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Role of gold and silver nanoparticles in cancer nano-medicine
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ABSTRACT
Development of nanoparticles (NPs) as a part of cancer therapeutics has given rise to a new field of
research – cancer nanomedicine. In comparison to traditional anti-cancer drugs, NPs provide a targeted
approach which prevents undesirable effects. In this communication, we have reviewed the role of gold
and silver NPs (AgNPs) in the cancer nanomedicine. The preparation of gold NPs (AuNPs) and AgNPs
can be grouped into three categories – physical, chemical and biological. Among the three approaches,
the biological approach is growing and receiving more attention due to its safe and effective produc-
tion. In this review, we have discussed important methods for synthesis of gold and AgNPs followed by
techniques employed in characterization of their physicochemical properties, such as UV–visible spec-
troscopy, electron microscopy (TEM and SEM) and size and surface analysis (DLS). The mechanism of
formation of these NPs in an aqueous medium through various stages – reduction, nucleation and
growth has also been reviewed briefly. Finally, we conclude our review with the application of these
NPs as anti-cancer agents and numerous mechanisms by which they render cancer cell toxicity.
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Introduction

Although nanoparticles (NPs) are associated with modern day
science and technology, they have been known to be imple-
mented in art and sculptures even before the 4th Century
AD. The main reason for their use in ancient times was their
optical properties, for example, a 20 nm gold nanoparticle
imparts a magnificent wine colour. The artisans from the
medieval ages were the first nanotechnologists who incorpo-
rated gold and silver NPs (AgNPs) in the stained glasses
found now in Old Church’s infrastructure. These NPs were of
various shapes and sizes differing in optical properties and in
the colour that they transmit, other examples include – the
Lycurgus Cup from 4th century AD and Deruta ceramicists
from the Renaissance period (1450–1600 AD). Before the mid-
dle ages begun, a colloidal solution of gold was used for its
healing power in China and Egypt against various diseases
like – heart ailments, epilepsy, tumours and dysentery [1].

In 1857, Michael Faraday delivered Bakerian Lecture of the
Royal Society on “Experimental Relations of Gold (and other
Metals) to Light” [2]. It was the first descriptive study of inter-
action of light and gold (other metals) at nanoscale which
influenced the conception of the nanosciences [3]. Modern-
day nanoscience took birth in a lecture “There’s plenty of
room at the bottom” by physicists Richard Feyman on 29
December 1959 at California Institute of Technology [4]. More
than a century ago, Paul Ehrlich, a German scientist inspired
the idea of NPs as a method for improving the drug therapy
and to achieve targeted delivery. The delivery systems he

formulated were called Zauberkugeln or magic bullets [5]. In
1960s, Professor Peter Paul Speiser and his group carried out
extensive formulations of NPs, nanocapsules for targeted
drug delivery systems and vaccines [5,6].

The concept of nanotechnology includes the study and
application of the particles measured at the scale of one bil-
lionth of a meter [1]. The particles termed as NPs can be clus-
ters of ions, atoms or molecules within a specified size range
of 1–100 nm [7]. Although the size can vary according to the
field of application, for example NPs synthesized for the pur-
pose of drug delivery are generally greater than 100 nm as to
accommodate good amount of drug to be delivered [8].
Similarly, the ideal size of the NPs for treatment of cancer is
70–200 nm as the fenestrations in the endothelium in a
developing tumour is about 200–780 nm [9]. NPs can be of
various shapes – rods, triangle, round, octahedral, polyhedral,
etc. along with different surface properties. NPs can not only
be engineered in laboratory but also do exist in nature com-
posed of organic and inorganic compounds as a result of vol-
canic eruptions, microbial processes, wildfires and plants –
phytoremediation [10]. In laboratory, they can be synthesized
using different methods – physical, chemical and biological
with ample number of sources – chemical agents, polymers,
proteins, plants, microbes, etc. NPs can be classified accord-
ing to their type – polymeric, metallic, magnetic, carbon
nanotubes, liposomes, dendrimer and quantum dots [11].
These NPs possess unique optical, magnetic, electronic and
catalytic properties, different from their micro and macro-
counterparts. Comprehensive utilization of various sources

CONTACT Ramesh Chandra acbrdu@hotmail.com Department of Chemistry, Drug Discovery and Development Laboratory, University of Delhi, New
Delhi, India
� 2018 Informa UK Limited, trading as Taylor & Francis Group

