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Abstract
The nanotechnology is a rapidly flourishing field with broad spectrum applications in almost
every field. It has established that smaller size nanoparticles are more toxic compared to larger
ones. Use of silver nanoparticles (AgNPs) has been recognized since the last couple of years.
Though many commercial methods are available for their synthesis but biogenic synthesis has
proven more efficient and environmentally friendly. AgNPs have shown quite interesting,
useable and promising characteristics in various fields of human life. The biomedical
applications of AgNPs have gained a huge interest of scientific community, and have
significantly improved personalized healthcare practice (various types of surgeries, antibiotics,
drug delivery formulations). It has been said that AgNPs have novel antimicrobial applications
as anti-bacterial, anti-biofilm, anti-fungal and anti-viral agents. Strong antibacterial activity of
AgNPs makes these ideal in fighting against multi drug resistant bacteria (MDR). Similarly,
AgNPs also have proven their potential in agriculture field, environment and industrial sector.
This review aims to provide an insight on biogenic synthesis and characterization of AgNPs
alongwith applications in everyday life from economical, commercial and industrial
perspective. Due to easy synthesis and wider availability of AgNPs, they are being considered
as important constituent in the preparation of different commercially and bio-medically useful
products alongwith enormous use in food packaging system for longer shelf life and prevention
of spilage.
Keywords: AgNPs; applications; biomedical applications; mechanism of action;
nanoparticles; silver nanoparticles
AgNPs have extensively been studied for
Introduction
Nanotechnology is the emerging field of
their activities particularly antimicrobial
science with lots of benefits to humans,
activities [3, 4], and emerging as promising
animals and nature. Out of many excellent
nano antibiotics now a day [5]. Because of
findings
of
nanotechnology,
the
their broad-spectrum activities, AgNPs
nanoparticles (NPs) are very much
grab great attention in the field of
beneficial. With the advancement in
biomedical, medicine, agriculture, insect
nanotechnology, humans have gained the
control and several other industries [6]. By
ability to synthesize nanoparticles in the
using an ecofriendly approach, AgNPs
labs [1]. The particles having nanometers
applications have been increased in
size are known as NPs. There are many
preparation of large number of products
kinds of metallic and non-metallic NPs
such as pests, electronic devices and in
synthesized using metals such as Au, Ag,
controlling microbe’s growth and infection
Ce, Pt, Pd and Zn [2], but most important
[7, 8].
are silver nanoparticles (AgNPs). The
Published by Bolan Society for Pure and Applied Biology
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harmful, inflammable and also produce
environmental disturbance. It also needs
less time and energy resources as compared
to physical and photon methods. The other
benefits are the availability of biological
resources in large amount, high density,
natural stability and easy solubility in water
[11]. In green synthesis, microorganisms
(yeast, bacteria and fungi etc.), and
different plant tissues (fruit, peel, latex,
leaves, stems and root etc.) can be used for
the synthesis of AgNPs (Fig. 1). Different
natural compounds present in plants and
also produced by bacteria (proteins,
polyphenols, enzymes, amino acids etc.) act
as reducing and capping agents. The use of
microorganisms and agro waste not only
reduce price but it is environmentally
friendly also [12, 13].

Synthesis of AgNPs
There are many techniques which can be
used for the synthesis of AgNPs. 1).
Physical synthesis: In physical method,
synthesis of AgNPs taken place by the use
of thermal energies. This involves the
evaporation condensation reaction in which
environmental temperature increased to
increase the nuclease reaction. Thus, the
production of AgNPs occurs. 2).
Photochemical synthesis: It is divided into
photophysical and photochemical methods.
3). Biogenic synthesis: living structures are
used for the synthesis of AgNPs [9, 10].
Biogenic synthesis
The biogenic synthesis is also known as
green synthesis. It is quick, easy, cost
effective and environmentally friendly
approach compared to physical and
photochemical methods as they are

