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Abstract
Nanosciences along with the emergence of nanobiotechnolgy and nanomedicine
in the last few decades provided a number of opportunities for exploring the
bactericidal and fungicidal activities of metal nanoparticles. In the present
scenario silver in the form of nanoparticles are playing a major role in the field
of Nanotechnology and Nano medicine, their unique size dependent properties
make them superior and indispensable. The use of nanotechnology in the field of
medicine could revolutionize the way we detect and treat damage to the human
body and disease in the future, and many techniques only imagined a few years ago
are making remarkable progress towards becoming realities. Silver nanoparticles
have been synthesized through various routes in the laboratories in India and
as well as many foreign research institutes. These routes can be chemical as
well as biological.Nanotechnology has provided a number of nanoparticle-based
therapeutics and diagnostic agents. Silver-impregnated wound dressings have
the potential to reduce both bio burden and healing time.
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Introduction
Nanoscience and nanotechnology have received much interest
since last few decades and metal nanoparticles are at the leading
edge of rapidly developing field of nanotechnology. The concept of
nanotechnology was visualized in 1959 by the physicist Richard
P. Feynman who got the Nobel Prize in this field. Nanoparticles
can be defined as “particulate dispersion or solid particles with a
size in the range of 10-1000 nm. One nanometer spans 3-5 atoms
lined upon in a row. Nanoparticles are of great scientific interest
as they are effectively a bridge between bulk materials and atomic
or molecular structures [1].

It is basically science, engineering and technology conducted
at the nanoscale which is about 1 to 100 nm. The U.S. National
Nanotechnology Initiative (NNI) defined it as understanding and
control of matter At Dimensions between approximately 1and 100
nanometers where unique phenomenon enable novel application
[2]. The substance in nano-regime exhibits a large number of new
properties. The properties of substances in nanosize are entirely
different from the corresponding bulk or atomic and molecular
counterparts.

The word nanotechnology was firstly popularized by K. Eric
Drexler in 1980s and he meant about building machines on the
scale of molecules, a few nanometer wide motors, robot arms and
even whole computer, for smaller than a cell [3]. Nanotechnology
since long time ago helping to considerably improve even
revolutionize, many technology and industry sectors, Information
technology, energy environmental science medicine, homeland
security, food safety and transportation among many others [47]. Their unique size-dependent properties make them superior
and indispensable in many areas ranging from electronics and
communications, through optics, chemistry, energy and of course
biology [8-13].
The advancement in the field of nanoscience has truly brought
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revolutionary changes in industrial, medicine, textile, food
packaging and agriculture fields [14-18]. We all are very much
aware of silver as an antimicrobial agent since time immemorial
in the form of metallic silver, silver nitrate, silver sulfadiazine for
the treatment of burns, wounds and several bacterial infections
[19-24]. After the flooding of a number of antibiotics, usage of
silver for the treatment of bacterial infection reduced. Moyer
introduced the use of 0.5% silver nitrate for the treatment of
burns. He proposed that it possess antibacterial property against
Staphylococcus aureus, Pseudomonasareuginosa, and Escherichia
coli [25-27]. Silver nanoparticles also act as effective fungicide
against common fungi including Aspergillus, Candida and
Saccharomyces [28]. The antifungal activity of silver nanoparticle
has received less attention, yet some of the studies revealed that
silver nanoparticles can be as effective for fungal strains as like
that of bacterial strains. Ales Panacek et al. [29] has examined
effect of silver NPs on pathogenic strain of Candida spp. by
determining the minimum inhibitory concentration, minimum
fungicidal concentration and time dependency of yeast growth
inhibition and concluded that silver nanoparticles exhibit high
antifungal activity against Candida spp. at the concentration
of 1mg/L of Ag. Silver nanoparticles inhibit growth of yeast
at very low concentration as compared to those of common
antifungal [29]. Virucidal effect of silver nanoparticles is still in
closed envelops, however recently the antiviral effect of silver
nanoparticles on the hepatitis B virus have been reported using
a HepAD38 human hepatoma cell line [ 30]. Although antiviral
effect of silver nanoparticle has not been come in attention yet
there are some of the evidences given by Humberto H Lara et al.
[30]. Sun and colleagues showed that agNPs were superior to
gold nanoparticles for cytoprotective activities towards HIV-1infected helper cells. Nanosilver may interfere with the fusion of
the viral membrane, inhibiting viral penetration into the host cell.
Silver nanoparticles specifically refer to silver containing material
with modified physicochemical properties due to their nanosized

J Nanomed Res 2015, 2(5): 00039

Copyright:
©2015 Mishra et al.

