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Biosynthesis of Silver Binoparticles using
Different Bacteria and faimization of the Process
Parameters usingroteus vulgaris

R. Narayanan, S. Jiji, K. Kadirvelu, N. Gopalan, K.Sekhar

Abstract: In recent years, biosynthesis of nanopaltis has
gained significant interest over chemical and phgai synthesis,
because of their eco-friendly unique properties aadplications.
In the present study, an attempt was made to syriteesilver
nanoparticles (AgNPs) by optimizing the process abies using
various bacterial species to get the consistencythe size and
shape of the nanoparticles. The bacterial speciesedi were
Escherichia coli, Klebsiella pneumonia, Proteus vulig
Salmonella paratyphi, Yersinia entero, Pseudomors&suginosa,
Shigella flexneri, Agrobacterium tumefaciens and BHius
thuringinesis. Different process variables includin time,
temperature and silver nitrate concentrations werptimized to
obtain the uniform size and shape of AgNPs. Amoneg ttifferent
bacterial species studied, Proteus vulgaris was fouo be the
most suitable one for the proposed application. &pascopy and
electron microscopic characterizations reveal thathe
biosynthesized AgNPs were uniform in size with sphakiform
and particles size ranging from 5-10 nm. In ordeo know the
utility of the biosynthesized AgNPs, cytotoxic effecand
antibacterial activities were undertaken using RAW-262 cells
and pathogenic bacterial cultures respectively. Riésuof the
antibacterial studies reveal that, bio-synthesizédjNPs were
capable of inhibiting the growth of tested bacterigpecies at a
concentration of 10-30 pug/ml. The cytotoxic studiesth RAW-
264.17 cells further reveal that AgNPs had shown rsfggant
anti-cell proliferation effect against the studieaells with a
concentration of 10-50 pg/ml. Based on the studies i$
concluded that the established method in the prdsstudy is a
viable alternative for cumbersome chemical syntteesi AgNPs
with significant antimicrobial properties. The AgNPebtained
can be used in the preparation of different antisiep
formulations.

Keywords: Bacteria: Silver-nanoparticles: optinaition:
Electron microscopy: antimicrobial activity: anti-g&cerous
activity.

I INTRODUCTION

Nanotechnology is one of the emerging fields whias
significantly influenced science, economy and edapylife.
Nanotechnology deals with the development of stimest by
biological, physical or chemical methods which msssat
least one dimension in the size range of 1 to 1®0[H.
This technology involves a unique combination aéstists
from different fields including physicists, chensist
engineers and biologists.
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Many interesting nano devices are useful in bioweddield
especially for the improved cancer detection, diesggand
treatment [2, 3]. The outbreak of emerging and exging
infectious diseases is becoming a constant burdeyiabal
economies and public health. The main reasons Her t
outbreaks of these infectious pathogens are thetbrof
population and urbanization along with poor watepy
and environmental hygiene [4]. Comprehensive treatsh
of environments containing infectious pathogensngisi
advanced disinfectant nanomaterials have been peaipior
prevention of the outbreaks of pathogenic micronigas.
Among these nanomaterials silver nanoparticles RgN
with unique properties of high antimicrobial adyvihave
attracted much interest from scientists and teduyists to
make nanosilver based disinfectant products [5SlveSi
nanoparticles may eventually offer treatment
various diseases. Their extremely large surfaca peemits
the coordination of a vast number of ligariéis 7]. The
properties of silver AgNPs applicable to human tiremts
are under investigation in laboratory and animaldigs,
assessing potential efficacy, toxicity, and co#khough
AgNPs have shown enormous applications in the raédic
field they have also shown their effectiveness theo
applications for e.g., mineralization of pesticidgs 9].
Studies have shown that AgNPs have been employed to
carry out the degradation of organophosphorus comp®
which are widely used as pesticides [11, 12]. TigNRs

can be synthesized by biological, physical or cloaini
methods[13, 14, 15]. The physical methods are initially
used to give a low yield. Chemical methods useovari
chemical agents to reduce metallic ions to nanapest
This comprises certain drawbacks as there will be of
toxic chemicals and generation of hazardous bymrisdu
[31]. In the medical aspects, applications of nambgles
increased tremendously only when the biologicalreagh