Figure 1. Biogenic synthesis of AgNPs. Microbes and Plant tissues can produce AgNPs
from silver salts. Various enzymes and organic molecules enhance nucleation and also
play role in AgNPs capping
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Major of these techniques are UV-visible
spectroscopy,
X-ray
photoelectron
spectroscopy (XPS), X- ray diffraction
(XRD), scanning electron microscopy
(SEM), transmission electron microscopy
(TEM) and fourier transform infrared
spectroscopy (FTIR) [20].
Applications
AgNPs have applications in almost every
field of life. The major applications of
AgNPs were summarized below (Fig. 2).
Antimicrobial applications
Antibacterial potential
AgNPs have excellent antibacterial
activity. They are extensively investigated
for their antimicrobial activity against
broad range of microorganisms including
both Gram -positive, Gram - negative
bacteria and other microbes like fungus,
yeast etc. [21]. AgNPs have been reported
with excellent antibacterial activity against
multi drug resistant (MDRs) like
Pseudomonas aeruginosa, Escherichia
coli,
Streptococcus
pyogenes,
Staphylococcus aureus and Klebsiella
pneumonia [22]. There are various methods
adopted by researchers to check
antibacterial sensitivity of AgNPs. The
most common are; i) Zone of inhibition (ZI)
by disk diffusion and agar well diffusion
method,
ii)
minimum
inhibitory
concentration (MIC) and minimum
bactericidal concentration (MBC), iii)
growth pattern and iv) time kill curve [23].
Mechanism
The AgNPs enter inside the bacterial cell
wall and release silver ions or may remain
deposited in the cell [24]. They have very
small size and can easily pass through the
peptidoglycans layer of cell wall and cell
membrane [25]. They damage the cellular
membrane, disturb the cellular metabolism,
generate atomic oxygen (oxidative stress)
due to reactive oxygen species (ROS)
formation and inhibit the transcription (Fig.
3). The silver ions released by these
nanoparticles interact with sulfur and
phosphorus molecules present in the
proteins associated with cell wall and
membrane [26].
Furthermore, the

Properties and Stabilization of AgNPs
The AgNPs have unique properties as
compared to their bulk counterparts [14].
Many studies have reported that AgNPs
composition
and
size
dependent
characteristics have unique physical,
chemical, optical, dielectric, electrical,
thermal, mechanical, catalytic and
biological properties. Their size ranges
from 2-100 nm depending upon single
surface plasma resonance (SPR) peak
between 400-440 nm. But they may have
more than one SPR peaks depending upon
their morphology [15]. The SPR peaks also
depend on the size and metal composition
of the NPs [16]. However, in biogenic
synthesis of AgNPs, the major focus is their
stability. The stability can be achieved by
either electrostatic/charge stabilization or
polymeric stabilization [17].
In electrostatic stabilization, a charged
layer of ionic groups is formed at the
surface of nanoparticles, thus creating
repulsive force among each other. The
charged ions prevent aggregation in
between the particles [17]. In case of
polymeric stabilization, two types of
mechanisms
are
involved.
First,
macromolecules are attached to the surface
of nanoparticles and steric stabilization is
achieved. Following this, depletion
stabilization is obtained by macromolecules
which are free in dispersion medium.
Usually, steric and depletion stabilization is
used together with large amount of free
polymer interacting with colloidal
nanoparticles in the medium [18]. Chemical
synthesis of AgNPs may cause the
aggregation of particles. This problem is
prevented by adding different stabilizer into
medium like ammonia, cellulase etc. [19].
For bacterial synthesis of nanoparticles,
stabilizing compounds (e.g. protein) is
added to the medium naturally by the
bacterial cell. These compounds prevent
particles aggregation and provide long term
stability [16].
There are many techniques which can be
used
for
the
determination
of
physicochemical properties of AgNPs.
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interaction of cationic silver ions with
negatively
charged
bacterial
cell
membrane, cause multiple pores in the
membrane and thus allows the outflow of
intracellular content. This process causes an
ion imbalance into the cell and taking
benefit, silver ions pass into the cytoplasm
through the plasma membrane. Silver ions
thus interact with intracellular components
which results in bacterial cell death [27].
Many studies have reported silver ions as
the inhibitors of the proteins and enzymes
activities involved in ATP production.
They also inhibit respiratory enzymes
which lead to ROS production, damage the
DNA and RNA, destabilize and disrupt the
outer membrane [28, 25].
The AgNPs are reported to be more
effective against Gram negative bacteria
compared to Gram positive bacteria. Thick
and tough layer of Gram-positive bacteria
create hindrance in the entry of
nanoparticles into the cell [29]. Since
antibacterial activity of AgNPs depends on
their shape and size, higher surface area of
AgNPs enable these to release large amount
of silver ions, which ultimately led to
higher activity [30].
The other steps in antibacterial effects of
AgNPs are inhibition of cell wall synthesis,
nucleic acid synthesis and protein synthesis
by interacting with 30S ribosomal subunit
[31]. The strong antibacterial effect of
AgNPs against the MDRs is because of
their ability to damage the bacterial cell in
multiple ways, for example by disrupting
intracellular pathways [32], damaging
DNA and proteins [33], and generating
reactive oxygen within the cell [34].
Significance of AgNPs antibacterial
properties
The commercially available antibiotics are
becoming less effective against bacterial
pathogens [35] due to increased microbial
resistance. In particular, MDR bacterial
pathogens are becoming serious threat to
human population by using their efflux
pump efficiently and biofilm formation.
Their everyday increasing number of
MDRs is leading to severe public health

