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Abstract

field of medicine.

In the last decade tremendous applications of nano particles has drawn great scientific interest of researchers leading to high demands
for their synthesis. Currently, green synthesis of nano particles using biological agents has emerged as an attractive alternative to physical and
chemical methods. Silver has been known for its medicinal properties since time immemorial which increases multiple times on reducing to
nano scale size. Hence silver nano particles have taken a centre stage amongst all types of metal nano particles in terms of their therapeutic
potential. The present review therefore gives an overview of silver nano particles synthesis using fungi and their varied applications in the
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Introduction

Nano particles with a characteristic dimension in the
range of 1-100nm are at the leading edge of nano science and
nanotechnology. In recent years nano materials, and specifically
metal nano particles, have received much attention in different
fields of science and technology [1,2]. Physicochemical properties
of nano particles are quite different to those of the bulk materials
because of their extremely small size and high surface area to
volume ratio of [3]. These properties make them applicable to
diverse field’s viz., drug delivery, biological labeling, catalysis
chemical imaging, electronics etc. [1,2]. The size, shape, and
crystal structure of metal nano particles greatly influence their
optical, electronic, and catalytic properties, for example, silver
(Ag) and gold (Au) nano crystals of different shapes exhibit
different optical scattering properties [1,4].

Thus, synthesis of metal nano particles with defined
morphology gained much interest and has now become a prolific
area of investigation. An array of physical and chemical methods
viz., laser ablation [5], ion sputtering [6], solvothermal synthesis
[7], chemical reduction [8], and sol-gel [9] methods has been
used successfully to synthesize noble metal nano particles.
But these methods remain expensive and involve the use of
hazardous chemicals [10].

Therefore, there is a growing concern to develop simple,
cost-effective, sustainable and eco-friendly methods for nano

particle synthesis. Biological synthesis of nano particles has
recently emerged as an attractive approach for this purpose. It is
a green chemistry approach that interconnects nanotechnology
and biotechnology. It involves the use of biological systems for
synthesis of nano particles. Both unicellular and multicellular
organisms are known to produce metal nano particles either
intracellular or extracellular [11]. Biosynthesis of gold, silver,
gold-silver alloy, selenium, tellurium, platinum, palladium, silica,
titania, zirconia, quantum dots, magnetite and uraninite nano
particles by bacteria [12,13], actinomycetes [14], fungi [15,16],
yeasts [17], viruses [18], phototrophic eukaryotes such as plants
[19], algae [20], diatoms [21] and human cell lines [22] have
been reported.

Owing to the rich biodiversity of microorganisms, their
potential as biological materials for nano particle synthesis is yet
to be fully explored. Fungi are more advantageous as compared
to other microorganisms in many ways. Fungal mycelia mesh
can withstand flow pressure, agitation and other conditions in
bioreactors or other chambers as compared to plant materials
and bacteria. These are fastidious to grow and easy to handle.
The extracellular secretions of reductive proteins are more and
can be easily handled in downstream processing. Since nano
particles are precipitated outside the cell, they are devoid of
unnecessary cellular components and can be directly used in
various applications.
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Why Silver Nano Particles???

There has been an alarming increase in the number
of antibiotic resistant microbes [23]. This has resulted in
an inevitable and urgent need for development of novel
antimicrobial agents. One of the promising approaches for
overcoming antibiotic resistance of microorganisms is the use of
silver nano particles. It has been known since ancient times that
silver and its compounds are effective antimicrobial agents [24-
26]. Compared with other metals, silver exhibits higher toxicity
to broad spectrum of microorganisms while it exhibits lower
toxicity to mammalian cells [27]. Silver ion has been known to
be effective against a broad range of microorganisms including
antibiotic-resistant strains [28]. Silver nano particles with
higher surface to volume ratio compared to common metallic
silver have shown better antimicrobial activity. Mostly at low
concentrations silver nano particles are also non-toxic to the
mammalian cells [29]. Silver nano particles have been known for
a long time but have not been given due attention.