for nanoparticle synthesis came into focus. Thabghe is a
large platform for the green synthesis of nanopladij the
most commonly preferred way is the bacterial sysitheas
they are easy to handle, and genetic manipulatoaldo
possible [33, 34, 35]. Biological way of synthesgi
nanoparticles is eco friendly in nature, when comgao
other methods [31, 32, 36]. Microbes are used for
development of manufacturing techniques that argemo
environment friendly than chemical process and
sophisticated methodologies [20, 21]. Recognizitg t
importance of developing eco-friendly nanoparticle
synthesis methods many researchers have turned to
biological synthesis by microorganisms [20, 21, .22]
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defence mechanism. The resistance caused by theribhc
cell for silver ions in the environment is respduesifor its
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nanoparticles synthesis [23]. The silver ions ature are
highly toxic for the bacterial cells. So their cddir
machinery helps in the conversion of reactive silis
into stable silver atoms. The first evidence of siyathesis
comes fromPseudomonas stutzeri AG259, a bacterial strain
that was originally isolated from silver mine [1Z4, 25].
The silver nanoparticles with their unique chemieald
physical properties are proving as an alternatioe the
development of new antibacterial agents. The busnnds
treated with silver nanoparticles show faster Imgaland
better cosmetic appearance [26].Many mechanisms
involving various biomolecules have been proposedtie

Optimization of the Process Paramets using Proteus vulgaris

Silver nitrate (AgNQ), Nutrient broth, Nutrient Agar was
purchased from Himedia Laboratories Pvt. Ltd., Mamb
India.

2.2 Bacterial strains and growth conditions

Pure cultures of bacteria includingscherichia caoli,
Klebsiella pneumonia, Proteus wulgaris, Salmonella
paratyphi, Yersinia entero, Pseudomonas aeruginosa,
Shigella flexneri, Agrobacterium tumefaciens and Bacillius
thuringinesis were obtained from Microbial Type Culture
Collection and Gene Bank (MTCC), India. Bacterial
cultures were grown in sterilized nutrient agar med

mechanism involves nitrate reductase-dependentctiedu
of silver ions. Nitrate reductase is an enzyme ibato-
factored by nicotinamide adenine dinucleotide (NADid

is capable of reducing silver ions to silver namtpkes.
Basically, it is an enzyme that is responsible foe
conversion of nitrate in the nitrogen cycle. Thisaimanism
has been clearly studied iBacillus licheniformis as it
secretes many NADH-dependent enzymes in which t
effect of a- NADH-dependent nitrate reductase on silve
ions also has been clearly studied [17]. The emzpitrate
reductase converts nitrate to nitrite and will gfen an
electron to silver ions (Ag+) to form free silvédowever,
the synthesis would take place only at lower cotredion
of AgNQO; and at higher concentrations it would lead to ce
destruction [23].

Studies have shown that psychrophilic baateamely
Phaeocystis antarctica, Pseudomonas  proteolytica,
Pseudomonas meridiana, Arthrobacter
kerguelensis, and Arthrobacter gangotriensis and
mesophilic bacteria like Bacillus indicus andBacillus

cecembensis have been used to synthesize AgNPs. THE

synthesis and stability of AgNPs appeared to dementhe
temperature, pH, or the species of bacteria frornchvthe
supernatant was used. It was observed thaArtheobacter

kerguelensis supernatant could not produce AgNPs at theY

temperature wherhaeocystis antarctica could synthesize
silver NPs [27]. Size, shape and the stability of th
nanoparticles will vary according to the speciesdufor the
synthesis. Comparing to the other synthesis teciyned
like usage of plant extracts and chemical precsrsoell
free supernatant showed more efficient size redoctind
mono dispersion in the synthesis. However, ther® ieed
for the consistency, reproducibility and optimipatiof the
process parameters for any kind of synthesis usisgobial
organisms.

In the present study various bacterial spetiekiding
Escherichia coli, Klebsiella pneumonia, Proteus vulgaris,
Salmonella  paratyphi, Yersinia entero, Pseudomonas
aeruginosa, Shigella flexneri, Agrobacterium tumefaciens
and Bacillius thuringinesis were used for the bio-synthesis
of silver nanoparticles. Different process vargsbl
including time, temperature and silver nitrate eamcation
were optimized to obtain the uniform size and shape
AgNPs.

