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ABSTRACT

Biosynthesis of metal nanoparticles using plant extract has received much
attention due to its eco-friendly nature. The present study elucidates the
green synthesize of Silver nanoparticles (AgNPs) from methanolic extract
of Coleus Vettiveroids —an endemic species. The synthesis of AgNPs was
confirmed by UV-visible spectrometry at 416 nm. Further, biosynthesized
nanoparticles were characterized by FTIR for the confirmation of
biomolecules acting as reducing agent. Average size and presence of
elemental silver were characterized by scanning electron microscopy (SEM)
and Transmission electron microscopy (TEM).Average size of nanoparticles
was found to be 5 nm. The antioxidant ability of AgNPs was analyzed using
DPPH. In vitro antibacterial effect of various concentrations of AgNPs was
investigated against both Gram positive (S.Aureus) and Gram negative
(E.Coli) bacterial strains. The result shows that biosynthesized AgNPs have
significant antibacterial activity. Synthesized silver nanoparticles were
also used effectively as photo catalyst in degradation of Organic Dyes and
can be concluded that synthesized silver nanoparticles are also promising
photo catalyst.
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INTRODUCTION
Nanomaterials are

cornerstone for

optical and other fields. This is due to the fact

the emerging nano science and technology
and heading towards getting things smaller.
Nanostructures have attracted extensive research
interest due to the beneficial influence of their
dimensionality on electronic and optical material
properties [1]. At the nanoscale, properties differ
significantly from their bulk material counterparts,
and materials can self-assemble spontaneously
into ordered structure. These emergent properties
have profound impact in mechanical, electrical,
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that many important chemical and electrical
reactions occur only at surfaces and are sensitive
to the shape and texture of a surface as well
as, its chemical composition [2-3]. Therefore,
nanoparticles are nurtured as building blocks of
the next generation of optoelectronics, electronics
and various chemical and biochemical sensors
[4-5]. The unique properties of different types
of nanoparticles have resulted in wide variety
of novel applications. For example, compounds
known to be generally inert materials may become
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catalysts. The extremely small size of nanoparticles
allows them to penetrate cells and interact with
cellular molecules. Because of these potentials,
the science of nanotechnology has taken off in
recent years, particularly in nano medicine.

Colloidal nanoparticles are usually used as
carriers to deliver drugs and genes into cells for
various therapeutic applications [6]. In many
cases, the surface of their carriers is functionalized
with antibodies [7]. Delivering of nanoparticles
into cells involve their attachment to the cell
surface. Location of nanoparticles, relative to cell
membrane can influence behavior of a cell and the
efficiency of therapeutic agent [8]. In many living
organisms, oxidation is an essential biological
process for the production of energy. Reactive
oxygen species (ROS) cause damage of complex
cellular molecules such as carbohydrates, proteins,
lipids and DNA [9]. Appearance of many health
problems like cancer, cardiovascular diseases, liver
diseases, renal failure, inflammatory problems,
and aging are on the rise [10]. Antioxidants are
agents that, in one way or another, restrict the
deleterious effects of these oxidant reactions.
These restrictions can involve scavenging free
radicals and therefore, can enhance the immune
defense and lower the possibility of diseases
occurrence [11]. The search for new antioxidants is
of greatimportance to avoid the side effects. Fruits,
vegetables and medicinal herbs have proven to be
the richest sources of antioxidant compounds [12].
Natural products, mainly obtained from dietary
sources provide a large number of antioxidants.
Phytoconstituents are staging a comeback as an
important source of antioxidant, and are capable
of terminating the free radical chain reactions
[13]. This green method of silver nanoparticle
formation opens a new window for the treatment
of various infectious diseases and tumors.

In textile, dyes are used as raw material which
generates tons of waste water. By nanotechnology,
it has now become possible to obtain new
materials with specific properties. Among them,
the photo catalytic activity is a feasible option
for the management of organic pollutants [14].
Photo catalyst is the activation of a photochemical
reaction, using UV or visible light as chemical
energy in the presence of a catalyst substrate [15].
AgNPs has photo catalytic activity, which make it
an attractive solution for water treatment [16].
Presence of silver improves its photo catalytic
properties by promoting interfacial electron-hole
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and silver may trap photo generated electrons
[17]. Nanomaterials have proved to be efficient
catalyst. But the main challenge in applying
nanoparticles is to stabilize and control their size
[18].

