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Abstract: Our research focused on the production, characterization and application of silver nanoparticles (AgNPs),
which can be utilized in biomedical research and environmental cleaning applications. We used an environmentally friendly
Green synthetic technique for the production of the AgNPs. The Vitex negundo leaf extract used to produce the
nanoparticles were from aqueous extracts. Synthesis of colloidal AgNPs was monitored by UV-Visible spectroscopy. The
UV-Visible spectrum showed a peak between 410 nm corresponding to the Plasmon absorbance of the AgNPs. The method
used for the preparation of silver nanoparticles was found to be rapid and require no toxic chemicals. The Vitex negundo
capped silver nanoparticles were characterized by UV/Vis-spectroscopy, Particle size analyzer (PSA), Transmission
electron microscopy (TEM) and Energy dispersive X-ray Analysis (EDX). Duly characterized nanoparticles were explored
for their application as antimicrobial agent were also found to exhibit reasonably good antimicrobial activity when
compared with standard Chloramphenicol, which suggests its potential use as antimicrobial agent with Gram-negative and
Gram-positive bacteria, which is not toxic for human healthy cells, but inhibit bacterial growth.
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1. Introduction

Nanotechnology is an important field of modern
research dealing with design, synthesis, and manipulation
of particles structure ranging from approximately 1-100 nm.
Tremendous growth in this emerging technology has
opened novel fundamental and applied frontiers, including
the synthesis of nanoscale materials and exploration or
utilization of their exotic physicochemical and
optoelectronic  properties. Nanotechnology is rapidly
gaining importance in a number of areas such as health
care, cosmetics, food and feed, environmental health,
mechanics, optics, biomedical sciences, chemical industries,
electronics, space industries, drug-gene delivery, energy
science, optoelectronics, catalysis, reorography, single
electron transistors, light emitters, nonlinear optical devices,
and photoelectrochemical applications[1, 2]

Silver nanoparticles are of interest because of the unique
properties (e.g., size and shape depending optical, electrical,
and magnetic properties) which can be incorporated into
antimicrobial applications, biosensor materials, composite

fibers, cryogenic superconducting materials, cosmetic
products, and electronic components. Several physical and
chemical methods have been used for synthesizing and
stabilizing silver nanoparticles[3, 4]. The most popular
chemical approaches, including 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, nanoparticle synthesis is among
the most interesting scientific areas of inquiry, and there is
growing attention to produce nanoparticles using
environmentally friendly methods (green chemistry). Green
synthesis approaches include mixed-valence
polyoxometalates, 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 nanoparticle preparation by
physical, chemical, and green synthesis approaches. The
aim of this chapter is, therefore, to reflect on the current
state and future prospects, especially the potentials and
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limitations of the above mentioned techniques for
industries. Moreover, we discuss the applications of silver
nanoparticles and their incorporation into other materials,
the mechanistic aspects of the antimicrobial effects of
silver nanoparticles.

The field of nanoscience has been established recently as
a new interdisciplinary science which can be defined as a
whole knowledge on fundamental properties of nano-size
objects [5]. Size and shape of nanoparticles provide an
efficient control over many of their physical and chemical
properties [6, 7], and their potential application in
optoelectronics [8, 9], recording media [10, 11], sensing
devices [12, 13], medicine [14-16] and catalysis [17].
Silver nanoparticles(NPs) have unique electronic and
optical properties, and hence they have been used in a
broad range of fields, including catalysis, biological
labelling and photonics etc. [18-23]. Ag ions and AgNPs
were found to be highly toxic to microbes, with strong
biocidal effects. Silver nanoparticles possess potential
application to eliminate microorganisms and hold the
promise of killing microbes effectively [24, 25].

Hence, synthesis and application of Ag nanoparticles are
an important area of research. Various methods, including
aerosol technique [26], electrochemical or sonochemical
deposition [27, 28], photochemical reduction [29], laser
irradiation technique, etc. [30], have been reported over the
last two decades for the synthesis of silver nanoparticles.
Widely used is chemical reduction method, which involved
the reduction of metal ions with the help of different
reducing agents such as citric acid, borohydride (Lee and
Meisel Method) [31], N,H,[32], NH,OH [33], ethanol [34],
ethylene glycol [35] and N,N-dimethyformamide (DMF)
[36]. Other organic compounds which not only act as
reducing agent but also as stabilizing agent to prevent the

nanoparticles from aggregation like cetyl
trimethylammonium  bromide [37], sodiumdodecyl
sulphate  [38], poly(vinyl alcohol) [39] and

poly(vinylpyrrolidone) [40] poly (lactic Acid) [41] poly
(methyl vinyl ether) [42] have also been used for the
synthesis of nanoparticles but they suffer from aggregation.

