urnal of Nan
Jo

iences: C
Sc
u
nt Research
rre

o

ISSN: 2572-0813

Journal of Nanosciences: Current
Research

Review Article

Khatoon et al., J Nanosci Curr Res 2017, 2:1
DOI: 10.4172/2572-0813.1000107

OMICS International

Biotechnological Applications of Green Synthesized Silver Nanoparticles
Nafeesa Khatoon, Jahirul Ahmed Mazumder and Meryam Sardar*
Department of Biosciences, Jamia Millia Islamia, New Delhi, India

Abstract
Silver and its compound have been widely used since from ancient time for the treatment of bacteria and wound
infections especially in patients of serious burns. The use of silver compounds has been deteriorated due to emergence
of new therapeutic agents. In the past decade nanotechnology has acquired pace due to its ability of modifying
metals ions into their nano range, which dramatically changes their chemical, physical and optical properties. Silver
nanoparticles have been proved a potential antimicrobial agent. Recently, the use of silver nanoparticles (AgNPs)
has been greatly enhanced, due to the development of antibiotic resistance against several pathogenic bacteria. The
silver nanoparticles have been widely employed in biomedical industry as coatings in dressings, in medicinal devices
and in the form of nanogels in cosmetics and lotions, etc. There are well established protocols for the preparation
of silver nanoparticles can be broadly classified into physical, chemical and biological protocols. The physical and
chemical processes often involve high temperatures/pressure for the reaction and the use of hazardous chemicals.
Therefore the research in synthesis of nanoparticles by biological methods is gaining importance. Plant extracts are
considered cost-effective, environment friendly and efficient alternative for the large-scale synthesis of nanoparticles.
In the present review, we critically assess the role of plants in synthesis of silver nanoparticles and their biomedical
applications.

Keywords: Biosynthesis; Plant assisted synthesis; Silver nanoparticles;
Biomedical; Metal nanoparticles

Introduction
Nanotechnology is the science which deals in materials in the
range of 1 to 100 nm. Nanomaterials have great importance as the
physico-chemical properties of the metal is changed as it reaches the
nano size, their properties are different as compared to the bulk metal.
These nanomaterials have multiple applications in various fields such as
electronics, cosmetics, coatings, packaging, and biotechnology. Due to
their optical properties the colloidal solution of metal nanomaterials is
transparent, thus they are useful in cosmetics, coatings, and packaging.
Among metal nanoparticles, silver nanoparticle has wide application in
industry and medicine due to its antibacterial, antifungal, larvicidial and
anti-parasitic characters. Because of their wide applications beneficial
to humans there is a need to develop rapid and reliable experimental
protocols for the synthesis of silver nanoparticles. Different types
of nanoparticles such as Ag, Au, Pt and Pd have been synthesized in
the recent past by chemical, physical and biological methods. The
chemical methods are the most popular but the use of toxic chemicals
during synthesis produces toxic by-products [1]. The physical
methods require large amount of energy to maintain high pressure
and temperature required for the reaction [2]. Thus the chemical and
physical methods have their own limitations; these are considered
expensive and unsuitable for sustainable ecosystem [3]. The synthesis
of silver nanomaterials using biological entities is gaining momentum
as; biological methods are providing, nontoxic and environmentally
acceptable “green chemistry” procedures.
The physical and morphological features of metal nanoparticles are
greatly affected by the solvents and reducing agents used. The variation
in size, shape and morphology influenced the applications of the
nanoparticles. The morphology of silver nanoparticles is determined
by reducing precursor. These reducing and/or stabilizing precursor can
be induced by bacteria, fungi, yeasts, algae, or plants [4,5] as a whole or
their products. The interaction of these biomolecules has been exploited
earlier also in various applications such as recovery of metal/metals,
bioremediation, bioleaching and bio-mineralization [6]. However, still
the mechanism of synthesis of nanoparticles using biomolecules is yet
to be explored and hence needs much more experimentations.
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Synthesis of metal nanoparticles acquires special attention due
to its specificity and environment friendly approach. Whether the
microorganisms or the plants are being employed, it is the biomolecules
present in them which is responsible for the biosynthetic mechanism.
These biomolecules may be carbohydrates, lipids, DNA and enzymes/
proteins or a combination of two or more.

