, transmission electron 

microscopy — TEM) has historically remained the 

predominant means to detect biospecific interactions 

using colloidal gold particles (due to their high electron 

density). It is not by happenstance that the first three-

volume publication about the application of colloidal 

gold was chiefly devoted to TEM using GMP. The use of 

high-resolution instruments (high-resolution transmission 

electron microscope – HRTEM) and systems of digital 

recording and the processing of images are examples of 

the modern application of electron microscopy 

equipment. The main practical use of immune electron 

spectroscopy in modern medico-biological studies is for 

the identification of causative agents of infectious 

diseases and their surface antigens. Scanning probe 

microscopy scanning electron microscopy,, and 

fluorescence microscopy are frequently used for the 

same purpose. 

 

 
 

The visualization methods with the use of GNP and 

optical microscopy in particular, confocal laser 

microscopy, have gained increasing popularity in 

medical and biological research. Confocal microscopy is 

a method for the detection of micro-objects using an 

optical system, which permits the registering of light 

radiation only from the objects located in its focal plane; 

therefore, the scanning of samples along their height can 

be performed, and their 3D images can be obtained by 

superposition of scanograms. The use of GNP and 

antibody–GNP conjugates allows for real-time detection 

of the penetration of gold into living cells (e.g., cancer 

cells) at the level of a single particle and even for the 

estimation of their amount. 

 

 
 

The methods for obtaining confocal images include 

fluorescence detection (confocal fluorescence 

microscopy) or resonance elastic or two-photon 

(multiphoton) light scattering by plasmon nanoparticles 

(resonance scattering confocal microscopy or two-photon 

luminescence confocal microscopy). These techniques 

are based on detecting micro-objects using an optical 

microscope in which the object’s luminescence is excited 

due to the simultaneous absorption of two (or more) 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3347577_AN20758251-09-034-g001.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3347577_AN20758251-09-034-g001.jpg
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photons; the energy of each of them being lower than 

that required for fluorescence excitation. The major 

advantage of this method is that the strong decrease in 

the background signal results in the contrast being 

enhanced. The use of two-photon luminescence of gold 

nanoparticles allows to visualize (amongst other objects) 

oncomarkers on the surface or inside a cell. 

 

A provides an example of combined bioimaging of a 

malignant cell using adsorption, fluorescence, and 

luminescence plasmon resonance labels. 

 

 
 

Nanocages belong to a relatively new family of 

nanoparticles fabricated by galvanic replacement on 

silver nanocube templates. In this reaction, three silver 

atoms are replaced by a single gold atom, resulting in the 

gradual formation of various porous alloy structures of 

gold and silver, which are called nanoboxes and 

nanocages .In the formation process of these particles, 

the plasmon resonance shifts from 430–440 nm for cubes 

to 700–900 nm for nanocages. 

 

The use of nonspherical and/or heterogeneous particles, 

as well as self-assembling particle monolayers or island 

films, opens up new opportunities to enhance sensitivity 

in detecting biomolecular binding on or near the surface 

of nanostructures.  

 

The principle of amplification of the biomolecular 

binding signal is based on inducing strong local 

electromagnetic fields near particles with sharp regions 

on their surface or in the narrow (on the order of 

nanometer or less) gaps between two nanoparticles. It 

stipulates enhanced sensitivity of plasmon resonance to 

the local dielectric environment and a high scattering 

intensity in comparison with spheres of the same volume. 

Therefore, these nanostructures can be considered as 

having significant potential for application for 

biomedical diagnostics purposes using dark-field 

microscopy. 

 

Gold nanoparticles are used in resonance scattering dark-

field microscopy for the detection of microbial cells and 

their metabolites the bio-imaging of tumor cells and for 

the detection of receptors on their surface and for the 

study of endocytosis. 

 

 
 

In most biomedical applications, the efficacy of labelling 

cells with conjugates is assessed at the qualitative level. 

The method of quantitative assessment of the efficacy of 

cell labelling with gold nanoparticles that was used for 

labelling pig embryo kidney cells with gold nanoshell 

conjugates is one of the few exceptions. 

 

In addition to the aforementioned methods used to detect 

biospecific interactions using different variants of optical 

microscopy and GNP, other modern methods for 

detecting and bio-imaging have recently been in active 

development; these methods can be combined under the 

general name ―biophotonic methods‖. 

 

Biophotonics combines all studies associated with the 

interaction between light and biological cells and tissues. 

Biophotonic methods include optical coherence 

tomography X-ray and magneto-resonance tomography, 

photoacoustic microscopy and tomography, fluorescence 

correlation microscopy etc. 

 

Gold nanoparticles of various sizes and shapes are also 

successfully used in these methods. We believe that 

biophotonic methods with the use of gold non-spherical 

nanoparticles may prove to be of considerable promise 

for in vivo bioimaging. 

 

Analytic methods for diagnostics 
Homophase methods. Beginning in the 1980s, conjugates 

of colloidal gold and recognizing biomacromolecules 
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began to be used in various analytic methods of clinical 

diagnostics. In 1980, J. Leuvering et al. proposed a new 

method that was called sol particle immunoassay (SPIA). 

This method is based on two principles:  

 

1) The color and absorption spectrum of a sol vary little 

upon biopolymer adsorption on individual particles  

2) When particles approach a distance that is less than 

one-tenth of their diameter, the sol’s red color changes 

into purpuric; the absorption spectrum broadens and 

shifts into the red region. 

 

These changes in the absorption spectrum can be easily 

detected either spectrophotometrically or visually. 

 

 
 

An optimized version of this method (using larger gold 

particles and monoclonal antibodies to various sites of an 

antigen) was applied to detect chorionic gonadotropin in 

the urine of pregnant women. 

 

This method was subsequently used for performing 

immunoassay of the antigens of schistosomes and rubella 

viruses and for the quantitative determination of 

immunoglobulins, for determining thrombin (using 

aptamers) and glucose for the direct detection of cancer 

cells and leptospira cells in urine, and for determining 

markers of Alzheimer’s disease and protease activity. 

The simultaneous use of conjugates of gold nanorods and 

nanospheres with antibodies for detecting tumor 

antigens. 

 

 
 

The data on the determination of the hepatitis B virus in 

blood using gold nanorods conjugated with specific 

antibodies. 

  

The implementation of all versions of the SPA method 

proved to be relatively simple but at the same time both 

highly sensitive and specific. However, in a number of 

cases, despite the evident complementarity of a pair, no 

aggregation took place; the solution’s color and the 

absorption spectra either did not change or changed to an 

insignificant degree.  

 

The model of formation of the second protein layer on 

gold particles without a loss in the aggregate stability of 

the sol.The changes in spectra caused by adsorption of 

biopolymers on the surface of gold nanoparticles are 

relatively small. However, even such negligible changes 

in absorption spectra resulting from the change in the 

biopolymer layer structure (or, equivalently, in its 

average refractive index) near the GNP surface can be 

recorded and used for a quantitative analysis in 

biological applications. 

 

Currently, the colorimetric determination of DNA 

involves two strategies: 

(1) The use of GNP conjugated with thiol-modified 

single-stranded DNA and 

(2) The use of nonmodified GNP 

 

The first strategy is based on the aggregation of 

conjugates of 10–30 nm GNP with thiol-modified single-

stranded DNA probes upon introduction of target 

polynucleotides into the system. In this case, probes of 

two types are used, which are complementary to two 

terminal regions of the targets. Hybridization of targets 

and probes results in the formation of GNP aggregates, 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3347577_AN20758251-09-034-g004.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3347577_AN20758251-09-034-g004.jpg
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which is accompanied by changes in the absorption 

spectrum of the solution and can be easily detected 

visually, photometrically or via dynamic-light scattering  

 

Within the framework of the first strategy, the diagnostic 

system based on the aggregation of GNP modified by 

probes of one type upon introduction of DNA targets into 

the solution under conditions of high ionic strength was 

used. Meanwhile elaborated a method based on the 

enhanced stability of conjugates upon the introduction of 

complementary targets even under conditions of high 

ionic strength (2 M NaCl), and the aggregation of 

noncomplementary targets was  

observed. 

 

 
 

The apparent contradictions between the two approaches 

were ascribed to the difference in the surface 

functionalization density. 

 

The second strategy is based on the fact that the single-

stranded DNA protects unmodified GNP against 

aggregation upon high ionic strength, while the 

formation of duplexes upon hybridization cannot 

stabilize the system. This approach was used to 

determine the hepatitis C virus. 

 

Recently described a new variant of the second strategy 

in which single-stranded DNA, unmodified GNP, and 

cationic polyelectrolyte are used. The same approach 

turned out to be suitable for determining a wide range of 

targets, including peptides, amino acids, pesticides, 

antibiotics, and heavy metals.  