In fact, metal nanoparticles can be converted into
powerful nanoscale chemical sensors by manupulating
their surface with those molecules which can introduce
new functionality and also possess additional binding sites
to interact with substrates, such as metal ions in solution.
Therefore, detection and sensing of heavy and transition
metal ions via multifunctional nanoparticles [43] are topics
of recent interest in nanoscience.

Characterization of nanoparticles was done by UV/Vis-
spectroscopy, particle size analyzer (PSA), Transmission
electron mictroscopy (TEM) and energy dispersive X-ray
Analysis (EDX). As the size [21, 44] and zeta potential [30,
45] of fluorescent CPH-AgNPs was found to be suitable
for biological applications, therefore, basic antimicrobial
activity has also been screened against microorganisms like
Escherichia coli, Bacillus megaterium, Staphylococcus
aureus and Bacillus subtilis.

2. Synthesis of Silver Nanoparticles
2.1. Materials and Methods

2.1.1. Materials

All the reagents and metal salts of AR grade were
purchased from Sigma-Aldrich and used without further
purification. Solvents used for spectroscopic studies were
purified and dried before use. All aqueous solutions were
prepared from quartz distilled deionized water, which was
further purified by a Millipore Milli-Q water purification
system (Millipack 20, Pack name: Simpak 1, Synergy).
Melting points (uncorrected) were taken in a single
capillary tube using a VEEGO (Model No: VMP-DS, India)
melting point apparatus. The colloidal solutions were
centrifuged in REMI, Model No. R-8C laboratory
centrifuge.The The spectra were recorded at room
temperature. Absorption spectra were studied on a Jasco V-
570 UV-Vis recording spectrophotometer. pH of the
solutions was measured using pH analyzer LI 614- Elico.
The particle size and zeta potential were determined by
using the Malvern Zetasizer (Model; ZEN3600) as such
without dilution. TEM images were recorded in
MACK/model JEOL, JEM 2100 at an accelerated voltage
of 200 kV. A drop of dilute solution of a sample in water
on carbon coated copper grid was dried in vacuum and
directly observed in the TEM. The antimicrobial
susceptibility of nanoparticles was evaluated using the disc
diffusion or Kirby-Bauer method and zones of inhibition
were measured after 24 hours of incubation at 35 °C.

2.1.2. Medicinal use of Vitex Negundo

Five-leaved chaste tree

Scientific classification

Kingdom: Plantae
(unranked): Angiosperms
(unranked): Eudicots
(unranked): Asterids
Order: Lamiales
Family: Lamiaceae
Genus: Vitex
Species: V. negundo

Binomial name
Vitex negundo L.

The principal constituents the leaf juice are casticin,
isoorientin, chrysophenol D, luteolin, p—hydroxybenzoic
acid and D-fructose The main constituents of the oil are
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sabinene, linalool, terpinen-4-ol, B-caryophyllene,a
guaiene and globulolconstituting 61.8% of the oil. In vitro
and animal studies have shown that chemicals isolated
from theplanthave potentialanti-inflammatory, antibacterial,
antifungal and analgesic activities. Vitex negundo is used
for treating stored garlic against pests and as a cough
remedy in the Philippines. Roots and leaves used in eczema,
ringworm and other skin diseases, liver disorders, spleen
enlargement, rheumatic pain, gout, abscess, backache;
seeds used as vermicide[46].

2.2. Medical Uses of Vitex Negundo

Properties of Vitex negundo as a medicinal plant include
antihistamine, antioxidant, and anticonvulsant uses. It also
produces pain relief similar to aspirin and morphine in
animal tests. This plant has been used for hundred of years
in India and in the Philippines, where the health department
endorsed its use as an herbal medicine.

Scientific studies examined the leaves, roots, fruits, and
flowers of the plant, and found possible medicinal uses in
animal studies. The leaves, root, and fruit showed
antihistamine benefits that might relax bronchial muscles
and reduce asthma symptoms. The studies also found anti-
inflammatory properties that may treat arthritis and
rheumatism. Researchers discovered extracts of this plant
did not cause stomach damage in rats even when toxic
doses were administered.

Another study tested the anticonvulsant benefits of Vitex
negundo in laboratory animals. Rats were dosed with leaf
extract before chemicals to induce seizures were
administered. These experiments found Vitex negundo
provided protection against seizures similar to
anticonvulsant drugs approved for human wuse. The
scientists concluded the medicinal uses of the plant for
seizures might produce fewer side effects than typical
medications.

