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Abstract- Use of the plant material for the bioreduction oé tnetal for the nanoparticles synthesis is cugréhée
choice of methods in bionanotechnology. In the @méesstudy, silver nanoparticles (AgNPs) were rapidl
synthesized usingan aqueous extracOofmum sanctunfTulsi) andPartheniumhysterophoro(Songress grass).
The synthesis process was standardizedbased otridtee The process of AgNPs formation usingwithlsiu
agueous extract was carried out with 0.1 mMAgBution and referred as a T1 sample,whereas 2.0
mMMAgNOswas used with the Congress grass aqueous extracCdssample.These AgNPs were characterized by
means of UV-Vis spectroscopy, scanning electrorresmopy(SEM), electron diffraction spectroscopy ¥ and
Dynamic light scattering (DLS).AgNPsformation wamnfirmed by Surface Plasmon Resonance as deterrbiyed
UV-Visible spectra analysis in the range of 25@% nm. Maximum absorbance ., peak was reported between
406 to 446 nm in T1 and C4 samplesfollowed by SEMracterization showed a uniform distribution of
nanoparticles, with an average size of 68.74 nm HH}&16 nm in T1 and C4 samples respectively. Aversige
measurement was confirmed by DLS and the preseigibser was confirmed by EDX.Application includingice
spleenocytes viability, bactericidal effects, Syistic effect with Antibiotic and pesticides adstiop suggest the
wide scope AgNPs in various fields.
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1. INTRODUCTION proces8!. So Compared to microbe mediated synthesis,
lant assisted synthesis of AgNPsis a relativebs le
xplore field and is recently gaining wide attentigith

the few contemporary examplesto use @dipsicum

annum extract!, leaves of Azadirachtaindic&land

%mongrass plant extr&®t Citrus limon aqueous

gxtrac o

There is an ongoing exploration of bioresource
that allows a commercially and environmentally olea
synthesis of metal nanoparticles. There has bdrmga
success by researchers worldwide in finding th
effectiveness of various materials of biologicagor to
bioreduce the metals in ionic form to nano-size
crystalline particles.Biomaterials including bader The main aim of this study was to synthesize
fungi, algae and plant materials for metal crystation silver nanoparticles rapidly using plant extracts.
have mobilizedthe attention of researchers globsfly Moreover, the Tulsi and Congress grass are nottepo
So the quest for cleaner methods of nanoparticlesrlier for its potential to bioreduce silver ionitetals
synthesis has led to the development of bio-baséd nano-sized crystalline form.This is a singlesste
approaches.Thismethodhas been put forward to Ppeocess without any requirement of toxic chemicald
advantageous over other synthetic methods as tteey &arsh condition, however elevated temperature wad u
cost effective and do not involve the use of toxito facilitate the rapid formation of AQNPs. Theeaif
chemicals, high pressure and energy inputs formation of AgNPs was related to the incubation
Plant extracts have a superiorityover the microbéls temperature of Fhe reaction mixtqre. High tempqaatu

afecreases the size of AgNPsand increased the sismthe

for the AgNPsformation, because the ~microbi até’, because at high temperature, the reaction rate
mediated synthesis of nanoparticles are not inddigtr . . : : .
also increases, causing more silver ions to be updd

feasible as they require a sterile growth mediuih the . . .
maintenance of highly aseptic conditionsthroughbet the formation of nuclei and thus preventing the
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secondary reduction process on the surface of the pinstruments Southborough, MA, USA). Average size
formed nuclei. The size is reduced initially dueth@ determination was done as per the standard methods
reductionin aggregation of the growing nanoparticle prescribed by the manufacturer.

Increasing thetemperature beyond a point suppbés t 2.6 SEM and EDXanalysis: For the analysis
growth of the crystal aroundthe nuclBts of the nanostructures of the samples, thin, drileasfof
silver nanoparticles were mounted on copper slidb w
é%arbon tape followed by observation in SEM at the
different magnification power. Air-dried T1 and C4
dsamples were subjected to EDX spectra using SEM
equipped EDX attachment. The micrograph and the
corresponding EDX spectrum were recorded by
focusing on clusters of particles.