Nanosilver and its Medical Implications

scale. Antimicrobial properties of silver nanoparticles are
being exploited by many pharmaceutical companies for making
antibiotics, used in biomedical applications [31-33]. The use of
Silver nanoparticles in the field of medicine could revolutionize
the way we detect and treat damage to the human body and
disease in the future, and many techniques only imagined a few
years ago are making remarkable progress towards becoming
realities [34]. Hippocrates, the “father of medicine”, advocated
the sprinkling of silver powder on ulcers to expedite healing, and
silver has been used since World War I (and continues to be used)
in wound dressings. This rapidly developing field of nanoscience
has raised the possibility of using therapeutic nanoparticles in the
diagnosis and treatment of human cancers [35].
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Synthesis of Silver Nanoparticles
Silver nanoparticles have been synthesized through an array
of methods, e.g. spark discharging, electrochemical reduction,
solution irradiating and cryochemical synthesis [36-40]. For the
synthesis of nanoparticles, the first priority is to achieve largescale production in an economical manner [41]. There are two
main methods for the preparation of nanoparticles showing in
Figure 1 [42].
a. Top-down approach via milling

b. Bottom-up approach via chemical processes

Figure 1: Two major synthesis process of metal nanoparticles.

Top down approach
Top down approach is solely based on physical and
microlithographic philosophy, in contrast to the other approach,
where atomic or molecular units are used to assemble molecular
structure, ranging from atomic dimensions up to supramolecular
structure in nanometer range. It mainly involves mechanical/
thermal cycle and yields:
I. Broad size distribution (10–1000nm)

c) Micellar structure media

Vapor phase synthesis: Nanoparticles of wide range can be
prepared by a variety of methods. Hahn presented a useful
overview of gas-phase synthesis of nanocrystalline material.
In vapor-phase synthesis, conditions are created where the
vapor-phase mixture is thermodynamically unstable relative to
formation of solid material to be prepared in nanoparticulate
form [43].

Bottom-up approach

Pyrolysis: In pyrolysis, vaporous precursor is forced through a
hole or opening at high pressure and burned. The resulting solid
in air is classified to recover oxide particles from byproduct gases.

Bottom-up approach is solely based upon chemical principles,
it involves:

Liquid phase synthesis

II. Varied particle shape or geometry
III. Impurities

Gas phase synthesis
a) Pyrolysis

b) Inert gas condensation

Liquid phase synthesis

a) Solvothermal process
b) Sol-gel process

Inert gas condensation: In this process solid material is heated
to evaporate it into a background gas, and then the vapor is mixed
with cold gas to reduce the temperature. This method is well
suited for production of metal nanoparticles.
Liquid-phase fabrication entails a wet-chemical route and
involves the following processes:

Solvo thermal synthesis: In this method, precursors are
dissolved in hot solvent (e.g., n-butyl alcohol). Solvents other than
water can provide milder and friendlier reaction condition.
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Sol-Gel Process
The sol-gel process is a wet-chemical technique widely used in
the field of material science and ceramic engineering; it involves
the following steps:
i. Formation of stable sol solution

ii. Gelation via polycondensation or polyesterification
iii. Gel aging into solid mass

iv. Drying of gel to remove liquid phases

v. Dehydration at 8000°C to remove M-OH group for stabilizing
gel

vi. Densification and decomposition of gel at high temperature
(T> 8000°C)

The precursor sol can be either deposited on a substrate to
form a fi lm, cast into a suitable container with the desired shape
or used to synthesize powders (e.g., nanospheres).

