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Abstract
Silver nanoparticles are nanoparticles of silver which are in the range of 1 and 100 nm in
size. Silver nanoparticles have unique properties which help in molecular diagnostics, in
therapies, as well as in devices that are used in several medical procedures. The major
methods used for silver nanoparticle synthesis are the physical and chemical methods.
The problem with the chemical and physical methods is that the synthesis is expensive
and can also have toxic substances absorbed onto them. To overcome this, the biological
method provides a feasible alternative. The major biological systems involved in this are
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bacteria, fungi, and plant extracts. The major applications of silver nanoparticles in the
medical field include diagnostic applications and therapeutic applications. In most of
the therapeutic applications, it is the antimicrobial property that is being majorly
explored, though the antiinflammatory property has its fair share of applications.
Though silver nanoparticles are rampantly used in many medical procedures and devices
as well as in various biological fields, they have their drawbacks due to nanotoxicity. This
review provides a comprehensive view on the mechanism of action, production,
applications in the medical field, and the health and environmental concerns that are
allegedly caused due to these nanoparticles. The focus is on effective and efficient
synthesis of silver nanoparticles while exploring their various prospective applications
besides trying to understand the current scenario in the debates on the toxicity concerns
these nanoparticles pose.
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Review
Introduction
The medical properties of silver have been known for over 2,000 years. Since the
nineteenth century, silverbased compounds have been used in many antimicrobial
applications. Nanoparticles have been known to be used for numerous physical,
biological, and pharmaceutical applications. Silver nanoparticles are being used as
antimicrobial agents in many public places such as railway stations and elevators in
China, and they are said to show good antimicrobial action.
It is a wellknown fact that silver ions and silverbased compounds are highly toxic to
microorganisms which include 16 major species of bacteria[1, 2]. This aspect of silver
makes it an excellent choice for multiple roles in the medical field. Silver is generally used
in the nitrate form to induce antimicrobial effect, but when silver nanoparticles are used,
there is a huge increase in the surface area available for the microbe to be exposed to.
Though silver nanoparticles find use in many antibacterial applications, the action of
this metal on microbes is not fully known. It has been hypothesized that silver
nanoparticles can cause cell lysis or inhibit cell transduction. There are various
mechanisms involved in cell lysis and growth inhibition.
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There are many ways depicted in various literatures to synthesize silver nanoparticles.
These include physical, chemical, and biological methods. The physical and chemical
methods are numerous in number, and many of these methods are expensive or use toxic
substances which are major factors that make them ‘not so favored’ methods of
synthesis. An alternate, feasible method to synthesize silver nanoparticles is to employ
biological methods of using microbes and plants.
Silver nanoparticles find use in many fields, and the major applications include their use
as catalysts, as optical sensors of zeptomole (10−21) concentration, in textile engineering,
in electronics, in optics, and most importantly in the medical field as a bactericidal and
as a therapeutic agent. Silver ions are used in the formulation of dental resin composites;
in coatings of medical devices; as a bactericidal coating in water filters; as an
antimicrobial agent in air sanitizer sprays, pillows, respirators, socks, wet wipes,
detergents, soaps, shampoos, toothpastes, washing machines, and many other
consumer products; as bone cement; and in many wound dressings to name a few.
Though there are various benefits of silver nanoparticles, there is also the problem of
nanotoxicity of silver. There are various literatures that suggest that the nanoparticles
can cause various environmental and health problems, though there is a need for more
studies to be conducted to conclude that there is a real problem with silver nanoparticles.
This review provides an idea of the antimicrobial properties silver possesses as a
nanoparticle, the various methods employed to synthesize silver nanoparticles, and an
overview of their applications in the medical field and also discusses the toxicity of silver
nanoparticles. The focus is on the characteristics of silver nanoparticles which make
them excellent candidates for use in the medical field besides delving into the unique
ability of certain biological systems to synthesize silver nanoparticles and also looks at
the chances of these particles to induce toxicity in humans and the environment as a
whole.