The nanoparticles thus produced usin
controlled temperature were subjected to furth
characterization using UV-vis spectrophotometeMSE
EDX and DLS analysis. Biologically synthesize
AgNPshave many applications, as in spectrally setec
coatings for solar energy absorption, as intericalat
material for electrical batteries, as optical réoeq as
catalysts in chemical reactions, as antimicrobitgl in
bio-labelind®®. In the present research we haves. APPLICATION EVALUATION
included multiple application evaluation such
asbactericidal, synergistic effect with antibioténd
pesticides adsorption

3.1 Cytotoxicity analysis: The cytotoxicity of
AgNPs was evaluated with mice spleenocytes usiag th
trypan blue assay.The spleen cell’'s suspension was
mixed with equal volume of AgNPs followed by the
2. EXPERIMENTAL AND CHARACTERIZATION addition of an equal volume of 0.4% trypan blue dye
DETAILS and viability count was carried out at specific éim
interval using haemocytometer under binocular

2.1 Preparation of leaf extract: Leaf extract microscope.
from the two plants had been prepared with the 3.2 Bactericidal effects: Synthesized AgNPs
collection of fresh leaves &fartheniumhysterophorous were tested for antibacterial activity by the agap
(Congress grass), from coastal areas of Mindheter,ri method. Antibacterial activities were tested adains
Bardoli, South Gujarat, India as well @cimum clinical pathogenic bacteria includiBgherichia coli,
sanctum (Tulsi), collected from commercial plant Bacillus subtilis, Bacillus megatarium, Salmonella
breeder, Surat,India.Approximately 20 g of healthyyphi, Salmonella paratyphAi Salmonella paratypH,
green leaves were at first thoroughly washed sévemroteus vulgaris, Enterobacteraerogensll the eight
times in distilled water, cut into fine pieces at@n test bacterial cultures were activated on nutrd@ath at
boiled in 200 ml of distilled water up to 20 mincathen  37°C in shaking condition for overnight. Next dayi,
filtered with Whatman filter paper No.1 to obtaimet the test organisms from activated culture were apre
clear extract®. heavily into respective nutrient agar plates. Wiitle
help of the sterile borer, four cups were formedttosm
respective nutrient agar plate spreaded by test
organisms. Then, 50ul of AgNPs samples were added
into their three respective cups and 50ul of steril
distilled water was kept as a control in fourth cifi
plates were incubated at low temperature for 3Qutem

2.3 Synthesis of Silver Nanoparticles. The to facilitate the diffusion followed by incubatiat 37°C
leaf extract solution was added drop by drop to thiyr overnight. Next day, zone of inhibition was
solution of silver nitrate with a ratio of 1:50 (W&/0l) measured and compared with control.
at the 108C temperature. The color changes from
colorless to light yellow and finally orange-red time
colloidal solutions occurred indicating the fornoatiof

2.2 Preparation of stock solutions of Silver
nitrate: Aqueous solutions of Silver nitrate (AgNpf
different concentration including 0.1mM, 0.5mM, 1mM
2mM, 3mM, 4mM, 5mMwere prepared with double
distilled water.

3.3 Synergistic effect of Nanoparticles with
Antibiotic. To improve the antibacterial activity of
silver nanoparticles. antibiotics,_ Agl\_lPs was mi_xed at a specific

2.4 UV-Visble spectra analysis Surface concentration with streptomycin and tested against

Plasmon Resonance (SPR) spectra were recorded in Bfcillus megateriunby the agar cup method.Three cups

range of 250nm to 750nm with quartz cuvette usin ere formed with the help of the sterile bqrer be t
Shimadzu (model 1800) UV-Vis spectrophotometer. utrient agar plate spread by the test organismpfzm

2.5 Particle size measurement: Particles’ size €€ a_dgje_d in each respe_gtive cup t_)y_ fo_IIowing reann
was analyszed by the modern Dynamic Light Scagerirp) Antibiotic (100ug/ml) (".)..1:1 An_tlb_lotlc (50utn)
(DLS) instrument (Zetasizer Nano system, Malverr/*9NPS (T1 sample) and (iii) Antibiotic (S0ug/min@
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plate wasncubated at low tempeure for 30minutes to
facilitate the diffusion followed by incubation a7°C

for overnight. Next day, zone of inhibition w
measureld®.
34  Adsorption of Pesticides by

Nanoparticles: Adsorption experiment was carried ¢
on three different AgNPs mount copper slide
followed by addition of pesticides namely Metl
parathion, Chlorpyrifos, Endosulfi
respectively.Washingwas done by double distille
watersubjected on drier to dry the sl and adsorption
of pesticide on AgNPs was observecthe SEM.

Initial stage- Colorless

Light yellow color after heating

4. RESULT AND DISCUSSION

4.1 Spectral and particle sizeanalysis

Color changes of the reaction medils the
visual  confirmation for the formation of silv
nanoparticles (Figure 1jnore precise characterizati
was done using Surface Plasmon Resonance (
spectral analysi$he color change of the reaction is «
to the excitation of surface plasmon vibrationsthie
nanoparticléd '®. The solution was extremely stak
with no evidence of aggregation or flocculation of
particles even severahonth: after synthesis indicating
superior findingompares to the earl report'”.

