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ABSTRACT:

In recent science Nanotechnology is a burning field for the researchers. Nanotechnolog

deals with the Nanoparticles having a sizé 18100 nm in one dimension used

significantly concerning medical chemistry, atomic physics, and all other known fields.
Nanoparticles are used immensely due to its small size, orientation, physical properties
which are reprtedly shown to change the performance of any other material which is in

contact with these tiny particles. These particles can be prepared easily by different

chemical, physical, and biological approaches. But the balogpproach is the most
emerging approach of preparation, because, this method is easier than the other methods,
ecofriendly and less time consuming. The Green synthesis was done by using the
agueous solution ofzadirachta indica leaf extract andAgNOs. Slver was of a particular
interest for this process due to its evocative physical and chemical properties. A fixed
ratio of plant extract to metal ion was prepared and the color cheageobserved

which proved the formation of nanoparticles. The nanoparticles were characterized b
UV-vis Spectrophotometer, FTIR, DLS, Zeta Analysis, XRD, and SEM. The nanopatrticles

were found have the size ranges from-180 nm.

Key Words: Nanotechnology, Nanoparticles, Green Synthesis






Due to swift industrialization and urbanization, our environmentis undergo huge smash
up and a large amount of perilous and superfllous chemical, gasesor substancesare
released,and so now it is our need to learn about the secretsthat are presentin the
Nature and its products which leads to the growth of advancementsn the synthesis
processesof nanoparticles.Nanotechnologyapplicationsare highly suitable for biological
molecules,becauseof their exclusive properties. The biological moleculesundergo highly
controlled assemblyfor making them suitable for the metal nanoparticlesynthesiswhich
was found to be reliable and eco friendly [1] . The synthesis of metal and
semiconductornanoparticlesis a vast area of researchdue to its potential applications
which was implemented in the developmentof novel technologies[2]. The field of
nanotechnologyis one of the upcoming areasof researchin the modernfield of material
science. Nanoparticle show completely new or improved properties, such as size,
distribution and morphology of the particles etc. Novel applicationsof nanoparticlesand

nanomaterialsare emergingrapidly on various fields [3].

Metal nanoparticleshave a high specific surface area and a high fraction of surface
atoms. Becauseof the unique physicochemicalcharacteristicsof nanopatrticles,including
catalytic activity, optical properties, electronic properties, antibacterial properties, and
magnetic properties[4-7] they are gaining the interest of scientistfor their novel methods
of synthesis. Over the past few years, the synthesis of metal nanoparticlesis an
important topic of researchin modern material science. Nanco-crystalline silver particles
have been found tremendousapplicationsin the fields of high sensitivity biomolecular
detection, diagnostics, antimicrobials, therapeutics, catalysis and micro-electronics.
However, there is still needfor economiccommercially viable as well as environmentally
clean synthesis route to synthesizethe silver nanoparticles.Silver is well known for
possessing an inhibitory effect toward many bacterid strains and microorganisms
commonly presentin medical and industrial processeq8]. In medicines,silver and silver

nanoparticleshave a ample application including skin ointments and creams containing

silver to prevent infection of burns and open wounds [9], medical devices and implants

prepared with silver-impregnated polymers [10]. In textile industry, silver-embedded

fabrics are now usedin sporting equipment[11].
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Nanoparticlescan be synthesizedusing various approachesincluding chemical, physical,
and biological. Although chemical method of synthesisrequires short period of time for
synthesisof large quantity of nanoparticles,this method requires capping agentsfor size
stabilization of the nanoparticles. Chemicals used for nanoparticles synthesis and
stabilization are toxic and lead to nonecofriendly byproducts.The needfor environmental
nontoxic synthetic protocols for nanoparticlessynthesisleads to the developing interest
in biological approacheswhich are free from the use of toxic chemica$ as byproducts.
Thus, there is an increasingdemandfor 6 6 g rneaenno t e ¢ h[1Rjo Manyg pialogical
approachesfor both extracellular and intracellular nanoparticles synthesis have been

reportedtill date using microorganismsincluding bacteria,fungi and plants [13, 14].

Plarts provide a better platform for nanoparticlessynthesisas they are free from toxic
chemicalsas well as provide natural capping agents.Moreover, use of plant extracts also
reduces the cost of microorganismsisolation and culture media enhancing the cost

competitive feasibility over nanoparticlessynthesisby microorganisms[12].

Sometimesthe synthesisof nanoparticlesusing various plants and their extracts can be
advantageousover other biological synthesisprocesseswhich involve the very complex
procedures of maintaining microbial cultures [15, 16]. Many such experiments have

already been started such as the synthesisof various metal nanoparticlesusing fungi like

Fusarium oxysporum[17], Penicillium sp. [18] and using some bacteriasuch as Bacillus
subtilis etc. [19, 20]. But, synthesisof nanoparticlesusing plant extracts is the most
adoptedmethod of green, ecofriendly production of nangarticles and also has a special
advantagethat the plants are widely distributed, easily available, much safer to handle
and act as a source of several metabolites[21]. There has also been several experiments
performed on the synthesisof silver nanoparticlesusing medicinal plants such as Oryza
sativa, Helianthus annus Saccharumofficinarum Sorghum bicolour, Zea mays Basella
alba, Aloe vera Capsicum annuum Magnolia kobus Medicago sativa (Alfalfa),

Cinamomumcamphora and Geranium sp. in the field of pharmaceuticalapplicationsand




biological industries. Besides, green synthesisof silver nanoparticlesusing a metanolic

extract of Eucalyptushybrida was also investigated[22].