Action of silver nanoparticles on microbes
The exact mechanism which silver nanoparticles employ to cause antimicrobial effect is
not clearly known and is a debated topic. There are however various theories on the
action of silver nanoparticles on microbes to cause the microbicidal effect.
Silver nanoparticles have the ability to anchor to the bacterial cell wall and subsequently
penetrate it, thereby causing structural changes in the cell membrane like the
permeability of the cell membrane and death of the cell. There is formation of ‘pits’ on the
cell surface, and there is accumulation of the nanoparticles on the cell surface[3]. The
formation of free radicals by the silver nanoparticles may be considered to be another
mechanism by which the cells die. There have been electron spin resonance spectroscopy
studies that suggested that there is formation of free radicals by the silver nanoparticles
when in contact with the bacteria, and these free radicals have the ability to damage the
cell membrane and make it porous which can ultimately lead to cell death[4, 5].
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It has also been proposed that there can be release of silver ions by the nanoparticles[6],
and these ions can interact with the thiol groups of many vital enzymes and inactivate
them[7]. The bacterial cells in contact with silver take in silver ions, which inhibit several
functions in the cell and damage the cells. Then, there is the generation of reactive
oxygen species, which are produced possibly through the inhibition of a respiratory
enzyme by silver ions and attack the cell itself. Silver is a soft acid, and there is a natural
tendency of an acid to react with a base, in this case, a soft acid to react with a soft
base[8]. The cells are majorly made up of sulfur and phosphorus which are soft bases.
The action of these nanoparticles on the cell can cause the reaction to take place and
subsequently lead to cell death. Another fact is that the DNA has sulfur and phosphorus
as its major components; the nanoparticles can act on these soft bases and destroy the
DNA which would definitely lead to cell death[9]. The interaction of the silver
nanoparticles with the sulfur and phosphorus of the DNA can lead to problems in the
DNA replication of the bacteria and thus terminate the microbes.
It has also been found that the nanoparticles can modulate the signal transduction in
bacteria. It is a wellestablished fact that phosphorylation of protein substrates in
bacteria influences bacterial signal transduction. Dephosphorylation is noted only in the
tyrosine residues of gramnegative bacteria. The phosphotyrosine profile of bacterial
peptides is altered by the nanoparticles. It was found that the nanoparticles
dephosphorylate the peptide substrates on tyrosine residues, which leads to signal
transduction inhibition and thus the stoppage of growth. It is however necessary to
understand that further research is required on the topic to thoroughly establish the
claims[10] (Figure1).

