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ABSTRACT

Rapid increase in antibiotic-resistant microorganisms are making essential to
synthesize new antimicrobial agents. “Silver nanoparticle”, has apprehended the
attention of the researchers because of its acknowledged antimicrobia activity.
This study is mainly emphasized on chemical based synthesis of silver
nanoparticles and its evaluation as antibacterial agent against different pathogenic
bacterial strains. The antimicrobial abilities were tested against Gram Positive
bacteria, Staphylococcus aureus, Bacillus cereus and Gram hegative bacteria
Pseudomonas aeruginosa, Klebsiella pneumoniae and Escherichia coli. All strains
were inoculated consistently onto sterile Muller-Hinton Agar petri plates (lawn
inoculation method). Wells of 06 mm diameter were bored into the agar medium by
using sterilized borer. 100 pl silver nanoparticles solution (200ppm) was added into
each well and after incubation of 24hrs at 37°C and different levels of inhibition
zones were measured. Tetracycline assisted as positive control. The determinations
were done in triplicate and the mean values + SD were presented in graphical form.
The inhibition zones (diameters in mm) measured for Gram positive bacteria,
Saphylococcus aureus was 27.7 = 0.62 mm and Bacillus cereus was 24.1 + 0.80
mm where as for Gram negative bacteria, Pseudomonas aeruginosa was 15.8 +
0.41 mm, Klebsiella pneumoniae was 28.2 + 1.07 mm and Escherichia coli was
29.4+ 0.56 mm. Against tetracycline 26mm, 24mm, 26mm, 28 mm, and 27 mm
respectively. Silver nanomaterials are appreciated as key in the future era to many
technological, medical and environmental challenges in the field of cataysis,
medicine, water treatment etc. Our study reveals that silver nanoparticle shows a
moral antibacterial activity in contrast to other antimicrobia agents.

I ntroduction

Nano derives from a Greek word ‘nanos’ material) is dissolved, entrapped, or attached.
which means ‘dwarf’ or ‘extremely small’ (Johnston et al., 2010; Dong et al., 2012).
ranging from 1-100 gym in size they consist Currently nanoparticles are in inordinate
of molecular materials in which the active consideration due to their rare and interesting
ingredients (drugs or biologically active properties than their maority counterparts.
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There are an enormous number of physical,
chemical, biological, and hybrid methods
avallable to synthesize different types of
nanoparticles (Tolaymat et al., 2010; Balu et
al., 2012; Slistan Grijalva et al., 2008). The
physical and chemica approaches are more
popular in the production of nanoparticles.
The particles generated by these procedures
have higher catalytic reactivity, greater
specific surface area, and a better contact
between the enzyme and metal sdt in
bacterial carrier matrix (Kheybari et al.,
2010; Xianggian et a (2011).

A multitude of chemical reduction
approaches have been used to produce stable
and several forms of silver nanoparticles in
water by the practice of diverse reducing
agents such as ascorbic acid, hydrazine,
ammonium formate, dimethylformamide and
sodium borohydride. The shape and size of
AgNPs intensely depends on the strong and
weak tendency of organic substrates used to
reduce (Hussain et al., 2011; Ericka et al.,
2013). These nanoparticles have been used
in a variety of applications including drug
cariers for targeted delivery, cancer
treatment, gene therapy and DNA analysis,
antibacterial agents, biosensors, enhancing
reaction rates, separation science, and
magnetic resonance imaging (MRI) (Mohan
rg and Chen, 2006; Dhrutika Patel et al.,
2013). The usage of silver nanoparticles as
antibacterial agent is moderately fresh. Due
to their high reactivity it plays a vital role in
inhibiting bacterial growth in agqueous and
solid media. Silver comprising materials can
be used to eradicate microbes on textile
fabrics (Sukdeb et al., 2007; Mohan and
Chen 2006) or they can aso be employed for
treatment of waste water (Tiwari et al.,
(2008). Contrary to bactericide effects of
ionic silver, the antimicrobia activity of
colloid silver particles are influenced by the
dimensions of the particles the smaller the
particles, the greater antimicrobia effect
(Hussain et al., 2011; Maribel G. Guzman et

al., 2013). The tamest and the furthermost
usually used solution synthetic technique for
silver nanoparticlesis the chemical reduction
of metal salts(Dong et al., 2012).

Silver nanoparticles are very much in
limelight due to their advantages in various
fields such as food packaging materials and
food supplements, odor-resistant textiles,
electronics, household appliances, cosmetics
and medical advices, water disinfectants and
room sprays (Tiwari et al., 2008; Wijnhoven
et al., 2009). The determination of this study
is to synthesize dlver nanoparticles
evaluation of chemicaly and its
antimicrobial sengitivity against Gram
positive and Gram negative bacteria (Taayde
et al., 2012; VibhaSaklani et al., 2012).

