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Abstract 
Silver nanoparticles (AgNps) were found to be effective antimicrobial agent against pathogenic bacteria 
isolated from East Kolkata Wetland. In comparison to AgNps prepared by sodium borohydride 
(AgNpBo) and pyrogallol (AgNPy) the one prepared by sodium citrate (AgNpCi) was found to be very 
effective in retarding growth of pathogenic bacteria. When AgNpCi was used along with antibiotic 
ampicillin it was seen that E. coli cells which were ampicillin resistant turned out to be ampicillin 
sensitive strains. SEM analysis of silver nano particles were done to observe any effect of change of 
shape of the particles upon addition of different reducing agents. 
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1. Introduction 
In nanotechnology, a particle is defined as a small object that behaves as a whole unit in 
terms of its transport and properties. Particles are further classified according to size: in 
terms of diameter, coarse particles cover a range between 10,000 and 2,500 nm. Fine 
particles are sized between 2,500 and 100 nm. Ultrafine particles, or nanoparticles are sized 
between 100 and 1 nm. ”Nano” is a Greek work meaning dwarf meaning extremely small. 
Nanoparticles have unique properties that are different from the large molecules of the same 
element. Their electronic, optical and chemical properties are different from those observed 
in bulk compounds. 
In recent years there had been a rapid rise in microbes that are resistant to conventional 
antibiotics. Bio nanotechnology has emerged as an integration between biotechnology and 
nanotechnology for developing biosynthesis and environmental friendly technology for the 
synthesis of nanoparticles. Nanoparticles are specifically regarded as cluster of atoms in the 
size of 1-100 nm. The metallic nanoparticles are most promising as they contain remarkable 
antibacterial properties due to their large surface area to volume ratio. 
Different types of nanoparticles like copper, zinc, titanium magnesium, gold, alginate and 
silver (Ag) have been developed but among them Nano-Ag (silver nanoparticles, AgNp) 
have proven to be most effective as they exhibit potent antimicrobial efficacy (Kim et al. 
2007) [1] against bacteria, viruses and eukaryotic microorganisms (June young et al., 2010) 
[2]. However, Nano-Ag also has some disadvantages. 
The current investigation supports the theory that the use of silver ions or metallic silver as 
Nano-Ag can be exploited in medicine, for burn treatment (Ghosh et al., 2010) [3], dental 
materials, coating stainless steel materials, textile fabrics, water treatment, sunscreen lotions 
etc and possess low toxicity to human thermal stability and low volatility. Efficiency of 
AgNP coated membrane filters in bacteria proof filtration is another property possessed by 
silver nanoparticles. 
In the past silver has been in use for various treatment but in the 1940s after penicillin was 
introduced the use of silver for the treatment of bacterial infections (Leon, 2007) [4] 
decreased. However the use of silver came in picture when Moyer in 1960s introduced the 
use of 0.5% silver-nitrate in cases of burns. He proposed that this solution did not interfere 
with the
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epidermal proliferation and possess antibacterial properties 
against Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli. In 1968, silver nitrate combined with 
sulfonamide to form silver sulfadiazine cream, served as a 
broad spectrum antibacterial agent. This was found to be 
effective against various strains of bacteria like E. coli, S. 
aureus, Klebsiella sp. & Pseudomonas sp. It also possess 
some antifungal (Nasrollahi, 2011) [5], antiviral, antimycotic 
and antialgal activities. 
As resistance towards antibiotics becomes more common, a 
greater need for alternative treatments arises. However, 
despite a push for new antibiotic therapies there has been a 
continued decline in the number of newly approved drugs. 
That’s why it has been thought that silver nanoparticles may 
be the alternative. 
The aim of this study was to prepare different silver 
nanoparticles. Pathogenic organisms (E. coli, Salmonella sp., 
Vibrio cholerae) was isolated from the waste water sample. 
The study was conducted to observe the antimicrobial effect 
of only the silver nanoparticles on pathogenic 
microorganisms. Experiments were designed to observe the 
antimicrobial effect of silver nanoparticles along with 
different types of chemicals (SDS, lysozyme) and also to 
observe the antimicrobial effect of silver nanoparticles along 
with different types of antibiotics like Ampicillin, 
Streptomycin, Tetracycline, Chloramphenicol, Gentamycin, 
Erythromycin and Kannamycin on pathogenic 
microorganisms. 
 