The leaves produce a cooling effect that eases pain and
swelling. The juice of Vitex negundoleaves commonly
serves as a treatment for sprained ankles, arthritis pain, and
injuries. At high doses in animal studies, pain relief similar
to morphine was attained by researchers. At low doses, the
plant provides relief equal to aspirin, but without upsetting
the stomach.

Fruit from Vitex negundo serves as an aphrodisiac in
some regions. It also promotes fertility and might regulate
menstrual cycles. The flowers act as an astringent and
digestive aid, and are promoted to treat heart disease in
some areas.

Filipinos burn leaves of the plant to repel mosquitoes
and house flies. Oil from the leaves is also used to deter
pests in grain storage facilities. Tests show the oil might
also be an effective pesticide on insects that damage
tobacco leaves.

More than 200 species of the plant exist, with 14 found
in India, where it is considered a common herbal remedy.
Vitex negundo is also known as the five-leafed chaste tree
or monk’s pepper. Its most striking feature centers on a

cluster of five pointed leaves resembling a hand. This plant
grows as a shrub or small tree from a single trunk.

2.3. Preparation and Characterization of AgNps

Vitex Negunda were collect from S.V Campus Kadi,
Department of Chemistry garden.. The extraction sample
was prepared by extracting the leaf of vitex Negundo and
storing it for the synthesis of AgNPs (Scheme 1).

In a typical one pot method, silver nanoparticles were
prepared by the adding 25 ml of 1 mM aqueous solution of
Vitex Negundo leaf extract to the conical flask containing
25ml of 1 mM boiling solution of AgNO;. Heating of the
resulting solution was continued for another 20 minutes on
hot water bath with continuous stirring till the colour of the
solution changed to permanent turbid yellow. The turbid
yellow solution was centrifuged at 5000 rpm for 5-7
minutes to get rid of supernatant liquid which might
contain any unreacted reactants. The residue of
nanoparticles was redispersed in water to get back the
nanoparticles. This process was repeated three times and
the absence of reactants in supernatant liquid was
confirmed by UV- Visible spectrophotometry. The particle
size, morphology and composition of the nanoparticles
were determined by transmission electron microscopy
(TEM) and energy dispersive X-ray Analysis (EDX).

2.4. Antibacterial Activity of CPH-AgNps

The antibacterial activity of silver nanoparticles was
evaluated using the disc diffusion and Kirby-Bauer method
[30]. The antibacterial assays were done on bacterial
organisms like Escherichia coli, Bacillus megaterium,
Staphylococcus aureus, Bacillus subtilis, by Muller Hinton
Agar (MHA) plates. Sterile paper disc of 10 mm diameter
containing silver nanoparticles and standard antibiotic
chloramphenicol (100 pg/ml) containing discs were placed
on each plate as control. The plates were incubated at 35°C
overnight, and the inhibition zones around the discs were
measured.

‘ Preparation of Nanoparticle ‘
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Scheme 1. Preparation of nanoparticles
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3. Results and Discussion

3.1. Formation of Silver Nanoparticles and its
Mechanism

Plants contain a complex network of antioxidant
metabo- lites and enzymes that work together to prevent
oxidative damage to cellular components. Pineapple
contains a number of essential nutrients, including vitamin
C, man-ganese, and fibre. It also contains beneficial plant
phyto- chemicals (Ferulic acid and chlorogenic acid) which
have antioxidant and anti-cancer activities. These
antioxida- tive compounds delay or inhibit the oxidation of
mole- cules by inhibiting the initiation or propagation of
oxida- tive chain reaction. The antioxidative activity of
phenolic compounds is mainly due to their redox property,
which plays an important role in absorbing and neutralizing
free radicals, quenching singlet and triplet oxygen or
decom- posing peroxides[47]. Several reports have
conclusively shown close relationship between total
phenolic contents and antioxidative capacity[48]. The
antioxidant ac- tivity is the result of a combination of
different com- pounds having synergistic and antagonistic
effect[49].

In this study, we have made use of vitex Negundo plant
extract, which acted as both reducing and stabilizing agent
in an aqueous medium for the formation of silver
nanoparticles (AgNps). Reduction of AgNO; by leaf
extract occurs via oxidation of the amino group or some
alkaloids or terepenoids of vitex negundo i.e., transfer of
electrons from the functional group to the Ag' ions (Eq.1).
Vitex Negundo extract can passivate the surface of silver
nanoparticles and stabilize Nanoparticle owing to the
coordination of nitrogen atoms or some other group with
Ag atoms at the surface of silver nanoparticles. The
resulting metallic silver nucleates to form silver
nanoparticles and further stabilize it electro statically as
follows [32, 50, 51].