Figure 1
Various modes of action of silver nanoparticles on bacteria.
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Chemical and physical syntheses of silver nanoparticles
The production of nanoparticles majorly involves physical and chemical processes. Silver
nanomaterials can be obtained by both the socalled ‘topdown’ and ‘bottomup’
methods. The topdown method involves the mechanical grinding of bulk metals and
subsequent stabilization of the resulting nanosized metal particles by the addition of
colloidal protecting agents[11, 12]. The bottomup methods, on the other hand, include
reduction of metals, electrochemical methods, and sonodecomposition.
There are various physical and chemical methods, of which the simplest method involves
the chemical method of reduction of the metal salt AgBF4 by NaBH4 in water. The
obtained nanoparticles with the size range of 3 to 40 nm are characterized by
transmission electron microscopy (TEM) and UVvisible (UV–vis) absorption
spectroscopy to evaluate their quality[13]. There is the electrochemical method which
involves the electroreduction of AgNO3 in aqueous solution in the presence of
polyethylene glycol. The nanoparticles thus produced are characterized by TEM, Xray
diffraction, and UV–vis absorption spectroscopy and are 10 nm in diameter[14].
Sonodecomposition, to yield silver nanoparticles, involves the usage of ultrasonic waves
to induce cavitation, a phenomenon whereby the passage of ultrasonic waves through an
aqueous solution yields microscopic bubbles that expand and ultimately burst. The
synthesis of silver nanoparticles involves sonochemical reduction of an aqueous silver
nitrate solution in an atmosphere of argonhydrogen. The silver nanoparticles are then
characterized by TEM, Xray diffraction, absorption spectroscopy, differential scanning
calorimetry, and EPR spectroscopy and are found to be 20 nm in diameter. The
mechanism of the sonochemical reduction occurs due to the generation of hydrogen
radicals during the sonication process[15].
Nanoparticles are also synthesized within aqueous foams as a template. The method
involves electrostatically complexing silver ions with an anionic surfactant aerosol in
highly stable liquid foam. The foam is subsequently drained off and reduced by
introducing sodium borohydride. These silver nanoparticles are extremely stable in
solution, suggesting that the aerosol stabilizes them. This method gave nanoparticles of
5 to 40 nm in diameter[16].
A microwave synthesis of silver nanoparticles involves the reduction of silver
nanoparticles using variable frequency microwave radiation as against the conventional
heating method. The method yields a faster reaction and gives a higher concentration of
silver nanoparticles with the same temperature and exposure. It was also found that the
higher the concentration of silver nitrate used, the longer the reaction time was and the
higher the temperature, the bigger the particle size was, while the higher the poly(N
vinylpyrrolidone) concentration, the smaller the silver particle size was (between 15 and
25 nm)[17].
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There are also many more techniques of synthesizing silver nanoparticles, such as
thermal decomposition in organic solvents[18], chemical and photoreduction in reverse
micelles[19, 20], spark discharge[21], and cryochemical synthesis[22] which yielded
nanoparticles between the ranges of 5 to 80 nm in diameter.

Biological synthesis of silver nanoparticles
The problem with most of the chemical and physical methods of nanosilver production is
that they are extremely expensive and also involve the use of toxic, hazardous chemicals,
which may pose potential environmental and biological risks. It is an unavoidable fact
that the silver nanoparticles synthesized have to be handled by humans and must be
available at cheaper rates for their effective utilization; thus, there is a need for an
environmentally and economically feasible way to synthesize these nanoparticles. The
quest for such a method has led to the need for biomimetic production of silver
nanoparticles whereby biological methods are used to synthesize the silver nanoparticles.
The growing need to develop environmentally friendly and economically feasible
technologies for material synthesis led to the search for biomimetic methods of
synthesis[23]. In most cases, the chemical synthesis methods lead to some chemically
toxic substances being absorbed on the surface and can hinder their usage in medical
applications[24]. There are three major sources of synthesizing silver nanoparticles:
bacteria, fungi, and plant extracts. Biosynthesis of silver nanoparticles is a bottomup
approach that mostly involves reduction/oxidation reactions. It is majorly the microbial
enzymes or the plant phytochemicals with antioxidant or reducing properties that act on
the respective compounds and give the desired nanoparticles. The three major
components involved in the preparation of nanoparticles using biological methods are
the solvent medium for synthesis, the environmentally friendly reducing agent, and a
nontoxic stabilizing agent.

Silversynthesizing bacteria
The first evidence of bacteria synthesizing silver nanoparticles was established using the
Pseudomonas stutzeri AG259 strain that was isolated from silver mine[25]. There are
some microorganisms that can survive metal ion concentrations and can also grow under
those conditions, and this phenomenon is due to their resistance to that metal. The
mechanisms involved in the resistance are efflux systems, alteration of solubility and
toxicity via reduction or oxidation, biosorption, bioaccumulation, extracellular complex
formation or precipitation of metals, and lack of specific metal transport systems[26].
There is also another aspect that though these organisms can grow at lower
concentrations, their exposure to higher concentrations of metal ions can induce toxicity.
The most widely accepted mechanism of silver biosynthesis is the presence of the nitrate
reductase enzyme. The enzyme converts nitrate into nitrite. In in vitro synthesis of silver
using bacteria, the presence of alphanicotinamide adenine dinucleotide phosphate
reduced form (NADPH)dependent nitrate reductase would remove the downstream
processing step that is required in other cases. During the reduction, nitrate is converted
into nitrite and the electron is transferred to the silver ion; hence, the silver ion is reduced
+