 

Contrary to the procedures with usual GNP, proposed a 

method for determining HIV-1 U5 viral DNA using 

nanorods stabilized by cetyltrimethylammonium bromide 

(CTAB) and the light scattering method with a detection 

limit of about 100 pM. In the optimized version where 

absorption spectroscopy is used, the detection limit was 

reduced to 0.1 pM. It has been recently demonstrated that 

positively charged GNP coated with CTAB can be used 

for the detection of DNA targets in combination with 

spectroscopy and dynamic scattering methods. 

 

The enumerated versions of the method of sol particle 

aggregation due to the hybridization reaction were used 

to determine the DNA of micobacteria, staphylococci, 

streptococci, and chlamydiae in clinical samples. 

 

The ability of gold particles to aggregate upon 

interaction with proteins inducing colour change in the 

solution served as the basis for the quantitative method 

of colorimetric determination of proteins. 

 

 
 

Gold Nanoparticles In Therapy 

Photothermal therapy using gold nanoparticles 

Photothermal cell damage is a promising direction in 

both tumor therapy and the therapy of infectious 

diseases, which has been intensively developing. The 

essence of this technique is as follows: gold 

nanoparticles reach their absorption maximum in the 

visible or near-infrared region and become hot when 

irradiated at the corresponding light wavelength. If they 

are located inside or around the target cells (which can 

be achieved by conjugation of gold particles with 

antibodies or other molecules), these cells die. 

 

 
 

Thermal exposure has been used in tumor therapy since 

the 18th century. To do that, both local heating (using 
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microwave, ultrasound, and radio radiation) and 

hyperthermia of the entire organism (heating to 41–47°С 

for 1 h) [were applied. Upon local heating to 70°С, the 

duration of the procedure can be reduced to 3–4 min. 

Local and general hyperthermia result in irreversible cell 

damage caused by the disruption of the cell’s membrane 

permeability and protein denaturation. Healthy tissues 

are also clearly damaged in this process. All this imposes 

considerable restrictions on the application of this 

method. 

 

The revolution in cancer thermotherapy was triggered by 

the use of laser radiation, which made controlled and 

directed damaging of tumor tissues possible. The 

combination of laser radiation with fiber-optic 

waveguides gave excellent results and was named 

interstitial laser. 

 

The disadvantages of laser therapy include the low 

selectivity associated with the necessity of using 

powerful lasers for the efficient stimulation of tumor cell 

death. 

 

In 2003, GNP were applied for the first time as agents 

for photothermal therapy, it was latter proposed to refer 

to this kind of therapy as plasmonic photothermal 

therapy (PPTT). 

 

A new method for selective damaging of target cells, 

which is based on the use of 20–30 nm gold nanospheres 

radiated by 20 ns laser pulses (532 nm) in order to create 

local warming-up.. The sandwich technology consisting 

in labeling T-lymphocytes with GNP conjugates was 

used for the pulse photothermy in the model experiment. 

The use of GNP for the photothermal therapy of 

chemotherapy-resistant types of cancers seems to be the 

most promising direction. As opposed to photosensitizers 

(see below), GNP appear unique because the cells retain 

their optical properties under certain conditions for a 

significant amount of time. Successive irradiations with 

several laser pulses allows to control cell inactivation 

using a method that is not traumatic, while the use of the 

nanoparticles, properties to simultaneously scatter and 

absorb radiation makes PPTT possible using optical 

tomography. 

 

Fig represents an example of the successful therapy of 

induced tumors in mice. Further development of PPTT 

and its introduction in clinical practice will depend on 

how successful scientists will be in solving a host of 

problems, the most significant ones being 

 

1) selecting nanoparticles with the optimal optic 

properties; 2) increasing the contrast of nanoparticle 

accumulation in a tumor and decreasing overall potential 

toxicity; and 3) elaborating methods for delivering 

optical radiation to the targets and searching for 

alternative irradiation sources, which would combine 

high permeation ability with the possibility of GNP 

heating. 

 

 

 

The first requirement is determined by the coincidence of 

the spectral position of the maximum of the plasmon 

absorption resonance and the biotissue transparency 

window in the near-infrared region (700–900 nm). The 

summarizing theoretical analysis of the photothermal 

efficiency of GNP depending on their size, shape, 

structure, and degree of aggregation. It was shown that 

although gold nanospheres are inefficient in the near-

infrared range, their aggregates can be very efficient at 

appreciably small interatomic distances (below 10% of 

their diameter). Such clusters form both on a cell’ 

surface and inside cell. 

 

The parameters of gold nanoshells and nanorods that are 

optimal for PPTT were determined. Today, a number of 

studies have been published in which the application of 

gold nanorods, nanoshells, and a relatively new class of 

particles – gold-silver nanocages – for PPTT is 

described. The results of a comparison of the efficiency 

of heating nanorods, nanoshells, and nanocages. 

 

Three fundamental things should be kept in mind in 

connection with the optimization of the parameters of a 

particle. First, intrinsic absorption is not the only 

parameter determining the efficiency of PPTT. The rapid 

heating of nanoparticles or clusters results in the 

formation of vapor bubbles, which can cause cavitation 

cell damage upon irradiation with visible or near-infrared 

light. The efficiency in the formation of vapor bubbles 

considerably improves upon the formation of 

nanoparticle clusters. It is possible that it is this effect, 

instead of the enhanced absorption, that determines the 

larger extent of cell damage, other conditions being 

equal. Finally, irradiation of nanoparticles by high-

intensity resonance nanosecond IR pulses may result in 

the destruction of particles as early as after the first 

pulse. In a series of studies, attention was on the fact that 

the heating of GNP and their destruction may result in an 

abrupt decrease in the photothermal efficacy of ―cold‖ 

particles tuned to the laser wavelength. The use of 

femtosecond pulses does not solve this problem because 

of the low energy supplied; therefore, it is necessary to 

accurately control the retention of nanoparticles’ 

properties for the selected irradiation mode. 

We shall now turn our attention to the second issue 

connected with the problem of targeted delivery of 
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nanoparticles into the tumor. This issue has two 

significant aspects: increasing the contrast in the desired 

biotarget and decreasing the side effects conditioned by 

the accumulation of GNP in other organs, primarily in 

the liver and spleen . Two delivery strategies are 

typically used. The first strategy is based on GNP 

conjugation with PEG, and the second one is based on 

GNP conjugation with antibodies to certain marker 

proteins of tumor cells. PEG is used to enhance the 

bioavailability and stability of nanoparticles, resulting in 

the increase in time of their circulation in blood flow. 

Citrate-coated gold nanospheres and CTAB-coated 

nanorods and nanoshells are characterized by low 

stability in buffer saline solutions. Upon conjugation of 

nanoparticles with PEG, their stability increases 

considerably, preventing salt-induced aggregation. 

 

PEGylated nanoparticles are preferentially 

accumulated in vivo due to the enhanced permeability of 

tumor vessels and are retained in it due to the reduced 

lymphatic drainage. Moreover, PEGylated nanoparticles 

possess lower availability for the immune system (stealth 

technologies). This delivery method is called passive 

delivery, as opposed to the active method, in which 

antibodies are used . The active delivery method is more 

reliable and efficient. Antibodies to tumor markers are 

used in it. Most frequently, the epidermal growth factor 

receptor (EGFR) and its varieties (e.g., Her2), and the 

tumor necrosis factor, (TNF) serve as such markers. The 

use of GNP conjugated with antibodies simultaneously 

for diagnostics and photothermal therapy (the so-called 

theranostics methods) seems to be the most promising. In 

addition to antibodies, folic acid, ligand of numerous 

folate receptors of tumor cell, and hormones can be used 

for active delivery. 

 

 
 

The question of the efficacy of targeted delivery of 

nanoparticles into the tumor has recently resurfaced as 

the subject of investigation . In experiments with 

liposomes labeled with anti-Her2-antibodies and GNP 

labeled with transferrine it was shown that 

functionalization improves the penetration of 

nanoparticles into cells; however, the contrast of particle 

accumulation in the tumor does not improved 

considerably. 

 The biodistribution and localization of gold nanorods 

labeled with three types of probe molecules, including 

the 

(1) scFv-fragment of EGFR antibodies; the (2) N-

terminal fragment of the peptide recognizing the 

urokinase plasminogen activator receptor (uPAR); and 

the 

(3) cycliс RGD-peptide recognizing the α v β 3 -integrin 

receptor have been studied . It appears that all three types 

of ligands fail to significantly improve the contrast of 

particle accumulation in cell models and in the tumor 

upon intravenous administration, but they do have a 

considerable effect on extracellular distribution and 

intracellular localization. Therefore, a conclusion can be 

made that in the case of PPTT, the direct introduction of 

particles into the tumor can be more efficient than 

intravenous administration. 

 

The last important question associated with modern 

PPTT has to do with the efficient delivery of radiation to 

the biotarget. Since the absorption of biotissue 

chromophores in the visible region is lower by two 

orders of magnitude than it is in the infrared region, the 

use of IR radiation dramatically reduces the nontarget 

thermal dose and increases the deep tissue penetration of 

the radiation.  