In the recent days, silver nanoparticles have been synthesized from the naturally
occurring sources and their products like green tea (Camellia sinensis) Neem
(Azadirachta indica) , leguminous shrubSesbania drummondij , various leaf broth,
natural rubber, starch , Aloe vera plant extract , lemongrassleaves extract, etc. [23].
With respect to the microbes, the silver nanoparticks get attachedto the cell wall,
thereby disturbing the permeability of cell wall and cellular respiration. The nanoparticles
may also penetratedeep inside the cell wall, thus causing cellular damageby interacting
with phosphorusand sulfur containing compounds,such as DNA and protein, present
inside the cell. The bacteriocidal propertiesof silver nanoparticlesare due to the release
of silver ions from the particles, which confers the antimicrobial activity [24]. Besides,
the potency of the antibacterial effects correspondsto the size of the nanoparticle.The
smaller particles have higher antibacterial activities due to the equivalent silver mass

content. With respect to the clinical applicatons of nanoparticle, microorganisms

including diatoms, fungi, bacteria and yeast producing inorganic materials through

biological synthesiseither intra or extracellularly made nanoparticlesmore biocompatible
[25].







Nanotechnologyis an important field of modern researchdealing with design, synthesis,
and manipulation of particles structure ranging from approximately 1-100 nm in one
dimension. Remarkable growth in this up-andcoming technology has opened novel
fundamental and applied frontiers, including the synthesis of nanoscale materials and
exploration or utilization of their exotic physicochemicaland optoelectronic properties.
Nanotechnologyis rapidly gaining importancein a number of areassuch as health care,
cosmetics,food and feed, environmental health, mechanics,optics, biomedical sciences,
chemical industries, electronics, space industries, druggene delivery, energy science,

optoelectronics,catalysis, reorography,single electron transistors,light emitters, nonlinear

optical devices,and photoelectrochemicahpplications[26, 27]. Nanomaterialsare seenas

solution to many technologicaland environmentalchallengesin the field of solar energy
conversion, catalysis, medicine, and water treatment.In the context of global efforts to
reduce hazardouswaste, the continuously increasing demand of nanomaterialsmust be

accompanié by green synthesismethods.

Nanotechnologyis fundamentally changing the way in which materials are synthesized
and devices are fabricated. Incorporation of nanoscalebuilding blocks into functional
assembliesand further into multifunctional devicescan be achievedthrougha fi b o t-up o m
appr oResdarchon the synthesisof nanosizedmaterial is of great interest becauseof
their unique propertieslike optoelectronic,magnetic,and mechanical,which differs from
bulk [28].

NANOPARTICLES:

The term i n a n o p ais usedttd @descibea particle with size in the range of 1nm
100nm, at leastin one of the three possible dimensions.In this size range, the physical,
chemical and biological propertiesof the nanoparticleschangesin fundamentalways from

the properties of both individual atoms/moleculesand of the corresponding bulk
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materials. Nanoparticlescan be made of materials of diverse chemical nature, the most
common being metals, metal oxides, silicates, nonoxide ceramics, polymers, organics,
carbon and biomolecules. Nanoparticlesexist in several different morphologies such as
spheres, cylinders, platelets, tubes etc. Generally the nanoparticlesare designed with
surface modifications tailored to meet the needsof specific applicationsthey are going to
be used for. The enormousdiversity of the nanoparticles(Figure. 1) arising from their
wide chemical nature, shape and morphologies,the medium in which the particles are
present, the state of dispersion of the particles and most importantly, the numerous
possible surface modifications the nanoparticles can be subjected to make this an

important active field of sciencenowa-days.

"~ Chemicalnature
Metals, metal oxides,
semiconductors, polymers,
carbon, biomolecules

- > Shape ~
Dispersion medium Spheres, cubes, cylinders or
Gases(aerosols), needles, platelets, hollow
liquids, solid matrix, spheres, hollow tubes,
gels core/shell structures

ENGINEERED
NANOPARTICLE

B face modificatio

U.nmodiﬁed, grafting cha{ge Individually dispersed,
hgand, attachment of DN A, aggre gated ine\.-'ersib]y,
enzymes or other aggregated reversibly,
biomelecules, surface ordered structure
coatings

Dispersion state

Fig. 1. Various features contributing to the diversity of engineered nanoparticles.
The same chemical can generate a wide variety of nanoparticles.
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TYPES OF NANOPARTICLES:

Nanoparticles can be broadly grouped into two, namely, organic nanoparticleswhich

include carbon nanoparticles (fullerenes) while, some of the inorganic nanoparticles
include magnetic nanopatrticles,noble metal nanoparticles(like gold and silver) and semi

conductor nanopatrticles(like titanium oxide and zinc oxide). There is a growing interest
in inorganic nanoparticlesi.e. of noble metal nanopartiles (Gold and silver) as they
provide superior material propertieswith functional versatility. Due to their size features
and advantagesover available chemical imaging drug agents and drugs, inorganic
particles have been examined as potential tools for medical imaging as well as for

treating diseases.Inorganic nonmaterial have been widely used for cellular delivery due
to their versatile featureslike wide availability, rich functionality, good compatibility, and

capability of targeteddrug delivery and controlled releaseof drugs [29].

SILVER NANOPARTICLES:

Silver nanoparticlesare of interest becauseof the unique properties(e.g., size and shape
depending optical, electrical, and magnetic propeties) which can be incorporated into

antimicrobial applications, biosensormaterials, compositefibers, cryogenic superconducting
materials, cosmetic products, and electronic components.Several physical and chemical

methods have been used for synthesizingand stabilizing silver nanoparticles[30, 31].

The most popular chemical approaches,ncluding chemical reduction using a variety of

organic and inorganic reducing agents, electrochemical techniques, physicochemical
reduction, and radiolysis are widely used for the synthesis of silver nanoparticles.
Recently, nanoparticlesynthesisis among the most interesting scientific areasof inquiry,
and there is growing attention to produce nanoparticlesusing environmentally friendly
methods (green chemistry). Green synthesis approaches include mixedvalence
polyoxometalats, polysaccharides;Tollens, biological, and irradiation method which have
advantages over conventional methods involving chemical agents associated with

environmental toxicity. This chapter presents an overview of silver nanopaticle

Page |18




preparation by physical, chemical, and green synthesis approaches.The aim of this
chapteris, therefore, to reflect on the current state and future prospects,especially the
potentials and limitations of the above mentioned techniquesfor industries. Moreover, we
discuss the applications of silver nanoparticles and their incorporation into other

materials,the mechanisticaspectsof the antimicrobial effects of silver nanoparticles.

METHOD S FOR NANOPARTICLE SYNTHESIS:

Physical approaches:

Most important physical approachesinclude evaporatiorcondensationand laser ablation.
Various metal nanoparticlessuch as silver, gold, lead sulfide, cadmium sulfide, and
fullerene have previously been synthesizedusing the evaporatiorcondensationmethod.
The absenceof solvent contaminationin the preparedthin films and the uniformity of
nanoparticlesdistribution are the advantagesof physical appoachesin comparisonwith
chemical processes.[32, 33]. It was demonstated that silver nanoparticlescould be

synthesizedvia a small ceramic heaterwith a local heating source [34]. The evaporated

vapor can cool at a suitable rapid rate, becausethe temperaturegradient in the vicinity

of the heater surface is very steep in comparison with that of a tube furnace. This
makes possible the formation of small nanoparticlesin high concentration.This physical
method can be useful as a nanoparticlegeneratorfor long-term experimentsfor inhalation
toxicity studies,and as a calibration device for nanoparticlemeasuremenequipment[34].
Silver nanoparticlescould be synthesizedby laser ablation of metallic bulk materials in
solution [35-39]. The ablation efficiency and the characteristicsof produced nanosilver
particles depend upon many factors such as the wavelength of the laser impinging the
metallic target, the duration of the laser pulses (in the femto, pico- and nanosecond
regime), the laser fluence, the ablation time duration and the effective liquid medium,
with or without the presenceof surfactants[40-43]. One important advantageof laser
ablation technique comparedto other methods for production of metal colloids is the
absenceof chemical reagentsin solutions. Therefore, pure and uncontaminatedmetal

colloids for further applicationscan be preparedby this technique[44].




Chemical approaches:

The most common approachfor synthesisof silver nanoparticlesis chemical reduction by
organic and inorganic reducing agents. In general, different reducing agents such as
sodium citrate, ascorbate, sodium borohydride (NaBH4), elemental hydrogen, polyol
process, Tollens reagent, N, N-dimethylformamide (DMF), and poly (ethylene glycol)-
block copolymersare used for reduction of silver ions (Ag*) in agueousor non-agqueous

solutions. The aforementionedreducing agents reduce silver ions (Ag”) and lead to the

formation of metallic silver (Ag®, which is followed by agglomerationinto oligomeric

clusters. These clusters eventually lead to formation of metallic colloidal silver particles
[46-48]. It is important to use protective agents to stabilize dispersive nanoparticles
during the courseof metal nanoparticlepreparatio, and protect the nanoparticlesthat can
be absorbedon or bind onto nanoparticlesurfaces,avoiding their agglomeration[49]. The
presenceof surfactantscomprising functionalities (e.g., thiols, amines, acids, and alcohols)
for interactionswith particle surfacescan stabilize particle growth, and protect particles

from sedimentationagglomeration,or losing their surface properties.