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY
2018, VOL. 46, NO. S1, S1210–S1220
https://doi.org/10.1080/21691401.2018.1449118

http://crossmark.crossref.org/dialog/?doi=10.1080/21691401.2018.1449118&domain=pdf
http://www.tandfonline.com


and methods result in synthesis of a number of different NPs
products that can be employed in – fabrication of biosensors
and electrochemical sensors [12], wastewater treatment [13],
forensic investigation [14], currency, hologram printing [15]
and the most important biological and medicinal applications
[16]. Consequently, many advantages and numerous applica-
tions of NPs in various fields have led to unregulated growth
and development in the field of nanotechnology, causing
“nanopollution” now expanding more than ever. As the say-
ing goes “with great power comes great responsibility” – we
need to lay down rules and regulation to assess the impact
of the synthesized NPs on human health and their environ-
ment. In this review, we will focus on the synthesis of two
noble metal NPs – silver and gold by various physical, chem-
ical and most important biological methods. Further, we dis-
cuss the methods to characterize their physicochemical
properties through UV–visible spectroscopy, size and surface
charge analysis, TEM and SEM. Finally, we bestow upon the
mechanisms because of which these metallic NPs have found
successful application as anti-cancer agents.

Synthesis

Broadly, the synthesis can be categorized as bottom-up and
top-down methods. The bottom-up means building up of the
NPs from molecules or atoms whereas top-down methods
involve the disintegration of the bulk materials into smaller
particles which eventually results in NPs [17]. However, it is
easier to divide the routes of synthesis of metallic NPs into –
physical, chemical and biological (Figure 1).

Physical method

The physical method includes two approaches for synthesis
of metallic NPs – evaporation-condensation and laser abla-
tion. Evaporation-condensation is a gas phase route that uses

a horizontal tube furnace to produce NPs at atmospheric
pressure. Within the centre of the tube, furnace is a boat car-
rying the metal source material for synthesis which is vapor-
ized into the carrier gas [18]. To this method, a change or
modification in the reactor system controls the yield, concen-
tration and the size of the NPs finally produced, for example
indium NPs have been synthesized in great quantity using an
aerosol generator [19] and aluminium nanopowder have
been synthesized by using an aerosol flow reactor [20].
Moreover, AgNPs have been efficiently synthesized in high
concentration by replacing the tube furnace with ceramic
heater which overcomes various disadvantages of the tube
furnaces [21].

Irradiation of an area of the solid target material by a laser
leads to its removal – this process is called laser ablation. NPs
can be synthesized by laser ablation of a solid placed in a
liquid medium. After irradiating with laser, the liquid will con-
tain only the NPs of the target solid and no other ions, com-
pounds, reducing agents, etc [22]. Laser fluence, duration of
irradiation, target solid, nature of liquid media influence the
mechanism of ablation and characteristics of the metal NPs
formed [18]. Using this method, AgNPs [23] and gold NPs
(AuNPs) [24] have been synthesized widely. Since there is no
use of chemical reagents and the liquid medium used is basic
with mild surfactants in some cases, the production of NPs
using laser ablation is pure and uncontaminated, unlike
chemical synthesis.

Chemical methods

Chemical methods of metal NPs include reduction of their
metal salts. To these preparations, a stabilizing agent is usu-
ally added to avoid the aggregation of these NPs [25]. The
final product i.e. the shape, size and various other properties
of the NP depends on type and strength of the reducing
agent and the stabilizer employed in the method. Any num-
ber of metallic salts can be reduced to produce the corre-
sponding NPs like – silver, gold, iron, zinc oxide, copper,
cobalt, palladium, platinum, etc. Reduction of these salts can
be achieved by various chemical agents – amino-boranes [26],
hydrazine [27], oleylamine [28], polyols, oxalic acid [29], sugar
[30], citrate-the Turkevich method [31] and sodium borohy-
dride (NaBH4) Brust� Schiffrin synthesis (BSS) [32]. However,
gold and AgNPs are synthesized majorly through Turkevich
method and NaBH4 BSS, respectively.

Turkevich method

In 1951, John Turkevich surveyed various chemicals for the
preparation of AuNPs. Some of these were standard prepara-
tions using various reducing agents; these were – Bredig
solution, Faraday solution, oxalic acid solution, hydroxylamine
solution, acetylene solution, citrate solution and sodium cit-
rate solution. In his original paper, he prepared both triangu-
lar and hexagonal with 10–50 nm diameter and spherical Au
NPs with diameter of about 20 nm using 1% citric acid solu-
tion and 1% sodium citrate solution, respectively [33]. This
method of AuNPs synthesis using citrate solution is named

Figure 1. Methods of nanoparticle synthesis.
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after Turkevich even though the method was already devised
in 1940 by Ernest and Lynn [34]. The method employed by
Turkevich gave a polydisperse solution of NPs; an improvised
method was devised in a paper published by Frens [35]. The
procedure begins with boiling the gold hydrochlorate solu-
tion to about 100� and adding 1% sodium citrate to the boil-
ing solution. A faint blue colour appears after a few seconds
of citrate addition marking the nucleation process. As the
boiling continues for few more seconds, the solution changes
from blue to a deep wine red, indicating the formation of
spherical AuNPs [35]. The main factor affecting shape and
size [36] and reproducibility [37] is the citrate ion concentra-
tion. Apart from gold, other noble metal NPs can also be syn-
thesized using this method – silver, platinum or
palladium [38].