 

Nevertheless, the penetration depth typically does not 

exceed 5–10 mm therefore, it is necessary to search for 

alternative solutions. The first approach consists in using 

impulse (nanoseconds) modes of radiation instead of 

continuous ones, which allow to increase the intensity of 

the irradiation without additional side effects.  

The second approach consists in using fibre-optic 

devices for endoscopic delivery of the radiation or 

delivery inside the tissue.  

 

The advantages and drawbacks of this approach are 

evident. Finally, radiation with deeper penetration, such 

as radio radiation, can be used for hyperthermia. 

 

GNP conjugated with antibiotics and antibodies have 

also been used as photothermal agents to inflict selective 

damage to protozoa and bacteria. 
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Photodynamic therapy using gold particles 
The photodynamic method is applied in the therapy of 

oncological diseases, certain dermal or infectious 

diseases, and is based on the use of light-sensitive agents 

– photosensitizers (including dyes) and, typically, visible 

light of a certain wavelength. 

 

Most frequently, the sensitizers is introduced into the 

organism intravenously; it may also be administered 

applicatively or perorally. The agents for photodynamic 

therapy (PDT) can selectively accumulate in the tumor or 

other target tissues (cells). The affected tissues are 

radiated with laser light with a wavelength corresponding 

to the absorption maximum of the dye. In addition to the 

usual heat release due to absorption, the second 

mechanism is also significant. It is associated with the 

photochemical generation of singlet oxygen and the 

formation of highly active radicals inducing necrosis and 

apoptosis of tumor cells. 

 

PDT results in tumor malnutrition and death due to the 

damage inflicted on its microvessels. The major 

drawback of PDT is that the photosensitizers remain in 

the organism for a long period of time; as a result, the 

patient’s tissues remain highly sensitive to light. On the 

other hand, the use of dyes for the selective heating of 

tissues is characterized by low efficacy due to the small 

absorption cross-section of chromophores. 

 

It is well-known that metal nanoparticles are efficient 

fluorescence quenching agents. However, it has been 

recently demonstrated that the fluorescence intensity can 

be amplified by a plasmon particle, by locating 

molecules at optimum distance from the metal. 

Theoretically, this idea can be used to enhance the 

efficacy of PDT. 

 

In a number of studies, the proposed method allowed to 

deliver drugs in polyelectrolyte capsules on GNP that 

disintegrate under laser radiation and deliver the 

therapeutic agent to the targets or to use nanoparticles 

surrounded by a layer of polymer nanogel. Moreover, 

photoactive agents and peptides facilitating the 

intracellular penetration are used within conjugates. It 

has recently been proposed to use composite 

nanoparticles that, in addition to gold nanoshells, 

comprise magnetic particles, photodynamic dye, PEG, 

and antibodies. 

 

Finally, according to the data, nanoparticles conjugated 

with photodynamic dyes can have a synergetic 

antimicrobial effect. 

 

Thus, gold nanostructures with plasmon resonance show 

promise for the selective PPTT of oncological and other 

diseases. However, it is clear that a number of questions 

require further study, such as: stability, biocompatibility, 

chemical interaction between nanoparticle conjugates in 

physiological environments, blood circulation time, 

penetration into the tumor, interaction with the immune 

system, excretion of nanoparticles, etc. We expect that 

the success in the initial stages in the use of nanoparticles 

for selective PPTT will be broadened to the clinical 

stage, provided that the optimal technical parameters are 

studied further. 

 

The use of gold nanoparticles as therapeutic agents- 

Gold nanoparticles are increasingly actively being used 

not only in diagnostics and cell photothermolysis 

experiments, but also for therapeutic purposes. In 1997, 

the successful application of colloidal gold in a patient 

with rheumatoid arthritis was first reported. 

 

In 2008, a vast array of data on the ten-year-long clinical 

trials of the preparation Aurasol for peroral 

administration upon severe forms of rheumatoid arthritis 

was published. The positive results achieved upon intra-

articular introduction of colloidal gold into rats with 

collagen-induced arthritis were described. The authors 

attribute the positive effect to an increase in anti-

angiogenic activity due to the binding between GNP and 

the vascular endothelial growth factor and, therefore, the 
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decrease in macrophage infiltration and inflammation. 

Similar results were obtained upon subcutaneous 

introduction of gold nanoparticles into rats with 

collagen- and pristan-induced arthritis. 

 

Accumulation of GNP in the tumor is attested by the 

change in the color of the tumor; the tumor acquires a 

bright red/purple color (the color typical of colloidal gold 

and its aggregates), which coincides with the maximum 

of tumor-specific activity of the TNF. The colloidal 

gold–TNF vector had lower toxicity and a higher 

efficacy in reducing tumor size in comparison with the 

native TNF, since maximum antitumor reaction was 

attained by using lower doses of the drug. 

 

 
 

Accumulation of the GNP-TNF conjugates in mice 

tumors over 5 h after injection. A MC-38 tumor-

burdened C57/BL6 mouse was intravenously injected 

with 15 µg of the GNP-TNF conjugates. The ventral 

surface of the animal was photographed at the indicated 

times, showing the color changes of the tumor over 5 hr. 

Red arrows show tumor uptake in the conjugates; blue 

arrows show accumulation of the conjugates in the 

tissues surrounding the tumor 

 

The antiangiogenic properties of GNP were 

observed in vitro and in vivo. It turned out that GNP 

interact with heparin-binding glycoproteins – vascular 

permeability factors, growth factors of cardiac 

endothelium and fibroblasts. These agents mediate 

angiogenesis, including that in tumor tissues; therefore, 

GNPs inhibit their activity. Since intensive angiogenesis 

(the process of formation of new blood vessels in organs 

or tissues) is considered as one of the main tumor growth 

factors, the existence of antiangiogenic properties in 

GNPs could make them promising for tumor therapy. It 

was also demonstrated by the same researchers that gold 

nanoparticles enhance the apoptosis of the chronic 

lymphocytic leukemia cells that are stable to 

programmed death and suppress the proliferation of 

multiple myeloma cells . 

Gold Nanoparticles As Drug Carriers 

The targeted delivery of drugs is one of the most 

promising and actively developing directions in the 

medicinal use of GNPs. The options of using GNP 

conjugated with the following antitumor agents were 

proposed: paclitaxel, methotrexate, daunorubicine, 

hemcytabin, 6-mercaptopurine, dodecylcysteine, 

sulfonamide, 5-fluorouracil, platinum complexes, 

kahalalide, tamoxifen, herceptin, doxorubicin, prospidin 

etc. The conjugation was carried out either by simple 

physical adsorption of the drugs onto GNPs or via the 

use of alkanethiol linkers. The effect of conjugates was 

assessed both (chiefly) on in vitro models, using tumor 

cell cultures, and in vivo, in mice with induced tumors of 

different natures and localizations (Lewis lung 

carcinoma, pancreatic adenocarcinoma, etc.) Antitumor 

agents and antibiotics are the most popular objects of 

target delivery. 

 

 
 

In addition to the active substance, target molecules (e.g., 

cetuximab) providing better anchoring and penetration of 

the complex into the target cells were used to design the 

delivery system. It was also proposed to use multimodal 

delivery systems, when a gold nanoparticle is loaded 

with several therapeutic agents (both hydrophilic and 

hydrophobic) and auxiliary agents, such as target 

molecules, dyes for photodynamic therapy, etc.  

 

Most researchers note high the efficacy of antitumor 

agents conjugated with gold nanoparticles. 

 

Antibiotics and other antibacterial agents are also 

considered as objects that can be delivered by gold 

nanoparticles. The possibility of producing a stable 

complex of vancomycin and colloidal gold and the 

efficacy of such a complex against various 
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enteropathogenic strains of Escherichia 

coli, Enterococcus faecium, Enterococcus faecalis  

(including vancomycin-resistant strains) have also been 

demonstrated . Similar results were obtained in. 

 

A complex of ciprofloxacin with gold nanoshells showed 

high antibacterial activity towards E. coli . The anti-

leukemia drug 5-fluorouracil, conjugated with colloidal 

gold, has a noticeable antibacterial and antifungal effect 

against Micrococcus luteus, Staphylococcus aureus, 

Pseudomonas aeruginosa, E. coli, Aspergillus fumigates, 

and A. niger. 

 

It should be noted that in all of the listed cases, the 

complexes of drugs with gold nanoparticles were stable, 

which could be attested by the optical spectra of 

conjugates. 

