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ABSTRACT

Silver nanoparticle have versatile application. It can be synthesised by both chemical and green method. Here in our paper we focus on the synthesis
of silver nanoparticle by green method. Fungi mediated, bacteria mediated, plant mediated synthesis were focused in this paper. This nanoparticles
can be applied in the field of biology. Due to low toxicity it was used in different biological system. It was also used in the synthesis of
pharmaceutical drugs, cosmetics, packets or food containers. Biomedical imaging part would be also discussed in this section. Metal oxide
nanoparticles were also synthesised by using plant extract or microbes. Prepared silver nanoparticles were characterised by UV-Vis method, DLS
method. Surface plasmon resonance indicates the formation of silver nanoparticles. Silver nanoparticle have strong antibacterial, antifungal,
antidiabetes and anticancer activity.
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1.INTRODUCTION:

A new research area is nowadays open in the field of nanotechnology.
Nanomaterials as well as nanoparticles have versatile application in
the field of catalysis, electrochemistry, biomedicines,
pharmaceuticals, sensors, food technology, cosmetics, etc [1-3].
Nanoparticles are found in nanometer range generally 1-100 nm range.
Depending on their size and morphology nanoparticles have excellent
physical properties. Among all others nanoparticles metal
nanoparticles have excellent physical properties. They are highly
dispersed in solution and have high surface to volume ratio [4,5,6,7].
Despite of all these properties nanoparticles have strong antimicrobial
properties [8,9].

In cosmetics, electronics and textiles nanoparticles are widely used as
a component. In case of antibiotic resistance among the patients
nanoparticle is a strong alternative in medical fields. It may be used
separately or conjugated with antibiotics in medical fields [10,11]. In
case of biomedical imaging nanoparticles can be used to get relevant
images for different diseases. For the diagnosis of tumor and
atherosclerosis nanoparticle in combination with some contrast agents
act as a strong biomedical imaging agents [12-14]. Furthermore,
nanotherapeutic has been promoted everywhere throughout the world
after the first FDA affirmed nanotherapeutic in 1990, to build up
different nano-based drugs [15]. In early days different chemical
methods were used for the synthesis of the nanoparticle [16]. But these
methods are not eco-friendly, also cost effective and produces toxic by-
products [17].To avoid chemical route nowadays researchers utilized
aqueous plant extract and microbes, as they are environment-friendly,
stable, clinically adaptable, biocompatible and cost-effective
[16,17,18]. So nowadays scientists are focusing on the synthesis of
metal and metal oxide nanoparticles using plant extract and microbes
[19-22]. Owing to their wide availability, renewability and
environment-friendly nature, in addition to their vast applications in
the synthesis of NPs, plant biomass are also largely targeted by our
group and others as a catalyst for chemical synthesis and biodiesel
productions [23-26]. Among all the nanoparticles silver nanoparticles
are widely used in microbiology, chemistry, food technology, cell
biology, pharmacology and parasitology [27,28]. Basically, several
techniques such as sol-gel method, hydrothermal method, chemical
vapour deposition, thermal decomposition, microwave-assisted
combustion method etc., have been utilized for the synthesis of silver
NPs [29-31]. Scientists in their recent studies are busy in the synthesis
of silver nanoparticles using plant extract and microbes as the reducing
and stabilizing agents. These nanoparticles are widely used as an
antimicrobial agents. Flavonoids, ketones, aldehydes, tannins,
carboxylic acids, phenolic and the protein of the plant extracts are use
for the reduction of silver nitrate to silver nanoparticle [32,33]. Silver
nanoparticles formation can be studied by UV-Vis spectroscopic study.
.Upon interaction with an electromagnetic field, the conducting
electrons present in the outermost orbital of metal NPs collectively
oscillate in resonance with certain wavelengths to exhibit a

phenomenon called surface plasmon resonance (SPR). The color of the
colloidal solution appear due to the SPR of AgNPs. The SPR peaks
appear around 435 nm after complete reduction of silver nitrate to
silver nanoparticles [34]. For spherical silver nanoparticles only one
absorbance spectra whereas for two or more absorbance peak appear
for different shape silver nanoparticles [35]. The aggregation in the
silver nanoparticles can also be detected by SPR. Sometimes the
absence of band between 335 and 560 nm indicates the absence of
aggregation in AgNPs [32,36]. So this review is an example of
biosynthesis of silver nanoparticle and its versatile application
specially in the field of biology. We are going to discuss the synthesis of
silver nanoparticles using different natural resources like plant extract and
different microorganism. This review will also unlock ideas to utilize
different paths for the production of silver nanoparticles, which can help
human beings. We will discuss about the biogenic synthesis of silver
nanoparticles and its biomedical application generally anticancer and
antimicrobial activity. How the size, shape, concentration affect different
cell line will also discuss here. How silver nanoparticles engulf by bacterial
cell oritattack the cell wall of bacteria will also discuss here. Inan attempt to
synthesize metals NPs one has to bear in mind that the success of NPs
depends not only on the size and shape but also on stability of NPs as they
have the tendency to form large aggregates that lead to precipitation,
thereby reducing their efficacy. So in this review we discuss about the green
synthesis of silver nanoparticle and their biomedical application . The silver
nanoparticle should be stable and they should have variable shape and size.
So we should study their application in such a manner that we can discuss
aboutthe properties of a promising drug.