0
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to silver (Ag+ to Ag0). This has been said to be observed in Bacillus licheniformis which is
known to secrete NADPH and NADPHdependent enzymes like nitrate reductase that
effectively converts Ag+ to Ag0[27]. The mechanism was further confirmed by using
purified nitrate reductase from Fusarium oxysporum and silver nitrate along with
NADPH in a test tube, and the change in the color of the reaction mixture to brown and
further analysis confirmed that silver nanoparticles were obtained[28]. There are also
cases which indicate that there are other ways to biosynthesize silver nanoparticles
without the presence of enzymes. It was found that dried cells of Lactobacillus sp. A09
can reduce silver ions by the interaction of the silver ions with the groups on the
microbial cell wall[29] (Table1).
Table 1
Silversynthesizing bacteria and the synthesized particle size
Serial number

Organism

Particle size (nm) Reference

1

P. stutzeri AG259

200

[30]

2

Bacillus megaterium

46.9

[31]

3

Plectonema boryanum

1 to 200

[32]

4

Enterobacter cloacae

50 to 100

[33]

5

Escherichia coli

5 to 25

[34]

6

B. licheniformis

50

[35]

7

Lactobacillus fermentum 11.2

[36]

8

Klebsiella pneumonia

50

[37]

9

Proteus mirabilis

10 to 20

[38]

10

Brevibacterium casei

50

[39]

Silversynthesizing fungi
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When in comparison with bacteria, fungi can produce larger amounts of nanoparticles
because they can secrete larger amounts of proteins which directly translate to higher
productivity of nanoparticles[40]. The mechanism of silver nanoparticle production by
fungi is said to follow the following steps: trapping of Ag+ ions at the surface of the fungal
cells and the subsequent reduction of the silver ions by the enzymes present in the fungal
system[41]. The extracellular enzymes like naphthoquinones and anthraquinones are
said to facilitate the reduction. Considering the example of F. oxysporum, it is believed
that the NADPHdependent nitrate reductase and a shuttle quinine extracellular process
are responsible for nanoparticle formation[42]. Though the exact mechanism involved in
silver nanoparticle production by fungi is not fully deciphered, it is believed that the
abovementioned phenomenon is responsible for the process. A major drawback of using
microbes to synthesize silver nanoparticles is that it is a very slow process when in
comparison with plant extracts. Hence, the use of plant extracts to synthesize silver
nanoparticles becomes an option that is feasible (Table2).
Table 2
Silversynthesizing fungi and the synthesized particle size
Serial number

Organism

Particle size (nm) Reference

1

Verticillium sp.

25

[43]

2

Phoma sp. 3.2883

70

[44]

3

F. oxysporum

20 to 50

[45]

4

Phanerochaete chrysosporium 100

[46]

5

Aspergillus fumigatus

5 to 25

[47]

6

Aspergillus flavus

7 to 10

[48]

7

Fusarium semitectum

10 to 60

[49]

8

Coriolus versicolor

350 to 600

[50]

9

Fusarium solani

5 to 35

[51]

10

Aspergillus clavatus

10 to 25

[52]
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Silversynthesizing plants
The major advantage of using plant extracts for silver nanoparticle synthesis is that they
are easily available, safe, and nontoxic in most cases, have a broad variety of metabolites
that can aid in the reduction of silver ions, and are quicker than microbes in the
synthesis.
The main mechanism considered for the process is plantassisted reduction due to
phytochemicals. The main phytochemicals involved are terpenoids, flavones, ketones,
aldehydes, amides, and carboxylic acids. Flavones, organic acids, and quinones are
watersoluble phytochemicals that are responsible for the immediate reduction of the
ions. Studies have revealed that xerophytes contain emodin, an anthraquinone that
undergoes tautomerization, leading to the formation of the silver nanoparticles. In the
case of mesophytes, it was found that they contain three types of benzoquinones:
cyperoquinone, dietchequinone, and remirin. It was suggested that the phytochemicals
are involved directly in the reduction of the ions and formation of silver
nanoparticles[53]. Though the exact mechanism involved in each plant varies as the
phytochemical involved varies, the major mechanism involved is the reduction of the
ions (Table3).
Table 3
Silversynthesizing plants and the synthesized particle size
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Serial number