Il MATERIALS AND METHODS

2.1 Bacterial growth media and other chemicals used
in present study
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colony of each culture was sub cultured into Sl
nutrient broth media and incubated for 24 hour87&C in
orbital shaker at 120 rpm. Glycerol stocks of thdtures
were further maintained at - 80.

2.3 Biosynthesis of Silver Nanoparticles (AgNPs)
The 24 hour old bacterial cultures grown in nutrieroth

rpéedia were centrifuged to separate the bacterld frem

<t;ulture media and supernatants were collected atghar
into sterile flasks. In order to achieve unifornggown and
high vyielding AgNPs, several parameters including
temperature, time and concentration of the sulestnare
optimized. To both the pellets and the supernatgiffesrent
ﬁoncentrations (0.5mM, 1mM, and 2mM) of silver ait&r
solutions were added in the ratio of 1:1 in stecibadition
to determine the optimum concentration. Then theiozd
flasks were incubated in orbital shaker in darke ‘ffect of
temperature and time were studied by doing tlastat
three different temperatures (20°C, 40°C and 60&6J
time intervals (0, 4, 8, 24, 48 and 72 h). A cohwas also
aintained throughout the experiments. Like
supernatants, the pellets were also subjectedetadudition
of AgNO; The pellets were brought into solution using
double distilled water and made up to 50 ml. Aftke
nthesis of the AgNPs the flasks were centrifuged the
supernatants were collected. Then the supernaiaets
dried using various methods like freeze drying,pevation

the

and vacuum drying for characterization.

The synthesized silver nanoparticles were agttarized
using Ultra Violet Visible (UV-Vis) spectroscopy,-Ray
Diffraction analysis (XRD), High Resolution Transsion
Electron Microscope (HR-TEM), Energy Dispersive
Spectroscopy (EDS) and Dynamic Light Scattering $PL
Technology.

2.4

2.4.1 Visible interpretation

There was an immediate colour change to pale yediftar
the addition of silver nitrate, in the case of @sis using
the bacterial strailroteus vulgaris. Then the colour of the
sample started changing from pale yellow to brovamf 4
hours after the addition of silver nitrate precursdhe
colour change was observed during the time intsrfram O
to 72 h.

2.4.2  UV-Vis spectroscopy:

The bio reduction of Ag ions in aqueous extractswa
monitored using UV-Visible spectroscopy. Afterudiibn

Characterization of Silver Nanoparticles
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of a small aliquot (0.1ml) of the sample to 10 timeith 2.5.2 Membrane Integrity
double distilled water, the absorbance was meauis®gj & Ce|| membrane integrity of RAW 254.7 cells was exaad

Hitachi double beam spectrophotometer. The scanrums by determining the activity of lactate dehydrogenéisDH)
from 300 to 800 nm wavelength at room temperaturtfeaking out of the cell. The LDH assay is basedtim

Double distilled water was used as the reactionkla

2.4.3 DLS analysis of particle size and zeta potential:

The average particle size along with its polydisfigrindex
(PdI) and the zeta potential (ZP) of the nanoplagievere

analysed by photon correlation spectroscopy anér las

Doppler anemometry respectively using a Zetasizand\
ZS (Malvern Instruments, UK).

2.4.4 Energy Dispersive spectroscopy:

release of the cytosolic enzyme, LDH, from cellsthwi
damaged cellular membranes. In cell culture, thersm of
AgNPs induced cytotoxicity was followed quantitatiy by
measuring the activity of LDH in the supernatantieBy,
cells were exposed to various concentrations of Rgor
24h, then 100l per well of each cell-free supernatant was
transferred in triplicates into wells in a 96-welhd 10Ql of
LDH assay reaction mixture was added to each wéler

3h incubation under standard conditions, the optieasity

Energy Dispersive spectroscopy (EDS)is an anaiytiCOf the colqr gene_rated was determined at a wavdieof
technique used for the elemental analysis or chaimic?90 NM using a microplate reader.

characterization of a sample. It relies on an adgon of
some source of X-ray excitation and a sample.
elemental analysis was performed using EDS (EDA
Genesis instrument) which is an attachment to ta@rsng
electron microscopy (SEM).