2. Materials and methods 
The chemicals used for the preparation of silver 
nanoparticles are silver nitrate, sodium borohydride, 
pyrogallol, sodium dodecyl sulfate and lysozyme (purchased 
from SRL). Antibiotics like Ampicillin, Streptomycin, 
Tetracycline, Chloramphenicol, Gentamycin, Erythromycin 
and Kannamycin were used as antibiotics. Organisms that 
were used in this study were E. coli, Salmonella sp., Vibrio 
cholerae. 
The media (Sharma, 2007) [6] used for the study of 
microorganisms were as follows: Nutrient broth, Eosin 
Methylene Blue Agar (EMB), Thiosulfate Citrate Bile Salt 
Agar (TCBS), Salmonella Shigella (SS) agar. 
 
Preparation of silver nanoparticles using sodium 
borohydride (NaBH4) 
Different volumes of 0.001 M silver nitrate (AgNO3) were 
added drop wise (about 1 drop per second) to 30 ml of 0.002 
M sodium borohydride solution that had been chilled in an 
ice bath. The reaction mixture was stirred vigorously on a 
magnetic stirrer. The solution turned to light yellow after the 
addition of 2 ml of silver nitrate and to brighter yellow when 
all of the silver nitrate had been added (Rashid et al., 2013) 
[7]. 
 
Preparation of silver nanoparticles using sodium citrate 
200 ml of 0.001 M AgNO3 heated to boiling then to the 
above solution 1% trisodium citrate was added drop by drop 
then mixed vigorously until a pale yellow colour was 
obtained (Rashid et al., 2013) [7]. 
 
Preparation of silver nanoparticles using pyrogallol 
In a 100 ml glass flask, 300 µl pyrogallol (0.1 M) aqueous 
solution was gradually added into 50ml aqueous AgNO3 
solution with concentration of 2.5x10-4 M and stirred for 

approximately 10 minutes at room temperature. The colour 
of the solution changes gradually from colourless to yellow 
and finally light brown (Jiang and Yu, 2010) [8]. 
 

Effect of lysozyme and SDS and silver nanoparticles on 
gram negative bacteria 
E. coli was incubated with only the lysozyme and with only 
SDS as also with the different nanoparticles in combination 
with SDS and lysozyme separately. Gram staining of the 
bacterial cells were done in each of the cases. 
 

Antibiotic Resistance assay 
Antibiotic assay was performed on three different pathogenic 
microorganisms along with three types of silver 
nanoparticles following the method of Ping et al., 2005 [9]. 
Above mentioned seven antibiotics were used for this 
purpose. 
 

SEM analysis with prepared silver nanoparticles 
Samples were prepared in the usual method of sample 
preparation for SEM in each of the cases of silver 
nanoparticles prepared with sodium borohydride, sodium 
citrate and pyrogallol (Puchalski, 2007) [10]. SEM was 
performed to see whether the structures of different 
nanoparticles were responsible for different roles. 
 

Results and Discussion 
 

 
 

Fig 1: Preparation of silver nanoparticles and absorption maxima 
using sodium borohydride (Fig. 1a), with sodium citrate (Fig. 1b) 

and pyrogallol (Fig. 1c) 
 

Effect of lysozyme and SDS and silver nanoparticles on 
gram negative bacteria 
Lysozyme along with silver nanoparticle do not exhibit any 
extra feature compared to lysozyme only. Effect of lysozyme 
and SDS along with silver nanoparticles were identical. None 
of the AgNPs were able to exert its antimicrobial effect in 
both the cases of SDS and Lysozyme at the concentrations 
we have used. All changes were due to the SDS and 
lysozyme.  
 

Staining results 
 

 
 

Fig 2a: E. coli + sterile distilled water Fig 2b: E. coli + pyrogallol 
AgNP 

 

 
 

Fig 2c: E. coli + NaBH4AgNP Fig 2d: E. coli + sodium citrate 
AgNP 



 

~ 747 ~ 

International Journal of Applied Research 
 

Fig. 2a indicated E. coli cells were gram negative, short rods. 
Pyrogallol also like NaBH4 couldn’t retard the growth of 
bacteria neither could they bring in some conformational 
change in the bacterial cells as was evident from Fig. 2b and 
2c. Sodium citrate works effectively both in retarding growth 
of the bacterial cells and also reduce the size of bacterial 
cells to a great extent (Fig. 2d). 
 