risk [36, 37]. MDRs not only have
deleterious effects on human health but also
cause serious threat to several fields of
human
activity
like
agriculture,
aquaculture, veterinary as well as wildlife
[36].
The AgNPs is the need of hour to combat
the MDR bacterial pathogens [37, 38]. The
NPs have advantages as there is generalized
mode of action against bacterial pathogens.
Compared to commercial antibiotics, they
effectively control MDR using various
methods such as by 1) disrupting cell wall
and plasma membrane [39], penetrating and
intracellular damaging i.e. disrupting
intracellular pathways [32], damaging
DNA and proteins [33], generating reactive
oxygen within the cell [40, 41]. Therefore,
AgNPs can be important in handling
antibiotic resistance of pathogenic bacteria.
Moreover, the production of AgNPs is a
cheap process and can be produced by ecofriendly
methods
with
minimal
environmental disturbance [42].
Antibiofilm potential
The biofilms of pathogenic bacteria are
responsible for major infections and
increased resistance against standard
antibiotics. In this scenario, AgNPs are the
potential solution to this stress [43]. The
AgNPs was reported to inhibit the biofilm
formation of P. aeruginosa and E. coli at
very low concentration (0.2 µg/mL). The
AgNPs inhibited the biofilm formation of
K. pneumonia and S. aureus at the
concentration of 0.0596 µg/mL and 0.0683
µg/mL, respectively [44, 45]. Because of
their extremely small size and higher
volume ratio, the AgNPs can penetrate into
the mature biofilm. Hence, efficiently
inhibit the biofilm formation of different
bacteria.
Antifungal potential
Fungal infections are also threatening life
on earth [46, 47]. The cases of death by
fungal infections are increasing day by day.
Among fungal pathogens, the Candida sp.
is more common and responsible for 40%
death [48]. The AgNPs are also reported to
be effective against many opportunistic
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human fungal pathogens. Because of these
antifungal properties of AgNPs, they are
being considered as potent and fast acting
fungicides against fungal pathogens [46].
Recently AgNPs were found to have
antifungal properties against Aspergillus
nigar, Candida glabrata, C. albicans, C.
krusei, C. parapsilosis and Trichophyton
interdigitale [49, 47].
Antiviral potential
Similar to antibacterial and antifungal
properties, AgNPs also passes antiviral
properties. Available literature suggests
that AgNPs are effective against viral
particles. They bind with viral particles on
surface and inhibit the virus-host
interaction [51]. For example, the AgNPs of
size 1-10 nm become attached to the human
immunodeficiency virus (HIV) via
preferential binding to the exposed sulfur
containing residues of the gp120
glycoprotein knobs. Hence, HIV virus
losses its ability to bind with host cells [52].
Similarly, AgNPs were also found to be
active against hepatitis B virus (HBV) and
effectively inhibit the production of HBV
RNA [51].
Environmental applications
AgNPs possess many environmental
applications. Few of them have been
described below.
Air disinfection
We are inhaling plenty of harmful microbes
present in air. Bio aerosols are airborne
particles like viruses, bacteria, fungi etc.
World health organization (WHO) has
reported that 50% of biological
contaminations in indoors come from air
handling systems. Many harmful microbes
are also reported in air filters which are
responsible for the production of
mycotoxins.
Mycotoxins
are
very
dangerous to human health. AgNPs based
air filters have greatly reduced this problem
of air contamination. The activated carbon
filters (ACF) with the association of AgNPs
were also reported to be very effective for
the removal of bioaerosols [53].