 

On the contrary, stable complexes with gold 

nanoparticles could not be obtained for such antibiotics 

as ampicillin, streptomycin, kanamycin, hentamycin, 

neomycin, ciprofloxacin, gatifloxacin, and norfloxacin, 

which are active against E. coli, M. luteus, S. aureus, 

and P. aeruginosa . Nevertheless, their activity when 

mixed with colloidal gold was higher by 12–40% than 

that of the antibiotic when used alone, depending on the 

antibiotic. On the basis of these data, the authors arrived 

at the conclusion that the antibacterial activity of 

antibiotics was enhanced by GNPs. However, the issue 

of the mechanisms underlying the possible boosting of 

the antibacterial effect of drugs has remained unsolved. It 

has been proved experimentally that unbound gentamicin 

and a mixture of it with gold nanoparticles do not 

considerably differ in terms of their antimicrobial 

activity in tests on both dense and liquid nutrient media. 

It is speculated that stable conjugates of nanoparticles 

coated with antibiotic molecules are required to enhance 

the antibacterial activity. Thus, it was proposed to use the 

antibiotic cefaclor directly in the synthesis of GNPs. As a 

result, a stable conjugate was obtained. It was 

characterized by high antibacterial activity 

against E. coli and S. aureus. 

 

There has been much less data on other drugs conjugated 

with gold nanoparticles. However, the high anti-oxidant 

activity of the tocoferol complex with gold nanoparticles 

should be noted, along with the variants of its potential 

use that were proposed. Data has been published 

indicating that, due to high local concentration, GNPs 

conjugated with the drug TAK-799 manifested a more 

pronounced activity against the human 

immunodeficiency virus, as compared with the drug 

itself. The procedure of per oral and intranasal 

introduction of insulin conjugated with colloidal gold 

was elaborated on rat models of diabetes mellitus. A 

decrease in blood sugar levels comparable with the effect 

of a subcutaneous introduction of insulin was reliably 

demonstrated. Finally, the therapeutic effect of the 

antirheumatic drug etanercept conjugated with gold 

nanorods. 

In the end of this section, we would like to mention gene 

therapy, which seems to be the ideal strategy concerning 

genetics, as well as acquired, diseases. 

 

Gene therapy implies an approach based on the 

introduction of genetic structures into cells and the 

organism for therapeutic purposes . The desired effect 

was achieved either due to the expression of the inserted 

gene or by partial or complete suppression of the 

function of the damaged or overexpressed gene. 

Attempts to adjust the structure and function of the ill-

functioning (affected) gene were recently made. In this 

case, gold nanoparticles can act as an efficient agent for 

delivering the genetic material into the cytoplasm and 

cell nucleus. 

 

Drug delivery 

Drug delivery is the method or process of administering 

a pharmaceutical compound to achieve a therapeutic 

effect in humans or animals. Drug delivery technologies 

are patent protected formulation technologies that 

modify drug release profile, absorption, distributionand 

elimination for the benefit of improving product 

efficacyand safety, as well as patient con- venience and 

compliance. Current efforts in the area of drug delivery 

include the development of targeted delivery in which 

the drug is only active in the target area of the body (for 

example, in cancerous tissues or other diseased tissues) 

and sustained release formulations in which the drug is 

released over a period of time in a controlled manner 

from a formulation. 

 

 
 

Gold nanoparticles in cancer therapy 

The rapid advancement of nanotechnology in recent 

years has fuelled a burgeoning interest in the field of 

nanoparticle research, in particular, its application in the 

medical arena. A constantly expanding knowledge based 

on a better understanding of the properties of gold 

nanoparticles (AuNPs) coupled with relentless 

experimentation means that the frontiers of 

nanotechnology are constantly being challenged. At 

present, there seems to be heightened interest in the 

application of AuNPs to the management of cancer, 
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encompassing diagnosis, monitoring and treatment of the 

disease. These efforts are undertaken in the hope of 

revolutionizing current methods of treatment and 

treatment strategies for a multifactorial disease such as 

cancer. This review will focus on the current applications 

of AuNPs in cancer management. 

 

Applications of AuNPs in cancer management- 

AuNPs as drug delivery agents targeted to cancer cells 

A prominent application of AuNPs is their use as 

vehicles for delivery of molecules into cells. AuNPs have 

been described as ―promising nanocarriers for 

therapeutics‖ owing to their ease of synthesis and 

functionalization, relative biocompatibility as well as low 

toxicity in preliminary assays
. 

 

 However, various factors need to be considered in 

designing an effective drug delivery system. The 

properties of AuNPs such as their size, charge and 

surface chemistry have been shown to affect the uptake 

of AuNPs into cells as well as their subsequent 

intracellular fate. In addition, effective drug delivery 

strategies must take into account the nature of drug-

AuNP interaction (covalent/non-covalent binding) as 

well as the means of drug release following introduction 

of the drug-AuNP complexes to cells .If AuNPs are used 

solely as carriers into cells, it is also critical to monitor 

any toxic effects of residual materials in the cell after 

delivery; a biodegradable NP vector whose lifespan is 

limited to the therapeutic window of the drug would be 

ideal. If the NP vector is cleared from the system once its 

purpose is reached, it will reduce exposure and limit its 

toxic effects in the body. 

 

Another issue of concern is the penetration rate of 

AuNPs into tumors and the specificity of the target sites. 

Particularly, the epithelial and endothelial barriers are 

considered to be the main hindrance for the NPs to 

overcome. Penetration enhancers like metalloproteases 

against basement membranes and toxins against 

intracellular tight junctions, may be useful in aiding the 

uptake of drug-loaded AuNPs into the tumor
44

. Another 

factor to be considered is the AuNP retention in blood 

circulation. Some researchers have found that particle 

retention is also size-dependent and longer circulation 

time is correlated to higher rate of reaching tumor target. 

In addition, most studies have only investigated on drug 

delivery to solid tumors, where it is site specific and 

easier for quantification of results. It remains to be seen 

if AuNPs will be effective against non-solid cancers like 

leukemia where strategies for targeting and treating such 

cancers can be different from that for solid tumors. 

 

Drug attachment and release from NPs is another 

challenging area. While the ease of surface modification 

is what makes AuNP attractive for drug delivery, the 

strength of drug attachment and timing of the release 

needs to be suitably controlled to produce the highest 

therapeutic efficacy. Foremost, the method of release at 

the tumor site is dependent on how the drug is attached 

to the AuNP, whether covalently or through non-

covalent binding. Generally, drugs in the active form are 

loaded non-covalently while the covalent-conjugation of 

the drug to AuNP is in the pro-drug form, thereby 

requiring a second reaction to release the drug from the 

attachment as well as to activate it. 

 

Immunologic Properties Of Gold Nanoparticles 

Since the 1920s, researchers have shown keen interest in 

the immunological properties of colloidal metals (gold, 

in particular). This has been associated mainly with the 

physicochemical (non-specific) immunity theory 

proposed by J. Bordet, which postulates that 

immunogenicity and antigenic specificity depend 

predominately on the physicochemical properties of the 

compounds and, first and foremost, on their colloidal 

state. L.A. Zilber was successful in his attempts to obtain 

agglutinating sera from colloidal gold. 

 

 Moreover, it was shown in a number of studies that the 

introduction of a rigorous antigen, together with colloidal 

metals, stimulates the production of antibodies. 

Furthermore, it was found that certain haptenes adsorbed 

on colloidal particles can cause the formation of 

antibodies. In one of the best early reviews, a trove of 

data on the effect of colloidal gold on nonspecific 

immune reactions was provided. In particular, it was 

noted that, 2 h after 5 ml of colloidal gold is introduced 

intravenously into rabbits, the leukocyte content in 1 ml 

of blood considerably increases (from 9900 to 19800) 

against a negligible decrease in mononuclear forms 

(from 5200 to 4900) and a considerable increase in 

polynuclear forms (from 4700 to 14900). It should be 

noted that such effects have not been observed upon the 

introduction of other colloidal metals. Unfortunately, 

with the development of immunology and the negation 

of many postulates in Bordet’s theory, interest towards 

the immunological properties of colloids has abated. 

However, the data on the amplification of the immune 

response to antigens adsorbed on colloidal particles has 

been used in the design of various adjuvants. 

 

It is known that antibody synthesis is induced by agents 

that have an appreciably developed structure 

(immunogenicity). They include proteins, 

polysaccharides, and certain synthetic polymers. On the 

contrary, a considerable share of biologically active 

compounds (vitamins, hormones, antibiotics, narcotics, 

etc.) have a relatively low molecular weight and, 

therefore, cause a low immune response. In order to 

overcome this limitation in the standard methods used to 

produce antibodies in vivo, such agents (haptens) are 

chemically bound to high-molecular-weight carriers 

(most frequently, to proteins), making it possible to 

produce specific antisera. However, such antisera usually 

contain accompanying antibodies to the antigenic 

structures of the carrier. 

