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Abstract— Nano-sized silver particles (Ag NPs) exhibited
varying morphologies and showed a significant antimicrobial
activity over a wide spectrum of bacterial and fungal species.
Ag NPs synthesized through bio-route have exhibited
significant antimicrobial as well as antifungal activities when
particle size is reduced to the nanometer range, then nano-
sized Ag NPs interacted with bacterial/fungal surface and/or
with the cell/cell wall core where it entered inside the cell,
and subsequently exhibited distinct bactericidal and
fungicidal mechanisms. The reason of different sensitivity
between the fungi and bacteria can be found in different
transparency of the cell wall. The cell wall of the gram-
positive bacteria consists of peptidoglucans and teichoic
acids, the cell wall of the gram negative bacteria consists of
lipopolysaccharides and lipopoliproteins whereas, in the cell
wall of fungi consists of polysaccharides such as chitin and
glucan. Based on the nature of cell wall, the antimicrobial
activity is varied with different genus and species of bacteria
and fungi. Biosynthesized Ag NPs have superior in
antimicrobial activity than particles synthesized by physical
and chemical methods.
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. INTRODUCTION

Nanotechnology is an important field of modern research
dealing with design, synthesis and manipulation of particles
structure ranging from approximately 1-100 nm. Tremendous
growth in ‘this emerging technology has opened novel
fundamental and applied frontiers, including the synthesis of
nano-scale materials and exploration or utilization of their
exotic physicochemical and optoelectronic properties.
Nanotechnology is rapidly gaining importance in a number of
areas such as health care, cosmetics, food and feed,
environmental health, mechanics, optics, biomedical
sciences, chemical industries, electronics, space industries,
drug-gene delivery, energy science, optoelectronics,
catalysis, single electron transistors, light emitters, nonlinear
optical devices, photo electrochemical applications etc.
Silver nanoparticles are of interest because of the
unique properties such as size and shape depending optical,
electrical and magnetic properties which can be incorporated
into antimicrobial applications, biosensor materials,
composite fibers, cryogenic superconducting materials,
cosmetic products and electronic components. Several
physical and chemical methods have been used for
synthesizing and stabilizing silver nanoparticles.

I1. NEED FOR GREEN SYNTHESIS

The synthesis of nanoparticles as the physical and chemical
processes was costly. The chemical process includes some of
the toxic chemical absorbed on the surface that may cause
adverse effect in the medical applications. This is not an issue
when it comes to biosynthesized nanoparticles via green
synthesis route. Green chemistry to improve and/or protect

our global environment is focal issues in many fields of
research. The development of cost efficient and ecologically
benign methods of synthesis of nano materials still remains a
scientific challenge as metal nanoparticles are of use in
various catalytic applications.

The synthesis of metallic nanoparticles is classified
by two approaches; top-down and bottom-up. The bulk
materials are reduced in size in top-down methods while in
bottom-up approach the preparatory materials are grown-up
to larger structures by linking atoms or molecules together
[16]. Numerous research techniques are presented by the
scientists for the production of metallic nanoparticles through
different physical and chemical methods. But, these synthetic
methods involving different chemicals are expensive and may
lead to the presence of noxious chemical species tangled on
the surface of nanoparticles, which may have adversarial
effects in various biological and biomedical applications.
There are various methods of synthesizing nanoparticles such
as ultraviolet irradiation, aerosol technologies, lithography,
laser ablation, ultrasonic fields, heating and electrochemical
reduction, photochemical reduction and application of
reducing chemicals like hydrazine hydrate and sodium
citrate, sodium borohydride, formaldehyde, polyethylene
glycol, glucose, etc. [7] but these techniques are expensive
and sometimes hazardous chemicals are involved in their
synthesis which is harmul to the environment also [13].