Organism

Particle size (nm) Reference

1

Medicago sativa

2 to 20

[54]

2

Azadirachta indica

50

[55]

3

Aloe vera

15 to 20

[56]

4

Cinnamomum camphora leaf

55 to 80

[57]

5

Carica papaya fruit

15

[58]

6

Cinnamomum zeylanicum bark 50 to 100

[59]

7

Jatropha curcas

10 to 20

[60]

8

Desmodium triflorum

5 to 20

[61]

9

Coriandrum sativum leaf

26

[62]

10

Piper betle leaf

3 to 37

[63]

Medical applications of silver nanoparticles
Silver nanoparticles, due to their unique properties, find use in many daytoday
applications in human life. A few examples include their addition in house cleaning
chemicals, in fabric cleaners, as antireflection coatings, to improve the transfer of heat
from collectors of solar energy to their fuel tanks, to produce highperformance delicate
electronics, and in hundreds of other applications. Though all these are important
applications of silver nanoparticles, perhaps their need is most desired in the medical
field.
The general aspect of nanoparticles is that the small size of nanoparticles provides for a
larger surface area for the particle and hence increases the effect. The nanosize of the
particles also increases the penetration potential of the silver particles, hence again
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aiding in better utilization of the metal properties. Based on the size factor alone,
nanoparticles have the ability to penetrate the circulatory system and translocate even
the blood–brain barrier in the human system.
The antimicrobial nature of silver nanoparticles is the most exploited nature of silver
nanoparticles in the medical field, though the antiinflammatory nature is also
considered immensely useful in the medical field. Initial studies have suggested that the
acceleration of wound healing in the presence of nanoparticles is due to the reduction of
local matrix metalloproteinase (MMP) activity and the increase in neutrophil apoptosis
within the wound. It has been suggested that the MMP can induce inflammation and
hence cause nonhealing wounds[64]. A reduction in the levels of proinflammatory
cytokines was also demonstrated in a mouse model with burn injury when silver
nanoparticles were introduced[65]. It was also found that silver nanoparticles can
inhibit the activities of interferon gamma and tumor necrosis factor alpha which are
involved in inflammation[66]. Though these studies prove that silver nanoparticles are
involved in the antiinflammatory effects, the exact, precise mechanism of action
remains to be determined. The antiinflammatory effects induced by nanosilver however
make it an excellent candidate for use as antiinflammatory agents that can be used for
various therapies.
Dr. Robert Burrell is said to have developed the world's first nanosilverbased wound
dressing in 1995. He developed Acticoat that speeds up the healing process and removes
scars if any[67]. Acticoat has become the final word when it comes to wound dressings;
however, there are numerous other players in the same field. It is sold worldwide by
Smith & Nephew plc. Nanosilver is effective due to the fact that it has a much better effect
on the bacteria that tend to infect the wound and due to the fact that it can easily
penetrate the wound through the body fluids. The most prominent players in silver
based wound healing are Acticoat 7, Acticoat Moisture Control, Acticoat Absorbent,
Silvercel, Aquacel Ag, Contreet F, Urgotol SSD, and Actisorb.
In July 2010, there were reports that scientists at the University of Bath and the burns
team of the South West UK Paediatric Burns Centre at Frenchay Hospital in Bristol were
working on an advanced bandage that works by releasing antibiotics from nanocapsules
triggered by the presence of pathogenic bacteria. The dressing is said to have the