 

In 1986, in a pioneering study by Japanese researchers, 

information on a successful attempt at producing 
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antibodies to glutamic acid using colloidal gold particles 

as a carrier was published. A number of studies were 

subsequently published, in which this method was 

applied and developed in order to produce antibodies to 

the following haptens and rigorous antigens: amino 

acids, the platelet-activating factor, quinolinic acid, 

biotin, recombinant peptides, lysophosphatide acid, 

endostatin, peptides of viral capsid of B and C hepatitis, 

influenza, murrain, α-amidated peptides, actin, 

antibiotics, azobenzene, Аβ-peptide, clenbuterol, 

surface Yersinia antigens, transmissible gastroenteritis 

virus, and tuberculin. In all of the works listed, hapten 

was directly conjugated with colloidal gold particles and 

mixed with Freund’s complete adjuvant to immunize 

animals. As a result, sera with a high titre were obtained. 

The sera required no further purification to remove 

ballast antibodies. 

 

In 1993, it was suggested that hapten (gamma-

aminobutyric acid) be bound to the carrier protein before 

its conjugation with colloidal gold. The proposition was 

supported in the studies devoted to the production of 

antibodies to a number of peptides, amino acids, phenyl-

β-D-thioglucoronide, and diminazen. The antibodies 

obtained through this procedure were characterized by 

both a high specificity to antigens and a higher titre 

(―extremely high) –from 1 : 250000 to 1 : 1000000, in 

comparison with those produced using a routine method. 

The ImmunoSolution company currently offers 

antibodies to a number of neurotransmitters and amino 

acids. These antibodies are produced according to the 

procedure. 

 

In 1996, the possibility of using colloidal gold particles 

in the antiviral vaccine as the carriers of protein antigen 

of the capsid of the tick-borne encephalitis virus was first 

demonstrated. Despite the fact that the vaccine contained 

no adjuvants, the experimental vaccine had better 

protective properties as compared with its commercial 

analogues. 

A significant number of studies devoted to the use of 

GNP in designing DNA vaccines with gene constructions 

encoding proteins, to which antibodies had to be 

produced, have been published. In the case of efficient 

gene expression, these proteins serve as antigens for the 

development of the immune response. Colloidal gold 

particles are the most popular examples of nanoparticles–

DNA carriers. 

 

The technology used to produce antibodies against 

various antigens using colloidal gold as a carrier and 

adjuvant. 

 

In this case, antigens are adsorbed directly at the surface 

of gold nanoparticles without using any binding agents. 

It was ascertained that the immunization of animals with 

an antigen conjugated with colloidal gold (both using 

Freund’s complete adjuvant and without it) results in the 

obtainment of specific antibodies with a high titre to a 

wide range of antigens without ballast antibodies. Gold 

nanoparticles can stimulate antibody synthesis in rabbits, 

rats, and mice if a lower dose of the antigen is used in 

comparison with the amount that is required when using 

a number of conventional adjuvants. 

 

Gold nanoparticles used as antigen carriers were shown 

to stimulate the phagocytic activity of macrophages and 

affect the functioning of lymphocytes, which probably is 

responsible for their immune-modulating effect.  

 

Moreover, gold nanoparticles and their conjugates with 

low- and high-molecular-weight antigens stimulate the 

respiratory activity of the cells of the reticulo-endothelial 

system and the activity of the mitochondrial enzymes of 

macrophages which may be one of the causal factors 

behind the adjuvant properties of colloidal gold. 

 

The fact that gold nanoparticles act both as a carrier and 

an adjuvant (i.e., represent haptens to T-cells) should be 

considered as the most interesting side of the 

manifestation of the immune properties of colloidal gold. 

In particular, gold nanoparticles conjugated with antigens 

affect T-cell activation: a tenfold increase in the 

proliferation, as opposed to that upon the addition of a 

native antigen, was detected. This provides evidence in 

support of the fact that it is fundamentally possible to act 

directly on T-cells with the subsequent activation of 

macrophages and destruction of a pathogen. 

 

However, none of the studies contains data on the 

mechanisms that underline these properties of gold 

particles. We consider the discussion in on the preferable 

macrophage response to corpuscular antigens, as 

opposed to the soluble ones, to be undoubtedly 

reasonable. The researchers who study the mechanisms 

of action of DNA vaccines and use gold nanoparticles to 

deliver genetic material into the cell also confirm this 

fact.  

 

The role of Kupfer cells and Langerhans cells in the 

formation of the immune response was revealed in these 

studies. The effect of dendrite cells on the formation of 

the immune response upon the introduction of an antigen 

conjugated with gold nanoparticles. Moreover, it was 

noted that when using nanoparticles in medical practice, 

one should make sure that there are no 

lipopolysaccharides on their surface. The recent studies 

were devoted to the interaction between the cells of the 

immune system and gold nanoparticles. 

 

The penetration of peptide-conjugated GNP into 

macrophage cytoplasm resulting in their activation was 

shown by electron microscopy. It was ascertained that 

after the conjugates interact with the TLR-4 receptors of 

macrophages, the nanoparticles penetrate into the cell, 

which is accompanied by the secretion of inflammatory 

cytokines – TNF, interleukin-1β and interleukin-6–and 

the inhibition of macrophage proliferation. Upon the 

introduction of GNP, the amount of macrophages 

decreases, while their size increases. The level of 
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interleukin-1 and interleukin-6 and TNF also increases. 

Another (noninflammatory) mechanism of penetration of 

gold nanoparticles into macrophages – by interaction 

with scavenger receptors---is not improbable.The effect 

on nonconjugated colloidal gold on immune-competent 

cells in vivo was studied. 

 

It was shown that the introduction of GNP into mice 

results in an increase in the proliferation of lymphocytes 

and normal killers and an increase in interleukin-2 

production. 

 

We believe that the detection of adjuvant properties in 

GNP creates favorable conditions for the development of 

a new generation of vaccines. 

 

Biodistribution And Toxicity Of Gold Nanoparticles 

All the facts mentioned above are proof that GNP have 

recently been actively used in different spheres of 

nanomedicine for diagnostic and therapeutic purposes. 

Moreover, they are being introduced parenterally into the 

organism of animals and humans with increasing 

frequency. The acute questions concerning their 

biodistribution, blood stream circulation, 

pharmacokinetics and removal from the organism, as 

well as possible toxicity at the level of the entire 

organism or at the level of cyto- and genotoxicity, 

emerged almost at the same time when GNP started to be 

used in medicine. It should be noted that data on the 

biodistribution and toxicity of GNP at the time of writing 

remained scarce and inconsistent. 

 

It was demonstrated by the analysis of published data 

that the burst in activity regarding investigations into the 

biodistribution and toxicity of GNP took place during the 

past 3–4 years. 

 

Since numerous research groups started their projects 

independently, there is a vast dispersion in the 

experimental design, including the size and shape of 

particles, functionalization methods, types of animals, 

doses and methods of particle introduction, etc. As a 

result, there has been serious discrepancies in the data 

and conclusions on the level and kinetics of 

biodistribution for toxicity estimations, as well. Yet, 

certain tentative conclusions can still be made. 

 

Firstly, the organs of the reticuloendothelial system serve 

as the main target for the accumulation of 10–100 nm 

GNP; biodistribution homogeneity decreasing with 

decreasing size. The rapid reduction in particle 

concentration in blood and their prolonged retention in 

the organism is associated with the functioning of the 

hepatobiliary system. Since it takes 3 to 4 months for the 

accumulated particles to be excreted from the liver and 

spleen, the question of the doses and possible 

inflammatory processes is of paramount importance. 

 

Secondly, the available data allows for the reasonable 

assumption that the effect of nanoparticle penetration via 

the hematoencephalic barrier depends critically on their 

size; 5–20 nm being the upper limit. Thirdly, gold 

nanoparticles 1–2 nm in diameter could be more toxic 

due to the possibility of irreversible binding to the 

biopolymers in cells. Also, numerous experiments on cell 

cultures have revealed no observable toxicity in colloidal 

particles with a size of 3–100 nm, provided that the 

threshold dose does not exceed a value of the order of 

10 
12

 particles/ml. 

Data on in vivo experiments is scarce and somewhat 

inconsistent. It can only be assumed that there is no 

observable toxicity upon the short-term (approximately 

one week long) introduction of GNP at a daily dose 

lower than 0.5 mg/kg. 

 

CONCLUSIONS 
 

Thanks to the rapid development in technologies for the 

chemical synthesis of GNP over the past decade, a great 

variety of particles with different sizes, shapes, 

structures, and optical properties are now available to 

contemporary researchers. 

 

 Moreover, the question of the simulation of 

nanoparticles that would possess the desired physical 

(optical, thermal, etc.) properties, with subsequent 

development of the procedures for synthesizing the 

simulated structures, is now on the agenda. 

 

In terms of applications in medicine, the development of 

efficient technologies for the functionalization of GNP 

with different classes of molecules providing 

stabilization in vivo and directed interaction with 

biological targets is of significance. Today, thiolated 

derivatives of PEG and other molecules are considered to 

be the best stabilizing agents. In particular, PEG-coated 

particles can remain in the blood flow for a longer time 

and are less susceptible to attacks from the cell 

components of the immune system. 