This increases the growing need to develop
environment friendly procedures for synthesis of
nanoparticles through “green synthesis” and other new
biological approaches. To circumvent this many biological
systems like bacteria, fungi, yeast, cyanobacteria,
actinomycetes and plants have been used. But the best one
appears to be the use of plants [29] [46]. Biological methods
are better methods for synthesis of nanoparticles due to
slower Kinetics, better manipulation and control over crystal
growth and stabilization. Varieties of living organisms are
employed as “bio-factories” for the synthesis of different
metal nanoparticles. The biosynthesis method is divided into
two categories-intracellular and  extracellular  [32].
Development of eco-friendly and cost effective process for
the synthesis of nanoparticles is a critical need in the field of
nanotechnology. To quench this thirst, the biomimetic
approaches were developed. Biomimetics refers to the
application of biological principles in materials formation.
The fundamental process in biomimetic synthesis involves
bioreduction. The biological method is the latest and most
preferred way for the synthesis of nanoparticles as it has
many rewards such as process scaling up, economic viability
and safe ways to produce nanoparticles.

I11. BIOLOGICAL SYNTHESIS OF SILVER NANOPARTICLES

Biological methods of synthesis of nanoparticles and these
have proven to be better methods due to slower kinetics; they
offer better manipulation and control over crystal growth and
their stabilization. Plant extracts as reducing and capping
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agents, has received special attention among others, due to
maintaining an aseptic environment during the process.
Medicinal plants having well established therapeutic
importance are being widely used for the size and shape
controlled synthesis of silver nanoparticles. Green synthesis
of nanoparticles has attracted considerable attention in recent
years. In this regard, plants extracts and natural resources
such as microorganisms and enzymes have been found to be
good alternative reagents in nanoparticles synthesis. Utilizing
green substances has several advantages including low
energy consumption and moderate operation conditions such
as pressure and temperature without using any toxic
chemicals [27]. Therefore, green synthesis techniques using
various biological organisms such as yeast, mold, algae and
bacteria, and higher plant extracts have been developed for
nanoparticles synthesis [17].

Among the several noble metal nanoparticles, silver
nanoparticles (Ag NPs) have attracted special attention due to
their unique properties including appropriate electrical
conductivity, chemical stability, catalytic and™ antimicrobial
activities [52]. Because of high surface to volume ratio, silver
in nano-scale has demonstrated completely different
properties from bulk particles made from the same material
[50]. Therefore, the synthesis of Ag NPs is an emerging area
and interesting subject. Ag NPs can be synthesized by
numerous physical and chemical methods including physical
adsorption, surface deposition, arc discharge, plasma
polymerization, laser chemical vapor deposition, emulsion
polymerization and  chemical reduction, thermal
decomposition in organic solvents and photo reduction in
reverse micelles [18]. In all of these methods, organic
solvents, non-biodegradable agents and toxic chemicals may
be employed as reducing and stabilizing agents. These
chemical reagents are potentially dangerous to the
environment and biological systems. Moreover, most of these
techniques require complicated controls or hard processing
conditions (e.g. temperature and pressure) which make them
quite expensive. Green synthesis of Ag NPs using plant
extracts provides significant advantages over the chemical
and physical methods. Lower pressure, energy and
temperature, non-using toxic chemicals, cost effective,
environment friendly and easily scaled up for large scale
applications are some of these benefits [9].

IV. SILVER NANOPARTICLES VS ANTIMICROBIAL ACTIVITY

Silver nanoparticles are nontoxic, safe inorganic antibacterial
agent being used for centuries and are capable of killing about
650 microorganisms that cause diseases. Silver nanoparticles
has been described as being “oligo dynamic”, that is its ions
are capable of causing a bacteriostatic or even a bactericidal
impact. It has the ability to exert a bactericidal effect at
minute concentration. It has a significant potential for a wide
range of biological application such as antibacterial agents for
antibiotic resistant bacteria, preventing infections, healing
wounds and as anti-inflammatory. Silver ions and its
compounds are highly toxic to microorganisms exhibiting
strong biocidal effect on many species of bacteria but have a
low toxicity towards animal cells. Therefore, silver ions being
antibacterial are employed in formulation of dental, resin
composites, bone cement, ion exchange fibers and coatings

for medical devices. Ag NPs also find applications in topical
ointments and creams used to prevent infection in burns and
open wounds [36].