Material and Methods
A. Synthesis of AQNPs

Silver nanoparticles were prepared by
reducing agueous silver nitrate in the
presence of NaBH, Briefly, an agueous
solution of NaBH,4 (0.002 M) was added to a
flask. The solution was stirred and cooled for
another 20 min. 2.0 ml of 0.001 M AgNO;
was dropped into the stirred NaBH, solution
at approximately 1 drop per second. Stirring
the solution was stopped as soon as al of the
AgNO; was added. Particles produced by
this method were called borohydride-AgNPs
(Anna Zielinska et at. 2009). The chemical
reaction for sodium borohydride reduction of
silver nitrate:

AgNOs+ NaBH; —» Ag + Y2 H, + Y2 BsHg
+ NaNO;3

B. Antimicrobial efficacy

Preliminary analysis of antimicrobial activity
was conducted by using Agar well diffusion
assay. Bacterial inoculums was prepared in
peptone broth and incubated for 4 hour. Then
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0.1 ml of inoculums was homogeneously
inoculated on Petri plates containing MH
Agar medium then wells of 6mm diameter
were punctured on it by using sterile cork-
borer. 50 ul of biologicaly Chemically
synthesized Ag-Nps were poured in the wells
using sterilized micropipettes. Plates were
incubated for 24 hours at 37°C. Inhibition
Zones was determined (Kheybari et al.,
2010; Xianggian et al., 2011; Balu et al.,
2012).

Characterization of silver nanoparticles
UV-vis spectr oscopy

The reduction of pure Ag+ ions was
monitored by measuring the UV-Vis
spectrum of the reaction medium at different
time intervals after diluting a small aliquot of
100 uL of the sample with 1 ml deionized
water. UV-Vis spectral anaysis will be done
by usng a Pekin-Elmer Lamda25
spectrophotometer (Hussain et al., 2011).
Transmission  Electron
(TEM)

Microscopic

Analysis was done by using a Techni G2 300
kV. Thin film of the sample was prepared on
a carbon coated copper grid by just dropping
a very smal amount of the sample on the
grid, extra solution was removed using a
blotting paper and then the film on the TEM
grid was alowed to dry by putting it under a
mercury lamp for 5 min (Hussain et al.,
2011).

AAS (atomic absor ption spectroscopy)
Silver ion concentration was anayzed by

AAS which showed the conversion of Ag+
ionsinto Ag® nanoparticles.

XRD (X-ray diffraction)

X-ray diffraction was carried out to confirm
the crystaline nature of the silver
nanoparticles (Hussain et al., 2011).

Results and Discussion
Synthesis and char acterization of AgNPs

The AgNPs synthesized from agueous
solution of NaBH,, were yellowish-brown
color in appearance (Figure 1). TEM and
SEM divulge the spherical-cluster of 40 nm
in size. The crystalite dimensions were
confirmed by using X-ray diffraction pattern.

Antimicrobial efficacy

The analysis of antimicrobial efficacy was
examined by using Agar well diffusion
assay. After incubation at 37°C for 24hrs,
different levels of inhibition zones were
measured. Tetracycline served as positive
control for antimicrobial activity (Table 1).
The determinations were done in triplicate
and the mean values = SD were presented.

The diameters of bacteria inhibition zones
(mm) measured for Gram positive bacteria,
Staphylococcus aureus were 27.7 + 0.62mm,
Bacillus cereus were 24.1 + 0.80 mm (figure
2). For Gram Negative bacteria,
Pseudomonas aeruginosa were 158 =+
0.41mm, Klebsiella pneumonia were 28.2 +
1.07 mm and Escherichia coli were 29.4+
056 mm (Figure 3) whereas against
tetracycline 26mm, 24mm, 26mm, 28 mm,
and 27 mm respectively.
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Table.1 Evaluation of Gram negative and Gram positive in terms of sensitivityagainst silver
nanoparticles and tetracycline as positive control

Test micro-organisms Tetracycline AgNps
(Diain mm) (Diain mm)
Staphylococcus aureus 26 27.7+ 0.62
Bacillus cereus 24 24.1+ 0.80
Pseudomonas aeruginosa 26 15.8+ 041
E. cali 27 29.4+ 0.56
Klebsiella pneumoniae 28 28.2+ 1.07

Figure.1 The AgNPs synthesized from aqueous solution of NaBH4, were
yellowish-brown color in appearance

Figews 2: The diameters of bocterial inhibitionzones {mm) measured for Staphylococcus aureus were 27.7 £ 0.62mm
{A), Bacillus cereus were 24.1 $0.80 mm (B), as Gram positive bacteria

Figwre _.S: The diametersof bocterial inhibition 2ones (mm) measured for Pseudomonas aeruginosa were 15.8 & 0.41 mm,
Escherichia coli were29.4 1 0.56mm and Kiebslelia pneumonia were 28.2 2 1.07 mm
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Graph.1 Graphical representation of antimicrobial efficacy of silver nanoparticles

E Tetracycline © AgNps

In Comparison to Gram positive the Gram
negative bacteria are more sensitive to
AgNPs (Graph 1).

Silver nanoparticle has aways been an
excellent antimicrobial agent. The exclusive
physica and chemical properties of silver
nanoparticles always intensify the efficacy of
slver. Although there are numerous of
mechanisms which credited to the
antimicrobial activity shown by slver
nanoparticles, but still the actual mean is not
fully known. Chemica and physica
approaches of silver nanoparticle synthesis
were being used over the eras, but they are
found to be costly and sometime dlightly
toxic too. The applications of dlver
nanoparticles are diverse and numerous, but
the most anticipated characteristic is ther
antimicrobial and anti-inflammatory
efficacy. The remarkably strong
antimicrobial activity is the major direction
for expansion of nano-silver products.
Examples are food packaging materials and
food supplements, odor-resistant textiles,

electronics, household appliances, cosmetics
and medical advices, water disinfectants and
room sprays.
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