Water disinfection
As AgNPs are widely known for their
activity against large number of microbial
pathogens particularly against MDRs. Due
to these antimicrobial properties and
durability of AgNPs, they are also being
considered to control water borne diseases.
Recently, many studies have explored
water disinfectant ability of AgNPs [5456]. A study suggested that AgNPs can be
effectively used as disinfectant in water
purification system [57]. Furthermore,
AgNPs can also be used for hand washing
and personal hygiene. In another study, the
authors reported that AGNPs coated filters
showed 100% bacterial inhibition [58].
Surface disinfection
AgNPs based paints are getting more
interest for researchers. Such paint have
been found to be environmentally friendly
and showed antimicrobial properties
against many pathogens [59, 60].
Furthermore, AgNPs coating led to
improved food preservation and inhibited
the microbial growth for longer times [60].
AgNPs were used in making suits worn by
medical healthcare personals. Such suites
were found to possess antibacterial activity,
thus offered protection to healthcare
workers [61].
Biomedical applications
Cancer therapies
The AgNPs are reported as an excellent tool
against cancer. Authors have reported that
AgNPs value of LC50 (63.37, 27.54 and
23.84 µg/mL) was effective against African
monkey kidney, HeLa cell line and MCF-7
(breast) cells, respectively. On the basis of
their results, they suggested that AgNPs can
be further characterized and used as active
anticancer agents in future anticancer
therapies [62].
Antidiabetic
The antidiabetic activity of AgNPs activity
was monitored by synthesizing AgNPs
from Tephrosia tinctoria stem’s extract. It
was observed that AgNPs scavenged free
radicals, resulted in decreased level of
enzymes (α-glucosidase and α-amylase)
that are responsible for the hydrolysis of
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complex carbohydrates. Consequently, this
resulted in an increased consumption rate of
glucose [63].
Wound healing
Wound infections are a major challenge in
medical field. These are responsible for
large number of morbidity and mortality
worldwide and lead to accountable
economic loss [64]. AgNPs based dressings
have been successfully applied to wounds.
The AgNPs present in the dressing interact
with bacteria present in the wound and
destroy them [65].
Additionally, AgNPs play important role in
the recovery of damaged skin [66]. It was
reported
that
naturally
available
biopolymers in combination with AgNPs,
significantly improved wound healing
process [67]. Previously, food and drug
administration (FDA) department of United
States (US) approved many bio composites
modified with AgNPs due to their
remarkable role in wound healing process
[68, 69].
Bone healing
Bone diseases like cancer, fractures,
genetic conditions etc. are threatening life
of millions of peoples worldwide [70].
Opportunistic pathogens cause infections in
bone implants and led to high morbidity,
annually [71]. In this scenario, AgNPs play
very important role. Because of their broadspectrum role against pathogens, they kill
microbes causing infection in bone
implants. In contrast of their antimicrobial
activity, they also inhibit biofilm formation
in ortho implants [72]. The bone cement
with AgNPs is highly antibacterial in nature
[73]. Furthermore, the AgNPs are being
used in doping material for synthetic and
bio-inspired bone scaffolds during the last
few years [74].
Catheters
The AgNPs also have active use in
catheters. Scientists have successfully
developed a method in which a very thin
(100 nm) layer of AgNPs can be coated on
the surface of catheters. The catheters
coated with AgNPs are biocompatible and
are nontoxic. They have the tendency to