The enhancement of a greener route to
nanoparticles synthesis has been a boon to
research platform with strong impetus for the
future. The various resources available naturally
for the green synthesis of nanoparticles are plants,
plant products, bacteria, fungi, algae, yeast and
viruses [19]. Though, there is a large platform
for a greener synthesis of nanoparticles, the
most commonly preferred way is plant extract as
it is easy to handle, less biohazard and does not
require maintenance of cell culture [20]. Another
advantage is that the size of the nanoparticles
synthesized can also be controlled easily by
altering parameters, like pH and temperature [21].
The use of stabilizers to prevent aggregation is not
required as the proteins in the plant extract act as
stabilizers [22].

So the present study elucidates synthesis and
characterization of silver nanoparticles (AgNPs)
by methanolic extract of Coleus Vettiveroids —
an endemic species. Thorough review of the
literature revealed that C. Vettiveroids is probably
native and endemic to Kerala and Tamil Nadu
[23-24]. However, the wild source of species is
still not known. It is grown under cultivation and
extinct in the wild. Therefore C. Vettiveroids s
not recorded from natural habitats, and has been
assessed and considered as possibly extinct in the
wild [25]. So species of Coleus Vettiveroids are not
explored and particularly, in the green synthesis
of AgNPs. In order to fill this gap, the present
work was undertaken for the first time with the
aim of biosynthesis of AgNPs and optimization
of parameters for the best production of AgNPs
and their characterization by Coleus Vettiveroids
methanolic leaf extract. Synthesized AgNPs were
evaluated for antibacterial, antioxidant and photo
catalytic activities.

MATERIALS AND METHODS
Instrumentation Technique

UV-Visible spectral analysis was done by using
Double beam UV-Visible spectrophotometer
(specrtoscan UV-2600), with the revolution of
1nm between 300-700 nm. FT-IR spectra were
recorded by using Bruker FTIR spectrophotometer,
the range of 500-4000 cm™. Scanning Electron
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Microscopy (SEM) was done using Quanta
200 FEG, Particle size and crystalline nature of
nanoparticles were analyzed using Transmission
electron microscopy (TEM —JEO2100).Cyclic
Voltammetric study was performed by using
CH silicone Voltammetric analyzer model 604 E
work station with three electrode system. The
fluorescence measurements were carried out on
F-7000 FL spectrophotometer with the scan speed
of 1200 nm/min.

Preparation of plant extract

Fresh leaves of Coleus Vettiveroids under
cultivation were collected from Munnar, Idukki
district of Kerala. For the preparation of extracts,
successive solvent extraction method was
followed using Soxhlet apparatus. The dried and
powered leaves of Coleus Vettiveriods (10 grams)
were packed in the body of Soxhlet extractor.
The concentrated extract was filtered through
Whatmann’s filter paper no.41 and used for
further experiments.

Synthesis of silver nanoparticles

For the synthesis of silver nanoparticles, AgNO,
was treated with methanolic plant extract in the
ratio of 1:9. To study the optimum factors for the
synthesis of silver nanoparticles, the experiments
were carried out at different conditions of varying
temperature, pH and the concentrations of AgNO,
solution. The effect of these parameters on the
synthesis of silver nanoparticles was monitored by
UV-Visible spectrophotometer.

Cyclic Voltammetry study

Multiple scan cyclic Voltammogram was
performed using conventional three electrode
system. Platinum wire as counter electrode,
Carbon electrode as working electrode and silver/
silver Chloride as reference electrode were used.
5mL colloidal solution of metal nanoparticles
was mixed with 1 mL of 0.1 M KNO, supporting
electrolyte.

Photo catalytic degradation of organic dyes

Photo catalytic degradation of Methyl Orange
(MO) and Methylene Blue (MB) were carried out
by using synthesized silver nanoparticles in the
sunlight and identified spectrometrically by using
double beam UV-visible Spectrophotometer.
The absorbance spectrum of the supernatant
was subsequently measured using UV-Vis
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spectrophotometer at different times.

Antibacterial activity

Gram negative Escherichia coli (MTCC 443)
and Gram positive Staphylococcus Aureus
(MTCC 96) bacterial pathogens were used for
antimicrobial activity. These selected pathogenic
strains were obtained from Microbial Type Culture
Collection (MTCC), Chandigarh Punjab, India. The
antibacterial activity was determined by well
diffusion methods [26].