Plant in AgNPs synthesis-A green approach
The use of plant and plant extract in nanoparticle synthesis is
considered advantageous over microbial based system because it
reduces the elaborate process of maintaining cell cultures. The particle
size growth can also be controlled by altering synthesis conditions like
pH, reductant concentration, temperature, mixing ratio of the reactants
etc. The plant based synthesis can be carried out either extracellularly
or intracellularly. Intracellular synthesis takes place inside the plant
whereas the extracellular synthesis occurs in vitro. The studies reveals
that extracellular synthesis using plant extracts has been considered
better as compared to intracellular synthesis [5] because it eliminates
the extraction and purification procedures. Biosynthesis of AgNPs
by plant extracts such as neem [4], Chenopodium album [7], Allium
cepa [8], Eucalyptus hybrid [9], Cycas [10], Tribulus terrestris [11] etc.
have been reported. Recent examples of plants reported in literature
for AgNPs synthesis are cited in Table 1. Till date, lot of papers has
been published in this area which describes the mechanism and role
of active biomolecules in synthesis [12]. These studies suggested that
presence of phytochemicals in plant extracts are the key component
in reduction and stabilization of silver ions [12]. The phytochemicals
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Name of Organism

Plant parts Extract

Size (nm)

Sorghum bicolor

Bran

10

Reference
[71]

Vitex negundo

Leaf

10-30

[72]

Garlic

Leaf

4-7

[13]

Boerhaavia diffusa

Leaf

25

[73]

Ocimum sanctum

Leaf

5-7

[23]

Medicago sativa

Leaf

20–40

[74]

Jatropha curcas

Latex

10–20

[75]

Cinnamomum camphora

Leaf

55–80

[76]

Capsicum annuum

Leaf

15–20

[77]

Allium cepa

Extract

30-34

[8]

Azadirachta indica

Leaf

50–100

[4]

Pelargonium graveolens

Leaf

16–40

[24]
[78]

Aloe vera

Leaf

15–15.6

Emblica officinalis

Fruit

15–25

[79]

Saraca indica

Flower

12-14

[80]

Carica papaya

Fruit

60-80

[81]

Artemisia annua

Leaf

7-27

[82]

Trapa bispinosa

Peel

10-15

[83]

Brassica juncea

Leaf

~50

[84]

Gliricidia sepium

Leaf

10–50

[85]

Euphorbia hirta

Leaf and bark

40-50

[86]

Argemone mexicana

Leaf

30

[87]

Boswellia Ovalifoliolata

Bark and leaf

30-40

[88]

Cycas circinalis

Leaf

2–6

[10]

Acalypha indica

Leaf

20-30

[15]

Nerium indicum

Leaf

29

[89]

Bacopa monniera

Leaf

15–120

[90]

Rhizophora apiculata

Leaf

13–19

[91]

Nicotiana tobaccum

Leaf

8

[92]

Memecylonedule

Leaf

10–45

[93]

Bauhinia variegata L.

Leaf

43–145

[94]

Ficus benghalensis

Leaf

16

[95]

Murraya koenigii

Leaf

10–25

[18]

Dalbergia sissoo

Leaf

5–55

[96]

Ipomea carnea

Leaf

30–130

[97]

Phyllanthus maderaspatensis

Leaf

59–76

[98]

Santalum album

Leaf

80–200

[99]

Syzgium cumini

Leaf

100–160

[100]

Leaf

20-50

[9]

Eucalyptus hybrida

Table 1: Synthesis of silver nanoparticles mediated by plants.

which are responsible for reduction are terpenoids, flavonoids, ketones,
aldehydes, amides, and carboxylic acids. The water soluble metabolites
such as flavones, organic acids, and quinones are solely responsible
for the bioreduction ions. Some researchers have reported that a
keto-enol transition of anthraquinone is responsible for formation of
AgNPs. It has been also observed that mesophytes contain three types
of benzoquinones: cyperoquinone, dietchequinone, and remirin which
might be responsible for reduction of ions and formation of AgNPs. The
mechanism of reduction of silver ions depends upon the phytochemical
present in the plants, this is diagrammatically represented in Figure 1.

and Kim also reported that average particle size can be controlled in
biosynthesis of nanoparticles using five plants leaf extract [1]. Khalil et
al. showed the concentration variation of olive leaf extract [14]. They
demonstrated that increase in concentration of leaf extract results in
blue shift and absorbance peak become more sharpened. This blue
shift indicated the reduction in mean diameter of silver nanoparticles.
Krishnaraj et al. reported that synthesis of AgNPs is more at 20% A.
Indica (Neem) leaves extract than 40% [15]. The increased number of
biomolecule results in agglomeration which reduces the absorption in
UV-Vis spectroscopy.