Recently, a simple onestep process, Tollens method, has been used for the synthesisof

silver nanoparticleswith a controlled size. In the modified Tollens procedure,silver ions

are reducedby saccharidesn the presenceof ammonia,yielding silver nanoparticlefiims

(50-200 nm), silver hydrosols (20-50 nm) and silver nanoparticlesof different shapes
[52].

Biological approaches:

In recent years, the developmentof efficient green chemistry methodsemploying natual
reducing, capping, and stabilizing agents to prepare silver nanoparticleswith desired
morphology and size have becomea major focus of researchersBiological methodscan
be used to synthesize silver nanoparticles without the use of any harsh, toxic and
expensivechemical substanced53, 54]. The bioredudion of metal ions by combinations
of biomoleculesfound in the extractsof certain organisms(e.g., enzymes/proteinsamino

acids, polysaccharidesand vitamins) is environmentally benign, yet chemically complex.
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Many studies have reported successfulsynthesis of silver nanoparticle using organisms

(microorganismsand biological systems)[55, 56].

Synthesis of silver nanoparticles by bacteria:

The first evidence of bacteria synthesizingsilver nanoparticleswas establishedusing the
Pseudomonasstutzeri AG259 strain that was isolated from silver mine [57]. There are
some microorganismsthat can survive metal ion concentrationsand can also grow under
those conditions, and this phenomenonis due to their resistanceto that metal. The
mechanismsinvolved in the resistanceare 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[58].
There is also another aspect that though these organisms can grow at lower

concentrationstheir exposureto higher concentrationsof metal ions can induce toxicity.

The most widely acceptedmechanismof silver biosynthesisis the presenceof the nitrate
reductise enzyme. The enzyme converts nitrate into nitrite. In in vitro synthesisof silver
using bacteria, the presenceof alphanicotinamide adeninedinucleotide phosphatereduced
form (NADPH) - dependentnitrate reductasewould remove the downstreamprocessing

step that is requiredin other cases.[59].

Synthesis of silver nanopatrticles by fungi:
When in comparisonwith bacteria, fungi can produce larger amouns of nanoparticles

becausethey can secretelarger amounts of proteins which directly translate to higher

productivity of nanoparticles[61]. The mechanismof 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 subsequentreduction of the silver ions by the enzymespresentin
the fungal system [62]. The extracellular enzymes like naphthoquinones and
anthraquinonesare said to facilitate the reduction. Considering the example of F.
oxysporum, it is believed that the NADPH-dependentnitrate reductaseand a shuttle
quinine extracellular processare responsiblefor nanoparticleformation [63]. Though the

exact mechanism involved in silver nanoparticle production by fungi is not fully

Page |21




deciphered,it is believed that the abovementionedphenomenonis responsiblefor the
process.A major drawback of using microbesto synthesizesilver nanoparticlesis that it
is a very slow processwhen in comparisonwith plant extracts. Hence, the use of plant

extractsto synthesizesilver nanoparticlesbecomesan option that is feasible.

Synthesis of silver nanoparticles by plants:

The major advantageof using plant extracts for silver nanoparticlesynthesisis that they

are easily available, safe, and nontoxic in most cases, have a broad variety of

metabolitesthat can aid in the reduction of silver ions, and are quicker than microbesin

the synthesis.The main mechanismconsideredfor the processis plantassistedreduction
due to phytochemicals. The main phytochemicals involved are terpenoids, flavones,
ketones, aldehydes,amides, and carboxylic acids. Flavones, organic acids, and quinones
are watersoluble phytochemicalsthat are responsiblefor the immediate reduction of the

ions. Studies have revealed that xerophytes contain emodin, an anthraquinone that

undergoestautomerization,leading to the formation of the silver nanoparticles.In the

case of mesophytes,it was found that they contain three types of benzoquinones:
cyperoquinone dietchequinoneand remirin. It was suggestedthat the phytochemicalsare

involved directly in the reduction of the ions and formation of silver nanoparticleg64].

NEED FOR GREEN SYNTHESIS:

Biosynthesisof nanoparticlesis a kind of bottom up approachwhere the main reaction
occurring is reduction/oxidation. The need for biosynthesisof nanoparticlesrose as the
physical and chemical processeswere costly. Often, chemical synthesismethod leads to
presenceof some of the toxic chemical absorbedon the surface that may have adverse
effect in the medical applications [65]. This is not an issue when it comes to

biosynthesizednanoparticlesvia green synthesisroute [66]. So, in the searchof cheaper

pathwaysfor nanoparticlessynthesis,scientist used microbial enzymesand plant extracts

(phytochemicals). With their antioxidant or reducing properties they are usually
responsible for the reduction of metal compoundsinto their respective nanoparticles.

Green synthesis provides advancementover chemcal and physical method as it is cost
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effective, environment friendly, easily scaled up for large scale synthesisand in this

method there is no needto use high pressure,energy,temperatureand toxic chemicals.