The use of plant extracts was effective against
various microorganism including plant pathogens. The
oligodynamic silver antimicrobial efficacy extends well
beyond its vitro toxicity. The ionic silver strongly interacted
with thiol group of vital enzymes and inactivates the enzyme
activity. Experimental evidence indicated that DNA loses its
replication ability once the bacteria have been treated with
silver ions [34]. The pathogenic effect of nanoparticles can be
attributed to their stability in the medium as a colloid, which
modulates the phosphotyrosine profile of the pathogen
proteins and arrests its growth. The growth of
microorganisms was inhibited by the green synthesized Ag
NPs showed variation in the inhibition of growth of
microorganisms may be due to the presence of peptidoglycan,
which is a complex structure and after contains teichoic acids
or lipoteichoic acids which have a strong negative charge.
This charge may contribute to the sequestration of free silver
ions. Thus gram positive bacteria may allow less silver to
reach the cytoplasmic membrane than the gram negative
bacteria [1].

The Ag NPs synthesized from plant species were
toxic to multi-drug resistant microorganisms. It shows that
they have great potential in biomedical applications. The high
bactericidal activity was certainly due to the silver cations
released from Ag nanoparticles that act as reservoirs for the
Ag+ bactericidal agent. Big changes in the membrane
structure of bacteria as a result of the interaction with silver
cations lead to the increased membrane permeability of the
bacteria [47]. In general, silver ions from silver nanoparticles
were believed to become attached to the negatively charged
bacterial cell wall and rupture it, which lead to denaturation
of protein and finally cell death. The attachment of either
silver ions or nanoparticles to the cell wall caused
accumulation of envelope protein precursors, which results in
dissipation of the proton motive force [23].

V. MECHANISM OF ANTIBACTERIAL ACTIVITY OF SILVER
NANOPARTICLES

Biosynthesized Ag NPs exhibited greater antibacterial
activity in comparison to AgQNOs and chemically synthesized
Ag NPs. Enhanced antibacterial activity may be attributable
to the small size and concentration of the biosynthesized NPs
and/or the presence of bioactive compound capping. Small
Ag NPs may be easily diffused or may penetrate a bacterial
cell membrane and inhibit its growth by interfering in the
natural metabolism processes [26]. Silver nanoparticles have
potent antibacterial, antifungal and larvicidal properties [12].
Resistance of bacteria to bactericides and antibiotics has
increased and hence there is a growing need to formulate safe
and cost-effective antimicrobial agents. The antimicrobial
formulations of silver in the form of nanoparticles could be
used as effective bactericidal materials [38]. The different
mechanism by which the silver nanoparticle inhibited the cell
wall synthesis by interference with cell wall synthesis,
inhibition of protein synthesis, interference with nucleic acid
synthesis and inhibition of a metabolic pathway. As the
concentration of the silver nanoparticles increased the zone
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of inhibition also increased [14]. It has been reported the
greater the zone of inhibition, greater the antibacterial
properties of the silver nanoparticles and that antibacterial
effect was size and dose dependent [8]. The inhibition of
bacterial growth reported in this study was dependent on the
concentration of silver nanoparticles in the medium.

Though the antibacterial mechanism of Ag NPs is
not well known, the reports available from the literature
indicated that the inhibitory action of Ag NPs on
microorganisms showed that the nanoparticles got attached to
the cell membrane and penetrate inside the bacteria. The
bacterial membrane which contains sulfur containing proteins
interacts with these nanoparticles in the cell as well as with
the phosphorus containing compounds like DNA. When Ag
NPs entered the bacterial cell it formed a low molecular
weight region in the center of the bacteria to which the
bacteria conglomerates thus, protecting the DNA from the
silver ions. The nanoparticles preferably attack the
respiratory chain, cell division and finally leading to cell
death. The nanoparticles release silver ions in the bacterial
cells, which enhanced their bactericidal activity [20]. Silver
and copper have long been known to display a strong toxicity
against a wide range of microorganisms. Thus, silver- and
copper-based compounds have been used intensively in
medicine to treat burns and infections. These antimicrobial
effects have been studied by many researchers [29] [53]. The
antimicrobial potential of these metals led to their use in
health-related products [42]. Research showed the strong
antibacterial effect of silver nanoparticles on both gram-
positive and gram-negative bacteria, mainly multidrug-
resistant strains [2] [39].