Effect of concentration of reducing precursor

Effect of silver ion concentration

The synthesis of metal nanoparticles are greatly affected by the
concentration of reducing and stabilising precursor. White et al. shows
that the as the concentration of garlic extract varies, the nanoparticle
synthesis is also varies. It was also reported that higher concentration
of garlic extract lead to generation of polydispersed AgNPs [13]. Song

Surface Plasmon resonance (SPR) spectra for AgNPs are obtained
at around 400 to 480 nm with brown to yellow colour. Silver ion
concentration play major role in biosynthesis of AgNPs. Several
researchers have demonstrated the impact of concentration of silver
ion on biosynthesis of AgNPs. Youmie Park et al. reported variation
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Figure 1: Diagrammatic representation of reduction of silver ions by biomolecules of plant extract.

of concentration of AgNO3 from 0.25 mM to 1.0 mM results in
increase in absorbance and the peak become more sharpened [16]. It
was demonstrated by Dubey et al. that absorbance increases with the
increase of metal ion concentration from 1 mM to 3 mM which may
results in larger particle size of AgNPs [17]. Christensen et al. [18] kept
Murraya koenigii leaf extract quantity constant (1 ml) and varied the
concentration of silver nitrate i.e., 10-3 M in ratios of 1:20, 1:25, 1:50,
1:100, 1:200. The best synthesis was observed at the ratio of 1:20 beyond
that the synthesis reduces which may be due to number biomolecules
in 1 ml of extract which are sufficient enough for reduction of 20 ml of
silver nitrate. But as the concentration of precursor is increased, a lesser
number of biomolecules is available for reduction and capping thereby
reducing the synthesis of AgNPs.

The pH value of reaction also plays an important role in the
formation of AgNPs [21]. The change in pH may lead to change in
charge of natural phytochemicals present in an extract. This charge
change influenced the adherence of silver ions to biomolecules and may
affects the reduction of silver ions to AgNPs. Due to positive charge
on silver ion the negative ionizable groups attached to silver ions. The
reports show that the pH is also a determining factor of shape, size,
production rate and stability of nanoparticles. Zeta potential data
reveals about the surface charge and stability of silver nanoparticles.
AgNPs generally show low zeta potential at strongly acidic pH and high
zeta potential at alkaline pH [17].

Effect of reaction temperature

The exposure time of reducing agents to metal ions is also
responsible for synthesis of nanoparticles. It has been observed that
nanoparticle synthesis is increased when the reaction/incubation time
of silver with the reductant is increased [15,22] Khatoon et al. shows
that surface plasmon peak of AgNPs has been increased from zero to 30
min after that become constant which indicates that synthesis has been
completed [23].

The SPR spectra greatly vary with reaction temperature. When
reaction temperature increases the absorbance peak decreases with
increase in reaction rate which may results in smaller sized nanoparticles
[19]. The temperature enhances the rate of reduction which results in
decreased reaction time. The change in temperature may lead to blue
shift in wavelength. Aparajita et al. showed that when temperature
changes from 10 to 50ºC the λmax has been decreased from 433 to 397
nm. The change in λmax may be due to localization of surface plasmon
resonance of AgNPs. Therefore rise in temperature may lead to smaller
size AgNPs. The rise in temperature also increases the kinetic energy of
molecules which increases the consumption of silver ions, thus leaving
the less possibility for particle size growth and uniform size AgNps are
formed [20].

Effect of pH
J Res Development, an open access journal
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Effect of reaction time