 

It is now widely accepted that GNP conjugates are 

excellent labels for solving the problems of bioimaging, 

which can be implemented using various optical 

technologies, including resonance scattering dark-field 

microscopy, confocal laser microscopy, different variants 

of two-photon luminescence of GNP, optical coherence 

tomography, acoustic tomography, etc. 

 

GNP conjugates have found application in analytic 

studies that can be based both on modern instrumental 

methods (surface-enhanced Raman spectroscopy, 

LISNA, IR Fourier spectroscopy, etc.) and on the use of 

simple solid-phase or homophase procedures (dot 

analysis, immunochromatography).  

 

Two examples can be given as illustrations: (1) the 

prostate-specific antigen can be determined using GNP 

conjugated with antibodies with a sensitivity that is 

higher than that in the conventional immunoenzyme 

assay by a factor of 1,000,000. 
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(2) the strict dependence of color on interparticle 

distances allows visual detection of mutant DNAs in the 

so-called ―Northwestern spot test‖ . Along with the 

examples of clinical diagnostics of cancer, Alzheimer’s 

disease, HIV, hepatitis, tuberculosis, diabetes mellitus, 

and other diseases, new diagnostic applications for GNP 

should be expected. 

 

Plasmon photothermal laser therapy of cancer using GNP 

was first described in 2003 and recently moved into the 

stage of clinical approval. The actual clinical success of 

this technology will depend on how quickly several 

urgent problems can be solved: developing efficient 

methods for the delivery of radiation to tumors inside the 

organism using fibre-optic technologies or nonoptical 

heating methods; (2) elaborating methods for delivering 

conjugates to tumors, enhancing the contrast and 

uniformity of accumulation; and (3) developing methods 

for controlling the in situ photothermolysis process. 

 

Targeted delivery of DNA, antigens, and drugs using 

GNP is one of the most promising directions in 

biomedicine have revealed the size-dependent possibility 

of herceptin conjugated GNP into tumor cells with a 

much higher efficacy in comparison with that of the pure 

preparation. The recent critical revision of the PPTT 

concept based on the intravenous-targeted delivery of 

GNP conjugated with molecular probes to tumor 

receptors points to the necessity to continue studies in 

this direction. It seems quite reasonable to use the ―non-

targeted‖ PEG-coated gold nanoshells of the SiO  

 

 
 

Finally, there is a necessity to continue and broaden 

studies of the biodistribution and the toxicity of GNP. 

First of all, a coordinated program is required, which 

would reveal the correlations between particle 

parameters (size, shape, functionalization with various 

molecular probes), experimental parameters (model, 

doses, method, and administration scheme, observation 

duration; organs, cells, subcellular structures under 

study, etc.), and the observed biological effects. 

Coordinated efforts in the introduction of standards for 

the particles and methods used for the testing of 

nanomaterial toxicity are also required. 

 

REFERENCES 
 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 

2016. CA Cancer J Clin, 2016; 66: 7–30.  

2. Calixto G, Bernegossi J, Fonseca‑Santos B, Chorilli 

M. Nanotechnologybased drug delivery systems for 

treatment of oral cancer: a review. Int J Nanomed, 

2014; 9: 3719–35.  

3. Torre LA, Bray F, Siegel RL, Ferlay J, 

Lortet‑Tieulent J, Jemal A. Global cancer statistics, 

2012. CA Cancer J Clin, 2015; 65: 87–108.  

4. Tanaka T, Ishigamori R. Understanding 

carcinogenesis for fighting oral cancer. J Oncol, 

2011; 2011: 603740.  

5. Warnakulasuriya S. Global epidemiology of oral and 

oropharyngeal cancer. Oral Oncol, 2009; 45: 309–

16.  

6. Ng JH, Iyer NG, Tan MH, Edgren G. Changing 

epidemiology of oral squamous cell carcinoma of 

the tongue: a global study. Head Neck, 2017; 39: 

297–304.  

7. Jemal A, Bray F, Center MM, Ferlay J, Ward E, 

Forman D. Global cancer statistics. CA Cancer J 

Clin., 2011; 61: 69–90.  

8. Arakeri G, Patil SG, Aljabab AS, Lin KC, Merkx 

MAW, Gao S, et al. Oral submucous fibrosis: an 

update on pathophysiology of malignant 

transformation. J Oral Pathol Med, 2017; 46: 413–7.  

9. Khan Z, Khan S, Christianson L, Rehman S, 

Ekwunife O, SamkangeZeeb F. Smokeless tobacco 

and oral potentially malignant disorders in south 

asia: a systematic review and meta‑analysis. 

Nicotine Tob Res., 2017; 20: 12–21.  

10. Benergossi J, Calixto G, Fonseca‑Santos B, Aida 

KL, de Cassia Negrini T, Duque C, et al. Highlights 

in peptide nanoparticle carriers intended to oral 

diseases. Curr Top Med Chem, 2015; 15: 345–55.  

11. Liu D, Zhao X, Zeng X, Dan H, Chen Q. 

Non‑invasive techniques for detection and diagnosis 

of oral potentially malignant disorders. Tohoku J 

Exp Med, 2016; 238: 165–77.  

12. Mercadante V, Paderni C, Campisi G. Novel 

non‑invasive adjunctive techniques for early oral 

cancer diagnosis and oral lesions examination. Curr 

Pharm Des., 2012; 18: 5442–51.  

13. Wikner J, Grobe A, Pantel K, Riethdorf S. 

Squamous cell carcinoma of the oral cavity and 

circulating tumour cells. World J ClinOncol, 2014; 

5: 114–24.  

14. Brennan JA, Mao L, Hruban RH, Boyle JO, Eby YJ, 

Koch WM, et al. Molecular assessment of 

histopathological staging in squamous‑cell 

carcinoma of the head and neck. N Engl J Med, 

1995; 332: 429–35.  

15. Awan KH, Morgan PR, Warnakulasuriya S. 

Assessing the accuracy of autofluorescence, 



Awasthi et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com 

 

273 

chemiluminescence and toluidine blue as diagnostic 

tools for oral potentially malignant disorders—a 

clinicopathological evaluation. Clin Oral Investig, 

2015; 19: 2267–72.  

16. Chainani‑Wu N, Madden E, Cox D, Sroussi H, 

Epstein J, Silverman S Jr. Toluidine blue aids in 

detection of dysplasia and carcinoma in suspicious 

oral lesions. Oral Dis., 2015; 21: 879–85.  

17. Balasubramaniam AM, Sriraman R, Sindhuja P, 

Mohideen K, Parameswar RA, MuhamedHaris KT. 

Autofluorescence based diagnostic techniques for 

oral cancer. J Pharm Bioallied Sci, 2015; 7: S374–7.  

18. Kammerer PW, Rahimi‑Nedjat RK, Ziebart T, 

Bemsch A, Walter C, AlNawas B, et al. A 

chemiluminescent light system in combination with 

toluidine blue to assess suspicious oral 

lesions‑clinical evaluation and review of the 

literature. Clin Oral Investig, 2015; 19: 459–66.  

19. Giovannacci I, Vescovi P, Manfredi M, Meleti M. 

Non‑invasive visual tools for diagnosis of oral 

cancer and dysplasia: a systematic review. Med Oral 

Patol Oral Cir Bucal, 2016; 21: e305–15.  

20. Ye X, Zhang J, Tan Y, Chen G, Zhou G. 

Meta‑analysis of two computerassisted screening 

methods for diagnosing oral precancer and cancer. 

Oral Oncol, 2015; 51: 966–75.  

21. Sekine J, Nakatani E, Hideshima K, Iwahashi T, 

Sasaki H. Diagnostic accuracy of oral cancer 

cytology in a pilot study. DiagnPathol, 2017; 12: 27.  

22. Fernandez‑Olavarria A, Mosquera‑Perez R, 

Diaz‑Sanchez RM, SerreraFigallo MA, 

Gutierrez‑Perez JL, Torres‑Lagares D. The role of 

serum biomarkers in the diagnosis and prognosis of 

oral cancer: a systematic review. J ClinExp Dent, 

2016; 8: e184–93.  

23. Sannam Khan R, Khurshid Z, Akhbar S, FarazMoin 

S. Advances of salivary proteomics in oral 

squamous cell carcinoma (OSCC) detection: an 

update. Proteomes, 2016; 4: E41.  

24. Keshavarzi M, Darijani M, Momeni F, Moradi P, 

Ebrahimnejad H, Masoudifar A, et al. Molecular 

imaging and oral cancer diagnosis and therapy. J 

Cell Biochem, 2017; 118: 3055–60.  

25. Sarrion Perez MG, Bagan JV, Jimenez Y, Margaix 

M, Marzal C. Utility of imaging techniques in the 

diagnosis of oral cancer. J Craniomaxillofac Surg, 

2015; 43: 1880–94.  