Brust–Schiffrin method

Brust–Schiffrin method produces monodisperse solutions with
NPs of size less than 10 nm with a greater loading capacity.
Moreover, it produces NPs stabilized with organic ligands
mostly thiolate. Since it was first described in 1994 by Brust
et al. for synthesis of AuNPs stabilized with thiolate ligand, it
has been utilized to synthesize other metal NPs with different
organic ligands [39,40]. Burst et al. prepared NPs of size
1–3 nm for which they used water-toluene system as a two-
phase system to reduce hydrogen tetrachloroaurate (HAuCl4)
using NaBH4 in the presence of stabilizing agent, alkanethiol
which adheres to the surface of the particles [40]. They also
showed the synthesis of about 2 nm thiol coated AuNPs in
single-phase (organic) system using p-mercaptophenol [41].
The method generally involves three sequential steps: initially,
tetraoctylammonium bromide, a phase transfer agents aids in
transferring tetrahydrochloroaurate from aqueous to organic
phase; alkanethiol reduce Au (III) to Au (I); in the final part
addition of NaBH4 produces uniform monodispersed AuNPs
formulation [42]. It is also noteworthy to mention here that
the mechanism that this method follows for synthesis is dif-
ferent from the general mechanism that the synthesis of NPs
follows. Here, the process of nucleation is continuous rather
than a sequential process of nucleation, then growth and so
forth. This mechanism explains why Brust–Schiffrin method
concludes in monodispersity; the continuous nucleation,
growth and then capping by thiol limit the growth at a par-
ticular size and results in uniformity of size among the
NPs [39].

Biological methods

This approach forfeits the use of the many expensive and
energetically unfavourable techniques that use harmful chem-
icals as reducing agents, surfactants and stabilizers making it
a safer and better approach for the NPs synthesis. The bio-
logical approach or the “green” approach is relatively inex-
pensive, biocompatible, safer, non-toxic, mostly one-step
synthesis method that employs biomolecules – proteins, poly-
mers, carbohydrates (sugars), etc., from whole organism
extract – fungi, bacteria, algae and plants as reducing agents

for metal salts [43] (Table 1). Green synthesis also produces
pure NPs unlike the chemical methods wherein the produced
NPs formulation is contaminated with the chemicals used for
the process. Recently, antibody-mediated synthesis of metal
NPs has also been successfully employed metal NPs synthesis
and has been referred to as a biological method of synthesis
[44,45]. Moreover, agriculture and industrial waste have also
been used as sustainable approach for metallic NPs synthesis
[46,47]. Generally, with green synthesis, the decisions which
are supposed to be made are choosing of a medium, bio-
logical reducing agent and a choosing a stabilizing agent in
some cases [48]. One can control the synthesis, shape, size
and properties of the NPs through green method by altering
the pH, temperature, reaction time, pressure and the bio-
logical reducing agent [49]. There are many different proce-
dures for the biogenic NP synthesis that produces NPs with
different shape, size and surface properties but the basic pro-
cedure is to incubate the metal salt solution with the bio-
logical agent in appropriate medium. The mechanism is
similar as for other methods; the only difference is the reduc-
ing agents are part of the bacterial, fungal, viral or plant sys-
tem. These reducing agents can be enzymes, reduced
species, other biomolecules, phytochemicals or secondary
metabolites as in plants –terpenoids, alkaloids, phenols, etc.
Micro-organism can produce metal NPs either intracellularly
or extracellularly; during extracellularly the AgNPs are formed
due to the enzymes or proteins secreted by the micro-organ-
ism which reduced the metal salt whereas during the intra-
cellular synthesis the metal NPs are synthesized by the
enzymes or proteins present on the interior side of the cell
wall [50]. Of all the biological systems used, plant or algal sys-
tems are majorly used for the production of NPs as they are
efficient, safer and less time-consuming. Whereas with the
bacterial, viral or fungal mediated synthesis are less prefer-
able due to the culturing of these microorganisms. In add-
ition to culturing, these systems produce limited size and
shapes of NPs at a slower rate. Alfalfa sprouts were the first
reported plant system to synthesize metallic NPs (AgNPs)
[51]. A detailed mechanism in the case of plant-mediated NPs
synthesis has been reported and divided into three phases:
an activation phase when the phytochemicals reduce the salt
and initiate the nucleation process following the growth
phase by Ostwald’s ripening which then eventually termi-
nates when the particle assumes the most energetically
favourable shape [52] (Figure 2).

