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ABSTRACT

Bio-inspired, highly stable silver nanoparticlegres synthesized through
green route by using Methanolic Leaf Extract ofti¢ies genderussa (MLE of
JG) leaves as reducing as well as capping agensh¥daleaves, air-dried at
room temperature, were coarsely powdered and eettasvith absolute
methanol for 20 hours. The resulting extract wéeréd and the properties of
the phyto chemical fraction were analyzfdhe total phenols and flavonoids
contents and the DPPH scavenging activity of phywaoucal fractions were
measured.Phytochemical fraction added about 1mg/ml to 1mM AgfNO;
solution changed from colorless aqueous silver {@ag) to yellowish red color.
The UV/Vis spectrophotomer exhibits an absorbancsakp of 480nm
characteristic of silver nanoparticles. ScanningcEbn Microscope (SEM)
analysis reveals that the biosynthesized silveropariicles are predominantly
spherical and of 482 nm sizén Dynamic light scattering (DLS)-silver
nanoparticles were distributed from 11-20nm witlkerage size of 16nm.X-Ray
Diffraction (XRD) patterns revealed the crystallingture of silver nanoparticles

with FCC cubic structure. Fourier Transform Infar8pectroscopy (FTIR)
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showed the capping of the Au nanoparticles.AtormoccE Microscope (AFM)
micrograph shows size of silver nanoparticle is150aAm. This green route
appears to be an eco-friendly, benign and costgfe method of synthesizing

silver (Au) nanoparticles that finds biocompatibiedical applications.
1. INTRODUCTION

The field of nanoscience has emerged over thadlstde and the need for
nanotechnology will keep increasing as miniatui@abecomes more important
in areas such as computing, optical spectroscoppophotonics, chemical
sensors and biomedical applications [1]. In recewiars, noble metal
nanoparticles have been the subjects of focuseshreses due to their unique
electronic, optical, mechanical, magnetic and cleamiproperties that are
significantly different from those of bulk mategalAmong the different metal
particles, silver nanoparticles have received aw®rsible attention because of
their unusual properties and potential applicatiomgiverse fieldsbecause,
these nanoparticles can serve as a bridge betwesnodeneous and
heterogeneous catalysis and bring new opportunjigsOf the three metals
(silver, gold, copper) that display plasmon resaeaim the visible spectrum,
silver exhibits the highest efficiency of plasmexcitation. Silver is the only
material whose plasmon resonance can be tuned/twavelength in the visible
spectrum [3].A single silver nanoparticle can iatgrwith light more efficiently
than a particle of same dimension of any kown adigaor inorganic

chromophore [4].

Silver nanoparticles have attracted extensivearebeinterest because it has
made a remarkable comeback as a potential antimaragent as well. The
mechanism of antibacterial effect of silver nantipkr has been reported in
literature [5] which suggests the particles aretdrégidal. Antibacterial activity
of the silver-containing nanomaterials can be ufmdexample, in medicine to

reduce infections as well as to prevent bacteritonimation right from



41 Green Synthesis of Highly Stable Silver Nanopartiels using Justicia Genderussa

prostheses, catheters, vascular grafts, dentalrialatestainless steel materials
and human skin to silver based dressings, silvatecbmedicinal devices, such

as nanogels, nanolotions etc [6].

Synthetic and chemical methods of Ag nanoparsglghesis offers limited
flexibility in the size of nanoparticle produced].[the shape control issue
remains the latest demand in addition to the reguémt to develop
environmentally benign processes and methods iceptd synthetic protocols

involving toxic ingredients.

Biological and Biosynthetic methods of synthedizinanoparticles has
drawn much research attention, being simple andlevialternative to toxic
chemical procedures and physical methods [8].Séveialogical systems
including bacteria, fungi and algae have been deedhe synthesis of silver
nanoparticles [9]. Aspergillus fumigatus and Phaokaete chrysosporium
produced stable silver nanoparticles when challeéngéh silver nitrate in
aqueous medium [10].Silver nanoparticles are pegparsing soluble starch
acting as both the reducing and stabilizing ageBisreduction of gold and
silver ions to yield metal nanoparticles using le&ints, geranium leaf broth,
Neem leaf broth, Lemon grass and Aloevera planaets have been reported
[11].In the present study, the synthesis of silygarticles using Justicia
gerundussa was done owing to its rich medicinaperties The Methanolic
Leaf Extract of Justicia gerundussa (MLE of JG)saa$ both reducing and

capping agent.
2. MATERIALS AND METHODS

The Justiciaggendarussa collected from Kanjicode hills, Ker#atalja, were

used for the extraction.
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2.1 Preparation of phytochemical fractions (PFs)

Leaves of Justicia gerundussa were washed witiletiswater and shade
dried at room temperature. The dried leaves werarsety powdered and
extracted with absolute methanol by soxhlet appar&r 20 h. The resulting
extract was concentrated and equal volume of dodistéled water was added
and incubated for 24 h. After the incubation periotdlorophylls were
precipitated and removed by filtration and the tasg filtrate was evaporated in
a rotary evaporator at a maximum temperature o€43he residue was stored

in a refrigerator at 4%, until use.