Synthesis in Structured Medium

This is the mixing of two microemulsion carrying metal salt
and reducing agent. Silver nanoparticles can be synthesized
chemically by using different chemical like PVA, CTAB, NaBH4
as reducing agent and silver nitrate as substrate. It is common
knowledge that the method of chemical reduction involves the
reduction of relevant metal salts in the presence of a suitable
protecting agent [44-48]. Reduction of relevant metal salts in
the presence of a suitable protecting agent, reduction of relevant
metal salts in the presence of a suitable protecting agent. The
use of a strong reductant such as borohydride, resulted in small
particles that were somewhat monodisperse, but controlling the
generation of the larger particles became difficult [49]. The use of
citrate, a weaker reductant, resulted in a slower reduction rate,
but the size distribution was far from narrow [50]. The controlled
synthesis of silver colloid particles was attempted using a twostep reduction process in order to control the particle size.
Recent era have explored critical role of microorganisms, and
other biological entities such as extracts of different parts of the
plants for the synthesis of metal nanoparticles. Green synthesis
of metal nanoparticles is ecofreindly method without using
harsh toxic and expensive chemicals. Biosynthesis of metallic
nanoparticles using plant extract is a fabulous and emerging
ecofreindly science of well-defined sizes, shapes and controlled
monodisparity. Synthesis of nanoparticles using plant extract
is very cost effective and therefore can be used as agar medium
and transferring them to shoot of the plant in the same oxidation
state. In this shoot these Ag atoms arrange themselves to form
nanoparticles by joining themselves to form larger arrangements.
Within use of Emblica officinalis fruit extract, as reducing agent,
the extracellular synthesis of highly stable Ag and Au NPs has been
achieved [51], Achlypha indica leaf extract have produced silver
nanoparticles had excellent antimicrobial activity against water
borne pathogens like E. coli and V. cholera [52]. A diagrammatic
presentation is given below in Figure 2 showing green synthesis of
silver nanoparticle using plant extract [53]. There are number of
plants and their parts which has been exploited for the biological
synthesis of silver nanoparticles as listed in the Table 1.

Figure 2: One pot green synthesis of silver nanoparticles.

Not only plants but other biological entities in the world have
great potential to synthesize metal nanoparticles specifically silver
in the nanorange have been fabricated using microoraganisms
by many researchers. Among the microorganisms, prokaryotic
bacteria have received the most attention in the area of biosynthesis of nanoparticles. Bacteria involved in silver leaching
have been reported to accumulate silver sulfide within their
membrane [66], the microbial reduction of water soluble Ag to Ag0
using an airborne bacteria (Bacillus sp.) have been corroborated
by Nalenthiran Pugazhenthiran and his coworkers in the present
atmosphere [67]. The microbial synthesis of single crystals of silver
with well-defined composition and shapes such as equilateral
triangles and hexagons by the culture Pseudomonas stutzeri has
been reported earlier [68]. The exact reaction mechanisms leading
to the formation of silver nanoparticles by the silver resistant
bacteria is yet to be elucidated. Nano-particle usually forms the
core of nano-biomaterial. Aqueous silver ions when exposed to
the fungus Fusarium oxysporum are reduced in solution, thereby
leading to the formation of an extremely stable silver hydrosol
[69]. Similarly fungus Verticillium can also reduces aquoues
solution of silver nitrate to silver in nanometers [Priyamvada]
[70]. Extracellular biosynthesis of silver nanoparticles exploiting
storage fungus Aspergillus niger was reported in 2008 by Gade
end coworkers [66]. Silver nanoparticles in the size range of 2–5
nm were synthesized extracellular by a silver-tolerant yeast strain
MKY3, when challenged with 1 mM soluble silver in the log phase
of growth [71].
The organisms used in the synthesis of nanoparticles vary
from simple prokaryotic bacterial cells to complex eukaryotes.
Important steps are:

a. Selection of the best organism which shows enzyme activities
and biochemical pathways.
b. Optimal condition for all growth and enzyme activity, e.g.,
nutrient, inoculums size, light, temperature and pH should be
optimized.
c. Optimal reaction condition [41]
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Table 1: Different plants exploited for synthesis of silver nanoparticles.
Plant Name