Plant systems can either be used as a whole or parts of it
can be used individually to synthesize NPs. Different plants
produce NPs with different shape, size and properties; this
variance is also seen in NPs synthesized using different parts/
organs of the same plant i.e. NPs synthesized using a root
and a seed of the same plant might give different types of
NPs. The inference behind this observation corresponds to
the molecular make-up of the cell of the particular plant part;
type and quantity of biomolecule and secondary metabolite
present in the cell define the size, shape and surface proper-
ties of the NPs synthesized. Even though plant-mediated syn-
thesis holds advantages over conventional methods,
complete understanding of the mechanism, control of size
and shape, reproducibility of results and identification of a
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single reducing and capping agent (stabilizer) from the plant
extract pose a challenge to the concept.

General mechanism of nanoparticles formation
in solution

It is important to understand the mechanism of synthesis of
NPs in the solution as this is affected by various parameters
and conditions set during the reaction. A better understand-
ing of the mechanism would lead to the optimization of the
synthesis protocol to achieve NPs with particular size distribu-
tion and other associated – surface, optical, etc. properties.
The mechanism includes about five different processes that
take place in a sequential order – reduction, nucleation,
growth, coarsening and agglomeration [17,53]. Following
reduction of the metal salt, nucleation initiates. Nucleation in
simplest terms is a process in which the atoms build up small
clusters called nuclei which acts as a template for NPs forma-
tion. Over the time, with advancement in methods and tech-
niques for study of NPs like- UV–visible spectroscopy, small
angle X-ray scattering (SAXS) and liquid cell TEM, a number
of theories have been proposed to explain the underlying
mechanism of nucleation and growth of NPs in solution. The
most pioneer theory is the classical theory of nucleation by
Thanh et al. [54] that explains the formation of new thermo-
dynamic phase (a decrease in Gibbs free energy and an

increase in entropy), crystal by elucidating the rate of nuclei
formation by condensation of liquid from vapour phase. CNT
explains only nucleation; different processes can be employed
to explain the further growth of the nuclei into mature par-
ticles – mostly via Ostwald ripening [55]. Nucleation can be
both heterogeneous and homogenous; homogenous nucle-
ation occurs spontaneously and randomly but supersaturation
is its pre-requisite condition. Supersaturation is the initiation
and growth of the soluble nucleating species which can be
achieved by decomposition or reduction of soluble salts into
metal atoms [56]. On the other hand, heterogeneous nucle-
ation occurs solitarily where solid surface contacts the liquid
surface [55]. The appropriate theory must explain and deduce
the separation between the two phases – nucleation and
growth; this is explained by the LaMer’s theory of burst
nucleation and thus is the most applied theory to general
mechanism of NPs synthesis [55]. This theory states that dur-
ing synthesis, the concentration increases rapidly above satur-
ation for a short period of time followed by a burst of
nucleation resulting in a number of small nuclei. A temporally
separated phase arises when these established nuclei grow
further decreasing the concentration levels way below the
nucleation level [57]. During the growth phase, a necessary
decrease in surface energy results. Smaller particles have high
surface to volume ratio and thus have a higher surface
energy which makes them thermodynamically unstable, as
these particles grow by monomer diffusion at the surface

Table 1. Summary of gold and silver nanoparticles synthesized using biological agents.

Biological agent Metal salts used Shape Size Application Reference

Bacteria
Klebsiella pneumoniae Gold Spherical 10–15 nm Antibacterial [53]
E. coli Silver Spherical 20–50 nm Antibacterial [54]
Bacillus subtilis EWP-46 Silver Various shapes 10–20 nm Antibacterial [55]
Bacillus flexus Silver Spherical and triangular 10 and 65 nm Antibacterial [56]
Bacillus licheniformis Silver Spherical 50 nm Anti-tumour in

Dalton’s lymphoma
[57]

Staphylococcus aureus Silver Irregular 160–180 nm Antibacterial [58]
Pseudomonas aeruginosa Gold – 15–30 nm Antibacterial and sensing [59]
Lactobacillus sporogenes Silver Various 10–25 and 10–70 nm – [60]
Rhodopseudomonas
capsulata

Gold Various 10–20 nm – [61]

Fungus
Aspergillus niger Silver Spherical 1–20 nm Antibacterial

and antifungal
[62]