Antioxidant activity

The ability of the samples to annihilate the
DPPH radical (1, 1-diphenyl-2-picrylhydrazyl)
was investigated by the method described by
Blois 1958 [27]. Stock solution of compound
was prepared to the concentration of 10 mg/ml.
Different concentration of the extract (200, 400,
600, 800, 1000 pg) of sample were added, at an
equal volume to methanolic solution of DPPH
(0.1mM). The reaction mixture is incubated for
30min at room temperature; the absorbance was
recorded at 517 nm. The experiment was repeated
for three times. Ascorbic acid was used as standard
control. The annihilation activity of free radicals
was calculated in percentage inhibition according
to the following formula,

% of Inhibition = (Absorbance of control —
Absorbance of Test)/Absorbance of control * 100

RESULTS AND DISCUSSIONS
UV-visible analysis

When methanolic extract was mixed with AgNO,
and incubated, its color changed from greenish
yellow to dark brown, indicating the formation of
AgNPs. Silver nanoparticles suspension exhibits
an intense dark brown color due to the surface
Plasmon resonance (SPR), which form collective
oscillations of their conduction band electrons
in response to electromagnetic waves [28]. The
silver nanoparticles were characterized by UV-
Vis spectroscopy, one of the most widely used
techniques for structural characterization of silver
nanoparticles [29]. Therefore, absorbance peaks
can be used as tools to predict size and stability. A
strong broad peak at 416 nm was observed for the
silver nanoparticles prepared using methanolic
extract of C.vettiveroids (Fig. 1). There was no
peak for plant extract and silver nitrate solution.
Observation of this peak, assigned to a surface
Plasmon, is well documented for various metal
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nanoparticles with sizes ranging from 2 to 100 nm.
It is an efficient and rapid method, which was very
well explained by other researchers who worked
with different plant systems [30-31].

The study of methanolic extract of Coleus
Vettiveroids leaf showed the presence of alkaloids,

act as an oxidizing agent and is oxidized by AgNO,
resulting in the formation of AgNPs. The phenolic
compound has hydroxyl and ketonic groups which
are able to bind to metal ions and reduce the
metal salt. The enzyme released from the plant
extract act on the silver ions and there is a release
probably
combine with protein released from the plant

phenolic compounds, reducing sugar, starch, of AgNPs from enzyme. The AgNPs
proteins, aminoacids and tannis[32]. Flavonoids
1.0 —
0.8 - 416 nm
v
% 0.6 -
-]
= 0.4
0.2 -
D'D | | I | |
200 300 400 500 600 700

Wavelength nm

Fig. 1. UV-Visible absorbance spectrum of synthesized AgNPs from Methanolic extract of
C.Vettiveroids. Inset: Photo of synthesized AgNPs.
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Fig.2. Fluorescence emission spectrum of AgNPs from Methanolic leaf extract of Coleus Vettiveroids
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extract which may lead to the formation of protein
capped silver nanoparticles.

Fluorescence spectroscopy

Photoluminescence (PL) of the synthesized
AgNPs is studied by fluorescence emission
spectroscopy to estimate the optical property
of the AgNPs as photonic materials [32]. The
synthesized AgNPs were excited at 416 nm, and the
emission peak was obtained at 484 nm [33]. have
reported similar emission band. The origin of the
fluorescence could be attributed to the promotion
of d-band electrons of the silver nanoparticles on
absorption of the incident photon energy to higher
electronic states in the sp-band (Fig. 2).

FTIR Analysis

FTIR measurements were carried out to
determine the biomolecules of leaf extract
responsible for the reduction of silver ions
and capping of AgNPs (Fig. 3). The broad band
appearing at 3410.59 cm™ is assigned for O-H
stretching vibrations indicating the presence of
hydroxyl group in the reducing agents [34]. Peak
at 2341.05 cm-1 is attributed to C-H (aliphatic)
stretching. The strong peaks at 1630.08 cm™ s
due to N-H bending and 1355.99 cm™ corresponds

1.024

to C-N stretching vibrations as well as amide |
bands of proteins in the C.vettiveroids extract.
Peak observed at 1018.02 cm™ corresponds to
secondary —OH stretching, indicating that the
secondary —OH also participates in nanoparticles
synthesis. From FTIR, it can be concluded that, the
biological components are known to interact with
metal ions (Ag') via these functional groups and
mediate their reduction to nanoparticles (Ag°).

SEM analysis

SEM micrographs of the synthesized silver
nanoparticles using Coleus Vettiveroids methanolic
extractis shown in Fig. 4. The biosynthesized silver
nanoparticles were uniformly spherical in shape,
well dispersed and homogeneous. Homogeneity of
these properties is important in many applications
[35].