Antibiotic Resistance assay 
There are some cases where effect of AgNPs were observed 
along with antibiotics like Fig. 3a, 3b, 3c and 3d. There are 
some cases where AgNPs along with antibiotics were very 
little sensitive like Fig. 4a and 4b and 4c. There are some 
cases where no extra effect of AgNP were observed as is 
evident from Fig. 5a to 5e. 

 
 

Fig 3a: Nutrient agar plate of E. coli with ampicillin in presence of sodium citrate, sodium borohydride and pyrogallol 
 

 
 

Fig 3b: Nutrient agar plate with chloramphenicol in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride and 
pyrogallol 

 

 
 

Fig 3c: SS Agar plate of Salmonella with erythromycin in presence of silver nanoparticles prepared from sodium citrate, sodium 
borohydride and pyrogallol 
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Fig 3d: SS Agar plate of Salmonella with kanamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 

 
 

Fig 3e: SS Agar plate of Salmonella with gentamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 

 
 

Fig 4a: EMB Agar plate of E. coli with kanamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride and 
pyrogallol 
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Fig 4b: Nutrient agar plate with tetracycline in presence of sodium citrate, sodium borohydride and pyrogallol 
 

 
 

Fig 4c: EMB Agar plate of E. coliwith kannamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 

 
 

Fig 5a: EMB Agar plate of E. coli with gentamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 
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Fig 5b: TCBS Agar plate of Vibrio with gentamycinin presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 

 
 

Fig 5c: TCBS Agar plate of Vibrio with erythromycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 

 
 

Fig 5d: TCBS Agar plate of Vibrio with kannamycin in presence of silver nanoparticles prepared from sodium citrate, sodium borohydride 
and pyrogallol 

 
Nanoparticle with antibiotic for example ampicillin-citrate 
nanoparticle (Fig. 3a), ampicillin- pyrogallol nanoparticle 
(Fig. 3a) and kanamycin-borohydride nanoparticle (Fig. 3d) 
are to be selected depending upon infection type and 
infectious agents. Citrate nanoparticles along with 
chloramphenicol (Fig. 3b) and borohydride nanoparticles 

along with erythromycin (Fig. 3c) and (Fig.3e) have shown 
profound effect on gram negative bacteria. In the above two 
cases (Fig. 3a and Fig. 3b) and also Fig. 4a-4c have shown 
that sodium citrate silver nanoparticles are acting 
synergistically and even ampicillin resistant bacteria turned 
out to be ampicillin sensitive (Fig. 3a). 
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SEM analysis of the prepared nanoparticles 
 

 
 

Fig 6: SEM analysis of silver nanoparticles along with sodium borohydride 
 

The SEM analysis of silver nanoparticles along with sodium 
borohydride (Fig. 6a-6c) indicates that the prepared particle 
is spherical in shape. 
Fig 6a shows numerous silver nanoparticles in just a drop of 
the prepared particle. 

Fig 6b shows one of the particle which was magnified X4000 
times for better view. It was seen that it was spherical 
specifically ring shaped. 
Fig 6c shows the same particle seen from another angle 
magnified upto X2000.The side face of the ring can be seen 
clearly. 

 

 
 

Fig7: SEM analysis of silver nanoparticles along with sodium citrate 
 

The SEM analysis of silver nanoparticles along with sodium 
citrate (Fig. 7a-7d) indicates that the prepared particle is 
cylindrical in shape. 
Fig 7a shows two silver nanoparticles in just a drop of the 
prepared nanoparticle in a plane and taken in X2000 
magnification. 

Fig 7b shows a single particle (no.1 on the right) at a 
magnification of X1300 and the figure shows a cylindrical 
particle with two long arms. 
Fig 7c &7 d shows another particle (no.2 on the left) 
magnified at X1300 & X700 respectively. This figure too 
depicts a cylindrical shape with three wings. 
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Fig 8: SEM analysis of silver nanoparticles along with Pyrogallol 
 

The SEM analysis of silver nanoparticles along with 
pyrogallol (Fig. 8a-8d) does not show any particular shape 
from which can conclude that they are in mosaic like 
association. It can be concluded that the shape and size of 
silver nanoparticles and mechanism of different antibiotic 
resistances are responsible for their differential antimicrobial 
activity. 
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