NANOSILVER:

One of the substancesused in nanoformulation is silver (nanosilver). Due to its

antimicrobial properties, silver has also been incorporatedin filters to purify drinking

water and clean swimming pool water. To generée nanosilver, metallic silver has been
engineered into ultrafine particles by several methods; include spark discharging,
electrochemicalreduction, solution irradiation and cryo- chemical synthesis [67]. Nano

silver particles are mostly smaller than 100 nm and consist of about 20-15,000 silver

atoms [67]. In addition, nanostructurescan be produced as tubes, wires, multifactes or

films. At the nanoscale, the silver particles exhibit deviating physicachemical properties
(like pH dependentpartitioning to solid and dissolved particulate matters) and biological

activites comparedwith the regular metal [68].This is due to the higher surface area per
mass, allowing a larger amount of atoms to interact with their surroundings.Due to the

properties of silver at the nanoscale, nanosilver is nowadays used in an increasing
number of consumer and medical products. Because, silver is a soft white lustrous
element, an important use of silver nanoparticlesis to give a products a silver finish.

Still, the remarkably strong antimicrobial activity is the major direction for development
of nanasilver products. Examples are food packaging materials and food supplements,
odourresistant textiles, electronics, household appliances,cosmeticsand medical advices,

water disinfectantsand room sprays.

WHY SILVER ?

Silver is one of the basic elementthat makes up our planet. It is a rare, but naturally
occurring element, slightly harder than gold and very ductile and malleable. Pure silver
has the highest electrical and thermal conductivity of all metals and has the lowest

contact resistance.Silver can be presentin four different oxidation states: Ag®, Ag*,

Ag®". The former two are the most abundantones, the latter are unstablein the aquatic
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environment [69]. Metallic silver itself is insoluble in water, but metallic salts such as
AgNO3 and Silver chloride are soluble in water (WHO,2002).Metallic silver is used for
the surgical prosthesisand splints, fungicides and coinage. Soluble silver compoundssuch
as silver slats, have been used in treating mental iliness, epilepsy, nicotine addition,
gastreenteritis and infectious diseasesincluding syphilis and gonorrhea [69]. Although
acute toxicity of silver in the environmentis dependenton the availability of free silver
ions, investigations have shown that these concentrationsof Ag+ ions are too low to
lead toxicity (WHO, 2002). Metallic silver appearsto pose minimal risk to health,
whereas soluble silver compoundsare more readily absorbedand have the potential to
produce adverseeffects [70]. The wide variety of usesof silver allows exposurethrough
various routes of entry into the body. Ingestion is the primary route for entry for silver
compounds and colloidal silver proteins. Dietary intake of silver is estimated at 70
9 0 ¢ g/ diree silver in any form is not thought to be toxic to the immune ,
cardiovascular,nervous or reproductivesysteman it is not consideredto be carcinogenic
[71], therefore silver is relatively nontoxic [72]. Silver demand will likely to rise as
silver find new uses, particularly in textiles, plastics and medical industries, changing the

pattern of silver emission as these technologiesand products diffuse through the global

economy|[69].

ACTION OF SILVER NANOPARTICLES ON MICROBES:

The exact mechanismwhich silver nanoparticlesemploy to cause antimicrobial effect is

not clearly known and is a debatedtopic. 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
penetrateit, thereby causingstructural changesin the cell membranelike the permeability
of the cell membraneand death of the cell. There is formation of 6 p i dnsth@ cell

surface, and there is accumulation of the nanoparticleson the cell surface [73]. The

formation of free radicals by the silver nanoparticlesmay be consideredto be another
mechanismby which the cells die. There have been electron spin resonancespectroscopy

studies that suggestedthat there is formation of free radicals by the silver nanoparticles
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when in contactwith the bacteria,and thesefree radicals have the ability to damagethe
cell membraneand make it porous which can ultimately lead to cell death [74, 75]. It
has also been proposedthat there can be releaseof silver ions by the nanoparticleg[76],
and theseions can interact with the thiol groups of many vital enzymesand inactivate
them [77]. 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 attak the cell itself. Silver is a soft acid, and
there is a natural tendencyof an acid to react with a base,in this case,a soft acid to
react with a soft base. The cells are majorly made up of sulfur and phosplorus which
are soft bases.The action of these nanoparticleson the cell can causethe reaction to
take place and subsequentlylead to cell death. Another fact is that the DNA has sulfur
and phosphorusas its major components;the nanoparticlescan act on these soft bases
and destroy the DNA which would definitely lead to cell death [78]. The interaction of
the silver nanoparticleswith the sulfur and phosphorusof the DNA can lead to problems
in the DNA replication of the bacteriaand thus terminate the microbes.It has also been

found that the nanoparticlescan modulate the signal transductionin bacteria. It is a

wellestablished fact that phosphorylation of protein substates in bacteria influences

bacterial signal transduction.Dephosphorylationis noted only in the tyrosine residuesof
gramnegative bacteria. The phosphotyrosineprofile of bacterial peptidesis altered by the
nanoparticles.It was found that the nanoparticlesdephosphorylatehe peptide substrates
on tyrosine residues,which leads to signal transductioninhibition and thus the stoppage
of growth. It is however necessaryto understandthat further researchis required on the
topic to thoroughly establishthe claims [79] (Figure 2).