The mechanisms causing nanoparticles to act on
bacteria have not yet been fully clarified. However, the four
most common theories proposed are: the uptake of free silver
ions leads to a disturbance in ATP production and DNA
replication, silver nanoparticles interact with membrane
proteins and accumulate in the cell membrane, which affects
their correct role and membrane permeability and silver
nanoparticles directly damage the cell membranes [29]. The
synergistic potential of the Ag NPs together with the standard
antibiotics, kanamycin and rifampicin, were evaluated
against all five food borne pathogenic bacteria. At low
concentrations, neither antibiotic exhibited any positive
activity against any of the five pathogenic bacteria, which
was also true at 25 mg/for Ag NPs disk concentration. Thus,
to study the synergistic antibacterial potential, both
antibiotics and Ag NPs were combined at this low
concentration and their activities were tested against the five
food borne pathogens. When both antibiotic and Ag NPs were
mixed, they displayed strong antibacterial activity against all
pathogens, with zones of inhibition [35]. The green
synthesized Ag NPs enhanced the antimicrobial activity of
antibiotics against E. coli and P. aeruginosa [5] [47]. The
efficient antibacterial activity of Olea europaea leaf mediated
Ag NPs, were more sensitive than S. aureus [3]. Ag NPs were
believed to interact with sulfur- containing proteins of
membrane and also with phosphorous containing DNA of
bacterial cell, thereby inhibiting cell division leading to cell
death [10] [37].

Antibacterial potential of Jatropha curcas mediated
nanoparticles revealed that the zone of inhibition increased in

dose-dependent manner and followed the same trend with
respect to different bacterial strains. The highest inhibitory
zone was observed in E. coli whereas the lowest inhibitory
zone was found with S. aureus. However, P. aeruginosa was
found to be more sensitive than E. coli. Based on the overall
results obtained from the zone of inhibition data, the pattern
of sensitivity was observed in the order as E. coli > P.
aeruginosa > B. cereus > S. enterica > S. aureus [6]. The
inhibition of oxidation based biological process by
penetration of metallic nano sized particles across the
microsomal membrane. The use of silver ions as preventing
agents in cosmetics was tested by a challenged list in a set of
cosmetic dispersions with the addition of known preservative
inhibitors or microorganism’s growth promoters. Silver has
more microbial efficacy and more effective in the presence of
proteinaceous material and inorganic binding proteins that
associated with inorganic structures in vivo using routine
molecular biology techniques. The silver nanoparticles
synthesized from leaf extract showed higher toxicity than that
of bark extracts [43].

The silver nanoparticles exhibited estabilization of
the outer membrane and rupture of the plasma membrane,
thereby causing depletion of intracellular ATP [25]. Silver
has a greater affinity to react with sulfur- or phosphorus-
containing biomolecules in the cell. Thus, sulfur-containing
proteins in the membrane or inside the cells and phosphorus-
containing elements like DNA are likely to be the preferential
sites for silver nanoparticle binding. The biologically
synthesized silver nanoparticles using medicinal plants were
found to be highly toxic against different pathogenic bacteria
and fungi of selected species. The nanoparticle synthesized
from S. wightii was found highly active against the test
bacteria. Potent antibacterial activity was observed against B.
cereus, B. anthracis, V. alginolyticus, S. aureus at a
concentration of 130 pg in 130 pl. The Ag NPs synthesized
from the seaweed at a concentration of 130 pg showed very
good antibacterial activity against all pathogenic
microorganisms. The diameter of zone of inhibition against
Bacillus cereus, B. anthracis, S. aureus and V. alginoyticus
were found to be 15, 13, 15 and 14 mm respectively [49].