Methanolic extract (30 g) from Justicia gerunduseas dissolved in 300ml
hot distilled water and then fractionated succedgiwith three equal volumes
(300ml) of Diethyl ether (EO), Chloroform (CHCJ, and ethyl acetate (EtOAC)
by liquid-liquid extraction method. All these framis were separately
concentrated under reduced pressure to yield 5.1217106%) of EIO
phytochemical fraction, 6.31 g (21.03%) of CH@hytochemical fraction and
3.71 (13.36%) g of EtOAc phytochemical fraction.

2.2 Quantitative estimation of total phenols and fivonoids

The total phenols and flavonoids contents in ptiyganical fractions were
determined by Folin-Ciocalteu’s assay and alumimtiforide calorimetric assay
respectively [12].The DPPH 2{2-diphenyl-1-picrylhydrazyl )free radical
scavenging activity of phytochemical fractions wasasured by simple UV
spectroscopic method. The absorbance of 0.004% Di#Hecorded at 514nm
with or without phytochemical fractions [13].The rpentage of scavenging

activity of phytochemical fractions was calculatedusing following formula.
% Scavenged = [1 — %} ¥ 100
o

Where, Ais the absorbance of the control andigdthe absorbance of sample.
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2.3 Silver nitrate reduction capacity of Phytochengal fractions

The formation silver nanoparticles from Agmeasured by UV/Vis
spectrophotometer after 24 h incubation of 1mM esilwitrate (10ml) with

1.5mg/ml of individual photochemical fractions.
2.4 Characterization of EtO-PF mediated silver nanoparticles
UV-Vis-Spectroscopy

The bioreduced silver nanoparticles were analyaegarticle size by UV—

VIS spectral analysis, performed on USB-ISS-UV/g&&ctrophotometer.
Dynamic light scattering

The green synthesized silver nanoparticles weatyaed for Dynamic light
scattering to determine the size distribution peofif the biosynthesized silver

nanoparticles.

Fourier Transform Spectroscopy (FTIR)

FTIR analysis was performed by reducing the théden of the silver
nanoparticles to a few millimeters. The IR spedfahe silver nanoparticles

were recorded with FTIR 8201 Shimadzu spectrophetem
X-ray diffraction (XRD):

The structural analysis of the dry silver nantipkr powder was recorded
in the 2 range, 20-80) with step size 0.05using Siemens D5005 X- ray
diffractometer with Cu K radiation.

Transmission Electron Microscopy (TEM)

A drop of the aqueous solution containing theduoed silver nanopatrticles

was placed on carbon coated copper TEM grids ttyamshe size.
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Scanning Electron Microscope (SEM)

Scanning electron microscopy and elemental shaplysis was performed
on the silver nanopatrticles synthesized by usiBg® (SEM-1200EX).

Atomic Force Microscopy (AFM)

The micrographs of the nanoparticles of silver evabtained with a

Nanosurf Easy Scan 2 AFM in air and in non contaotie.
Particle Size Distribution (CPS Disc Centrifuge)

The Particle Size distribution of the silver naadijtles synthesized by

methanolic leaf extract of Justicia leaves wasyaeal by CPS Disc centrifuge.
2.5 Stability of Silver nanoparticles

Stability at different time intervals of the syatfized silver nanoparticles

was studied at differemH with UV Spectrophotometer.
2.6 Cell viability assay of EO-PF

The effect of phytochemical fractions on RWA 56441l viability were
analyzed by MTT (3-4, 5 dimethylthiazol-2-yl-2, %pHenyltetrazolium
bromide) colorimetric assay (manufacture instrutd)p where the cells were
grown in 96-well micro titer plates. The formatiof blue formazan products
initiated by reduction of MTT by mitochondrial dafrpgenases present in the
viable cells, which is measured in scanning mulinvepectrophotometer
(Bio-Rad, Model 680, Japan) and is directly projpoil to the viable cells.
Prior to treatment, raw 264.7 cells were seededxdidf cells per well and
starved in DMEM with 0.5% serum for 5 h. To analysffect of EfO-PF on
cell viability, RAW 264.7 cells were treated with2©-PF (10-150 g/ml) for
24 h. At end of the treatment, MTT (10nl) was added up in each well, and
incubated for 4 hr (at 37°C). 1000f dissolving buffer (provided in kit) was
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added in each well and allowed stand for 24 hr theah read absorbance at