Mechanism of Action of Silver Nano Particles

Silver nano particles can disturb functions of cell membranes
such as permeability and respiration. They get attached to the
cell membrane and also penetrate inside the bacteria. Inside
the bacterial cells silver nano particles can disturb functions
of sulphur containing proteins and phosphorus-containing
compounds such as DNA by effectively reacting with them
leading to the inhibition of enzyme functions [30,31]. The
nano particles bind to proteins and DNA and damage them by
inhibiting replication. Thus, silver nano particles interrupt the
respiratory chain and cell division leading to cell death [32-34].
In addition, complex action mechanisms of silver metal decrease
the probability of bacteria developing resistance to them.

Endophytic Fungi as Bio Factories of Silver Nano
Particles

Over the past decades, Endophytic fungi have attracted
increasing attention among taxonomists, mycologists, ecologists,
chemists, and evolutionary biologists [35]. While a number of
reports are available on the biological synthesis of AgNPs, the
potential of Endophytic fungi that colonize in living internal
tissues of plants without causing any immediate, overt negative
effects [36] has not yet been tapped. Very few reports are
available where in Endophytic fungi were used for the synthesis
of nano particles. In one such study, an Endophytic fungus
Colletorichum sp. isolated from Pellargonium graveolens grave
lens was employed for the extracellular synthesis of gold nano
particles [37].

Another study revealed that Aspergillus clavatus (AzS-275),
an Endophytic fungus isolated from sterilized stem tissues of
Azadirachta indica synthesized AgNPs possessing antibacterial
activity [38]. Recently, Endophytic fungi Aspergillus conicus,
Penicillium janthinellum and Phomosis sp. were
from Avicennia marina, Suaeda monica and Rhizophora

isolated

mucronatamangrove plant leafs and used for extracellular
biosynthesis of silver nano particles [39].

Five endophytic fungi were isolated from the mangrove
leaves of Rhizophora annamalayanna and among them A.
terreus produced silver nano particles extracellularly. In vitro
antidermatophytic activity of synthesized silver nano particles
was also analyzed against Trichophyton rub rum, Epidermophyton
floccosum and Trichophyton mentagrophytes [40]. In the same
way antibacterial activity of silver nano particles synthesized
extracellularly by an endophytic fungus Pestalotia sp isolated
from leaves of Syzygium cumini (L) was reported [41]. The
biosynthesized silver nano particles exhibited good antibacterial
activity against pathogenic bacteria viz., Staphylococcus aureus
(ATCC-25923) and Salmonella typhi (ATCC-51812). These
studies therefore suggest that silver nano particles are the ideal
candidates for the development of novel antimicrobial products
which are said to be antimicrobials of new generations [42].

Applications of Silver Nano Particles in Clinical
Medicine

The applications in the field of clinical medicine have been
known since ancient time. Silver and its compounds were used
in the treatment of various diseases viz., wounds, wart removal,
epilepsy, venereal infections, acnes and ulcer debridement [24].
With advancement in the field of nanotechnology availability
of silver nano particles have increased which are more stable
than conventionally used silver compounds. Out of all kinds
of metallic nano particles silver nano particles have shown
most promising results in the field of biomedicine due to their
biomedical activities. The activity of silver nano particles is
largely controlled by their size, shape and compositions which
have attracted the attention of researchers towards synthesizing
and characterizing silver nano particles.

The application of nano silver can be broadly divided into
diagnostic and therapeutic uses:

Nano silver in diagnosis and imaging

Effective diagnosis of disease condition play vital role in
its early treatment and cure. Recently diagnostic tools with
silver nano particles have emerged as powerful analytical
tools for diagnosis of various diseases. For example, Surface-
enhanced Raman spectroscopy (SERS), involving the use of
metallic nanostructures in the form of silver nano rods has been
successfully used in the detection of four strains of respiratory
syncytial virus (RSV) [43]. A similar study proposed the
promising application of Au-Ag nano rods conjugated multiple
aptamers, in cancer cell recognition. Besides disease diagnosis
these tools could also be used for various cellular [44].