The antibacterial activity of silver nanoparticles was
carried out on human pathogenic E.coli and S.aureus. The
bacterial activity of synthesized Ag nanoparticles against
different bacteria such as E.coli and S. aureus showed a clear
inhibition zone; the synthesized Ag nanoparticles were highly
effective in their activity against these bacteria. Standard
antibiotic disc Ampicillin was used as reference drug and
plant extract used as a control. Surfaces of silver
nanoparticles affect/interact directly with the bacterial outer
membrane, causing the membrane to rupture and killing
bacteria [48]. Bacterial membrane proteins and DNA make
preferential sites for silver nanoparticles interaction as they
possess sulphur and phosphorus compounds. Further, silver
has higher affinity to react with these compounds. Although
the exact mechanism of inhibition by silver ions on
microorganisms is partially known, many possible
mechanisms have been proposed. In general, it is believed
that DNA loses its replication ability and cellular proteins
become inactivated on silver ion treatment. The attachment
of either Ag ions or nanoparticles to the cell wall causes
accumulation of envelope protein precursors, which results in
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dissipation of the proton motive force. Ag nanoparticles also
exhibited destabilization of the outer membrane and rupture
of the plasma membrane, thereby causing depletion of
intracellular ATP. Another proposed mechanism involves the
association of silver with oxygen and its reaction with
sulfhydryl (-S—H) groups on the cell wall to form R—-S-S-R
bonds, thereby blocking respiration and causing cell death
[40].

The antibacterial activity of aqueous extract A.
indica mediated Ag NPS showed sensitive response against
all investigated microorganisms. The diameter of inhibition
zone was analyzed with different concentrations ranging from
100 to 300pg/ml. The maximum zone of inhibition was
observed with the P. aeruginosa (16 mm), followed by E.coli
(14 mm) and Bacillus subtilis and Staphylococcus aureus (13
mm). The results clearly indicated that A. indica Ag NPS
have potential antimicrobial activity against Gram positive
and Gram negative bacteria which were comparable with
standard drugs, Amikacin [22]. The inhibitory effect of silver
NPs (SNPs) from Marshmallow flowers (Althaea officinalis
L.), thyme (Thymus vulgaris L.), and pennyroyal (Mentha
pulegium L.) leaves were tested against mycelia growth of
fungi, Aspergillus flavus and Penicillium chrysogenum.
Analysis of Aspergillus flavus data showed there was a
significant difference in mycelia growth in treatments with
SNPs in comparison with Cu NPs and CuCl,. The effects of
Benomyl and AgNO3 on A. flavus were not significantly
different than SNPs. In P. chrysogenum, SNPs were more
effective, with a significant difference towards AgNOs [15].
The smallest particles easily penetrate microorganisms and
have greater toxicity effects; however, the larger ones cause
less toxicity [51] [4]. Other researchers tested antimicrobial
features of nanoparticles against selected bacteria and
achieved promising results.

Commercially combined silver nano powders had
the ability to decrease the E. coli and S. aureus colony-
forming units. More work may be needed to compare the
antimicrobial effects of commercially and biologically
combined Ag NPs and find the most effective ones as well as
effective doses and sizes. The antibacterial effects of copper
nanoparticles are less than those of silver nanoparticles, and
Ag-Cu bimetallic nanoparticles showed higher antimicrobial
activity [33]. Recently, silver nanoparticles are found to be a
best biocide, for example in wound dressings and as an
antimicrobial coating on consumer products, little is known
about its mode of toxicity. A wide research reports were
available for using silver nanoparticles as a antimicrobial
agent against S. aureus and E. Coli. Silver nanoparticles have
been used as antimicrobial agent against a number of bacterial
strains such as B. subtilis and S. aureus and E. coli [30]
Staphylococcus aureus, E.coli, Corynebacterium diphtheria
and Micrococcus sp., and Gram positive strains (S. aureus, S.
epidermidis and Gram negative strains (E. coli, Salmonella
typhi, Pseudomonas aueroginosa, Klebsiella pneumonia,
Proteus vulgaris) [44].

Research in antibacterial material containing various
natural and inorganic substances has been intensive. Silver
nanoparticles offers numerous benefits of eco-friendlyness
and compatibility for pharmaceutical and other biomedical
applications as they do not use toxic chemicals for the
synthesis protocol. Antibacterial activity of silver