Fig. 2: Various modes of action of silver nanoparticles on bacteria.

APPLICATIONS OF SILVER NANOPARTICLES AND THEIR INCORPORATION

INTO OTHER MATERIALS:

Nanoparticlesare of great interestdue to their extremely small size and large surface to
volume ratio, which lead to both chemical and physical differencesin their properties

comparedto bulk of the same chemical composition, such as mechanical,biological and

sterical properties, catalytic activity, thermal and electrical conductivity, optical absorption
and melting point [80]. Therefore, designing and production of materials with novel
applications can be resulted by controlling shape and size at nanometer scale.
Nanoparticles exhibit size and shapedependent properties which are of interest for

applications ranging from biosensing and catalysts to optics, antimicrobial activity,
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computer transistors, electrometers,chemical sensors,and wireless electronic logic and
memory schemes.These particles also have many applicationsin different fields such as
medical imaging, nanacomposites,filters, drug delivery, and hypertherna of tumors [81,
82]. Silver nanoparticles have drawn the attention of researchersbecause of their
extensive applications in areas such as integrated circuits [22, 83], sensors [83],
biolabelling ,filters , antimicrobial deodorant fibres [84], cell electrodes[85], low-cost
paper batteries (silver nanewires) [86] and antimicrobials [87, 88]. Silver nanoparticles

have been used extensively as antimicrobial agents in health industry, food storage,

textile coatings and a number of environmenal applications. Antimicrobial properties of

silver nanoparticlescausedthe use of these nanemetals in different fields of medicine,
various industries, animal husbandry, packaging, accessories, cosmetics, health and
military. [87, 88]. For instance,it was shown that silver nanoparticlesmainly in the
range of 1-10 nm attachedto the surface of E. coli cell membrane,and disturbed its

proper function such as respirationand permeability (Figure. 3).
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Fig 3: Overview of nanoparticle applications [98]




In general, therapeutic effects of silver particles (in suspensionform) depend on
important aspects, including particle size (surface area and energy), particle shape
(catalytic activity), particle concentration (therapeutic index) and particle charge
(oligodynamic quality) [90]. Mechanismsof antimicrobial effects of silver nanoparticles
are still not fully understood,but several studies have reveale that silver nanoparticles
may attach to the negatively charged bacterial cell wall and rupture it, which leads to
denaturationof protein and finally cell death (Table 1). Fluorescentbacteria were used
to study antibacerial effects of silver nanoparticles. Green fluorescent proteins were
adaptedto these investigations[34]. It was found that silver nanoparticlesattached to
sulfur-containing proteins of bacteria, and caused death. Moreover, fluorescent
measurementsof cdl-free supernatantsshowed the effect of silver nanoparticles on
recombinationof bacteria. The attachmentof silver ions or nanoparticlesto the cell wall
causedaccumulationof envelope protein precursorsresulting in immediate dissipation of
the proton motive force [99]. Catalytic mechanismof silver nanoparticlecompositesand
their damage to the cell by interaction with phosphorous and sulfur-containing
compounds such as DNA have been also investigated [100]. Furthermore, silver
nanoparticlesexhibited destabilizationof the outer membraneand rupture of the plasma
membrane, thereby causing depletion of intracellular ATP [68]. Another mechanism

involves the associationof silver with oxygen and its reaction with sulfhydryl groups on

the cell wall to form R-S-S-R bonds, thereby blocking respiration and causing cell death
(Table 2) [101].




Table 1: Applications of silver nanoparticles in pharmaceutics, medicine, and

dentistry

1 Applications of silver nanoparticles in pharmaceutics, medicine, and dentistry

Pharmaceutics & 1 Treatment of dermatitis; inhibition of HIV-1

Medicines replication

Treatment of ulcerative colitis & acne
Antimicrobial effects against infectious organisms
Remae laser light-induced opening of microcapsules
Silver/dendrimer nanocompositefor cell labeling
Molecular imaging of cancer cells
Enhanced Raman Scattering (SERS) spectroscopy
Detection of viral structures (SERS & Silver
nanorods)
Coating of hospital textile (surgical gowns, face
mask)
Additive in bone cement
Implantable material using clay-layers with starch-
stabilized Ag NPs
Orthopedic stocking
Hydrogel for wound dressing

Dentistry Additive in polymerizable dental materials Patent
Silver-loaded SiO, nanocompositeresin filler (Dental
resin composite)
Polyethylene tubes filled with fibrin  sponge
embedded with Ag NPs dispersion




Table 2: Mechanisms of antibacterial effects of silver nanoparticles

Cell death due to uncoupling of oxidative phosphorylation

Cell death due to induction of free radical formation

Interference with respiratory chain at Cyt C level

Interference with components of microbial ETS

Interactions with protein thiol groups & membrane bound enzymes

Interaction with phosphorous and sulfur-containing compounds such as DNA

TOXICITY OF SILVER NANOPARTICLES:

The unique physical and chemical propertiesof silver nanoparticlesmake them excellent
candidatesfor a number of dayto-day activities, and also the antimicrobial and antk
inflammatory properties make them excellent candidates for many purposes in the
medical field. However, there are studies and reports that suggestthat nanosilver can

allegedly cause adverse effects on humans as well as the environment. It is estimated

that tonnes of silver are releasedinto the environmentfrom industrial wastes,and it is
believed that the toxicity of silver in the environmentis majorly due to free silver ions
in the agueousphase. The adverseeffects of these free silver ions on humansand all
living beingsinclude permanentbluish-gray discolorationof the skin (argyria) or the eyes
(argyrosis), and exposureto soluble silver compoundsmay produce toxic effects like
liver and kidney damae; eye, skin, respiratory, and intestinal tract irritations; and
untoward changesin blood cells [131]. 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 [132]. There are only very few studies conductedto assessthe
toxicity of nanosilver.In one study, in vitro toxicity assay of silver nanoparticlesin rat
liver cells has shown that even low-level exposureto silver nanoparticlesresulted in
oxidative stress and impaired mitochondrial function [133]. Silver nanoparticles also

proved to be toxic to in vitro mouse germ line stem cells as they impaired
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mitochondrial function and caused leakage through the cell membranes. Nanosilver

aggregatesare said to be more cytotoxic than asbestos[134]. There is evidence that

shows that silver ions cause changesin the permeability of the cell membrane to
potassiumand sodium ions at concentrationsthat do not even limit sodium, potassium,
ATP, or mitochondrial activity [135]. The literature also proves that nanosilver can
induce toxic effects on the proliferation and cytokine expressionby peripheral blood
mononuclearcells [136]. Nanosilver is also known to show severetoxic effects on the
male reproductie system. Researchshows that nanosilver can cross the bloodtestes
barrier and be depositedin the testeswhere they adverselyaffect the sperm cells [137].
Even commercially available silver-based dressingshave been proved to have cytotoxic
effects on various experimental models [138]. 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 pigmentationin
the study animals [139]. Studies have also suggestedthat there is releaseof silver when
the nanopaticles are stored over a period of time. Hence, it has to be said that aged
nanosilver is more toxic than new nanosilver [140]. Nanosilver with its antimicrobial
activity can hinder the growth of many 6 f r i ebaddria ynéthe 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 essentialfor the plants.
Loss of environmental denitrification through reduction of plant productivity can lead to
eutrophication of rivers, lakes, and marine ecosystemsand destroy the ecosystem.
Nanosilver also has toxic effects on aquatic animals becausesilver ions can interact with
the gills of fish and inhibit basolateral Na+K+-ATPase activity, which can in turn
inhibit osmoregulationin the fish [141]. To understandthe toxic potential nanosilver has
on the freshwater environment, the Daphnia magna 48-h immobilization test was
conducted, and the results showed that the silver nanoparticleshave to be classified
under 6 ¢ at eaguterl Yas per the Globally Harmonized System of Classification and
Labelling of Chemicals, suggeshg that the releaseof nanosilver into the environment
has to be carefully considered[142]. Though these studiestend to suggestthat nanosilver

can induce toxicity to living beings, it has to be understood that the studies on
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nanosilver toxicity were done in in vitro conditions which are drastically different from

in vivo conditions and at quite high concentrationsof nanosilver particles. Hence, it is

imperative that more studiesbe carried out to assesshe toxicity effect nanosilverhas in

vivo before a conclusionon its toxicity is reached.







PREPARATION OF PLANT EXTRACT:

From Azadirachta indica (Neem) leaves:

Fred leavesof Azadirachta indica, (Figure 4) were collected from N.L.T. RKL campus,
and washedseveraltimes with water to remove the dust particles and then sun dried to
remove the residual moisture and grinded to form powder. Then plant extract was
preparedby mixing 1% of plant extract with deionized water in a 250ml of (Borosil,
India) conical flask. Then the solution was incubatedfor 30 min. and then subjectedto
centrifuge for 30 min. at room temperature with 5000 rpm. The supernatantwas
separatedand filterd with (mm filter paper pore size) filter paper with the help of
vaccumefilter. Then the solution was used for the reduction of silver ions Ag®) to silver

nanoparticles(Ag°).

Fig. 4. Picture of Azadirachtaindica leaves

From Acorus calamus (Sweet flag) rhizome:

Dried rhizomes of Acorus calamus (Figure 5) were brought from Pondicherry and
grinded to form powder. Then plant extract was preparedby mixing 1% of plant extract
with deionizedwater in a 250ml of (Borosil, India) conical flask. Then the solution was
incubatedfor 30 min. and then subjectedto centrifuge for 30 min. at room temperature
with 5000 rpm. The supernatantwas separatedand filterd with (mm filter paper pore

size) filter paper with the help of vaccumefilter. Then the solution was used for the

reduction of silver ions (Ag®) to silver nanoparticles(Ag®).