TEM Analysis

Transmission electron microscopy has been
used further to identify the size of synthesized
silver nanoparticles (Fig. 5). The graphical
representation of the formation of AgNPs is
shown in (Fig. 6a). The size of the AgNPs was found
to be 5 nm with distinct and spherical in shape.
Selected area electron diffraction (SAED) pattern
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Fig. 3. FTIR spectrum of synthesized silver nanoparticles from methanolic extract of Coleus Vettiveroids
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Fig. 5. TEM images of synthesized AgNPs at the magnifiactions of 100nm and 20 nm

showed that the synthesized silver nanoparticles
were crystalline in nature. (Fig. 6b)

Cyclic Voltammetry study

Cyclic Voltammetry measurements were
carried out at a scan rate of 50mV/s in aqueous
solution. The CV curve shows prominent anodic
peak. The anodic peak is due to the oxidation of
silver nanoparticles in the size of quantum dots
at the carbon electrode, which is also evidence
for the formation of AgNPs. Double scan of
CV indicates the decrease in concentration of
diffusible particles. Thus AgNPs show irreversible
oxidation peak (Fig. 7).
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Photo-catalytic degradation studies
Photo-catalytic degradation of Methyl Orange
and Methylene Blue dyes were investigated
using, biometrically synthesized AgNPs by solar
irradiation technique at different time intervals of
1,2,3,4 and 5 hours. The characteristic absorption
peak of pure MO and MB dyes were found to be
464.5 nm and 667 nm respectively. The catalyzed
reaction with AgNPs spectrum shows a sudden fall
in absorbance value indicating catalytic effect of
Ag nanoparticles under exposure to sunlight (Fig.
8a). There was no much change in absorbance peak
without AgNPs indicating very slow reduction rate
of methyl orange and Methylene Blue (Fig. 8b).

J Nanostruct 8(2): 179-190, Spring 2018
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Fig. 6. (a)Histogram showing particle size (b) SAED pattern of synthesized AgNPs
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Fig. 7. Double scan of cyclic voltammogram for synthesized Silver nanoparticles from methanolic leaf extract
of Coleus Vettiveroids.

Degradation of dyes was faster in the presence
of synthesized silver nanoparticles of methanolic
extract of C. Vettiveroids.

The probable mechanism of degradation could
be attributed to the SPR effect where the excited

J Nanostruct 8(2): 179-190, Spring 2018

surface electrons might interact with the dissolved
oxygen molecules and ultimately produce hydroxyl
radicals while allowing Ag* ions to interact with
the anionic dye [36-37]. The solar light was
found to be more effective than other radiation
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techniques for degrading dyes as reported by
the previous studies[38]. During exposure in
sunlight, when the photons hit the nanoparticles
present in the colloidal mixture, the electrons the
particle surface are excited[39]. The dissolved
oxygen molecules in the reacting medium, accepts
excited electrons from particle surface and are
converted into oxygen anion radicals. These
radicals break the organic dye into simpler organic
molecules, leading to the rapid degradation of
the dye [40-41]. Therefore, the biosynthesized
Ag nanoparticles may act as a stable and efficient
photo catalyst for degradation of methyl Orange

1.8
e | Niinia
1 iy
o8 X houry
= heurs
& haviars
0.8
04
0.2
0.0 1 T T 5 L a5
200 300 400 500 600 Too Bog
Wavelengih mm

and Methylene blue under visible light irradiation
[42].Hence, it is evident that AgNPs synthesized
from C.vettiveroids methanolic extract is highly
potential photo catalytic agent for the degradation
dye in the presence of sunlight.

Antimicrobial activity

Metal and their nanoparticles exhibit potential
antimicrobial property [43-45]]. The antimicrobial
activity of C. Vettiveroids leaf extract, silver nitrate
(AgNO,) and synthesized AgNPs were determined
by disc diffusion method to distinguish the
antimicrobial activity of the tested samples.

Fig. 8. UV-Visible absorption spectra of photo degradation of (a) Methyl Orange and (b)methylene blue dye by synthesized silver
nanoparticles from methanolic leaf extract of Coleus Vettiverioids at different times.