2. Advantages of green synthesis

Biosynthesis are better considered over chemical and physical method

because:

1. High production, low cost, in the reduction it is large saving, and is
higher in commercial viability while using biological nanoparticles
[37].

2. Thesize of the particle in biosynthesis is lesser in size than the particles
formed in both physical and chemical methods [38].

3. Ttiseco-friendly, clean and nontoxic.

4. High temperature and high pressure required for both physical and
chemical methods and it is difficult to provide in this situation [39].

3.Plantextract

Various parts of the plant such as leaves, roots, flowers, fruits etc. have been
successfully utilized for the synthesis of silver nanoparticles (AgNPs) [40-
42]. Different parts of the plant are collected from different sources and
washed properly to remove the impurity. Then the plant part were dried
to make powder or to make extract. The powder sample then mixed and
prepared solution in a deionized water. Silver nitrate solution is added
to different concentration of plant extract at different pH and heated
properly to prepare silver nanoparticles [43-45].This synthesis avoid
the use of chemical substances as phytochemicals present in the extract
use as reducing and stabilizing agents [46,47]. The change in color of
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the solution from colorless to yellowish brown color indicates the
formation of silver nanoparticles. Formation of silver nanoparticles is
also confirmed by SPR measurement by the use of UV-Vis spectroscopy
[34]. After formation of silver nanoparticles it is centrifuged at high r.p.m
and the precipitate then washed with double distilled water, purified,
collected and stored in4°C [48,49].

3.1. Leaf mediated nanoparticles
Leaf of Centella asiatica, Alternanthera sessilis, Murrraya koenigii,
P.nigrum, Artemisia nilagirica were
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Figure 1: Synthesis of silver nanoparticle using different leaf extract

used for the synthesis of silver nanoparticles [50,51]. These silver
nanoparticles have strong antimicrobial as well as anticancer effects.

3.2.Stem mediated nanoparticles

Methanolic extract of Callicarpa maingayi stem contains aldehyde group
which plays a major role in reduction of silver ions to form silver
nanoparticles. [Ag(Callicarpamaingayi) } + complex. The
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Figure 2: Synthesis of silver nanoparticle using stem extract

functional group such as -C=0, C=N indicates amide I, polypeptides
play active role in metallic nanopartciles. Silver crystal molecule studies
are complex when it is synthesized from plant and is not fully understood
yet[52].

3.3. Fruit mediated nanoparticles
Tribulus terrestries fruit reduce silver nitrate and produces silver
nanoparticles. This fruit extract on
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Figure 3: Fruit mediated synthesis of silver nanoparticle

reduction produces silver nanoparticles with good antimicrobial activity
[53]. There is also a similar report on polyphenol from grapes palladium
nanoparticles and is effective in activity [54].

3.4.Seed mediated nanoparticles

In fenugreek seed extract flavonoids and bioactive products such as
vitamins, lignin, chloroauric acid and saponin are present. Chloroauric
acid act as a strong reducing agents. There are presents of C=N, COO-
group (carboxylic) and C=C functional group present in seed extract. The
silver nanoparticles
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Figure 4: Seed mediated synthesis of silver nanoparticle

produced by fenugreek seed extract use as an antibacterial and
antifungal agents [55]. The xyloglucan of TKP is composed of D-
glucose, D-xylose and Dgalactose. The hydroxyl group present in the
xyloglucan help in the reduction of silver nitrate to silver nanoparticles
[56].

3.5. Flower mediated nanoparticles
Flower extract of Aerva lanata help in the synthesis of silver
nanoparticle. The silver nanoparticle
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Figure 5: Reduction of silver nitrate using flower extract

produce have strong biomedical application [57, 58]. Green synthesis
of silver nanoparticles using flower extract of Abelmoschus esculentus
isalso have strong antimicrobial and cytotoxicity activity [59].

3.6. Gum mediated nanoparticles

Guar gum is use in the synthesis of silver nanoparticles. The hydroxyl
group present in the guar gum reduce silver nitrate to silver
nanoparticle. Guar gum here act as reducing and stabilizing agents
[60].
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Figure 6: Polysaccharide gum mediated synthesis of silver
nanoparticle

The gum present in Acacia nilotica help in the reduction of silver
nitrate to silver nanoparticle. On reduction it produces spherical silver
nanoparticle. It show cytotoxicity against Hela, A 549, Raw 264.7 and
Wi 38 cell line [61]. Gum present in Astragalus gummifer also reduces
and stabilizes silver nitrate and produces silver nanoparticle [62].