Fig. 5: Picture of Acorus calamus rhizomes

Synthesis of Silver Nanoparticles:

Four concentrationratios of plant and metal ions were prepared (30:1, 60:1,120:1 &
240:1) by increasing the concentrationof plant extract concentrationin the solution.
0.17% of 1mM AgNO; metal ion was added in the prepared plant extract. Then the

bioreducedaqueouscomponentwas usedto measuringUV-Vis spectraof the solution.

CHARACTERIZATION OF SILVER NANOPARTICLES:

UV-Vis Analysis:

The optical property of Ag_NPs was determinedby UV-Vis spectrophotomete(Perkin
Elmer,Lamda 35,Germany). After the addition of AgNO; to the plant extract, the
spectra were taken in different time intervals up to 24Hrs. between350 nm to 500

nm. Then the spectrawas taken after 24Hrs. of AgNO; addition.

FTIR analysis:
The chemical compositionof the synthesizedsilver nanoparticles was studied by using

FTIR spectrometer(perkinElmer LS-55 Luminescencespectrometgr The solutions were

dried at 75° C and the dried powders were characterizedin the range 4000 400 cm*

using KBr pellet method.




XRD Analysis:

The phasevariety and grain size of synthesizedSilver nanoparticleswas determinedby
X-ray diffraction spectroscopy (Philips PAN analytical). The synthesized silver
nanoparticleswere studieswith C U K ladiation at voltage of 30 kV and current of 20

MA with scanrate of 0.03/s. Different phasespresentin the synthesized sampleswere

determinedby X Njpert high score software with searchand match facility. The particle
size of the preparedsampleswere determinedby using S ¢ h e reguatiom\s follows

0.9¢
T cod

Where D is the crystal size, & is the wavelengthof X-ray, i is the Braggs angle in

radiansand B is the full width at half maximum of the peakin radians.

SEM Analysis:

The morphological features of synthesizedsilver nanoparticlesfrom neem plant extract
were studied by Scanning Electron Microscope (JSM-6480 LV). After 24Hrs. of the
addition of AgNO; the SEM slides were preparedby making a smearof the solutionson
slides. A thin layer of platinum was coatedto make the samplesconductive. Then the

sampleswere characterizedn the SEM at an acceleratingvoltage of 20 KV

DLS & Zeta-Potential Analysis:

Dynamic light scattering (DLS) which is based on the laser diffraction method with
multiple scatteringtechniqueswas employed to study the averageparticle size of silver
nanoparticles.The preparedsample was dispersedin deionised water followed by ultra-
sonication. Then solution was filtered and centrifuged for 15 min.at 25° C with 5000
rpm and the supernatantwas collected. The supernatantwas diluted for 4 to 5 times and
then the particle distribution in liquid was studied in a computer controlled particle size

analyzer (ZETA sizer Nanoseries,MalvernnstrumentNano Zs).







UV-Vis SPECTROPHOTOMETER ANALYSIS:

Reduction of silver ions into silver nanoparticlesduring exposureto plant extracts was
observed as a result of the color change. The color changeis due to the Surface
PlasmonRe®nancephenomenonThe metal nanoparticleshave free electrons,which give
the SPR absorption band, due to the combined vibration of electrons of metal
nanoparticlesin resonancewith light wave. The sharp bandsof silver nanoparticleswere
observedaround 421 nm in caseof Azadirachtaindica Figure: 7, Figure:8, Figure:9, &
Figure:10) whereas the bands for Acorus calamus were observed around 384 nm
(Figure:6).From different literaturesit was found that the silver nanoparticlesshow SPR
peak at around 420 nm. From our studies we found the SPR peak for Azadirachta
indica at 421 nm whereasfor Acorus calamusit was at 384 nm. So we confirmed that
Azadrachta indica leaf extract has more potential to reduce Ag ions into Ag
nanoparticles than Acorus calamus extract, which lead us for further research on
synthesisof silver nanoparticlesfrom Azadirachtaindica leaf extracts. The intensity of
absorption peak increaseswith increasingtime period. This characteristiccolor variation
is due to the excitation of the SPR in the metal nanoparticlesthe insets to Figure: 7,
Figure:8, Figure:9 & Figure:10 representthe plots of absorbanceat ama (i.€., at 420 nm)

versustime of reation. The reduction of the metal ions occurs fairly rapidly; more than

90% of reductionof Ag® ions is completewithin 4 Hrs. after addition of the metal ions

to the plant extract. The metal particles were observedto be stable in solution even 4
weeks after their synthesis.By stability, we mean that there was no observablevariation

in the optical propertiesof the nanoparticlesolutions with time.
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Fig.6: UV-vis spectra of Acorus. calamus at different time interval
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Fig.7: UV-vis spectra of Azadirachtaindica 30:1 ratio at different time interval
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Fig.8: UV-vis spectra of Azadirachtaindica 60:1 ratio at different time interval

Fig.9: UV-vis spectra of Azadirachtaindica 120:1 ratio at different time interval
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