(a) Staphylococcus aureus

Fig. 9. Antibacterial studies against (a) S.Aureus and (b) E. Coli (a: Opg/well; b: 25ul/well; c:50ul/well; d:75ul/well; e:100ul/
well; f: 30pg/well (Azithromycin)
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(b) Escherichia coli
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The antibacterial activity of silver nanoparticles
was studied against E. coli, and S. Aureus (Fig.
9). The silver nanoparticles demonstrated a
zone of inhibition against all the test organisms
with maximum inhibition against Gram positive
S.Aureus (29 mm), followed by antimicrobial
activity against Gram negative E.Coli (26mm).
Antibacterial effect of AgNO, solution was found
to be 10 mm and 12 mm for S.Aureus and E.Coli
respectively (Table 1). The results indicated that
the leaf extract exhibited very low antimicrobial
effect against S. Aureus (5mm) and E.Coli (7mm).
Silver nitrate showed an appreciable positive
effect against the tested microorganisms (low clear
zone). However, plant mediated AgNPs showed
the greatest antimicrobial activity against the
tested microorganism. Results showed that AgNPs
has the ability to inhibit the bacterial growth of
gram positive and gram negative bacteria. The
inhibition zone was greater in gram positive than
in gram negative bacteria (Fig. 10). Kala S have

reported that Antimicrobial activity of methanolic
leaf extract of Coleus Forskohlii by disc diffusion
method was found to be 11mm for E.Coli and 13
mm for S.Aureus and 10 mm and 12 mm for E.Coli
and S.Aureus respectively by agar well diffusion
method [46].

Several mechanisms have been proposed
for the mode of action of silver nanoparticles
against bacteria. Silver nanoparticles have
demonstrated bactericidal activity by inhibiting
cellular respiration and membrane permeability
[47]. The nanoparticles bind to the Sulphur
containing proteins on bacteria and inactivate
them. It is reported that the attachment of silver
nanoparticles to the bacterial cell wall dissipates
proton motive force, destabilizes the outer
membrane and ruptures the cell causing depletion
of intracellular ATP32. Besides the activity of the
silver nanoparticles, the antimicrobial compounds
and Phytoconstituents present in the plant extract
may also contribute to the antimicrobial activity of

Table 1. Antibacterial activity of synthesized AgNPs, Methanolic plant extract and silver nitrate solution

Concentrations Zone of inhibition (mm)

Zone of inhibition (mm)

Zone of inhibition (mm) Zone of inhibition (mm)

(ng/well) Methanolic Plant extract AgNO;
Staphylococcus Aureus Escherichia coli
25 25 21 05 11
50 26 23 07 13
75 27 24 08 15
100 29 26 11 17

Table 2. DPPH scavenging activity of Synthesized AgNPs from methanolic extract of C.vettiveroids

Percentage inhibition

Percentage inhibition

Concentrations (ng) AgNPs Control
200 22.89 82.36
400 33.54 89.65
600 46.98 91.82
800 52.63 94.47
1000 63.87 95.12

J Nanostruct 8(2): 179-190, Spring 2018
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the bio stabilized silver nanoparticles as they also
have bactericidal effect [48].

Antioxidant Assay

The methanolic extract of AgNPs from Coleus
Vettiveroids exhibited a maximum DPPH scavenging
activity with IC_ value as 719.109 ug/ml (Table
2). The DPPH activity of the AgNPs was found to
increase in a dose dependent manner (Fig. 11).
When adding AgNPs in the DPPH solution, color

change occurred which is due to the scavenging of
DPPH due to donation of hydrogen atom to stable
the DPPH molecule which is responsible for the
absorbance of 517 nm [49]. The methanolic extract
of Coleus Vettiveroids exhibited a maximum DPPH
scavenging activity of 55.08% at 1000 pg/ml have
been reported by G. Gopalakrishnan et al.[50].
The study shows that AgNPs from plant extract
possessed higher scavenging activity compared to
the C.vettiveroids plant extract alone. This is the
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Fig. 10. Result showing zone of inhibition by synthesized AgNPs
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Fig. 11. Bar diagram indicating the Radical Scavenging Activity (Antioxidant activity) at

increasing concentrations of AgNPs.
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first report of antioxidant activity of synthesized
AgNPs from Coleus Vettiveroids methanolic leaf
extract.