245 High Resolution
Microscopy (HRTEM)

The morphological examination of the nanopartickess

Transmission Electron

performed by High Resolution Transmission ElectroR.6 Screening
Microscopy (HRTEM) on a JEOL (JEM-2100) instrument

with an acceleration voltage of 80kV after evapiomthe

solvent from a drop of the suspension containingNRg on by well
a carbon-coated copper TEM grid. HRTEM EXperimem_éoncentration (MIC) against clinically

were performed to characterize size and shape of
reduced AgNPs. Purified AgNPs were solicited for 1
minutes to make a uniform distribution and a drdghis

solution was loaded on carbon-coated copper grit$ a

TI-

2.5.3 Half Maximal Inhibitory Concentration (IC50):

The half maximal inhibitory concentration (IC50) ia
measure of the effectiveness of a substance ibitirig a
specific biological or biochemical function. This
quantitative measure indicates how much of a padic
substance is needed to inhibit a given biologicatess. In
the present study the IC50 was determined afteyicarout
the MTT and LDH assay.

of antibacterial of silver

nanopatrticles:

The synthesized AgNPs was tested for antibactagavity
diffusion method and Minimum Inhibitory
isolated @ra

activity

%ositive and Gram negative microorganisms likeureus,

. coli and P.aeruoginosa. MIC is defined as the lowest
concentration of the nanoparticles that inhibited visual
growth of the test cultures. The pathogenic cufiuneere

solvent was allowed to evaporate. The particle sizg p-uitured into peptone broth and incubated aC 3@

distribution of the AgNPs obtained from TEM imageas
evaluated using Image J 1.45s software.

2.5 In-vitro cytotoxic potential of AgNps
25.1 Cell Viability Assay

The cell viability assay was measured using thet,3-(
dimethylthiazol-2-yl)-2,5 diphenyltetrazolium broaei dye
(MTT) reduction assay which was performed to deteem
the cytotoxic effect of the AgNPs at various coricaions.
Briefly, RAW 254.7 cells (5x1%) were seeded into
individual 96-well plates with various concentraiso of
AgNPs and incubated at humidified environment véh

attain 16-10° CFU/ml using MacFarland’s standard and
were used in further experiments.

The minimum inhibitory concentration (MIC) of
biosynthesized AgNPs were determined by micro idifut
method [30]. Briefly, synthesized AgNPs were susieeh
in double distilled water and different concentat were
prepared. Test bacterial cultures were diluted dotain
approximately 105-106 CFU/ml with sterile media and
were added to 96 well microtitre plate (Nunc, USK)a
zone of inhibition was observed around the wekrathe
incubation period, then a positive result was coded.
Tests were performed in triplicate, and mean valoges

CQO, at 37C for 24 h. After incubation the cells were treatedone diameter were recorded.

with various concentrations of AQNPs and were iratad
as mentioned earlier. After 48 h of incubation thature

2.7 Statistical analysis

media was aspirated and 10 pL of MTT (5 mg/mL irData were expressed as mean * SE of a minimum of 3

phosphate-buffered saline (PBS)) dye was added)aldth
90 pL of serum free culture medium and incubate874€
for 4 h. The resulting formazan was dissolved ifl0of

replicates and all the experiments were repeatddetw
Statistical differences between control and taggetips for
all experiments were determined using Studetést with

DMSO with gentle shaking at 37°C, and absorbance wawo way anova gb < 0.05 significance level.

measured with an ELISA microplate

showing a 50% reduction in cell viability (i.e.,3C values)
were then calculated.

12

reader (Biotek,
Germany) at 550 — 600 nm. Concentrations of AgNPs

[l RESULTS AND DISCUSSION

3.1 Synthesis of Silver Nanoparticles (AgNPs)

When the silver nitrate was added to the cell free
supernatant of the various cultures, only the sugtant
obtained fromProteus vulgaris showed a distinct brown
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colour change after B which is due to the reduction of decided to go ahead with the bio synthesis of Aghiftag

silver ions and formation of silver nanoparticl€sg(3) and
the colour change is because of surface plasmaatiobs

in order to streamline and optimize the processipaters.
Further confirmation on formation of silver nandaes in

in the particles [26]. So far there are no reportghe use of cell free supernatant was observed in DLS and HRETE
Proteus vulgaris for the synthesis of silver nanoparticlesParticles were Spherical shaped and the sizelisivh was

The supernatant from Escherichia coli, Klebsiella in the range of 5-10 nm. Colour mapping showed the
pneumonia, Salmonella paratyphi, Yersinia entero, presence of silver nanoparticles by the coloured
Pseudomonas aeruginosa, Shigella flexneri, Agrobacterium  representation.