nanoparticles was investigated against six MTCC cultures
collected from IMTECH Chandigarh including both gram
positive and gram negative bacteria such as P. aeruginosa, S.
aureus, B. subtilis, E.coli, P. flourescens and Streptococus
mutans. The maximum activity i.e 22mm zone of inhibition
was obtained against P. flourescens, 17mm zone of inhibition
against Streptococcus, 15mm zone of inhibition against B.
subtilis, 14mm zone of inhibition against E.coli and 19mm
against P. aeruginosa [21]. The major mechanism through
which silver nanoparticles manifest antibacterial properties
was either by anchoring or penetrating the bacterial cell wall,
and modulating cellular signaling [45]. The mechanism
involved in the inhibition of bacterial growth by silver
nanoparticles is unclear. However, the general mechanism of
antibacterial activity of silver nanoparticles was proposed by
many researchers, but the detailed mechanism remains to be
understood. The bacterial growth was inhibited by silver ions,
which accumulated into the vacuole and cell walls as
granules. The silver nanoparticles attached the surface of the
cell membrane disturbing the permeability and respiration
functions followed by dysfunction of metabolic pathways
including, silver ions can interact with nucleic acids they
preferentially interact.

VI. MECHANISM OF ANTI-FUNGAL ACTIVITY OF SILVER
NANOPARTICLES

The fungicidal mechanism of biosynthesized metallic
nanoparticles are having has more potential than commercial
antibiotics. The plant derived nanoparticles have clearly
showed the membrane damage in fungus and damage in
fungal intercellular components and finally cell function was
destroyed. Most of the commercial antifungal agents have
limited applications clinically and in addition, there are more
adverse effect and less recovery from the microbial disease.
Subsequently, the commercial drugs induced the side effect
such as renal failure, increased body temperature, nausea,
liver damage and diarrhoea after using the drugs.
Nanoparticles were developed for novel and effective drug
against microbes. The fungal cell wall is made up of high
polymer of fatty acid and protein. The multifunctional Ag
NPs have a promising activity against spore producing fungus
and effectively destroy the fungal growth. The fungal cell
membrane structure significant changes were observed by
treating it with metallic nanoparticles [11]. The boilogically
synthesized silver nanoparticles using medicinal plants were
found to be highly toxic against different pathogenic fungi of
selected species. The Ag NPs of Boswellia ovalifoliolata
showed highest antifungal activity against Aspergillus and
Fusarium. The silver nanoparticles synthesized via green
route were highly toxic towards fungal species when
compared to bacterial species. Among the three plants tested
for antimicrobial effect the silver nanoparticles of Svensonia
hyderobadensis have great antifungal efficacy [41] [24].
Further, the antifungal activity of Azadirachta
indica mediated Ag NPs was investigated against Candida
albicans and Aspergillus niger by using disc diffusion
method. The average diameter of the inhibition zone
surrounding the disc was measured with a ruler, the
maximum zone of inhibition range of Ag NPs was found to
be 23 and12 mm for C. albicans and A. niger respectively at
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300 pg/ml concentration. It was observed that biologically
synthesized A. indica Ag NPs showed effective antifungal
activity against C. albicans and A. niger when compared with
standard drug, ketokonazole. The antifungal activity of Ag
NPs against Candida albicans, Candida parapsilosis and
Aspergillus niger was investigated using antifungal drug-
Nystatin as a comparable control. Ag NPs exhibited a potent
antifungal activity against fungal strains. Different
concentrations such as 10, 20, 30 and 40 pl were checked for
antifungal activity. Ag NPs revealed higher antifungal
activity with inhibition zone of 24, 26 and 30mm. The
spherical Ag NPs showed potent activity against Candida
albicans compared with that of commercially available
antifungal agents [18]. Exact mechanism of inhibitory action
of silver nanoparticles many researchers have suggested that
silver nanoparticles have strong interaction with thiol groups
present in the respiratory enzymes in bacteria. Fungal cells
have ergosterol and numerous gradients between cytoplasmic
membranes to keep their membrane potential ability [31].

VII. CONCLUSION

The vital role of Nanobiotechnology in biomedical and
industrial applications has become extensively accepted and
is the most promising fields for the generation of new
appliances. In this context, the silver nano particles (Ag NPs)
possess a strong antimicrobial activity, highlighted by several
researchers. Ag NPs have the ability to interact with various
microorganisms such as bacteria and fungi therefore, could
be used as broad range antimicrobials. The antimicrobial
effect emerges to be conferred by their ultra-small size and
increased surface area, through which they destroy the
membrane, cross the body of the microbe and create
intracellular damage.
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