Fusarium sp. Cadmium sulphide Spherical 80–120 nm – [63]
Fusarium acuminatum Silver Spherical 13 nm Antibacterial [64]
Penicillium fellutanum Silver Spherical 5–25 nm – [65]
Pleurotus florida Gold Spherical, triangular 10–50 nm Anticancer [66]
Verticillium sp. Gold Spherical,

hexagonal, triangular
25 nm – [67]

Ganoderma
neo-japonicum

Silver Spherical 5 nm Anticancer; breast cancer [68]

Algae and plant
Sargassum muticum Magnetic Iron oxide Cubic 18 ± 4 nm Antibacterial [69]
Bifurcaria bifurcata Copper oxide Spherical, elongated 20.66 nm Antibacterial [70]
Ficus religiosa Copper oxide Spherical 577 nm Anticancer; lung cancer [71]
Origanum vulgare Silver Spherical 136 ± 10.09 nm Antibacterial

and anticancer
[72]

Aloe vera Gold Triangles 50–350 nm – [73]
Silver Spherical 15.2 and 4.2 nm –

Moringa oleifera Silver Spherical 57 nm Antimicrobial [74]
Azadirachta indica Silver Spherical 5–35 nm – [75]

Gold Hexagonal, triangular 50–200 nm –
Bimetallic Spherical 50–100 nm –

Ocimum Tenuiflorum Zinc oxide Hexagonal 13.86 nm – [76]
Eucalyptus chapmaniana Silver – 60 nm Antimicrobial and anti-

cancerous; leukaemia
[77]
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interface, the surface energy is decreased and the resulted
larger particles are thermodynamically stable [35,36]. As diffu-
sion continues, the particles grow; the particles will sustain
only if their radius is above a critical value otherwise they dis-
solve in the solution again [54]. With time the concentration
of the monomers decrease which leads to formation of larger
NPs at the expense of smaller NPs, i.e. the smaller NPs re-dis-
solve and contribute mass for the growth of larger particles.
This process of formation of larger is termed is coarsening or
Ostwald ripening [58]. This is a phase transformation process
that leads to an increase in size [59] and broad particle size
distribution in the solution. The size distribution is narrow in
the initial growth phase when the concentration of the build-
ing material is abundant leading to monodispersity but
broadens as the concentration decreases resulting in
Ostwald’s ripening, increase in the average size and the poly-
dispersity of the solution [60]. Another consequence of this
process is morphological changes as the small nuclei dis-
appear and dissolve to form larger particles in the two-phase
system [61]. A mathematical approach to coarsening was
devised individually by Lifshitz and Slyozov (1961) and
Wagner (1961) now collectively known as the LSW theory [62].
Perhaps, last, of all the processes, agglomeration is defined as
a reversible phase wherein the weak physical forces like the
Van der Waals forces hold the dispersed particles in the solu-
tion close together [63]. It is driven by further decrease in the
surface energy and more thermodynamic stable particles. The
suspended particles in the solution can be aggregated too;
there is a difference between agglomeration and aggregation
– aggregation is irreversible and agglomeration is a reversible
process. This part of the process is undesirable as it decreases
the concentration of NPs in the solution, which is why add-
itional steps have to be incorporated into the procedure to

avoid agglomeration or aggregation of NPs. This step to
avoid agglomeration or aggregation is referred to as stabiliza-
tion of NPs and is necessary for their successful application in
various fields.

Stabilization

The stability of NPs in the solution is attributed to the
adsorption of a dispersant layer around each particle in the
solution. The thickness of the layer influences the stability of
the NPs. A dispersant layer of appropriate thickness would
result in stable particles as it would be able to successfully
overcome the attractive forces among individual particles due
to flow of excluded solvent between the two adsorbed layers
on adjacent particles whereas a thin layer would fail to do so
which results in agglomeration or aggregation of particles [64].
Generally, there are two approaches to stabilize a metallic NP
formulation: steric and electrostatic stabilization. As the name
suggests, electrostatic stabilization is based on same charges
on the surface of the particles which causes repulsion and pre-
vents aggregation. Steric repulsion also referred to as poly-
meric stabilization uses mostly polymers as capping agents
which when adsorbed on the surface of the particles inhibit
the particles to reach the minimum distance for the Van der
Waals forces to act [56,65]. A few examples of stabilizers are
N,N-dimethylformamide (DMF) [66], (4–(3-phenylpropyl)pyri-
dine) [67] and PVA (poly(vinyl alcohol)) and PVP (polyIJvinyl-
pyrrolidone) [55].