Eq.1 AgNO, +RNH - Ag’ +RNH" +NO;

The optical absorbance was recorded on UV-Vis
spectrophotometer ( Jasco double beam model) in 200 -
800 nm wavelength range. It was observed that upon
addition of the extract into the flask containing the aqueous
silver nitrate solution, the colour of the medium changed to
yellow within 2 min. This indicated the for-mation of silver
nanoparticles. The solution containing the signatory colour
of AgNPs (Fig.1).

300 400 500 600 700 800

Wavelength (nm)

Fig. 1. Absorption spectra of functionalised silver nanoparticles (~-AgNps)
and inset of figure shows its yellow colour

The size distribution of the AgNps was characterized by
two techniques, transmission electron microscopy (TEM)
and particles size analyzer (PSA). TEM is used to visualize
the shape as well as to measure the diameter of
nanoparticles. Whereas, PSA provides information
regarding the size of aggregates rather than the diameter of
individual particles. (Fig 2a, 2b), depicts that the sample
was composed of a large quantity of well dispersed
spherical AgNps with an average particle size of 5+1 nm.
From the particle size analyser, the average hydrodynamic
diameter of AgNps was found to be 15 + 2 nm. These
higher values were due to the light scattered by the core
particle and the layers formed on the surface of the
particles. Energy-dispersive X-ray (EDX) analysis
spectrum recorded in the spot-profile mode from one of the
densely populated AgNps regions on the surface of film,
strong signals from Ag atoms while weaker signals from C,
O, Si, Cu and Ca atoms were observed (Fig. 2c). Zeta
potential, the overall charge of the particle in a particular
medium was found to be +18 mV (Fig 3). The positive
charge indicates that the silver nanoparticles were properly
capped with positively charged of some component of
vitex Negundo leaf extract.
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Fig. 2(a). TEM image of Vitex Negundo reduced AgNps. (b) Particle size
distribution graph of -AgNps. (c) EDAX spectrum of —AgNps
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Fig. 3. Zeta potential of Vitex Negundo leaf Extract plant capped -AgNps
3.2. Antibacterial Activity Study of AgNps

With regard to antibacterial activity, it is well known
that the nanoparticles smaller than 10 nm interact with
bacteria and produce electronic effects [21, 52], which
enhanced the reactivity of nanoparticles. Thus, it is
corroborated that the bactericidal effect of silver
nanoparticles is size dependent [53, 54].

Hence, it is worth studying the antibacterial behaviour of
synthesised -AgNps of 5 nm particle size and with +18 mV
zeta potential value (Fig.4). Although the exact mechanism
of action of silver on the microbes is still not known but the
suggested possible mechanism of action of metallic silver,
silver ions and silver nanoparticles is according to their
morphological and structural changes found in the bacterial
cells. Some studies have reported that the positive charge
of silver ions is crucial for its antimicrobial activity
through the electrostatic attraction between negative charge
cell membrane of microorganisms and positive charge
nanoparticles [30, 45]. The nanoparticles get attached to
cell membrane and also penetrate inside the bacteria. The
bacterial membrane contains sulfur-containing proteins,
and the silver nanoparticles interact with these proteins in
the cell as well as with the phosphorus containing
compounds like DNA. When silver nanoparticles enter the
bacterial cell, they form a low molecular weight region in
the centre of the bacteria to which the bacteria

conglomerate thus, protecting the DNA from the silver ions.

The nanoparticles preferably attack the respiratory chain
and inhibit cell division finally leading to cell death. The

nanoparticles release silver ions in the bacterial cells,
which enhance their bactericidal activity (Scheme 2) [55,
56].

The antimicrobial effect of AgNps on bacteria such as
Staphylococcus — aureus, Escherichia coli, Bacillus
megaterium and Bacillus subtilis were compared with
standard antibiotics such as chloramphenicol. Zone of
inhibition is the only criterion which has been used to
compare the antimicrobial activity. On this basis, it was
observed that the antimicrobial activity of AgNps is
generally more than the plant extract (Fig.4). Although the
antimicrobial activity of AgNps is slightly less than that of
standard chloramphenicol therefore, it is reasonable to
propose that AgNps hold the potential of their use as a
good antibacterial agent. (Table 1)

S_aureus

B.megaterium

B.megaterium

Fig.4. Antimicrobial Activity of SilverNanoparticles with various Micro
orginisms

Formation

Cell Wall

Bacterial Cell

Scheme 2. Praposed antimicrobial Activity of silver Nanoparticle
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Table 1. Antimicrobial activity (Zone of inhibition in mm) of Compounds 1-4.