Nano particles in therapeutics

Silver Nano particles have several medicinal properties
which makes them useful in therapeutic industry. Some of its
therapeutic applications are as follows: Wound dressing: The
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application of silver nano particles in

a. Wound dressing for fast and effective wound healing is
well documented since time immemorial [45]. There are
several examples of wound dressings involving the use of
silver nano particles, but out of them Acticoat®, is the most
commonly used and first commercial dressing consisting of
two layers of polyamide ester membranes covered with nano
crystalline silver ions. It exhibits strong bactericidal activity
against pathogenic bacterial strains [46]. Besides healing,
silver nano particles also minimize the secondary bacterial
infections around the wounded area.

According to a study performed by Tredget et al. [47] it was
found that out of 30 burn patients secondary bacteraemia,
were found to be less in patients treated with silver nano
particles than those treated with 0.5% silver nitrate solution.
In a similar study Sibbald et al. [48] concluded that the use
of silver nano particles dressing on a variety of chronic non-
healing wounds induces a beneficial protecting effect on
the wound site from bacterial contamination. Silver nano
particles promote wound healing through various biological
effects viz., facilitating the proliferation and migration of
keratinocyte, differentiation of fibroblasts into my fibroblasts,
modulation of various cytokines [49], and development of
well vascularized granulation tissue [50]. These findings
were supported in other studies [51]. Therefore, silver nano
particles have promising applications in wound healing.

b. Anti-bactereial agent Silver compounds are known to
possess antibacterial activity since ancient times and were
used as disinfectants against both aerobic and anaerobic
bacteria. Their mechanism of action includes precipitation
of bacterial cellular proteins and blocking of micro bial
respiratory chain system [52,53]. Before the advent of silver
nano particles, silver nitrate was an effective antibacterial
agent used clinically [54,55]. Afterwards, the use of silver
sulfadiazine (a combination of silver and sulphonamide) in
the treatment of burns exists even to this day [56].

Silver returned to prominence recently due to the emergence
of antibiotic-resistant bacteria as a result of the overuse of
antibiotics [57,42]. Recently, silver nano particles have
gained much attention of researchers because of their anti-
bacterial efficiency. The mechanism of antibacterial activity
of silver nano particles is not clearly understood yet but
has been found to be similar to that of conventional silver
compounds. However, because of the larger surface area to
volume ratio, AgNPs may have much better efficiency.

c.  Anti-inflammatory Agent: Apart from being an excellent
anti-bacterial agent, the AgNPs have anti-inflammatory
properties. Various studies have suggested the potential
anti-inflammatory property of silver nano particles. Silver
nano particles greatly reduce the degree of post-operative
fibrous adhesions caused due to inflammation and thus play a
remedial role in inflammatory conditions. On the other hand,

inflammation has been noted to play a significant part in the
formation of post-operative adhesions. In an experiment low
levels of the pro-inflammatory cytokine IL-6 were found in
animals treated with AgNPs using quantitative real-time RT-
PCR.

d. On the other hand higher levels of mRNA, an anti-
inflammatory cytokine, were found in AgNPs treated group in
comparison with other silver compounds [58]. Likewise Bhol
& Schechter [59] utilized AgNPs in a rat model of ulcerative
colitis and confirmed that silver nano particles improved
the healing process by inducing direct anti-inflammatory
effect. In both models, although the set of pro-inflammatory
cytokines measured were different from (IL-1; TNF-) [59].

Silver Nano particles in Catheters

a. Central venous catheters: Central venous catheters
(CVC) are most commonly used in hospitals particularly
in the United States (5million/year). But the use of CVCs
is usually accompanied with infective complications, viz.,
catheter-related bloodstream infection estimated at around
80000 cases annually [60,61]. This could be decreased via
impregnation of catheters with antibiotics [62-64]. But
continuous use of the same could lead to gradual emergence
of bacterial resistance. However, the incidence of catheter-
related blood stream infections decreases on the use of
new generation silver-impregnated catheters containing an
inorganic silver powder, on which silver ions are bonded with
an inert ceramic zeolite for clinical use. Studies have also
shown that there has been lower colonization by coagulase-
negative staphylococci in the silver-impregnated CVC [65].
Therefore these catheters should be brought into more use
in future for clinical purpose.