Mechanism of formation of silver nanoparticles
Silver ions are reduced by the various plant metabolites including
terpenoids, polyhydroxyphenols, carbohydrates, alkaloids, phenolic
compounds, and proteins etc. Fourier transform infrared spectroscopy
(FTIR) spectroscopy of biosynthesized AgNPs has been used to
demonstrate that biomolecules present in extract are responsible for
synthesis of nanoparticles. One of the biomolecule which majorly
participate is terpenoids. Terpenoids are also known as isoprene, a
naturally occurring organic compounds in plants, they contain five-
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carbon isoprene units. It has been explored by some researchers that
Geranium leaf extract contain terpenoids, which act as major player
in biosynthesis of AgNPs [24]. Cinnamomum zeylanicum (cinnamon)
extracts contains eugenol which might be responsible for the reduction
silver nitrate to AgNPs [25]. On the basis of FTIR spectroscopy data, it
have been proposed that the deprotonation of the hydroxyl ion of eugenol
lead to formation of resonance stabilized structures which can further
oxidised, by reducting metal ions into its nano range [25]. Another
major class of plant metabolite is flavonoids. Falvonoids are group of
polyphenolic compounds containing 15 carbon atoms and are water
soluble. Flavonoids can be classified into: isoflavonoids, bioflavonoids
and neoflavonoids, which can act as chelating and reducing agents
for metal ions. The functional group present in flavonoids are solely
responsible for nanoparticle formation. The transition of flavonoids
from the enol to the keto may lead to reduction of metal ions to form
nanoparticles [5]. Ahmad et al. that Ocimum basilicum (sweet basil)
extract contains of flavonoids, eugenol and polyphenols that play key
role in the formation of AgNPs from silver ions by tautomerization of
enol to keto form [26]. Several studies have been shows that flavonoids
can act as chelating agents for example quercetin is a flavonoid which
can chelate at three positions involving the carbonyl and hydroxyls at
the C3 and C5 positions and the catechol group at the C3’ and C4’ site
[5]. This helps in understanding that flavonoids are involved in initiation
of nanoparticle formation (nucleation) and further aggregation, in
addition to the bioreduction stage. For example, Lawsonia inermis a
good source of apiin (apigenin glycoside) was used for the biosynthesis
of quasi-spherical AgNPs having average diameter of 21–30 nm [27].
It has been observed from FTIR spectroscopy that a carbonyl group
of apiin has been attached to the nanoparticles, which shows that
might be the sugars present in plant extracts are participating in the
reduction and stabilization of metal ions into nanoparticles. Glucose
a linear monosaccharides having free aldehydic group can directly act
as reducing agents whereas fructose which contains keto-group can
act as antioxidants if tautomeric transitions occurs from ketone to
an aldehyde [5]. It has been reported that when glucose was used as
a reducing agent the nanoparticles with different morphologies were
observed whereas with fructose only monodispersed nanoparticles were
observed. It has been postulated that aldehydic group of carbohydrate
get oxidized into a carboxylic group via the nucleophilic addition of
OH-, which ultimately lead to reduction of metal ions and synthesis of
nanoparticles [5].
There are three main phases which included in the plant mediated
synthesis. Initial phase also known as activation phase during which
metal ions get reduced and the reduced metal atoms get nucleated;
another is the growth phase in which spontaneous aggregation of small
adjacent nanoparticles occurs to form particles of a larger diameter,
which are thermodynamically more stable; last phase is the termination
phase which determines the final shape of the nanoparticles [5,28].
Increase in the growth phase, lead to aggregation of nanoparticles into
nanotubes, nanorods and nanotriangles etc. [5]. In the termination
phase, nanoparticles undergo conformational change which is
thermodynamically stable, which confirms the role of plant extract to
stabilize metal nanoparticles.

Applications of Silver Nanoparticles
Some of the biomedical applications of AgNPs are highlighted in
Figure 2.

Antibacterial
There is a demand for an alternative antibacterial treatment due
J Res Development, an open access journal
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Figure 2: Biomedical applications of silver nanoparticles.

to the development of antibiotic resistance among bacteria [29]. The
AgNPs exhibit excellent bactericidal action against both Gram-positive
and Gram-negative bacteria [30]. The antimicrobial activity of AgNPs
is may be due to either (i) formation of pores in the cell wall, which
ultimately leads to leakage of cellular content or (ii) the silver ion
penetrate through ion channels does not damage the cell membranes;
rather denatures the ribosome and inhibits the expression of enzymes
and thiol containing proteins essential for the production of ATP and
DNA thus resulting in cell death [31,32]. AgNPs plays a vital role in
the respiratory chain by affecting the function of membrane-bound
enzymes.

Antifungal
In recent past, extreme fungal infections have contributed in a
significant manner to the increasing incidence of a particular disease
and mortality of immune-compromised patients [33]. One of the most
common pathogens responsible for fungal infections is Candida species.
It often causes nosocomial infection with an associated mortality rate
of up to 40% [34]. Kim et al. demonstrated the antifungal activity of
silver nano formulation on a total of 44 antifungal stratins of six fungal
species [35]. The literarture revealed that AgNPs are effective against
C. glabrata, C. albicans, C. krusei, C. parapsilosis and T. mentagrophytes
effectively. Recently studies showed that the Tulsi (Ocimum sanctum L.)
mediated AgNPs exhibited antifungal activity against a opportunistic
human fungal pathogen [23]. Hence AgNPs is considered as potent
and a fast-acting fungicide against broad spectrum of common fungi
including Aspergillus, Candida and Saccharomyces.