26. Mian SA, Yorucu C, Ullah MS, Rehman IU, Colley 

HE. Raman spectroscopy can discriminate between 

normal, dysplastic and cancerous oral mucosa: a 

tissue‑engineering approach. J Tissue Eng Regen 

Med, 2016; 11: 3253–62.  

27. Green B, Cobb AR, Brennan PA, Hopper C. Optical 

diagnostic techniques for use in lesions of the head 

and neck: review of the latest developments. Br J 

Oral Maxillofac Surg, 2014; 52: 675–80.  

28. Stephen MM, Jayanthi JL, Unni NG, Kolady PE, 

Beena VT, Jeemon P, et al. Diagnostic accuracy of 

diffuse reflectance imaging for early detection of 

pre‑malignant and malignant changes in the oral 

cavity: a feasibility study. BMC Cancer, 2013; 13: 

278.  

29. Piazza C, Del Bon F, Paderno A, Grazioli P, Perotti 

P, Barbieri D, et al. The diagnostic value of narrow 

band imaging in different oral and oropharyngeal 

subsites. Eur Arch Otorhinolaryngol, 2016; 273: 

3347–53.  

30. Lucchese A, Gentile E, Romano A, Maio C, Laino 

L, Serpico R. The potential role of in vivo 

reflectance confocal microscopy for evaluating oral 

cavity lesions: a systematic review. J Oral Pathol 

Med, 2016; 45: 723–9.  

31. Gentile E, Maio C, Romano A, Laino L, Lucchese 

A. The potential role of in vivo optical coherence 

tomography for evaluating oral soft tissue: a 

systematic review. J Oral Pathol Med, 2017; 46: 

864–76.  

32. Sokolov K, Aaron J, Hsu B, Nida D, Gillenwater A, 

Follen M, et al. Optical systems for in vivo 

molecular imaging of cancer. Technol Cancer Res 

Treat, 2003; 2: 491–504.  

33. Omar E. Future imaging alternatives: the clinical 

non‑invasive modalities in diagnosis of oral 

squamous cell carcinoma (OSCC). Open Dent J., 

2015; 9: 311–8.  

34. Liu Y, Li Y, Fu Y, Liu T, Liu X, Zhang X, et al. 

Quantitative prediction of oral cancer risk in patients 

with oral leukoplakia. Oncotarget, 2017; 118(10): 

3055–60.  

35. Lee K, Lee S, Yu H, Kang SH. Ultra‑sensitive 

detection of tumor necrosis factor‑alpha on gold 

nano‑patterned protein chip formed via E‑beam 

nanolithography by total internal reflection 

fluorescence microscopy. J NanosciNanotechnol, 

2010; 10: 3228–31.  

36. Sharma P, Brown S, Walter G, Santra S, Moudgil B. 

Nanoparticles for bioimaging. Adv Colloid Interface 

Sci., 2006; 123–126: 471–85.  

37. Ogle OE, Byles N. Nanotechnology in dentistry 

today. West Indian Med J., 2014; 63: 344–8.  

38. Jaishree V, Gupta PD. Nanotechnology: a revolution 

in cancer diagnosis. Indian J ClinBiochem, 2012; 

27: 214–20.  

39. Ho D, Wang CH, Chow EK. Nanodiamonds: the 

intersection of nanotechnology, drug development, 

and personalized medicine. Sci Adv., 2015; 1: 

e1500439.  

40. Wang ZQ, Liu K, Huo ZJ, Li XC, Wang M, Liu P, 

et al. A cell‑targeted chemotherapeutic 

nanomedicine strategy for oral squamous cell 

carcinoma therapy. J Nanobiotechnol, 2015; 13: 63.  

41. Gharat SA, Momin M, Bhavsar C. Oral squamous 

cell carcinoma: current treatment strategies and 

nanotechnology‑based approaches for prevention 

and therapy. Crit Rev Ther Drug Carrier Syst, 2016; 

33: 363– 400.  

42. Bao C, Conde J, Curtin J, Artzi N, Tian F, Cui D. 

Bioresponsive antisense DNA gold nanobeacons as 



Awasthi et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com 

 

274 

a hybrid in vivo theranostics platform for the 

inhibition of cancer cells and metastasis. Sci Rep., 

2015; 5: 12297.  

43. Han Y, An Y, Jia G, Wang X, He C, Ding Y, et al. 

Theranostic micelles based on upconversion 

nanoparticles for dual‑modality imaging and 

photodynamic therapy in hepatocellular carcinoma. 

Nanoscale, 2018; 10: 6511–23.  

44. Halo TL, McMahon KM, Angeloni NL, Xu Y, 

Wang W, Chinen AB, et al. NanoFlares for the 

detection, isolation, and culture of live tumor cells 

from human blood. Proc Natl AcadSci USA, 2014; 

111: 17104–9.  

45. Zdobnova TA, Lebedenko EN, DeyevScapitalEm C. 

Quantum dots for molecular diagnostics of tumors. 

Acta Nat. 2011; 3: 29–47.  

46. Jaiswal JK, Mattoussi H, Mauro JM, Simon SM. 

Long‑term multiple color imaging of live cells using 

quantum dot bioconjugates. Nat Biotechnol. 2003; 

21: 47–51.  

47. Lee MH, Lee DH, Jung SW, Lee KN, Park YS, 

Seong WK. Measurements of serum C‑reactive 

protein levels in patients with gastric cancer and 

quantification using silicon nanowire arrays. 

Nanomedicine, 2010; 6: 78– 83.  

48. Adarsh N, Ramya AN, Maiti KK, Ramaiah D. 

Unveiling NIR aza–boron– dipyrromethene 

(BODIPY) dyes as Raman probes: 

surface‑enhanced raman scattering (SERS)‑guided 

selective detection and imaging of human cancer 

cells. Chemistry, 2017; 23: 14286–91.  

49. Gonda K, Watanabe M, Tada H, Miyashita M, 

Takahashi‑Aoyama Y, Kamei T, et al. Quantitative 

diagnostic imaging of cancer tissues by using 

phosphor‑integrated dots with ultra‑high brightness. 

Sci Rep, 2017; 7: 7509.  

50. Pande P, Shrestha S, Park J, Gimenez‑Conti I, 

Brandon J, Applegate BE, et al. Automated analysis 

of multimodal fluorescence lifetime imaging and 

optical coherence tomography data for the diagnosis 

of oral cancer in the hamster cheek pouch model. 

Biomed Opt Express, 2016; 7: 2000– 15.  

51. Jackson AW, Chandrasekharan P, Ramasamy B, 

Goggi J, Chuang KH, He T, et al. Octreotide 

functionalized nano‑contrast agent for targeted 

magnetic resonance imaging. Biomacromol, 2016; 

17: 3902–10.  

52. Kwon OS, Song HS, Conde J, Kim HI, Artzi N, Kim 

JH. Dual‑color emissive upconversionnanocapsules 

for differential cancer bioimaging in vivo. ACS 

Nano, 2016; 10: 1512–21.  

53. Hinni ML, Zarka MA, Hoxworth JM. Margin 

mapping in transoral surgery for head and neck 

cancer. Laryngoscope, 2013; 123: 1190–8.  

54. Cheng W, Ping Y, Zhang Y, Chuang KH, Liu Y. 

Magnetic resonance imaging (MRI) contrast agents 

for tumor diagnosis. J Healthc Eng, 2013; 4: 23–45.  

55. Bennett KM, Jo J, Cabral H, Bakalova R, Aoki I. 

MR imaging techniques for nano‑pathophysiology 

and theranostics. Adv Drug Deliv Rev., 2014; 74: 

75–94.  

56. Villaraza AJ, Bumb A, Brechbiel MW. 

Macromolecules, dendrimers, and nanomaterials in 

magnetic resonance imaging: the interplay between 

size, function, and pharmacokinetics. Chem Rev., 

2010; 110: 2921–59.  

57. Aryal S, Key J, Stigliano C, Landis MD, Lee DY, 

Decuzzi P. Positron emitting magnetic 

nanoconstructs for PET/MR imaging. Small, 2014; 

10: 2688–96.  

58. Brigger I, Dubernet C, Couvreur P. Nanoparticles in 

cancer therapy and diagnosis. Adv Drug Deliv Rev., 

2002; 54: 631–51.  

59. Shanavas A, Sasidharan S, Bahadur D, Srivastava R. 

Magnetic core‑shell hybrid nanoparticles for 

receptor targeted anti‑cancer therapy and magnetic 

resonance imaging. J Colloid Interface Sci., 2017; 

486: 112–20.  

60. Fan Q, Cheng K, Yang Z, Zhang R, Yang M, Hu X, 

et al. Perylene–diimidebased nanoparticles as highly 

efficient photoacoustic agents for deep brain tumor 

imaging in living mice. Adv Mater, 2015; 27: 843–

7. 