595nm. All measurements were done in triplicatd.[14

3. RESULTS AND DISCUSSION

3.1 Phytochemical fraction of Methanolic Leaf Extrat of JG

The Total phenolic content of the leaf extractvedis estimated to be
253.34 mg/g. Fig 4.1 represents the total pherwiiatent of the Justicia leaf
extract. The samples formed were repeatedly centrifuged radispersed in
sterile distilled water prior to XRD and TEM analjsthus ruling out the
presence of any free compound/protein that migiépendently crystallize that

give rise to Bragg reflections.
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Figure 1 : Phenolic content of MLE of JG
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3.2 Quantitative estimation of total phenols and fivonoids in PFs

The results of quantitatively estimated polyphegifdt) and flavonoids in all
phytochemical fractions are depicted in tablel. By®-PF contains 510+9.9
and 213.3+11.9 ug/mg of polyphenols and flovonaispectively, which are
higher than CHGland EtOAc phytochemical fractions.

Table 1 : Total polyphenols and flavonoids contenti PFs

Polyphenols Flavonoids
PFs
( g/mg) ( g/mg)
Et,O-PF 51049.98 213+11.9
CHCI;-PF 460+9.53 157+10.3
EtOAc-PF 386+13.75 106+12

3.2 Free radical scavenging activity of PFs

The EGy (amount of PFs needed for 50% reduction of 0.004%
DPPH/30mM HO,) values of DPPH scavenging ability of,@t CHCk and
EtOAc phytochemical fraction are 12.88+1.87, and8261.6 and 22.25+2.7
png/ml respectively. The Egvalues of HO, scavenging activity of ED, CHCL
and EtOAc phytochemical fraction are 108.9+12.53.49+12.4 and 264.4+7.5
pg/ml respectively. EO—PF has more scavenging capacity compared to than
other Phytochemical fractions. The increased saimngncapacity EO-PF due
to the presence of high level of polyphenols amaddhoids compositions. The

Free radical scavenging activity of MLE of JG waarfd to be 25.35mg/ml.
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Figure 2 : Free radical scavenging activity of MLEof JG
3.3 Silver nitrate reduction

The analyzed Methanolic Leaf Extract of Justicen@arussa(MLE-JG) was
used to reduce the silver nitrate to silver nanigias .The resulting reaction
mixture turned into yellowish red colour, whichirstial indication for synthesis
of silver nanoparticles. The colorless aqueousesilions (Ag) turned into
yellowish red color when accepting electron fronytplkthemical fractions.The
phytochemical constituent of diethyl ether fractimduced the silver ions as

well as were absorbed on these nanoparticles.



Figure 3 : Silver nanoparticle synthesized by MLEof JG
3.4 Characterization of EtO-PF mediated silver nanoparticles

UV-Vis-Spectroscopy

The silver nanoparticles reduced by various phyadcal fractions
displayed well-defined peaks, known to be the ptasmesonance with the
maximum at 480nm established by the silver nanapest reduced by EtOAc

phytochemical fraction.
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Figure 4 : Silver nitrate reduction capacity of Phyochemical fractions



49 Green Synthesis of Highly Stable Silver Nanopartiels using Justicia Genderussa

The maximum reduction potential was characterifed ethyl acetate
(EtOACc) fraction of methanolic leaf extract, reddcslver nanoparticles, hence

this fraction was studied for further charactecistudies.

Dynamic light scattering

The ethyl acetate (EtOAc) reduced silver nanogasgi were distributed

from 11-20 nm with average size of 16 nm.
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Figure 5: Dynamic light scattering (DLS) of (EtOAc) fraction of

methanolic leaf extract, reduced silver nanopartias

Fourier Transform Infra red Spectroscopy (FTIR)

FTIR measurements were carried out to identifypghssible biomolecules
responsible for the reduction of the Ag ions angpiiag of the bioreduced silver
nanoparticles synthesized by the leaf extract @fAet phytofraction of Justicia
genderussa. The representative spectra of nandpartobtained manifests
absorption peaks located at about 1692, 1628, 18#% 1275 cm. The
absorption peaks of methanolic extract can be msdigt around 2850 ¢hof
—C-0-C- or —C-O- which are the polyols. The peaR%80 cni' is assigned to
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the polyphenlic groups of the leaf extract, thatasthe capping ligands of the

silver nanoparticles.
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Figure 6 : FTIR spectra of (EtOAc) fraction of mehanolic leaf extract,

reduced silver NPs
X-ray diffraction (XRD)