Antiviral
The cytoprotective properties of silver is well known and has
been employed for the prevention of HIV interaction to the host cells
[36]. AgNPs can also be used to prevent infection after surgery and
acting as anti-HIV-1 agents [37]. Therefore AgNPs interaction with
microorganisms and viruses is another flourishing field of research.
The studies reported that AgNPs interact with HIV-1 by binding
preferentially to gp120 glycoprotein knobs [38]. This sort of interaction
of AgNPs specifically inhibits the binding of virus to host cells [38].

Medical devices
Wound dressing: AgNPs find tremendous use in topical ointments
as well as creams used to prevent wounds, burns and infections
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[39]. AgNPs are extensively used in medical devices and implants.
Additionally they are also added to consumer products such as colloidal
silver gel and silver-embedded fabrics which are now used in sporting
equipment [40]. Silver coated biomedical devices [41], implants [42],
textile fibres [43] are employed for the treatment of wounds or burns
and glass windows and other surfaces to maintain sanitization and
hygienically conditions. Metallic AgNPs are effective microbicidal
so they have received significant consideration in multiple products
ranging from paints to textiles.
Catheters: The plastic catheters are coated by bioactive AgNPs.
The researchers have developed a coating method which yielded a thin
(∼100 nm) layer of nanoparticles of silver on the surface of the catheters.
The nanoparticles coated catheters are biocompatible as they are nontoxic and have tendency to release specific and sustained release of
silver at the implantation site [41]. The infection risk is highly reduced
in these catheters due to significant in vitro antimicrobial activity by
the inhibition of biofilm formation using Escherichia coli, Enterococcus,
Staphylococcus aureus, coagulase-negative staphylococci, Pseudomonas
aeruginosa and Candida albicans [44].
Bone cement: AgNPs with additive poly(methyl methacrylate)
(PMMA) has been used as a bone cement [45]. Such bone cements are
anitibacterial due to presence of AgNPs. Bone cement is the material
which are employed by orthopaedician for annexing prostheses like hip
and knee replacement surgery. The joint replacement surgery have high
infection rates i.e., approximately 1.0–4.0% [46]. Therefore clinicians
are switching over another type of bone cements which greatly reduce
the rate of infection to 0.4% and 1.8%. The use of antibiotics is limited
due to development of bacterial resistance. It has been demonstrated
that nano silver -PMMA bone cement decreases the incidence of
resistance by the versatile mode of action, and has also known for its
antibacterial activity and low cytotoxicity [47]. These bone cements are
known to have effective antibacterial agents against methicillin-resistant
S. epidermidis and S. aureus and showed retarded biofilm growth [45].
The biocompatibility of these bone cement were demonstrated against
mouse fibroblasts or human osteoblasts having very low cytotoxicity,
suggesting good biocompatibility [45].

Tumor
Reactive oxygen species (ROS) can cause damage to cellular
components such as proteins lipids and DNA and eventually lead to
death of the cell. It has been found that AgNPs can induce cell death
and oxidative stress in skin carcinoma cells and in human fibrosarcoma
[47]. AgNPs is also known to induce a p53-mediated apoptotic pathway
through which majority of the chemotherapeutic drugs triggers
apoptosis [47]. Antiproliferative property of piperidine from Piper
nigram against HEp2 cancer cell line has also been studied [48]. Small
dose of AgNPs reduced by extracts of Piper longum can effectively show
cytotoxic effect on HEp-2 cell line, thus indicating that AgNPs can also
be used for anti-cancerous drug preparations [49].

Water purification
The AgNPs can be employed for purification in water filtering
apparatus which may be due to its enhanced antimicrobial nature
[50]. An overview for treatment of waste water using AgNPs is shown
in Figure 3. Silver nanotechnology can be used in water purification
systems as world health organization (WHO) approved [51]. Preventing
the growth of harmful microorganisms by modifying or coating the
surfaces with antimicrobial agents has received much consideration for
application in biomedical devices and health as well as in the food and
hygiene industries. Antimicrobial coatings should possess antibacterial
J Res Development, an open access journal
ISSN:2311-3278

Figure 3: Schematic representation of plant assisted silver nanoparticles in
removing water contaminants.

efficacy, ease of fabrication along with low toxicity. Silver and silver
containing surfaces have been widely used as antimicrobial coatings
[50,51]. But continuous exposure of these agents might leads to the
increased occurrence of resistance to treatment.