Plant Part

Reference

Year

Arbutus unedo

Leaf extract

[54]

2012

Ocimum sanctum

Leaf extract

[56]

2011

Ficusbenghalensis
Vitexnegundo
Murraya

Argimonmaxicana
Jatrophacurcas

Leaf extract
Leaf extract
Leaf extract
Leaf extract
Latex

Eucalyptus hybrida

Leaf extract

Capsicum annum

Leaf extract

Coffee

Cinnamomzeylanicum
Hibiscus rosasinensis
Rosa rogusa

Leaf extract
Leaf extract
Leaf extract
Leaf extract

[55]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
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2012
2011
2010
2010
2010
2009
2008
2007
2009
2009
2010

Mechanism of Antimicrobial Activity of Silver

Medical Applications of Silver Nanoparticles

The exact mechanism of the antimicrobial effect of silver as
well as copper nanoparticles is not well known, however the three
most common mechanism of antimicrobial activity proposed to
date are [72].

The medical properties of silver have been known for over
2,000 years. Since nineteenth century, silver-based compounds
have been used in many antimicrobial applications [76]. As it
is well known that silver nanoparticles are very small particles
which measure not more than three or four atoms across, they
are also versatile enough, and therefore they can be used in many
types of medical procedures. Nano silver reacts cell changing the
structures of membrane and damaging DNA. It is estimated that of
all the nanomaterials in medical and healthcare sector, nanosilver
application has the highest degree of commercialization [7779]. Therefore, exposure to nanosilver in the body is becoming
increasingly widespread and intimate. Consequently, silver in the
form of nanoparticles has gained an increasing access to tissues,
cells and biological molecules within the human body [80]. Silver
nanoparticles are used for coating intraventricular catheter inside
our body.

Uptake of free silver nanoparticles followed by disruption of
ATP production and DNA replication,
a) silver nanoparticles and silver ions generation of ROS and
b) Silver nanoparticles direct damage to cell membranes.

There are certain reports regarding mode of action of silver
nanoparticles against pathogenic microbes. AgNPs interact with
a wide range of molecular processes within microorganisms
resulting in a range of effects from inhibition of growth, loss
of infectivity to cell death which depends on shape, size, and
concentration of AgNPs and the sensitivity of the microbial species.
In Figure 3 action of silver nanoparticles towards cell membrane
shows that the positive charge on the Ag+ ion is crucial for its
antimicrobial activity through the electrostatic attraction between
the negatively charged cell membrane of the microorganism and
the positively charged nanoparticles [73]. In contrast, Sondi &
Salopek Sondi reported that the antimicrobial activity of AgNPs
on Gram-negative bacteria depends on the concentration of AgNPs
and is closely associated with the formation of pits in the cell wall
of bacteria; consequently, AgNPs accumulated in the bacterial
membrane disturbing the membrane permeability, resulting in
cell death [74]. Amro et al. [75] suggested that metal depletion
may cause the formation of irregularly shaped pits in the outer
membrane and change membrane permeability, which is caused
by the progressive release of lipopolysaccharide molecules and
membrane proteins [75].

Recent Studies on new targeted silver nanoparticle contrast
agents for early characterization of atherosclerosis and
cardiovascular pathology at the cellular and molecular levels
that might represent the next frontier for combining imaging
and rational drug delivery to facilitate personalized medicine
[81]. Today development of antimicrobial compounds having
bactericidal potential against multidrug resistant bacteria is a
priority area of research. In this concern M. K. Rai and coworker
have studied bactericidal activity of silver nanoparticles against
multi drug resistant bacteria. This Multifunctional Nano weapon
can be used for the treatment of drug resistant microbes
such as Pseudomonas aeruginosa, ampicillin resistant E. coli,
erythromyces resistant Streptomyces aureus and Vancomycin
resistant Staphylococcus aureus [82]. Silver nanoparticles ions
have capacity to inhibit the bactericidal replication by binding and
denaturing bactericidal DNA [83].
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nanocomposites with nanofillers for enhanced durability and
aesthetics, and impressions material with nanofillers for precise
tissue detail [87,88]. The use of silver in nanosize scale seems to
have reduced cellular toxicity but not antibacterial efficacy.