potential to change color when the antibiotic is released and hence alerting that there is
an infection in the wound. Experts believe that this dressing has great potential in
treating burn victims who are susceptible to toxic shock syndrome. With the advent of
such system, there can be a reduction in antibiotic resistance[68]. As of 2012, reports
suggest that the bandage could be commercialized any time soon. There are newer,
efficient, and safer silver nanoparticlebased wound dressings that are being introduced
in the market.
Silver nanoparticles are used in bone cements that are used as artificial joint
replacements. Polymethyl methacrylate loaded with nanosilver is being considered as
bone cement as the nanosilver can induce antimicrobial activity[69]. Ultrahigh
molecular weight polyethylene has been the preferred choice for fabricating inserts for
total joint replacement components, but it is susceptible to wear and tear which is a
major drawback. To overcome this, silver nanoparticles were added, and the presence of
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silver nanoparticles drastically reduced the wear and tear of the polymer[70]. The
currently used methods to prevent surgical infection include antibiotics and antiseptics.
Surgical meshes are used to bridge large wounds and for tissue repairs. Though these
meshes are effective, they are susceptible to microbial infections. Silver nanoparticle
coated polypropylene mesh is said to have good antimicrobial activity and can be
considered an ideal candidate for surgical meshes[71]. The antimicrobial property of
silver nanoparticles is documented, and it has immense potential to be used in
disinfectants[72]. It is also believed that most medical treatments such as intravenous
catheters, endotracheal tubes, wound dressings, bone cements, and dental fillings can all
make use of nanosilver to prevent microbial infections.
Nanosilver also has the capacity to be used in biosensing. The plasmonic properties of
nanosilver are dictated by its shape, size, and the dielectric medium that surrounds it.
Its properties in the dielectric medium that can be exploited make it an ideal candidate
for biosensing. Nanosilver biosensors can effectively biosense a large number of proteins
that normal biosensors find hard to detect. This unique advantage that nanosilver has
can be utilized for detecting various abnormalities and diseases in the human body
including cancer[73].
The plasmonic properties of nanosilver also make it an excellent candidate for
bioimaging as they, contrary to commonly used fluorescent dyes, do not undergo
photobleaching and can be used to monitor dynamic events over an extended period of
time[74]. The plasmonic nature of nanosilver can also be used to destroy unwanted cells.
The cells can be conjugated to the target cells and then be used to absorb light and
convert it to thermal energy; the thermal energy can lead to thermal ablation of the target
cells[75].
Studies over the years have proven that it is difficult to remove silver completely if
deposited in the body. Animal and human studies have indicated that nanosilver can be
excreted through the hair, urine, and feces majorly[76]. However, the main excretion
source is biliary excretion. Once orally administered, silver particles pass through the
liver, then into the bile, and is excreted out through feces. In the case of inhalation, the
particles enter the lungs and subsequently the blood stream and the other organs and are
excreted out through urine or feces. The silver particles can enter the body through the
skin too from where they enter the blood stream and are taken to various organs and are
finally excreted out through urine or feces.