tumefaciens and Bacillius thuringinesis did not show a 311 Optimization of Time:

distinct change from pale yellow to brown even rafteh

though there were changes after 24h (Fig 1).

a) Silver nitrate (AgNQO3), b) Culture SupernatahPooteus
vulgaris ¢) Culture Supernatant of Proteus vulgavith

Silver Nitrate

Among the study of time points from 4 to 72h, itsifaund
that 24 h of incubation showed maximum intensitythoeé
color change and the changeiimaximum from 413 to432
nm was observed. Upon increasing the interactioe tip to
72 h, themax value did not vary significantly (Fig 3a).

3.1.2 Optimization of Concentration:

It was found that the silver nanoparticles formegdusing
0.5 mM concentration of AgNghad shown an absorbance
of 0.138 which was very low compared to the AgNPs
formed using 1 mM and 2 mM AgNQ@Fig 3b)and also it
indicates that the formation is very slow. When we
compared the absorbance peaks of AgNPs formed ibyg us
1 mM and 2 mM concentration of AgN@ve found that the
absorbance peak of AgNPs obtained from 1 mM
concentration was quite stable where as the onairsut
using 2 mM peak was broad.

Figure 1. Synthesis of silver nanoparticles usin@ulture
Supernatant of Proteus vulgaris

The studies have shown that the silver nanopastitly
absorbance will be in the range of 420-435nm. Th
maximum absorbance of the nanoparticles was olutdime
24 h culture at 432nm range (Fig 2). The absorbdimra
UV-Visible spectroscopy showed a distinct absorkafor
the bio synthesized AgNPs usigyoteus vulgaris and most
of the supernatants obtained from all the othertdvaal
species used for the synthesis didn’'t show anyrabsce at
432nm except the one obtained usifgeudomonas
aeruginosa which showed a slight absorbar(éégure 2).

25

— Yersinia

Blank
2.0 1 —— Ecoli
—— Klebsiella
—— Proteus
—— Pseudomonas
—— Salmonella
—— Shigella

Absorbance

0.0

T T T T T T T
300 400 500 600
Wavelength(nm)

Figure 2: Optimization of Bacterial strains for the Bio-
Synthesis of Nano particles

Pellets of the strains did not show any silver memticles
formation. Hence based on the absorbance valuesst
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shows the absorbance values obtained during the
optimization at various different reaction conditso
254 OPTIMISED TEMPERATURE
2.5
2.0
— 20 degree celsius 20 —— 24 hrs proteus vulgaris|
—— 40 degree celsius
g 151 —— 60 degree celsius
c 1.5
8
H
2 104 2 "o
<<
1 \‘ 0.5+
0.5
\ 0.0 4
0.0 T e— 300 400 500 600 700 800 900
300 400 500 600 700 800 900 Wavelsngth rim
Wavelength
Fig 4: UV-Vis absorbance of the bio synthesizedlger
(c) Optimization of temperature nanoparticles using Proteus vulgarisin optimized
. - . conditions
Figure 3: UV-Visible spectra analysis for the
optimization of parameters for the Bio synthesis of 3.3 DLS analysis of particle size and zeta potential:
AgNPs using Proteus/ulgaris The particle size analysis showed that the silver

3.1.3 Optimization of Temperature: nanoparticles synthesized in the bio reduction ggsasing

Studies on the effect of temperature from 20°CORCE(Fig cell free supernatant d®roteus vulgaris were extensively
3c) on AgNPs synthesis showed that at 20°C the UQ)stributed in the solution. The particle size bE tsilver

absorbance was very less even after 24 h of inmrbat nanopgrtigles_ was approximately 25'50_ nm and zeta
which indicates that the formation of AgNPs isvelo Potential indicates the degree of repulsion betwéen

Synthesis at 60°C showed broad peak with instgbiline particles [28]. Silver nanoparticles showed zetipibal of -

synthesis carried out at 40°C showed a stable igndisant 6.33 mv which |ndlca_tes the presence_of rep_ulsmd a
increase in absorbance peak. This indicates thblesta@0Sence of agglomeration among the particles (Fig 5
formation of silver nanoparticles which needed ¢dflrther S DR Yo

characterized using other techniques.