Characterization

NPs have specific physicochemical properties different from
their bulk or micro or macro-sized counterparts. These

Figure 2. Mechanism of NPs formation by biological approach: reduction, growth and stabilization of NPs. M corresponds to Au or Ag.
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properties are influenced specific application and use of these
nano-products. Therefore, it is necessary to assess in order to
control them for the desired application. Some of the very
common properties are shape/morphology, size, surface
potential, composition, structure and surface properties [68].
Therefore, various characterization techniques have been
employed which can be categorized into three categories in
the review.

Characterization by UV–visible spectroscopy

Metallic NPs possess optical properties that are a product of
the composition, size and morphology of the NPs. These
optical properties are a result of a phenomenon called sur-
face plasmon resonance (SPR). When a metal is irradiated
with an electromagnetic wave in the UV or the visible region,
the cumulative effect of free electrons oscillating coherently,
give rise to plasmons. As the incident electromagnetic wave
can’t penetrate deep enough to generate plasmons, only the
surface electrons of the metal NPs generate plasmons, hence
the name surface plasmons [69]. Since the surface electrons
absorb, excite and result in plasmons, they are responsible
for a peak in the UV absorption spectra. However, gold and
silver absorb in the visible range, therefore, the solution is
coloured. The colour of the solution is also affected by the
shape of the particle; triangular-shaped particles are mostly
red, Pentagon is green whereas the blue is spherical. The
size, shape, metal’s composition and concentration of the
NPs influence the wavelength at which the absorbance peak
appears and the absorbance [70]. It can be concluded that
NP composed of a particular metal, of a particular size and
shape, will correspond to a specific absorption peak in the
UV absorption spectrum at a constant NPs concentration. A
change in shape or size or concentration produces a signifi-
cant change in maximum absorption peak [71]; an increase in
the particle size leads to absorption at longer wavelength.
Thus this technique can be used to determine the approxi-
mate size, shape and concentration of the NPs and also to
follow the different stages of the NPS formation.

Characterization by scattering techniques

In a colloidal solution, particles exhibit random zig-zag move-
ment in the medium which is termed as Brownian motion.
When such a solution is irradiated with light, these sus-
pended particles in Brownian motion scatter light at different
angles which is analysed by dynamic light scattering (DLS).
DLS is a basic analytical technique used to characterize NPs
to determine their size and size distribution of particles in
nanometre range. The light source uses its lasers of red-green
wavelength with minimum noise and maximum coherence
providing a stable incident light. DLS measures the autocor-
relation coefficient or the time-dependent intensity – inten-
sity correlation function G(s) from the intensities of the
scattering light. G(s) can be used to reduce the linewidth dis-
tribution function G(T) which can be used to determine the
diffusion coefficient and finally the diffusion coefficient along
with Stokes–Einstein relation gives the hydrodynamic size of

the NPs along with a size distribution [72,73]. Thus, DLS is a
basic technique to determine the average size (hydrodynamic
radius) and size distribution. With variations in size and its
distribution, one can interpret if the NPs form aggregate.
Along with size and size distribution, a Zetasizer (Malvern
Instruments, Worcestershire, UK) extends the results with add-
itional parameters like polydispersity index (PDI) which meas-
ure the uniformity of the solution; for monodisperse solutions
PDI is less than 0.5, a value greater than this would indicate
agglomeration/aggregation or NPs with a broad size distribu-
tion or a polydisperse formulation. By using a totally different
principle and method, a Zetasizer can also measure the sur-
face potential of the NPs as Zeta-potential in mV.

Characterization by microscopy

Since NPs are in the nanometre range they can be observed
by imaging techniques, such as transmission electron micros-
copy (TEM), scanning electron microscopy (SEM), atomic force
microscopy (AFM), scanning tunnelling microscopy (STM), etc.

Scanning electron microscopy (SEM)
It’s a surface imaging method that uses a beam of electrons
to scan the surface of the NPs to produce results as signals
corresponding to the details of atomic composition and other
topographical details. SEM can achieve a resolution of equal
to or less than 1 nm [68]. A SEM is prepared for a sample of
NPs to determine the shape, size, size distribution and num-
ber of particles [74]. The SEM measurement uses dried sam-
ple which may shrink the NPs’ radius and thus can hamper
the correct size analysis of the formulation of the NPs.

Transmission electron microscopy (TEM)
TEM necessarily produces the same results as SEM – morph-
ology, size and size distribution but uses a very thin section
of the sample through which an incident ray of electron
beam is transmitted. The incident electron ray when interacts
with the specimen may scatter or remain unscatter which are
then focused by the electromagnetic lenses on to a screen as
an image of varying densities corresponding to the densities
of electrons [68]. TEM is preferred over SEM as it provides
better spatial resolution and possibility for additional analyt-
ical measurements [75]. Like any other technique, TEM has its
drawbacks; thin sample preparation is time-consuming and
complicated and requirement of high vacuum. To make the
NPs sample to bear the high vacuum they are stained with
negative staining dyes like uranyl acetate [76].