61. Horiguchi A, Shinchi M, Nakamura A, Wada T, Ito 

K, Asano T, et al. Pilot study of prostate cancer 

angiogenesis imaging using a photoacoustic imaging 

system. Urology, 2017; 108: 212–9. 

62. Luke GP, Myers JN, Emelianov SY, Sokolov KV. 

Sentinel lymph node biopsy revisited: 

ultrasound‑guided photoacoustic detection of 

micrometastases using molecularly targeted 

plasmonicnanosensors. Cancer Res., 2014; 74: 

5397–408. 

63. Hou C, Galvan DD, Meng G, Yu Q. Long‑range 

surface plasmon resonance and surface‑enhanced 

Raman scattering on X‑shaped gold 

plasmonicnanohole arrays. PhysChemChem Phys., 

2017; 19: 24126–34. 

64. Lee SH, Lee JB, Bae MS, Balikov DA, Hwang A, 

Boire TC, et al. Current progress in nanotechnology 

applications for diagnosis and treatment of kidney 

diseases. AdvHealthc Mater., 2015; 4: 2037–45. 

65. Sokolov K, Follen M, Aaron J, Pavlova I, Malpica 

A, Lotan R, et al. Realtime vital optical imaging of 

precancer using anti‑epidermal growth factor 

receptor antibodies conjugated to gold nanoparticles. 

Cancer Res., 2003; 63: 1999–2004. 

66. El‑Sayed IH, Huang X, El‑Sayed MA. Surface 

plasmon resonance scattering and absorption of 

anti‑EGFR antibody conjugated gold nanoparticles 

in cancer diagnostics: applications in oral cancer. 

Nano Lett., 2005; 5: 829–34. 

67. Yan B, Li B, Wen Z, Luo X, Xue L, Li L. 

Label‑free blood serum detection by using 

surface‑enhanced Raman spectroscopy and support 

vector machine for the preoperative diagnosis of 

parotid gland tumors. BMC Cancer., 2015; 15: 650. 



Awasthi et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com 

 

275 

68. Harmsen S, Wall MA, Huang RM, Kircher MF. 

Cancer imaging using surface‑enhanced resonance 

Raman scattering nanoparticles. Nat Protoc, 2017; 

12: 1400–14. 

69. Guze K, Pawluk HC, Short M, Zeng H, Lorch J, 

Norris C, et al. Pilot study: Raman spectroscopy in 

differentiating premalignant and malignant oral 

lesions from normal mucosa and benign lesions in 

humans. Head Neck, 2015; 37: 511–7. 

70. Galloway TA, Cabo‑Fernandez L, Aldous IM, 

Braga F, Hardwick LJ. Shell isolated nanoparticles 

for enhanced Raman spectroscopy studies in 

lithium‑oxygen cells. Faraday Discuss, 2017; 205: 

469–90. 

71. Wang YW, Reder NP, Kang S, Glaser AK, Yang Q, 

Wall MA, et al. Raman‑encoded molecular imaging 

with topically applied SERS nanoparticles for 

intraoperative guidance of lumpectomy. Cancer 

Res., 2017; 77: 4506–16. 

72. Conde J, Bao C, Cui D, Baptista PV, Tian F. 

Antibody‑drug gold nanoantennas with Raman 

spectroscopic fingerprints for in vivo tumour 

theranostics. J Control Release., 2014; 183: 87–93. 

73. Liu R, Zhao J, Han G, Zhao T, Zhang R, Liu B, et 

al. Click‑functionalized SERS nanoprobes with 

improved labeling efficiency and capability for 

cancer cell imaging. ACS Appl Mater Interfaces, 

2017; 9: 38222–9. 

74. Kang JW, So PTC, Dasari RR, Lim DK. High 

resolution live cell Raman imaging using subcellular 

organelle‑targeting SERS‑sensitive gold 

nanoparticles with highly narrow intra‑nanogap. 

Nano Lett., 2015; 15: 1766–72. 

75. Chen H, Kou X, Yang Z, Ni W, Wang J. Shape‑ and 

size‑dependent refractive index sensitivity of gold 

nanoparticles. Langmuir., 2008; 24: 5233–7. 

76. El‑Sayed MA. Some interesting properties of metals 

confined in time and nanometer space of different 

shapes. AccChem Res., 2001; 34: 257–64. 

77. Tian F, Conde J, Bao C, Chen Y, Curtin J, Cui D. 

Gold nanostars for efficient in vitro and in vivo 

real‑time SERS detection and drug delivery via 

plasmonic‑tunable Raman/FTIR imaging. 

Biomaterials, 2016; 106: 87–97. 

78. Wang JH, Wang B, Liu Q, Li Q, Huang H, Song L, 

et al. Bimodal optical diagnostics of oral cancer 

based on rose bengal conjugated gold nanorod 

platform. Biomaterials, 2013; 34: 4274–83. 

79. Liu Q, Wang J, Wang B, Li Z, Huang H, Li C, et al. 

Paper‑based plasmonic platform for sensitive, 

noninvasive, and rapid cancer screening. 

BiosensBioelectron, 2014; 54: 128–34. 

80. Chen C, Florian K, Rajesh K, Max R, Christian K, 

Florian S, et al. Recovering the superficial 

microvascular pattern via diffuse reflection imaging: 

phantom validation. Biomed Eng Online, 2015; 14: 

87. 

81. Jayanthi JL, Nisha GU, Manju S, Philip EK, Jeemon 

P, Baiju KV, et al. Diffuse reflectance spectroscopy: 

diagnostic accuracy of a non‑invasive screening 

technique for early detection of malignant changes 

in the oral cavity. BMJ Open, 2011; 1: e000071. 

82. Lalla Y, Matias M, Farah CS. Oral mucosal disease 

in an Australian urban Indigenous community using 

autofluorescence imaging and reflectance 

spectroscopy. Aust Dent J., 2015; 60: 216–24. 

83. Miller DM, Jokerst NM. Flexible silicon sensors for 

diffuse reflectance spectroscopy of tissue. Biomed 

Opt Express, 2017; 8: 1512–24. 

84. Varvares MA, Poti S, Kenyon B, Christopher K, 

Walker RJ. Surgical margins and primary site 

resection in achieving local control in oral cancer 

resections. Laryngoscope, 2015; 125: 2298–307. 

85. Tasche KK, Buchakjian MR, Pagedar NA, Sperry 

SM. Definition of ―Close Margin‖ in oral cancer 

surgery and association of margin distance with 

local recurrence rate. JAMA Otolaryngol Head Neck 

Surg, 2017; 143: 1166–72. 

86. Abbas SA, Ikram M, Tariq MU, Raheem A, Saeed J. 

Accuracy of frozen sections in oral cancer 

resections, an experience of a tertiary care hospital. J 

Pak Med Assoc, 2017; 67: 806–9. 

87. Ankri R, Ashkenazy A, Milstein Y, Brami Y, 

Olshinka A, Goldenberg‑Cohen N, et al. Gold 

nanorods based air scanning electron microscopy 

and diffusion reflection imaging for mapping tumor 

margins in squamous cell carcinoma. ACS Nano, 

2016; 10: 2349–56. 

88. Fixler D, Ankri R, Kaplan I, Novikov I, Hirshberg 

A. Diffusion reflection: a novel method for detection 

of oral cancer. J Dent Res., 2014; 93: 602–6. 

89. Hirshberg A, Allon I, Novikov I, Ankri R, 

Ashkenazy A, Fixler D. Gold nanorods reflectance 

discriminate benign from malignant oral lesions.  

90. Nanomedicine, 2017; 13: 1333–9. 

91. Liu L, Miao Q, Liang G. Quantum dots as 

multifunctional materials for tumor imaging and 

therapy. Materials (Basel), 2013; 6: 483–99. 

92. Bera D, Qian L, Tseng TK, Holloway PH. Quantum 

dots and their multimodal applications: a review. 

Materials, 2010; 3: 2260–345. 

93. Rosenthal SJ, Chang JC, Kovtun O, McBride JR, 

Tomlinson ID. Biocompatible quantum dots for 

biological applications. Chem Biol, 2011; 18: 10–

24. 

94. Bakalova R, Zhelev Z, Kokuryo D, Spasov L, Aoki 

I, Saga T. Chemical nature and structure of organic 

coating of quantum dots is crucial for their 

application in imaging diagnostics. Int J Nanomed.  

95. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC400

2534/. 

96. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC334

7577/. 

97. www.sigmaaldrich.com/technical-

documents/articles/materials-

science/nanomaterials/gold-nanoparticles.html. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4002534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4002534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347577/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347577/
http://www.sigmaaldrich.com/technical-documents/articles/materials-science/nanomaterials/gold-nanoparticles.html
http://www.sigmaaldrich.com/technical-documents/articles/materials-science/nanomaterials/gold-nanoparticles.html
http://www.sigmaaldrich.com/technical-documents/articles/materials-science/nanomaterials/gold-nanoparticles.html