Zone of inhibition (mm)

Name of compound E.coli B.subtilis S.aureus B.megaterium
50 ppm 100 ppm 50 ppm 100 ppm 50 ppm 100 ppm 50 ppm 100 ppm

A* 9 8 10 10 9 8 9 7
AgNO; 6 4 7 4 8 8 6 5

Vitex Negundo leaf 6 5 4 5 5 5 5

AgNps

(Caiitbs) 7 6 6 6 5 5 6 5

AgNps 7 8 9 8 6 5 8 7

A* = Chloramphinicol (Antibiotic control)

4. Conclusions

In conclusion, an efficient, eco-friendly and simple
Green synthesis method has been developed for the
preparation of AgNps, where vitex Negundo acted as both
reducing as well as stabilizing agent. The bio- reduction of
aqueous Ag+ ions by the leaf extracts of the plant has been
demonstrated. The reduction of the metal ions through leaf
extracts leading to the formation of silver nanoparticles of
fairly well defined dimensions. But the capability of other
plant parts such as fruit and root as a capping and reducing
agent is not tested and not well defined. In the present
study we found that leaves were good source for the
synthesis of silver nanoparticles has many advantages such
as, ease with which the process can be scaled up, economic
viability and to obtain smaller particle size. This study
demonstrated the possibility of use of biologically
synthesized silver nanoparticles and their incorporation in
materials, providing them sterile properties. The cotton
fabrics incorporated with these silver nanoparticles
exhibited antibacterial activity against the common
pathogens. Prepared nanoparticles can be used as
bactericidal and in wound healing, water purification and
also in the field of medicine. It was also found that AgNps
with 5 nm size and +18 mV zeta potential, exhibited
reasonably good antimicrobial activity, when compared
with standard Chloramphenicol, through the electrostatic
attraction between positively charged nanoparticles and
negatively charged cell membrane of microorganisms. This
suggests their potential use as an antimicrobial agent.

4.1. Future Application

Silver Nanoparticle Applications

Silver nanoparticles are being used in numerous
technologies and incorporated into a wide array of
consumer products that take advantage of their desirable
optical, conductive, and antibacterial properties.

Diagnostic Applications: Silver nanoparticles are used in
biosensors and numerous assays where the silver
nanoparticle materials can be used as biological tags for
quantitative detection.

Antibacterial Applications: Silver nanoparticles are
incorporated in apparel, footwear, paints, wound dressings,

appliances, cosmetics, and plastics for their antibacterial
properties.

Optical Applications: Silver nanoparticles are used to
efficiently harvest light and for enhanced optical
spectroscopies including metal-enhanced fluorescence
(MEF) and surface-enhanced Raman scattering (SERS)

AgNPs have been used extensively as anti-bacterial
agents in the health industry, food storage, textile coatings
and a number of environmental applications. It is important
to note that despite of decades of use, the evidence of
toxicity of silver is still not clear. Products made with
AgNPs have been approved by a range of accredited bodies,
including the US FDA, US EPA, SIAA of Japan, Korea’s
Testing and Research Institute for Chemical Industry and
FITI Testing and Research Institute As anti-bacterial
agents, AgNPs were applied in a wide range of applications
from disinfecting medical devices and home appliances to
water treatment Moreover, this encouraged the textile
industry to use AgNPs in different textile fabrics. In this
direction, silver nanocomposite fibers were prepared
containing silver nanoparticles incorporated inside the
fabric The cotton fibers containing AgNPs exhibited high
anti- bacterial activity against Escherichia  coli.
Furthermore, the electrochemical properties of AgNPs
incorporated them in nanoscale sensors that can offer faster
response times and lower detection limits. For instance,
electrodeposited AgNPs onto alumina plates gold micro-
patterned electrode that showed a high sensitivity to
hydrogen peroxide.

The optical properties of a metallic nanoparticle depend
mainly on its surface plasmon resonance, where the
Plasmon refers to the collective oscillation of the free
electrons within the metallic nanoparticle. It is well known
that the Plasmon resonant peaks and line widths are
sensitive to the size and shape of the nanoparticle, the
metallic species and the surrounding medium. For instance,
nanoclusters composed of 2-8 silver atoms could be the
basis for a new type of optical data storage. Moreover,
fluorescent emissions from the clusters could potentially
also be used in biological labels and electroluminescent
Displays (Fig.5) [57].
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