4. Synthesis from bacteria

Nanoparticle synthesis using bacteria is an easy and eco-friendly
process. But it faces challenges for contamination and lengthy
procedures. It also have less control over nanoparticle size [63]. The
bacteria become as a promising agent for the reduction of heavy metals
and synthesis of nanoparticles. Studies have reported that some
bacteria species like Pseudomonas stutzeri and Pseudomonas
aeruginosa have a developing ability to resort to specific defense
mechanisms to overcome stresses like toxicity of heavy
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Figure 7: Synthesis of silver nanoparticle using bacteria solution

metal ions or metals and even survive and grow despite high metal ion
concentrations [64]. Pseudomonas stutzeri strain mediated synthesis
resultin a well defined shapes and compositions of silver nanoparticles
[65]. Using the culture of psychrophilic bacteria Shivaji et al. produces
silver nanoparticles [66,67]. Nanda et al. reported the synthesis of
silver nanoparticles using Staphylococcus aureus. Biomass of Bacillus
licheniformis can also produces silver nanoparticle in40-50 nm range
according to Kalimuthu and his friends [68].
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5. Synthesis of Silver Nanoparticles Using Fungi
Silver nitrate can also be reduced and the silver nanoparticles produced
are stabilized by fungi.

The fungi mediated synthesis of silver nanoparticles has attracted
more attention because of its ability to produce commercial quantities
of silver nanoparticles with controlled size, morphology, and low
toxicity of residues [69]. In the synthesis of silver nanoparticles using
microorganisms, fungi strains are
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Figure 8: Synthesis of silver nanoparticle using fungi solution

preferred over bacteria species due to metal accumulation properties
and better tolerance of the fungi [70,71]. Using fungi nanoparticles can
be synthesised by both intracellular and extracellular method. In case
of intracellular synthesis metal solution can be added to the bacterial
culture. The nanoparticles produced are separated from bacterial
biomass by centrifugation, washed properly and stored with double
distilled water [72]. In extracellular synthesis methods, the metal
precursor is added to the aqueous filtrate that is made up of only the
fungal biomass biomolecules, thereafter resulting in the formation of
free nanoparticles. This method does not require any protocols to
release the nanoparticles from the cells and is the most widely used
method [73]. Balaji and his colleagues synthesized silver nanoparticles
by using Cladosporium cladosporioides [74]. The synthesized silver
nanoparticles showed average sizes that range between 10—100 nm.
Aspergillus terreus synthesized silver nanoparticles in 1-20 nm size
range [75]. Fungus Verticillium synthesized mono-dispersed silver
nanoparticles as described by Mukherjee etal [76].

4.Biomedical Application

(a) Antibacterial Activity

Silver nanoparticle have strong antibacterial activity. Both chemical
and green route produces silver nanoparticle. Green synthesis using
natural gum produces silver nanoparticle. Tamarind kernel powder and
gum acacia produces silver nanoparticle within the size range of 5 to 50
nm. These nanoparticle have strong antibacterial activity against both
gram negative E. coli and gram positive S. aureus. Ampicillin resistant
E. coli and cefoxitim resistant S. aureus were isolated from UTI
infected patient. From ZOI study it is clear that E.coli was more
sensitive in silver nanoparticle than S.aureus [77]. Monodispersed
silver nanoparticle prepared by guar gum and poly vinyl alcohol show
strong antibacterial activity. Here also antibacterial study was done by
ZOl study [78].

(b) Antifungal Activity

Antifungal effect of silver nanoparticles studied on Candida albicans
and Saccharomyces cerevisiae. Fungicidal activity were compared
against Amphotericin B and Fluconazole. Their membrane disruption
were studied using SEM images [79].

(c) Antioxidant Activity

Cumin oil used in the synthesis of silver nanoparticle. It assess strong
antioxidant activity. Both DPPH assay and BHT assay used to detect
antioxidant activity. Antioxidant activity measured with respect to free
radical scavenging activity. Phenolics compound present in the cumin
have strong antioxidant activity. The antioxidant activity of the silver
nanoparticle acquired by the phenolic compound present in the cumin
[80].

(d) Anticancer Activity

In some literature it was shown that silver nanoparticle have
anticancerous property. Poly vinyl alcohol and tamarind kernel
powder produces silver nanoparticle. Among this different shape silver
nanoparticle round shaped silver nanoparticle have good anticancer
activity [81]. Round shaped silver nanoparticles also produced by
using tamarind kernel powder and gum acacia. Silver nanoparticle
produced within the size range of 10 nm to 78 nm. In vitro anticancer

activity was done against different cancer cell line Hela, A549 and
Raw264.7 cell line [63].

(e) Antidiabetes Activity

Allium Cepa reduces metallic silver and produces silver nanoparticle.
This silver nanoparticle were characterized by using different
characterization method. The silver nanoparticle synthesized were
spherical in shape. These particle inhibit higher level of a-amylase and
a-glucosidase activity. It was used as antidiabetic medicine [82].

5.CONCLUSION

Silver nanoparticle were highly focused in this review. It will be
strongly used in the field of medical microbiology. Natural gum and
different plant extract were used in this synthesis process. Fungi and
bacteria were also be used in this synthesis process. This silver
nanoparticle were perfect for biological system. Different type of
application have been focused in this review paper.
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