4

Finally Orange-red color

Fig. 1.Color changes of the reaction medium

Absorption of thesynthesized
AgNPsusin@cimum sanctu and
Partheniumhysterophorosamples were measured in
UV-Vis spectrophotometer at 250 to 750 and Amax
was reported in the range ofélfb 44¢ nm that clearly
indicate the formation of AgNI(Figure 2). This

spectral analysis result supported bythe reports of

Geranium leaf assisted biosynthesis of si
nanoparticlé$® Plant extract contains the varic
reductants which helps to reduce the Ag+ t¢. Plant
extract contains various organic acidsromatic
compounds and secondamgtabolites which aracting
as a bioreductantsfor the synthesis of silve
nanopatrticles.

Abs,

a7 L

200.00

400.00

1
500.00
nm.

Fig. 2.Combined spectra of all the samples of plant mediaynthesized AgNI
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Synthesized AgNPs b@cimum sanctumvere Partheniumhysterophoroubad shown) ,at 406 to
showed) @t 416 to 446 nm, with smallest averagel4l nm, with smallest average size nearly 108.6imm
size nearly 68.74 nm in the T1 sample containifg 0the C4 sample holding 2.0 mMAgNQoncentration
mMAgNO;concentration, while highest size was 146.&nd highest size was 164.9 nm reported in C7 sampl
nm reported in T6 sample containing 4.Cholding 5.0 mMAgNQconcentration (Table 2 and
MMAgNOs;Concentration (Table 1 and Figure 3 ).Figure 4).

Whereas, AgNPs synthesized from

Size Distribution by Intensity

Intensity (%)

01 1 10 100 1000 10000
Size (d.nm)

Record 1:T1 Record 2: T2 — Record3:T3 — Record 4: T4|
Record 5: T5 Record 6: T6 Record 7: T7

Fig. 3. Combined report of size distribution of AgdlfromOcimum sanctur(irulsi)
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Fig. 4. Combine report of size distribution of Agi\ffom Rartheniumhysterophoro(Songress grass)

Table 1. AgNPs synthesized frabtimum sancturirulsi) using different concentration of AQNO

Sample AgNQ@Conc. A max (nm) Absorbance Z-Average
(mM) (d.nm)
T1 0.1 416 1.739 68.74
T2 0.5 440 2.138 123.3
T3 1.0 444 1.573 134.1
T4 2.0 441 2.328 109.0
T5 3.0 444 2.678 135.1
T6 4.0 446 2.234 146.8
T7 5.0 439 2.484 122.8
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Table 2. AgNPs synthesized frdPartheniumhysterophoroy€ongress grass) using different concentratioAghO;.

Sample AgNQ@Conc. A max (nm) Absorbance Z-Average
(mM) (d.nm)
C1 0.1 411 0.760 146.3
Cc2 0.5 429 2.054 130.8
C3 1.0 441 2.044 141.4
C4 2.0 430 2.159 108.6
C5 3.0 406 0.716 116.1
C6 4.0 425 3.697 114.9
C7 5.0 431 2.285 164.9
This average size measurement was done by 4.2 Scanning Electron Microscopy and
DLS instrument. The experiments suggest that the loEDXanalysis
concentration of AgNgiacilitates the formation of Size and surface of the AgNPswere also

nanoparticles having less than 100 nm size. Thiglmea analyzed with the SEM, data from the microscopy
due to AgNQ forms a coat on growing patrticles,revealed the heterogeneous AgNPsin both the sample
thereby preventing their aggregation and thusdiigl T1 and C4. SEM determinations of T1 and C4 sample
particles of nanoscale size.However The reasonhi®r showed the formation of nanoparticles, which were
decrease in particle size is also depends on \arioconfirmed to be of silver by EDX spectra. As shown
factors including concentration of reductants itr@st, Figure5 and 6 well-dispersed nanoparticles could be
pH, temperature of reaction system etc. seen both samples. EDX analysis also showed aipeak
the silver region, confirming the formation of v
nanoparticles (Figure5 and 6).

SV | 1 2 3 4 5 E 7 g g 10
Full Scale 12660 cts Cursor: 0.000 ket

Fig. 5.SEM and EDX of the AgNPs of T1 sample.

From left to right: (a) SEM micrograph of the Thgae (scale bar at 10pum), and (b) EDX spectruncatitig signals from silver could be
observed in the graph near 3keV.
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Fig. 6.SEM and EDX of theAgNPs of C4 sample.
From left to right: (a) SEM micrograph of the C4rgde (scale bar at 5um), and (b) EDX spectrum titig signals from silver could be
observed in the graph near 3keV.