Figure 3: Action mechanism of silver nanoparticles on biological
membrane.

Silver nanoparticles in drug delivery

Nanoparticles have the efficiency to increase the solubility
of poorly water-soluble drugs, accelerate the rate of reaction,
increase drug half-life by reducing immunogenicity, increase
specificity towards the target cell or tissue improve bioavailability,
reduce the side effect of that particular medicine [84]. The primary
goal for reason of nano-biotechnologies in drug delivery includes:
a) More specific drug targeting and delivery

b) Reduction in toxicity while maintaining therapeutic effects
c) Greater safety and biocompatibility and

d) Faster development of new safe medicine [85]

The nanosized drug can be formulated in less volume, so
the single dose the patient has to take (daily dose 625 mg of
megestrol in 5 ml of fluid) is reduced by the factor four compared
to the oral solution available. [85]. There are two ways to employ
nanoAg for bioimaging: Either incubated with cells and monitor
their physical interactions and uptake or to functionalize the nano
Ag surface with a biomolecule that binds specifically to sites on
the cell membrane Silver nanoparticles can be used as effective
tools for the advancement of drug delivery, medical imaging, and
as diagnostic sensors as showing in the diagramme in Figure 4.
Which clearly indicate the therapeutic agent, imaging agent and
targeting moieties of silver nanoparticle [82].

Silver nanoparticles in medicine

Nanotechnology has been increasingly implemented in the
area of health therapeutics in nanomedicine for the preservation
and improvement of human health, using molecular tools and
molecular knowledge of the human body. Today there is the
utmost need for fabricating nanodevices for early detection and
location of cancer at a molecular level, delivering anticancer
drugs to the specific site and simultaneously determining their
efficacy in reducing cancer load [83-85]. Nanotechnology will
ring in the era of dental nanorobots, which find application in
treating hypersensitive teeth [86] and also in the identification
and destruction of pathogenic bacteria residing in plaque,

Figure 4: Multifunctional Silver NPs for therapeutics, diagnostics and
imaging.

Various medicines and medical product have commercially
been formulated by silver nanoparticles and used clinically
worldwide for the treatment of serious ailment of human body
[89]. The addition of AgNps to antibiotics has been shown to have
synergistic effects against micro-organisms. Strydom et al also
demonstrated that modification of silver sulphadiazine using
dendrimer increased their anti-bacterial efficacy. Today many
medicines and other medical products containing nanosilver are
available in the market. Some of them are given in the Table 2 and
are being extensively used in the hospitals and homes as well [90].

Silver nanoparticles in wound healing

A number of wound dressings containing silver as an
antibacterial have been cleared by the U.S. Food and Drug
Administration (FDA) [91-94]. Wound dressings containing silver
sulfadiazine or silver nanomaterials may be used on external
infections [95-97]. A 2012 systematic review found that silver
containing dressings were no better than nanosilver containing
dressings in treating burns [97]. Ag based dressings are now
available as a variety of fibers or polymeric scaffolds impregnated
or coated with an Ag salt or metallic Ag in nanoparticulate form.
They all exhibit fast and broad spectrum antibacterial activity
against both Gram positive and negative bacteria [98].
Recently, a trend toward the use of wound cover dressings that
contain Ag has been evident, and today, a selection of foam, film,
hydrocolloid, gauze, and dressings with Hydro fiber technology
impregnated with Ag are commercially available [99,100].

Silver-impregnated wound dressings have the potential to
reduce both bio burden and healing time. This can be clearly
observed in the picture below in Figure 5. Here the wound
dressed by any normal ointment used as control was healed in 7
days, whereas silver nanoparticles impregnated ointment healed
the wound in 3 days [28].
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Table 2: Commercially available medical products containing Nanosilver.
Product

Company

Description

Clinical Uses

Acticoat™

Smith & Nephew

Nanocrystalline silver wound
dressing

Silverline®

Spiegelberg

Polyurethane ventricular catheter
impregnated with NS

Dressing for a range of wounds including burns and ulcers;
prevents bacterial infection and improves wound healing.