Catalytic activity
The catalytic activity of AgNPs is size dependent. The researchers
have investigated the reduction of Methylene Blue (MB) by NaBH4
using catalytic activity of the synthesized AgNPs from the plant
Guggulutiktham Kashayam [52]. Edison and Sethuraman had studied
the enhanced catalytic activity on the reduction of benzyl chloride by
Acacia nilotica pod mediated AgNPs modified glassy carbon electrode
as compared to those of glassy carbon and metallic silver electrode
[53]. The photocatalytic degradation of methyl orange by Ulva lactuca
mediated AgNPs were studied spectrophotometrically under visible
light illumination [54]. The degradation of methylene blue by AgNPs
using Gloriosa superba extract were also reported [55]. Waghmode et.
al. synthesized AgNPs using Triticum aestivum extract and reported that
AgNPs are excellent nano catalyst in reduction of hydrogen peroxide
[56]. The plant extract mediated AgNPs are also been employed for
degradation of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) [57].

Antimicrobial nanopaints
The production of nanofibre embedded with AgNPs are gaining
interest. These polymeric nanocomposites are highly stable. They can
withstand high temperature i.e., up to 200°C by resisting oxidation and
aggregation, which enhances their application in production of silver
nanoparticle embedded homogeneous paints [58].

Biosensors
The plasmonic properties AgNPs are greatly depend on its size,
shape and dielectric medium that surrounds it [59]. Therefore this
dependency may lead to applicability of AgNPs in biosensing. As it
known that the refractive index of biomolecules is higher than the
buffer solutions [60]. The adherence of these biomolecules on the
surface of AgNPs increases the refractive index and shifting the silver
extinction (absorption and scattering) spectrum. Biosensors containing
plasmonic nanomaterials (local surface plasmon resonance-LSPR)
are advantageous over commercial thin, plasmonic, continuous films
(surface plasmon resonance-SPR) [61]. The LSPR biosensors are less
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sensitive to bulk refractive index change thereby minimising errors
and have better spatial resolution than the SPR ones [62]. The different
shaped AgNPs are incorporated in biosensors for sensing the different
interactions. Haes and Van fabricated triangular AgNPs by nanosphere
lithography and coated on glass substrate. These surface coated nano
biosensor was used to detect interactions between biomolecules, such
as biotin-streptavidin [60] and two biomolecules related to Alzheimer’s
disease [63]. The cubical [64] or rhombohedral [65] silver nanoparticles
were also used for sensing of protein interactions. Lately, the reports
are available for AgNPs based biosensors in cancer detection [66]. The
researcher have also demonstrated the use of silica-coated nanosilver
as biosensors for the detection of bovine serum albumin (BSA) [67].

Bioimaging
The AgNPs due to its plasmonic properties can be detected by
numerous optical microscopy techniques and are advantageous over
commonly used fluorescent organic dyes that decompose during
imaging (photobleaching). As AgNPs are photostable thus they can
used as biological probes to monitor continuously dynamic events for
an extended period of time [68]. Lee et al. demonstrated the real time
study of AgNPs to monitor early embryonic developement with time.
The unique plasmonic properties of such small metallic nanoparticles
also encourages its employment in therapeutic tool. There are two ways
by which AgNPs are employed in bioimaging: by incubation of AgNPs
with cells in order to determine physical interactions and uptake, or
to functionalization of biomolecule on the surface of AgNPs thus
increasing specificity for cell membrane. The former is easier as the
latter needs a specific biofunctionalization molecule [68]. The impact
of AgNPs were examined in neuroblastoma cells under dark-field
illumination [69]. AgNPs attached on iron oxide nanoparticles were
incubated with macrophages for their easy detection by two-photon
imaging after their cell uptake [69-99].

Conclusion
The mechanism and synthesis of AgNPs using plants has described
in detail, their biotechnological applications and mechanism of cellular
uptake needs to be strengthened. The process of synthesis using plant
or plant extracts is considered economical, eco-friendly and can be
easily scaled up. The bio-molecules present in plants reduce the silver
ions into nano size. The varied bio-molecules present within the plants
catalyze the reduction of silver into nano and give unique property to
them. Because of its ability to kill diverse microorganisms it offers an
attractive alternative to conventional antibiotics thus paving the way
for the development of new-generation antibiotics. Since the synthesis
of AgNPs is economical, it can be used in a wide variety of applications
such as industrial appliances like bandage, food and water storage,
biomedical fields, pharmaceutical and wastewater treatment in a low
price. Analyzing the exact mechanism of synthesis and controlling the
shape and size of the silver nanoparticle, will broaden the scope of study.
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