Toxicity of silver nanoparticles
The unique physical and chemical properties of silver nanoparticles make them excellent
candidates for a number of daytoday activities, and also the antimicrobial and anti
inflammatory properties make them excellent candidates for many purposes in the
medical field. However, there are studies and reports that suggest that nanosilver can
allegedly cause adverse effects on humans as well as the environment.
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It is estimated that tonnes of silver are released into the environment from industrial
wastes, and it is believed that the toxicity of silver in the environment is majorly due to
free silver ions in the aqueous phase. The adverse effects of these free silver ions on
humans and all living beings include permanent bluishgray discoloration of the skin
(argyria) or the eyes (argyrosis), and exposure to soluble silver compounds may produce
toxic effects like liver and kidney damage; eye, skin, respiratory, and intestinal tract
irritations; and untoward changes in blood cells[77].
Since the beginning of the twentyfirst century, nanosilver has been gaining popularity
and is now being used in almost every field, most importantly the medical field.
However, there have been reports of how nanosilver cannot discriminate between
different strains of bacteria and can hence destroy microbes beneficial to the ecology[78].
There are only very few studies conducted to assess the toxicity of nanosilver. In one
study, in vitro toxicity assay of silver nanoparticles in rat liver cells has shown that even
lowlevel exposure to silver nanoparticles resulted in oxidative stress and impaired
mitochondrial function[79]. Silver nanoparticles also proved to be toxic to in vitro mouse
germ line stem cells as they impaired mitochondrial function and caused leakage
through the cell membranes. Nanosilver aggregates are said to be more cytotoxic than
asbestos[80]. There is evidence that shows that silver ions cause changes in the
permeability of the cell membrane to potassium and sodium ions at concentrations that
do not even limit sodium, potassium, ATP, or mitochondrial activity[81]. The literature
also proves that nanosilver can induce toxic effects on the proliferation and cytokine
expression by peripheral blood mononuclear cells[66]. Nanosilver is also known to show
severe toxic effects on the male reproductive system. Research shows that nanosilver can
cross the bloodtestes barrier and be deposited in the testes where they adversely affect
the sperm cells[82]. Even commercially available silverbased dressings have been
proved to have cytotoxic effects on various experimental models[83]. In vivo studies on
the oral toxicity of nanosilver on rats have indicated that the target organ in mouse for
the nanosilver was the liver. It was also found from histopathological studies that there
was a higher incidence of bile duct hyperplasia, with or without necrosis, fibrosis, and
pigmentation in the study animals[84]. Studies have also suggested that there is release
of silver when the nanoparticles are stored over a period of time. Hence, it has to be said
that aged nanosilver is more toxic than new nanosilver[85].
Nanosilver with its antimicrobial activity can hinder the growth of many ‘friendly’
bacteria in the soil. By showing toxic effects on denitrifying bacteria, silver can disrupt
the denitrification process, which involves the conversion of nitrates into nitrogen gas
which is essential for the plants. Loss of environmental denitrification through reduction
of plant productivity can lead to eutrophication of rivers, lakes, and marine ecosystems
and destroy the ecosystem[86]. Nanosilver also has toxic effects on aquatic animals
because silver ions can interact with the gills of fish and inhibit basolateral Na+K+
ATPase activity, which can in turn inhibit osmoregulation in the fish[87]. To understand
the toxic potential nanosilver has on the freshwater environment, the Daphnia magna
48h immobilization test was conducted, and the results showed that the silver
nanoparticles have to be classified under ‘category acute 1’ as per the Globally
Harmonized System of Classification and Labelling of Chemicals, suggesting that the
release of nanosilver into the environment has to be carefully considered[88].
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Though these studies tend to suggest that nanosilver can induce toxicity to living beings,
it has to be understood that the studies on nanosilver toxicity were done in in vitro
conditions which are drastically different from in vivo conditions and at quite high
concentrations of nanosilver particles. Hence, it is imperative that more studies be
carried out to assess the toxicity effect nanosilver has in vivo before a conclusion on its
toxicity is reached.

Conclusions
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 only increase
the efficacy of silver. Though there are many mechanisms attributed to the antimicrobial
activity shown by silver nanoparticles, the actual and most reliable mechanism is not
fully understood or cannot be generalized as the nanoparticles are found to act on
different organisms in different ways. 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. The uses of silver nanoparticles
are varied and many, but the most exploited and desired aspect is their antimicrobial
capacity and antiinflammatory capacity. This has been utilized in various processes in
the medical field and has hence been exploited well. However, the downside of silver
nanoparticles is that they can induce toxicity at various degrees. It is suggested that
higher concentrations of silver nanoparticles are toxic and can cause various health
problems. There are also studies that prove that nanoparticles of silver can induce
various ecological problems and disturb the ecosystem if released into the environment.
Hence, care has to be taken to utilize this marvel well and in a good, effective, and
efficient way, understanding its limitations and taking extreme care that it does not
cause any harm to an individual or the environment. It can be believed that if utilized
properly, silver nanoparticles can be a good friend, but if used haphazardly, they can
become a mighty foe. Hence, this current review concludes with a hope and prayer that
there would be mechanisms devised to nullify any toxicity caused by nanosilver to
humans and the environment so that the unique properties of this substance can be put
to great use for human betterment without any controversies.
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