b.  Vascular prosthesis: Development of infection-
resistant prosthetic grafts has become the greatest interest
of researchers in vascular surgery. Recently, the use of the
InterGard Silver® bifurcated polyester graft coated with
collagen and silver in vascular surgery represents promising
application of nano silver in this field [66].

c.  Ventricular drainage catheters: These are commonly
used for the drainage of external cerebrospinal fluid (CSF). But
insertion of temporary external ventricular drainage (EVD)
is usually accompanied with complications like bacterial
colonization of the catheter, resulting in ventriculomeningitis
and encephalitis. These complications are minimized to a
great extent by the use of silver-impregnated ventricular
catheters [67].

Silver Nano particles in Orthopedic: The conventionally
used biomaterials viz., bone cement based on
polymethylmetacrylate (PMMA) is prone to bacterial
infections when implanted into the human body [68].
Recently, the use of bone cement loaded with nano silver has
emerged as an attractive alternative to these biomaterials
in orthopedics [69]. Nano silver-loaded bone cement has
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shown high antibacterial activity against all multi drug
resistant bacteria. Similarly, ultra high molecular weight
polyethylene (UHMWPE) used as a joint replacement
component in orthopedics is associated with major problems
like concomitant debris generation leading to subsequent
inflammation. These problems are considerably reduced
by incorporation of silver nano particles leading to both
physical and chemical stabilization of the polymer surface
layer toward friction oxidation and degradation. Besides this,
silver nano particle also increases UHMWPE biocompatibility
and antimicrobial activity.

Silver Nano particles in surgical mesh: The use of silver
nano particles polypropylene mesh in surgical meshes has
eliminated the risk of nocosomial infections caused due to
implanted prosthetic materials [70]. In these meshes silver
nano particles continue to diffuse off the mesh and exhibit
sustained bactericidal activity [71]. These results clearly
indicate silver nano particles-coated polypropylene mesh
can decrease the prosthetic infection rate and the host
inflammatory response in the clinical setting.

Future Therapeutic Applications
Antiviral drug

Silver nano particles possess significant antiviral properties
which are of great medicinal interest. Recent studies have shown
that silver nano particles exhibited anti-HIV-1 activities in Hut/
CCR5 by inhibiting HIV-1 replication [72]. Further, these nano
particles did not show acute cytotoxicity to either the Hut/CCR5
cells or to normal peripheral blood mononuclear cells.

Anti-platelet agent

Thrombotic disorders have emerged as serious problem tin
clinical medicine. The conventional treatments for this include
anticoagulant and thrombolytic therapy that may lead to serious
bleeding complications [73]. Recently the antiplatelet properties
of silver nano particles have been demonstrated by Shrivastava et
al. [74]. During this study it was found that silver nano particles
inhibit integrin-mediated platelet functional responses like
aggregation, secretion, adhesion to immobilized fibrinogen or
collagen and retraction of fibrin clot, thereby treating thrombotic
disorders. The results showed significant inhibition of platelet
functions with a relatively low dose of AgNPs [74].

Effects on stem cells

According to previous reports silver nano particles promote
proliferation of the epidermal stem cells in skin stem cells,
which play the most important roles for repairing the epidermis,
regenerating hair and maintaining tissue homeostasis after
injury.

Conclusion

The advancements in nanotechnology have created new
therapeutic horizons. Above review clearly reveals the potential
benefits and wide range applications of silver nano particles.

Biosynthesis of silver nano particles provides an attractive
alternative for the hazardous chemical and physical methods
of nano particles synthesis. Endophytic fungi surely represents
great medium for the biosynthesis of silver nano particles.
Biosynthesized silver nano particles possess several therapeutic
properties viz., antimicrobial, anti-inflammatory, anti cancer,
antioxidant etc. Because of their extremely small size silver nano
particles are highly target specific and hence could be developed
as broad spectrum therapeutic agents. But more research is
needed to be done regarding the mechanism of synthesis so
that it could be further exploited for the generation of different
functional varieties of silver nano particles. Realizing the wide
array of applications of silver nano particles more biosystems
should be searched for the large scale biosynthesis of eco friendly
silver nano particles.
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