release silver ions on implantation sites
[75]. The risk of infection has decreased
dramatically due to the coated layer of
AgNPs on the surface of catheters. These
catheters have the ability to inhibit the
growth and biofilm formation of drug
resistant pathogenic bacteria [76].
Teeth material
AgNPs are also being successfully used in
the material used to fill teeth. The
incorporation of AgNPs in composite resin
has increased the antimicrobial and
mechanical properties of resin [77].
Authors havereported that material used for
filling of teeth cavities with the addition of
AgNPs enhanced the anti-bacterial activity
against many MDR bacteria like
Streptococcus milleri, S. aureus and
Enterococcus faecalis [78].
Agricultural Applications
AgNPs also have many applications in the
field of agriculture (Fig. 4).
Pest management
Insects (known as pests) are responsible for
a huge loss to agricultural products. They
destroy leaves, flowers, fruit, stored food
and lead to worldwide economy loss. They
also have adverse environmental and
human health effects [79]. The excellent
antilarvicidal and insecticidal effects of
AgNPs have promising effects against
these insects [80].
Likewise, published data reported that
AgNPs have effectively controlled the
Sitophilus oryzae pest which affects rice
and wheat grains [81].
Plant Growth Enhancement
AgNPs have been successfully used for the
enhancement of seed germination and plant
growth [82]. In a case study, multiwalled
nanotubes with nanoparticles were used for
the growth enhancement of tobacco cell
culture in the range of 5-500 µg/mL
concentration. The result showed that
nanoparticles enhanced the cellular growth
of tobacco plant. AgNPs also improved soil
fertility and promoted stress tolerance in
plants. AgNPs based Nano sensors also
proved beneficial in precise forming [83].
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loss, no microbial growth and fresh
vegetable even after 10 days. In another
study, authors also investigated the effect of
AgNPs coated films on the fresh fruits and
vegetables [90]. They observed that AgNPs
coating inhibited the growth of microbes.
Similarly, the effect of AgNPs on
packaging of meat was studied. Authors
stored the meat coated with AgNPs
polyvinylchloride PVC at 4°C temperature
in refrigerator and observed that no
microbial growth on meat even after 7 days.
This proved increased shelf life of meat
which otherwise usually got spoiled in just
2 days [91].
Chemical industry
The Li ion batteries are the well-known
source of energy. This depends on their
cathode and anode materials [23].
Nanomaterial-based
material
could
improve the Li ions batteries (LIBs) in
terms of their capacity and cycle stability
[92]. The NPs based nanocomposites were
found to be batter for electrochemical
storage
[93,
94].
Therefore,
nanocomposites based on NPs as potential
material may be used in electrodes of LIBs
due to their physico chemical properties
and their electrical conductivity [95, 96]. In
addition, AgNPs have the ability to enhance
the rate of electron transfer and analytical
sensitivity [97, 98].

Miscellaneous industrial applications
Textile industry
AgNPs have various uses in textile
industry. Their common use is in the
processing of T shirt, sporting clothes,
undergarments, socks etc. [84]. Because of
their antibacterial activity, AgNPs have
been used in cloth making. AgNPs
fabricated on cotton cloth showed
antibacterial
activity
against
Corynebacterium, a sweat bacterium [85].
In another study, [86] reported that the
incorporation of AgNPs in cotton cloth
showed antibacterial activity against E.
coli.
Food industry
Microbial spoilage of food is a big threat to
food industry. Also food borne diseases
alongiwth shortage of food are increasing.
This forces scientists to develop new
methods to preserve food. Among many
methods to preserve food,NPs based food
storage method is proving more efficient
[87, 88]. AgNPs based food packaging of
fresh fruits, vegetables and meat has
resulted in increased shelf life [87].
Previously, authors evaluated the effect of
AgNPs
polyvinylpyrrolidone
(PVP)
coating on preservation of fresh vegetables
[89]. They reported that AgNPs coating
showed interesting results, as there was no
change in coloration, decreased weight
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Figure 2. Applications of AgNPs in various fields were summarized
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Figure 3. Antimicrobial action of Silver nanoparticles (AGNPs). A. Nano silver alpha
attaches to cell membrane creating pores to cause cellular leakage, B. distort cellular
morphology; C. breaks dsDNA; D. inhibits DNA replication; E. interacts with 30S
ribosome; F. inactivate vital enzyme; G. denature protein; H. modulate cellular signaling;
I. generate ROS, which act on DNA and cell membrane; J. release silver ions, which affect
the normal functioning of membrane protein; and K. accumulate inside the cell in lethal
concentration

323

Tufail & Liaqat

Figure 4. Applications of AgNPs in agriculture. Nonfertilizer enhanced plant growth and
production. AgNPs also being utilized for production of transgenic varieties and crop
protection. The AgNPs based Nano sensors helps in precise forming. They also proving
helpful in promoting plant stress tolerances and soil improvement
biomedical applications including various
surgeries, teeth filing material, bone
cementing and many more. Furthermore,
due to their easy synthesis and wider
availability, AgNPs are being considered
important constituents in the preparation of
different commercially and bio-medically
useful products. Therefore, it is concluded
that AgNPs are promising particles from
economical, commercial and industrial
perspective. However, detailed and in depth
study about the impact of AgNPs on
human, animal and environment should be
performed before mass scale field
applications in various field of life.
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