CONCLUSIONS

The current study revealed that silver
nanoparticles can be synthesized in a simple
method using C. Vettiveroids methanolic leaf
extract - an endemic species. Synthesis of Silver
nanoparticles from Coleus Vettiveroids does not
require addition of any stabilizing and accelerating
agent. The TEM analysis showed that the sizes of
the synthesized AgNPs to be 5 nm. Photo catalytic
study concludes that synthesized AgNPs from
Coleus Vettiveroids have high efficiency to degrade
Methyl Orange and Methylene Blue dyes under
solar irradiation, therefore paving its way in water
purification and textile industries. The synthesized
AgNPs can be employed as natural antioxidants
for health preservation against different oxidative
stress associated with degenerative diseases.
Plants produces large amount of antioxidants
to prevent the oxidative stress, they represent
a potential source of new compounds with
antioxidant activity. Therefore study confirms the
application of AgNPs as a potential free radical
scavenger. The biosynthesized AgNPs were found
to have a pronounced antibacterial activity against
E. coli, and S. Aureus compared to plant extract
alone. Thus green synthesis of AgNPs has paved
a better platform for medical approach and can
be used as an effective bactericidal agent, against
various microorganisms which can endanger
human beings.

ACKNOWLEDGEMENTS

The authors thank department of Chemistry,
D.G.Vaishnav College (Autonomous), Arumbakkam,
Chennai, India for providing research facilities
for UV-spectrometry, FTIR and CV studies. The
authors also thank SAIF (IIT, Madras) for SEM and
TEM analysis.

CONFLICT OF INTERESTS
The author declares that there is no conflict of
interests regarding the publication of this paper.

REFERENCES

1. Duan X. F, Huang Y, Cui Y, Wang J. F, Lieber C. M. Indium
phosphide nanowires as building blocks for nanoscale
electronic and optoelectronic devices. Nature, 2001; 409:
66—69.

J Nanostruct 8(2): 179-190, Spring 2018

2. Van Hove M.A. From surface science to nanotechnology.
Catalysis Today, 2006; 113(3-4): 133-140.

3. Ashby M.F, Ferreira P.J, Schodek D.L. Nanomaterials and
nanotechnologies in health and the environment. In:
Nanomaterials: Nanotechnology and Design. Science Press,
Beijing. 2009; 467-500.

4. Hahn A, Brandes G, Wagener P, Barcikowski S. Metal ion
release kinetics from nanoparticle silicone composites. Jou.
Controll. Release, 2011; 154: 164-170.

5. Kameya Y, Hanamura K. Enhancement of solar radiation
absorption using nanoparticle suspension. Solar Energy,
2011; 85:299-307.

6. Mrinmoy De, Partha S. Ghosh, Vincent M. Rotello.
Applications of Nanoparticles in Biology. Adv. Mater, 2008;
20:4225-4241.

7. Chari R. Targeted Cancer Therapy: Conferring Specificity to
Cytotoxic Drugs (2008) J. Acc. Chm. Res, 2008; 41: 98-107.

8. Wilhelm C, Gazeau F, Roger J, Pons J.N, Bacri J.C. Interaction
of Anionic Super paramagnetic Nanoparticles with Cells:
Kinetic Analyses of Membrane Adsorption and Subsequent.
Langmuir, 2002; 18(21): 8148-8155.

9. D. Wu, A.l. Cederbaum. Alcohol, oxidative stress, and free
radical damage, Alcohol Res. Health, 2003; 27 (4): 277-284.

10. S. Sen, R. Chakraborty, C. Sridhar, Y. Reddy, B. De. Free
radicals, antioxidants, diseases and phytomedicines: current
status and future prospect. Int. J. Pharm. Sci. Rev. Res. 2010;
3(1): 91-100.

11. Lien Ai Pham-Huy, Hua He, Chuong Pham-Huy. Free
Radicals, Antioxidants in Disease and Health, Int. J. Biomed.
Sci, 2008; 4: 89-96.

12. Sies H, Stahl W, Sundquist A.R. Antioxidant function
of vitamins, vitamins E and C, beta-carotene, and other
carotenoids. Annals of the New York Academy of Science,
1992; 669: 7-20.

13. Oluwaseun A.A, Ganiyu O. Antioxidant properties of
methanolic extracts of mistletoes (Viscum album) from
cocoa and cashew trees in Nigeria. African Jou. Biotech.
2008; 7: 3138-3142.

14. Shemer H, Sharpless C.M, Linden K.G. Photodegradation of
3, 5, 6-trichloro-2-pyridinol in aqueous solution. Water, Air,
and Soil Pollution,2005;168(1-4): 145-155.

15. Ohama Y, Van Gemert D. Applications of titanium oxide
photo catalysis to construction materials, 1st edition.
Springer, 2011.

16. Yigiong vyang, Hongxin Li, Fulin Hou, lJingyi Hu,
Xiaodong Zhang, Yuxin Wang. Facile synthesis of ZnO/Ag
nanocomposites with enhanced photo catalytic properties
under visible light. Mater.lett, 2016; 108: 97-100.