Table 1 UV- Vis spectral data of silver colloid saition
produced under different conditions ~ jeli
S. Variable Wavelength | Absorbance £
No conditions (nm) (. max) &b o nve v [ o R e R R
Effect of Concentration (mM) ;3
1 0.5 420 0.138 | i
2 1 432 1.921
3 2 451 2.873
Effect of Temperature (°C) T 1o
4 20 422 0.675 Size (d.nm)
2 gg ji; ; : ijg Zaia Polenial Distrbullon
Effect of Time Intervals (hrs) 700000
8 4 405 0.139 c00000 "*
9 8 419 0.676 ol )
10 12 413 1.545 : A
11 24 432 1.928 g™ | |
12 48 435 2.609 § ot "1
13 72 435 2.673 200000 3-{’ \
3.2 UV- Vis spectral characterization: i . J |
From the stable absorbance peak at 432 nm showiag ?gm ' .1;}0 ;; : tEm ' z;n

presence of AgNPs it was determined that themapti
parameters for the bio synthesis of AgNPs udingteus
vulgaris are a. 1:1 ratio of ImM AgNOb. 24 h reaction Figure 5: DLS results of size distribution and zetaotential
time and c. 40°C (Fig 4) using cell free supemiaiable 1

Zala Polental (mV)
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The z Average size obtained was 26 nm. The DLS uneds generally show typical optical observation peak doe
size is slightly bigger as compared to the partisiee surface plasmon resonance [268he EDS spectra also
measured from HR-TEM micrographs, which could b@roved that the Ag nanoparticles are in metalliorfowith
explained as the dynamic light scattering (DLS) saees no formation of silver oxide in them and free framy other
the hydrodynamic radius which is an indirect measwant.  impurities. The EDS results showed the presencsiledér
nanoparticles with the percentage of 62.14 % (frigc6lour

3.4 Energy Dispersive Spectroscopy: mapping of EDS confirms the uniform distribution lfver
Chemical analysis of the produced AgNPs waganoparticles.

accomplished by means of EDS, which confirmed lb¢h
existence of the AgNPs. Metallic silver nanocrystal

chedaxidigenasisigenspoc.spo

Labe]

——_—
Ad
5=
4.00 800 1Z.00 16.00 Zo.00 Z4.00 281_0“ 3Zz.00 3600 eV
Figure 6: EDS elemental analysis of AQNPs
35 HRTEM image analysis: spherical shape and showed a large distributiorsiné

HRTEM analysis was used to measure the size arpgksifa ranging from 5-10 nm. There was no visible agglatien
the AgNPs formed and the images of the TEM visastn observed between the nanoparticles
are shown in (Fig 7). Synthesized nanoparticleswsldo

Figure 7: HRTEM images of synthesized AgNPs
3.6. Cytotoxicity effect of AQNPs in RAW- 264.7Ise AgNPs for 24h, and the results suggest that AgNBew

The cell viability assay is one of the importanttioels for able to reduce the cell viability of RAW- 264.7 lseih a
toxicology analysis which explains the cellularpesse to dose dependent manner. Aiter 24h of treatmgnt AgNPs
toxic materials, and it can provide information oall were found to be C.ytOtOX'C o the (_:ells at °°’?‘m’“”s of
death, survival, and metabolic activities [37]. Tbells 10ug/mL and higher.  Cytotoxic ~ potential of —the

' . . biosynthesized AgNPs against RAW- 264.7 (mouse
were treated with various concentrations (0+80mL) of macrophage cells) revealed that bio reduced Agh#e h

Published By:
15 Blue Eyes Intelligence Engineering
& Sciences Publication Pwvt. Ltd.




International Journal of Advanced Engineering and Nano Technology (IJAENT)
ISSN: 2347-6389, Volume-3 Issue-2, February 2016

shown significant cytotoxic effect against testashaerous 3.8. Determination of IC50 Values of AgNPs:

cell line. To determine the cytotoxic effect of particular

3.7. Impact of AGNPs on Membrane Integrity: concentration, the half maximal inhibitory concetitn
(IC50) was calculated as the concentration requited
inhibit the growth of tumor cells in culture by 50%
compared to the untreated cells. The AgNPs atptdn