Anticancer application

Gold and AgNPs have shown great capabilities and promising
results in both cancer diagnostics and therapeutics. One must
wonder what such improvements does the application of
metal NPs provide over the conventional therapy; the drugs
currently used for anti-cancer treatments are toxic to the
body, producing side effects and unintended or untargeted
effects on normal body physiology, development of drug
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resistance, quick drug metabolism and clearance from the
patient’s body decreasing effective treatment time. Biological
synthesis of metal NPs provides safe and effective therapeutic
agents for cancer treatment. NPs formulated with different
metals may show different properties and thus are expected
show different mechanisms of toxicity against various cancer
cells (Figure 3). AuNPs and AgNPs can also be used in conju-
gation or combination with drugs or coated with a polymer
to be used against cancer cells.

Silver nanoparticles

AgNPs enter the mammalian cells as aggregates mostly
through endocytosis and can also cross the blood-brain bar-
rier due to their small size. Upon entering the cell in an
endocytic vesicle, they are distributed to cytoplasm and
nucleus through intracellular trafficking [77]. Due to differ-
ence in their physicochemical properties, they may affect dif-
ferent cells through different cellular processes. In an attempt
to analyse their toxicity against human health it was realized
that they are toxic against both normal and cancer cells [78].
Their anti-cancer property has been analysed in vitro against
various types of cancer cells – human hepatoma cells [79],
lung cancer [80], breast cancer [81] and cervical carcinoma [82].
They impart toxicity to cancer cells by decreasing mitochon-
drial function, reactive oxygen species (ROS) production,
releasing lactate dehydrogenase (LDH), cell cycle deregula-
tion, induction of apoptotic genes like Bax, formation of
micronuclei, chromosome aberration and DNA damage

[83,84]. The interaction between AgNPs and the immune sys-
tem has also been elucidated in certain studies which state
the AgNPs induce inflammation in the treated cell. Ingestion
of AgNP by the macrophages is where the inflammatory
response is initiated. These activated macrophages release
ROS species, TNF-a, inflammatory cytokines and interleukins
(IL-6) [85]. Briefly, size dependent activity of the AgNPs has
also been investigated; small sized AgNPs were more toxic
and were more efficient in ROS production [86,87]. Apart
from these cellular mechanisms AgNPs have also shown anti-
angiogenic [88] and anti-proliferative [89] properties. In nor-
mal tissue cells, vascular endothelial growth factor (VEGF)
binds to its receptor on endothelial cells to induce angiogen-
esis by activation of the PI3K/Akt signalling pathway. Ag-NPs
are anti-angiogenic as they inhibit the phosphorylation of Akt
by PI3K because of which the signalling pathway cannot
complete, eventually terminating angiogenesis, starving the
cell, depriving oxygen and killing the tumour cell [88]. The
anti-proliferative in cancer cells mediated by AgNPs is due to
their ability to damage DNA, break chromosome – producing
genomic instability, disruption of calcium (Ca2þ) homeostasis
which induced apoptosis, cell injury and cytoskeletal instabil-
ity; cytoskeletal injury blocks cell cycle and division, promot-
ing anti-proliferative activity of cancer cells [89].

Gold nanoparticles

The AuNPs show anticancer activities resulting from different
mechanisms and this difference in mechanism can be

Figure 3. Major mechanisms followed by AuNPs and AgNPs to exert their anti-cancer properties: AuNPs and AgNPs are taken up by the cell by endocytosis, the
vesicles are distributed in the cytoplasm and nucleus producing toxic effects leading to apoptosis or programmed cell death (ROS – reactive oxygen species, TNF –
Tumour necrosis factor, VEGF – Vascular endothelial growth factor, VEGFR – Vascular endothelial growth factor receptor and IL-6 – interleukin-6).