The biosynthesised silver nanostructure by emptpyMethanolic leaf
extract was further demonstrated and confirmed H®y ¢haracteristic peaks
observed in the XRD image, FIG.6. The typical XRattern reveled that the
sample contains a mixed phase (cubic and hexagonaalline structures of
silver nanoparticles. The XRD pattern showed Fintense peaks in the whole
spectrum with 2 values of 40.89°,45.14° 66.34° and 77.52° setkatti€e
pattern thus clearly observed which may be indexethe (111), (200),(220)

and (311) facets of silver respectively.
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XRD FOR GREEN SYNTHESIZED SILVER
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Figure 7: FTIR spectra of (EtOAc) fraction of methanolic leaf extract,

reduced silver nanoparticles
Transmission Electron Microscopy (TEM)

TEM analysis reveals that the biosynthesized silmanoparticles are
predominantly spherical. These nanoparticles appeadnave assembled into
very open, quasi linear super structures rathen thadense closely packed
assembly. Size of the silver nanoparticle aroundrBQwhich was confirmed by

particle size distribution data, of TEM.

Figure 8: TEM image of (EtOAc) fraction of metharplic leaf extract,

reduced silver nanoparticles
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Scanning Electron Microscope (SEM)

SEM analysis reveals that the green synthesizZedrsnanoparticles are
polydispersed and ranged in size from 10-50 nm wedtlculated average size of
50 nm. The images also reveal the presence of ébendary capping agent
around the silver nanoparticles, which is assigrted the polyphenolic
compounds present in the phenolic leaf extractustidia gendarrusa. Silver
nanoparticle were stable for minimum 5 month beeaafsplant compound act

as capping agents.

20kV  X55,000 0.2um 12 29 SEI

Figure 9: SEM image of (EtOAc) fraction of methandic leaf extract,

reduced silver nanoparticles
Atomic Force Microscopy (AFM)

The micrographs of the Green synthesized silverewatained with a
Nanosurf EasyScan 2 AFM in air and in noncontactdencAFM micrograph

shows size of silver nanoparticle is 10-15 nm.
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Figure 9: AFM of (EtOAc) fraction of methanolic leaf extract, reduced

silver nanoparticles
Particle Size Distribution (CPS Disc Centrifuge)

The sedimentation is stabilized by a slight dgngiadient within the liquid.
The change in light intensity is continuously retem, and converted by the
operating software into a particle size distribnti@he data given in Table 2
gives the details regarding the particle size oé tho obtained silver
nanoparticles. The operating parameters for CP® Cientrifuge were disc
speed at 8808 RPM with a total analysis time 089%ninutes.
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Table 2 : Particle size distribution of Ag nanoparicles synthesized by
MLE of JG at -480 nm

Silver nanopatrticles
S.No Parameters
( —480nm)
1) [|Particle density 10.49
2) |Particle Absorption 2.918
3) |Refractive index 0.13
4) |Particle Non-sphericity 1.2
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Figure 10 : Particle size distribution of Ag nanoprticles synthesized by
MLE of JG at —480nm

3.5 Stability of silver nanoparticles

Stability at different time intervals of the syatfized silver nanoparticles

revealed that the silver nanoparticles remainecdtam, as shown in Fig.11. At
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different pH values the UV Spectrum demonstratedoat constant absorbance

at a wavelength of 480 nm, as shown in Fig.11,12.

Figure 11 : Stability of Ag NPs at time intervals

Figure 12 : Stability of Ag NPs at different pH
CONCLUSIONS

The silver nanoparticles synthesized from Justiygadarussa leaf extract

was studied for the methanolic extract content twhias 253.34 mg/g extract
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.The Free radical scavenging activity of MLE of\d@s found to be 25.353/ml

of extract .The silver nanoparticles reduced byl¢la¢ extract was obtained as a
reddish brown dispersion. The UV absorption studasaled the absorption
band at 480nm.The SEM micrograph showed the presefcspherical Ag
nanoparticles with an average of 50nm particle. Sibe FTIR, peak at 2950 ¢m
! is assigned to the polyphenlic groups of the keafact, act as the capping
ligands of the silver nanoparticles. The XRD resutidicate that the silver
nanoparticles formed were crystalline. Size of gleer nanoparticle around 50
nm, which was confirmed by particle size distribatdata, of TEM. Further, the
synthesized silver nanoparticles via green routs hagreat potential in

biomedical applications, food packaging and wouealing applications.
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