SilvaSorb®

Medline Industries
and AcryMed

Antibacterial products: hand gels,
wound dressings, cavity filler

ON-Q
SilverSoaker™

I-Flow Corporation

Silver-NP-coated catheter for drug
delivery

Wound dressings and cavity filler prevent bacterial
infection. Hand gels used to disinfect skin in clinical and
personal hygiene purposes.

Neurosurgical drain of CSF for hydrocephalus. Also can be
adapted for use as shunts. Antibacterial silver NP coating
prevents catheter-associated infections.

Delivery of medication (e.g. local anesthetics or analgesics)
per-, peri- or post-operatively for pain management or for
antibiotic treatment.

7days (control)

3 days (AgNp)

Figure 5: Progressive healing of wound with the application nanosized silver ointment.

Nanosilver in cancer therapy
Several investigators reported the anticancer activity of
biosynthesized Silver NPs towards in vitro and in vivo systems
[101]. Human epidermoid cancer cell line was targeted with
folated silver dendrimer composite nanodevices and the labeled
cancer cells were subsequently destroyed by the microbubbles
generated through increased uptake of laser light energy by Ag
Nps [102]. Tse presented a novel method to selectively destroy
cancer cells [103].

Nanosilver in medical diagnostics and therapeutics

Early diagnosis of any disease condition is vital to ensure that
early treatment is started and perhaps resulting in a better chance
of cure. In terms of detecting cancer, Au–Ag nanorods were used

in a recent study as a nano platform for multivalent binding by
multiple aptamers, so as to increase both the signal and binding
strengths of the aptamers in cancer cell recognition. Nanosilver
products are also employed to produce dual imaging/ therapy
immune targeted nano shells to locate cancer cells and can absorb
light and selectively destroy targeted cancer cells through photo
thermal therapy [104]. The molecular assembly of aptamers on
the nanorods was shown to lead to a 26-fold higher affinity than
the original aptamer probes 63. Thus, these nanorod–aptamer
conjugates are highly promising for use in specific cell targeting,
as well as having the detection and targeting ability needed for
cell studies, disease diagnosis, and therapy [105].
The potential anti-inflammatory action of silver nanoparticles
has been suggested in various studies described previously
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[106]. On the other hand, inflammation has been noted to play a
significant part in the formation of post-operative adhesions. In
animal models, we showed that intra-peritoneal injection of silver
nanoparticles significantly reduced the degree of post-operative
fibrous adhesions. The anti-inflammatory effects have also been
substantiated in other inflammatory disease models by others.
Taken together, it would suggest that silver nanoparticles can
indeed reduce inflammation and its use in other inflammatory
conditions is eagerly anticipated [107].

Discussion and Conclusion

Silver has always been an excellent antimicrobial and has been
used for the purpose for ages. The unique physical and chemical
properties of silver nanoparticles Chemical and physical methods
of silver nanoparticle synthesis were being followed over the
decades, but they are found to be expensive and the use of various
toxic chemicals for their synthesis makes the biological synthesis
the more preferred option. Though bacterial, fungal, and plant
extract sources can be used for nanosilver synthesis, the easy
availability, the nontoxic nature, the various options available, and
the advantage of quicker synthesis make plant extracts the best
and an excellent choice for nanosilver synthesis only increase the
efficacy of silver.

The most recent research has shown that nanoparticles can
also be beautifully synthesized by using plant extract. After so
much researches and studies on silver nanoparticles, it can be
summarized that silver nanoparticles exhibit broad spectrum
antimicrobial activities towards bacteria as well fungal sp. and
also other microbes. The AgNPs have also found to be effective
against many viral diseases. Silver Nanoparticles have really
proven their potential applications in each and every field, such
as in agriculture, where nanoparticles have shown the potential
to replace insecticides and pesticides and are becoming a boon for
curing a number of plant diseases, and are showing a revolutionary
response in the field of biomedical applications in drug delivery,
cancer therapy, dentistry and many more. Nanosilver is the most
used nanoscale material in consumer products in Germany.
According to the report of Federal Institute for Occupational
Safety and Health (BAuA), 1040 biocidal products with (Nano)
Silver are commercially manufactured
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