S1216 H. CHUGH ET AL.



explained on the basis of different metal properties. The
various ways in which AuNPs can be employed for anti-
cancerous effects are photothermal, photodynamic, and
anti-angiogenic and drug delivery [90]. AuNPs like AgNPs are
anti-angiogenic and inhibit the normal cell signalling and
processes due to VEGF binding to VEGFR. Here too the
AuNPs block the phosphorylation of the downstream mole-
cules like Akt, ERK 1=2 in the PI3K/Akt signalling pathway
[91,92]. In a fairly recent discovery, it was shown that AuNPs
target cancer cells specifically. Once inside the cells, AuNPs
target tumour suppressor genes and oncogenes to induce
effective expression of caspase-9 which is an initiator caspase
involved in apoptosis [93]. In another study AuNPs targeted
to the nucleus, promote cell-cycle arrest, cytokinesis inhib-
ition – which then push the cell over to apoptosis [94]. In
many instances, AuNPs are used as a delivery system [95] or
in conjugation with the therapeutic molecule [96] or maybe
even gene to give significantly better toxicity against cancer
cells. AuNPs due to their distinctive photo-optical properties
have been successfully applied in both photothermal and
photodynamic therapy. In photothermal therapy, AuNPs are
used as a probe because of their strong SPR absorption in
near-infrared regions leading to heating effects followed by
irradiating with a non-ionizing source of energy like lasers.
The application of laser to the AuNPs, the SPR band is con-
verted to heat which causes hyperthermia eventually leading
to cell necrosis [90]. Photodynamic therapy is based on the
use of a photosensitizer like 5-aminolevulinic acid (5-ALA)
which when irradiated, is excited and reacts with molecular
oxygen present in the cell to produce ROS which damages
lipid, proteins, DNA, etc. and drives it to apoptosis or necrosis
(cell death). AuNPs have been used in to deliver these photo-
sensitizers specifically to the tumour cells [97].

Gold-silver nanoparticles

AgNPs and AuNPs have been widely tested for their toxicity
against different tumours and cancers both in vitro and in
vivo. However, with growing knowledge in the field, research-
ers have been successful in producing alloys of these two
noble metals. These nano-composites as they are referred to
can be synthesized in both ways; Ag-coated Au and/or Au-
coated colloidal particles. This can be simply done by reduc-
ing one metal salt on the already formed NPs formulation of
the other, i.e. for synthesizing the Ag-coated Au colloids,
chemically reduce silver salt on the AuNPs solution.
Moreover, one can control and produce different composi-
tions of these bimetallic NPs by controlling the amount of
the salt to be deposited on the pre-formed colloids [98].
These alloys also exhibit specific properties that are different
from their respective NPs. They were shown to be substrates
for surface-enhanced Raman spectroscopy (SERS) and, there-
fore, can be used to detect critical proteins and biomolecules
in blood and other body fluids, detection of early cancer bio-
markers, drug levels, etc. Therefore, they can be successfully
employed in cancer detection [99]. In another study, Au-Ag
NPs were employed in differential colorimetric detection of
different DNA targets in a single reaction system. This
molecular nano diagnostic approach can be used for rapid

and sensitive detection of cancer [100]. These alloys also
show therapeutic potential which makes them suitable thera-
nostic agents [101]. They curb the cytotoxicity that AgNPs
exhibit and show increased plasmonic activity than pure
AuNPs. Even though, they might not show increased toxicity
against cancer cells in comparison to individual AgNPs as
their mechanism is release of silver ions which are controlled
in these alloys but increased plasmon than AuNPs might
make them good anti-cancer agents as these alloys have
demonstrated a better photothermal activity. However, fur-
ther evaluation of such biomedical application is still to
be performed.

Conclusion

The synthesis and utilization of metal NPs in arts and sculp-
tures have been established to historical times. Soon enough
variety of ways were devised to synthesize metal NPs broadly
classified as physical, chemical and biological methods. In
recent times, biological methods or green approach in case
of plants has received immense attention due to its safe and
uncontaminated products. AuNPs and AgNPs are applicable
to many fields like wastewater treatment, sensor develop-
ment, medicinal and therapeutics. These activities depend on
their physicochemical properties – size, charge, shape, optical
and electrical properties which are easily observed and char-
acterized majorly through spectroscopy, electron microscopy
and size and surface analysis. In this review, we have focused
on their application as anti-cancer agents. AgNPs and AuNPs
have been extensively testified as a part of various therapies
in vitro and in vivo for their anticancer properties against dif-
ferent types of cancer. Since perhaps because the history
marks the benefits of these noble metals they have been
considerably researched upon for their biomedical applica-
tions. These NPs make promising anti-cancer agents because
first, they are affective against drug-resistant tumour cells and
it’s hard to develop resistance against them. Second, they
help in targeted delivery and due to their nanometre size
range are able to cross the fenestration in the blood capilla-
ries and even the blood-brain barrier. Third, they can be for-
mulated and targeted in a number of ways – conjugation,
coatings, drug encapsulation, bimetallic application, etc.
which even makes them a potential candidate for cancer-spe-
cific and patient-specific treatments. But the fight has not
been fought yet, we are still milestones away from their
effective application as anticancer agents.
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