17. Xie W, L.LY.Sun, W.Huang J, Xie H, Zhao X.J. Surface
modification of ZnO with Ag improves its photo catalytic
efficiency and photo stability. photochem.photobio.A, 2010;
216(2): 149-155.

18. Jaya. TVarkey. Synthesis and applications of nanometallic
particles anchored on a novel Polymeric resin. Orient. Jou.
Chemistry, 2017; 33(2): 1035-1040.

19. Thakkar K.N, Mhatre S.S, Rasesh Y, Parikh R.Y. Biological

synthesis of metallic nanoparticles. Nanomedicine:

189



B. Thomas et al. / Evaluation of Antioxidant, Antibacterial and Photo catalytic Effect of Silver NPs

Nanotechnology, Biology and Medicine, 2010; 6: 257-262.

20. Parikh RY, Singh S, Prasad B.LV, Patole M.S, Sastry M,
Shouche V.S. Extracellular synthesis of crystalline silver
nanoparticles and molecular evidence of silver resistance
from Morganella sp. towards understanding biochemical
synthesis mechanism. Chem. Bio. Chem, 2008; 9: 1415-
1422.

21. Gurunathan S, Alishwaralal K, Vaidyanathan R,
Venkataraman D, Pandian S.R.K, Muniyandi J. Biosynthesis,
purification and characterization of silver nanoparticles
using Escherichia coli. Colloids and Surfaces B, 2009b; 74(1):
328-335.

22. Kalishwaralal K, Deepak V, Pandian S.R.K, Kottaisamy, M,
Barath ManiKanth S, Kartikeyan, B. et al. Biosynthesis of
silver and gold nanoparticles using Brevibacterium casei.
Colloids and Surfaces B, 2010; 77(2): 257-262.

23. Manilal K. S. Van Rheede’s Hortus Malabaricus (English
edn) with Annotations and Modern Botanical Nomenclature,
University of Kerala, Thiruvananthapuram, 2003; 9: 249—
251-315.

24. Ahmedullah M, Nayar M. P. In Flora of India, Endemic Plants
of the Indian Region, Penisular India, Botanical Survey of
India, Kolkata, 1986; 4(1): 135.

25. Ravikumar K, Ved D. K. Illustrated Field Guide — 100 Red
Listed Medicinal Plants of Conservation Concern in Southern
India, FRLHT, Bengaluru, 2000; 301-304.

26. Holder I.A, Boyce S.T. Agar well diffusion assay testing
of bacterial susceptibility to various antimicrobials in
concentrations non-toxic for human cells in culture. Burns,
1994; 20: 426-429.

27. Blois M. S. Antioxidant determinations by the use of a
stable free radical. Nature, 1958; 181:1199-1200.

28. Ahamed M, Alsalhi M. S, Siddiquy M. K. J. Green synthesis,
Characterization and evaluation of Biocompatibility of silver
nanoparticles. J. Clin. Chim. Acta, 2010; 441.

29. Prashant Tiwari, Bimlesh Kumar, Mandeep Kaur, Gurpreet
Kaur, Harleen Kaur. Phytochemical screening and Extraction:
A Review. Inter. Pharma. Sci., 2011; 1:1.

30. Muthukrishnan S, Bhakya S, Kumar TS, Rao MV. Biosynthesis,
characterization and antibacterial effect of plant-mediated
silver nanoparticles using Ceropegia thwaitesii— An
endemic species. Ind Crops Prod, 2015; 63:119-124.

31. Kalaiselvi A, Roopan SM, Madhumitha G, Ramalingam
C, Elango G. Synthesis and characterization of palladium
nanoparticlesusing Catharanthus roseus leaf extract and its
application in the photo-catalytic degradation. Spectrochim
Acta A Mol Biomol.Spectro.sc, 2015; 135:116-119.

32. Anandalakshmi K, Venugobal J, Ramasa V. Characterization
of silver nanoparticles by green synthesis method using
Pedalium murex leaf extract and their antibacterial activity.
Appl Nanosci, 2016; 6:399-408.

33. Jiang H, Manolache S, Lee Wong AC, Denes F.S. Plasma
enhanced deposition of silver nanoparticles onto polymer
and metal surfaces for the generation of antimicrobial
characteristics. J. Appl Poly. Sci, 2004; 93:1411-1422.