4.3 Cytotoxicity analysis from Clsample (Figure 8). Viability assay suggéstst

Viability of mice spleenocytes against AgNPsless toxic effects of AgNPson spleenocyteswas @bser
synthesized from Tlsample (Figure 7) was fountence It is effective in targeted drug delivery
considerable even after couples of hours. Dark blusystem.AgNPs destabilize the cell membrane and
colored non-viable cells after 20 hours incubatiere producing the depletion of vital molecules insidee t
nearly 50%. Similar result was also found in AgNPsell leads to the death of cell!
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Figure 7. Viability of mice spleenocytes with AgNBmthesized from T1 sample (Tu
(From left to right: (a) after 1 minutes, (b) 3 h®and (c) 20 hourinteraction

4.4 Antibacterial activity growth inhibition by silvernanoparticles has not yet
The bactericidaeffect of thtAgNPswas tested been fully clarified, but many possible mechanit
against eight pathogenic bacterisstrains. Zone of have been proposed including rupture of pla
growth inhbitions were observed in eacagar plate membrane and cell wall components’ denaturf*=°!
after 24 hours incubationandeasurecin mm (Figure In general, Ag ions from nanoparticles are beliet@
9& 10). Inhibition zone againsBacillus suhilis and become attached togmegatively charged bacterial ¢
Escherichia coliwas found remarkable however rest wall and rupture it, which leads to denaturation
all the strains were also inhibitemtably by AgNPs of protein and finally celldeaftt.
Tulsi and congress grass. Our findirwere correlated
with earlier report4*.The exact mechanism for t

Salmonella paratypli A Fscherichia coli

Enterabac ter aeragens Salmorelia paratyplib
Bacillus megtarium

Frotess vidgaris Salmonella typhi Barillun srabtilic

Fig. 9. Antibacterial activity of AQNPsT1 sample framlsi
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Salmonella paratvpls b
Enterobacter asragens

G

Proteus valearis Salmonalla hphi

Salmorella parahpbiB

Escharichia coli

Bacillus megatarium

Bacillus swbtilis

Fig. 10. Antibacterial activity of AgQNPsof C4 samplerndCongress gra

4.5 Synergistic effect of Nanoparticles with
antibiotic

Growth inhibition of Bacillus megatariut on
the nutrient agar plateas clearly indicating the zone
inhibition by Streptomycin antibiotic and AgNPs. The
synergistic effect of silver ranoparticles with
aminoglycosidesntibiotics such as streptomycin w
also observed significant (Table 3).Synergistic
approach is effdively used to treat the multi dn
resistant bacterial strail®y/nergistic antibacterii

effects of beta lactam antibiotic combined withvesil
nanoparticles was already evaluated usE. colf??.
The antibacterial activity of AgNPs was influencey
ATP-associated metabolism rather than by
permeability of the outer membrane. Additiona
AgNPs are also generated hydroxyl radicals, a i
reactive oxygen species induced by bacteric
agent§°,

Table 3Synergistic effect of Nanoparticles with Antibiatic

Antibiotic used Zone of inhibition againgBacillus megatariur (mm)
Antibiotic (100pg/ml) Antibiotic +AgNPs | Antibiotic (50pg/ml)
(50ug/ml)
Streptomycin 32 29 27
leading to the adsorption of all the three pest.
4.6 Adsorption of Pesticides by Result suggested impending application of AgNP:

Nanoparticles

Adsorption of pesticides Methyl parathion,
Chlorpyrifos and Endosulfan onto the nanopartic
were observed in SEM analysis. Aggregation of Agl
with the negative charge surfagkpesticidesmolecules

the removal of pesticide from the contaminateds
(Figure 11).

119



International Journal of Research in Advent Tecbggl Vol.2, No.3, March 2014

E-ISSN: 2321-9637

" I"-Q-. i ; .'l'.
Wy *ﬁ i

18 ki
v v

(A) Methyl parathion adsorption by AgNPs of T1 saeni§B) Endosulfan adsorption by AgNPs of T1 sam@) Chlorpyrifos adsorption by
AgNPs of T1 sample. In all the figure aggregatiomfation is observed which is the confirmationrgéraction of the AgNPs with pesticides.
99.9 % pure grade of each pesticide were used.

5. CONCLUSION

We propose an environment-friendlyone step
rapid green synthesis method for the preparation of
silver nanoparticles. This method is a novel and loa 3.
used for the bulk production of AgNPs at industrial
scale. The concentration of Agiy®olution and mixing
ratio with plant extract was optimized to produeary
spherical shaped AgNPs. Further characterizatioa wa
done by SEM, EDX and DLS.The smaller-size of
AgNPs has many positive attributes including chenic 4.
stability, catalytic and antibacterial activity, gtieide
adsorption, which would make them suitable for many
practical applications. Synergistic effects withiliotic
is key investigation and suggest the good potemtial
AgNPs as a combination therapeutic agent for the
treatment of infectious diseases caused by bacteria 5.
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