Lactate dehydrogenase (LDH) is a soluble cytosaizyme
that is released into the culture medium followings of

membrane  integrity resulting from either apoptosis decreased the viability of RAW- 264.7 cells to 50&6d

necrosis. LDH activity, therefore, can be used a&s 3, . :
indicator of cell membrane integrity and serve ageaeral ence this was determined as the IC50. Longer expss
resulted in additional toxicity to the cells.

means to assess cell viability by measuring plasma
membrane permeability. Cayman's LDH Cytotoxicitys&g  3.9. Minimum Inhibitory Concentration for determimig
Kit was used for the measurement and the resuttw shat  the Antimicrobial activity

cell membrane integrity in RAW- 264.7 cells waseated The antimicrobial activity of biosynthesized AgNRsted
in a dose dependent manner by AgNPs of 10nm see et against gram positive and gram negative pathodsadteria
al. [38] observed that the LDH level was elevatégmwcells  gych asS aureus, E. coli andP. aeruginosa. The results are
were cultivated for 48 h in the culture medium edming presented in Table 2 as the average values of pbne
AgNPs at 10Qig/ml. In the LDH assay, it was evident thalinhibition radii and Minimum Inhibitory Concentrati
as the concentration of the AgNPs increased, beltmme (\iC). Disc diffusion test results indicate thaetmaximum
progressively more cytotoxic, leading to a highebone of inhibition against. coli is 15.6 mm, whileP.
absorbance reading in the LDH assay and a decﬂeaseaeruginom requires 12.2 mm an& aureus requires 7.5
absorbance in the MTT assay with a concurrent @serén  y,m. These results support the findings of Inglale{39]
the percentage of viable cells. The inverse retatip \yhich suggest that AgNPs exhibit significant antiesial

between the LDH and the MTT cell viability resulields activity againstE. coli and multidrug-resistant bacteria.
support to the accuracy of the data.

Table 2: Antibacterial activity of biosynthesizedsilver nanoparticles usingProteus vulgaris

Pathogens Proteus vulgaris AgNO; Synthesized Silver
9 supernatant Nanoparticles
Disk : e Disk
Diffusion MIC D|skA2g21yS|on MIC Diffusion MIC
Assay ; Assay (ng/ml)
(mm.dia) (ng/ml) (mm.dia) (ng/mi) (mm.dia)
Escherichia coli - - 14.8+1.08 8 +0.00 15.6 £ 0.64 10+ 0.00
Peeudomonas - - 1284109 | 11000 | 122+176 | 11£0.00
aeruginosa
Staphylococeus - - 11.2+0.78 15:0.00 | 7.5:£0.66 | 25.8%0.00
aureus

Froteus vulgaris as a bio-reducing agent. The developed

ethod is a viable alternative for cumbersome chami
syntheses of AgNPs with significant biological aityi. The
cytotoxic and antimicrobial activities of biosyn#ieed
AgNPs against RAW 254.7 cells as well as Gram pasit
and Gram negative bacteria were assessed. Thenprese
study revealed that the potential cytotoxic effeaft
biologically synthesized AgNPs in RAW 254.7 cellg b
inhibiting growth of cells leading to a high absanise of
LDH. The antibacterial activity of synthesized AghP
showed effective inhibitory activity agairSscherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa. Also
these AgNPs may find a utility in the biodegradatiof
organophosphorus  compounds usually present in
contaminated soil and other farming lands whichd léa
ground water pollutionThus, outcome of this study would
be useful in developing nano-materials in biomedarad
nanotechnology industries.

Table 2 shows the MIC values of AgNPs for differen
bacteria. E. coli (10 pg/ml) was observed as the mos
sensitive bacteria, followeé. aeruginosa (11 pg/ml) ands.
aureus (25.8 pug/ml) exhibited the highest MIC value. MIC
values forE. coli and S. aureus recorded in this study are
higher than those observed by Vertelov et aligiml for

E. coli and 5 pg/ml forS aureus) [41] and lower than
those reported by Chudasama et al. (100 pg/mEfaoli
and 350 pg/ml fofs aureus [40]. The results of the present
study were in agreement with the previous resuig] [
where they studied the antibacterial activity ofeegr
synthesized AgNPs against test pathogens. In demnpen
interaction of bacterial cells silver ions from ABBI which
are released into the bacterial cells lead to tetdicidal
activity.

V. CONCLUSION

In the present study a simple, reliable methodolfogythe
synthesis of silver nanoparticles was developedhgusi
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