34. Das J, Paul Das M, Velusamy P. Sesbania grandiflora
leaf extract mediated green synthesis of antibacterial

190

silver nanoparticles against selected human pathogens.
Spectrochim. Acta. A, 2013; 104: 265-270.

35. Jiang H, Moon K, Zhang Z, Pothukuchi S, Wong C.P. Variable
frequency microwave synthesis of silver nanoparticles. J
Nanopart Res, 2006; 8(1):117-124.

36. Mahmoud M, Poncheri A, Badr Y, Abd El- Wahed M.G.
Photocatalytic degradation of Methyl red dye. South African
J. Sci, 2009; 105: 299-305.

37. Wu Z. C, Zhang Y, Tao T. X, Zhang L and Fong H. Silver
nanoparticles on amidoxime fibers for photo-catalytic
degradation of organic dyes in waste water Appl.Surf. Sci,
2010; 257: 1092-1097.

38. Kumar P, Govindaraju M, Senthamilselvi S, Premkumar K.
Photocatalytic degradation of methyl orange dye using silver
nanoparticles synthesized from Ulva lactuca. Colloids Surf
B:Biointer, 2013; 103:658-661.

39.Yu L, XiJ, Li M, Chan H.T, Su T, Phillips D.L, Chan W.K. (2012)
The degradation mechanism of methyl orange under photo-
catalysis of TiO2. Phys Chem, 2012; 14:3589-3595.

40. Houas A, Lachheb H, Mohamed K, Jean —Marie H.
Photocatalytyic degradation pathway of Methylene blue in
water. Appl Catalysis B: Environ, 2001; 31:145-157.

41. Ameta A, Ameta R, Ahuja M. Photocatalytic degradation
of Methylene blue over ferric tungstate. Sci. Revs. Chem.
Commun, 2013; 3(3):172-180.

42. Vanaja M, Paulkumar K, Baburaja M, Rajeshkumar S,
Gnanajobitha G, Malarkodi C, Sivakavinesan M, Annadurai
G. Degradation of Methylene blue using biologically
synthesized silver nanoparticles. Bioinorg Chem Application,
2014; 742346.

43. Rana S, Kalaichelvan PT. Antibacterial activities of metal
nanoparticles. Advan. Biotech, 2011; 11(2):21-23.

44, Russell A.D, Hugo W.B. Antimicrobial activity and action of
silver. Prog. Med. Chem, 1994; 31:351-370.

45, Klasen H.J. A historical review of the use of silver in the
treatment of burns. Renewed interest for silver. Burns, 2000;
26:131-138.

46. kala, S. Antimicrobial activity of coleus Forskohlii (wild) Briq
and Costus Igheus N.E.Br. Journal of Pharmacy and Biological
Sciences, 2014; 9(5):1-6.

47. Morones J, Elechiguerra L.J, Camacho A, Holt K, Kouri JB
. The bactericidal effect of silver nanoparticles. Nanotech,
2005; 16:2346-2353.

48. Vinita Chawla, Dr. Sangeeta Sathay. Biosynthesis of silver
nanoparticles using methanolic extracts of Acorus calamus,
and assessment of its antioxidant and antimicrobial activity
, Journal of Medicinal Plants Studies, 2017; 5(3): 358-363.

49. Bhakya S, Muthukrishnan S, Sukumaran M, Muthukumar
M. Biogenic synthesis of silver nanoparticles and their
antioxidant and antibacterial activity. Appl Nanosci, 2015; 6
(5):755-766.

50. G. Gopalakrishnan, C.K. Dhanapal, R.Manavalan. In-vitro
antioxidant activities of methanolic extract of root of coleus
vettiveroids (Jacob). Inter. Jour. Pharma and Bio Sciences,
2011; 2(4): 353-357.

J Nanostruct 8(2): 179-190, Spring 2018



	Evaluation of Antioxidant, Antibacterial and Photo catalytic Effect of Silver Nanoparticles from Met
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIALS AND METHODS 
	Instrumentation Technique 
	Preparation of plant extract 
	Synthesis of silver nanoparticles  
	Cyclic Voltammetry study  
	Photo catalytic degradation of organic dyes 
	Antibacterial activity 

	RESULTS AND DISCUSSIONS 
	UV-visible analysis  
	Fluorescence spectroscopy  
	FTIR Analysis 
	SEM analysis 
	TEM Analysis 
	Cyclic Voltammetry study 
	Photo-catalytic degradation studies  
	Antimicrobial activity 
	Antioxidant Assay  

	CONCLUSIONS
	Acknowledgements 
	Conflict of Interests 

