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ABSTRACT

The present study deals with the biological synthesis
of silver nanoparticles (AgNPs) from the leaves of
Azadirachta indicia and their efficacy against human
pathogens. Azadirachta indicia has the potent
medicinal properties and used in different aspects of
traditional medicines. The presence of silver
nanoparticles was confirmed by the formation of
brown color of the reaction mixture. The green
synthesized silver nanoparticles were characterized by
Fourier transmission infrared spectroscopy (FT-IR)
analysis and X-ray diffraction (XRD). FT-IR revealed
that the functional groups were observed and capped
with plant secondary metabolites. X-ray diffraction
was used to confirm the crystalline nature of the
particles. Antibacterial activity of silver nanoparticles
was performed by agar disc diffusion method against
Staphylococcus  aureus, E. coli, Klebsiella
pneumoniae, Enterococcus faecalis and Pseudomonas
aeruginosa. The highest zone of inhiitionof silver
nanoparticles synthesized by Azadirachta indica
extracts was found against Klebsiella pneumoniae (17
mm). The silver nanoparticle synthesized in this
process has the efficient antibacterial activity against
pathogenic bacteria. It can be used in the field of
medicine, due to their high antibacterial activity.

Keywords: Azadirachta indica, FT-IR, Antibacterial
activity, Green synthesis and Silver anaoparticles

I. INTRODUCTION

Nan biotechnology is the recently emerging field in
biological research. Green synthesis of silver
nanoparticles using plant extract was eco-friendly

approach in nanotechnology. It is a new form of
nanotechnology which has produced a great
development of different fields. The nanomaterials
play an ever increasing role in science, research and
development as well as also in every day’s life, and
more products based on nonmaterial was introduced
to the market. Various approaches available for the
synthesis of silver nanoparticles include physical,
chemical, electrochemical, radiation, photochemical
method, and biological techniques [1]. Biological
synthesis process provides a wide range of
environment friendly, low cost production and
minimum time required. At the same time the
biologically synthesized silver nanoparticles has many
applications includes catalysts in chemical reactions.
Different types of nonmaterial like zinc, copper [2],
gold [3], alginate [4] and silver have come up but
silver nanoparticles have proved to be most effective
as it has good antimicrobial efficacy against bacteria,
viruses and other eukaryotic microorganisms [5].

It has been proved by various biological materials
such as bacteria both gram positive and gram negative
like Bacillus subtilis and Klebsiella planticola [6, 7],
Cladosporium cladosporioides [8], marine algae
Turbinaria conoides and Padina tetrastromatica [9,
10], the peels of banana fruits [11], carbohydrate
molecules like polysaccharide and disaccharides
starch, sucrose, maltose, and monosaccharide’s like
glucose and fructose [12, 13]. There have been several
reports on the synthesis of silver nanoparticles using
medicinal plants such as Cinnamomum camphora
[14], Nelumbo nucifera [15], Garcinia mangostana
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[16], pomegranate [17] and grape fruit extracts [18].
Recently, some studies have shown that specially
formulated Ag NPs have good antibacterial activity
[19]. Azadirachta indica is an important medicinal
plant of the family Meliaceae. In this paper, we report
on the synthesis of silver nanoparticles by the
reduction of aqueous Ag+ ion by simultaneous
reduction of aqueous Ag+ with the leaf extract of
medicinal plant. The morphological, crystalline and
biochemical characters of green synthesized silver
nanoparticles were analyzed by X-ray diffraction
assay and Fourier transform infrared spectroscopy.
Finally the medical property of the silver nanoparticle
was characterized using antibacterial assay against
Staphylococcus aureus, E. coli, Klebseilla pneumonia,
Enterococcus faecal is and Pseudomonas aeruginosa.

II.Materials and methods

A. Selection and collection of plant material

The experimental material selected for the present
study is Azadirachta indica (Neem) belongs to the
family Meliaceae. The plant material was collected
from the region of Tirunelveli and based on the cost
effectiveness, easy of availability and medicinal
property identified with the help of herbarium
specimens deposited in St.  Xavier’s College
Herbarium (XCH). Fresh and healthy leaves were
collected and thoroughly first rinse with tap water
followed by distilled water to remove all the dust and
unwanted visible particles.

B. Extract for Na no Particle Isolation

10g of fresh leaf was boiled with 100ml of double
distilled water. The extraction was filtered through
what man no.1 filter paper. The filtered samples were
collected in a conical flask. The obtained extract was
used for the synthesis of silver nanoparticles.

C. Preparation of Silver Nitrate Solution

1 mM silver nitrate solution was prepared by the
concentration of 0.0169 g in 100 ml double-distilled
water and stored.

D. Metal-Plant Extracts Interaction

90 ml of silver nitrate solution was taken in a conical
flask. To this 10 ml of the extract was added. The
colour change of the silver nitrate solution was found
from colourless to dark brown.

E. Concentration of Phyto Nanoparticles
After 72 hrs of incubation, the colour change was
observed. This indicated that the silver nanoparticles

were synthesized from the plant materials with the
help of aqueous solution. Then this solution was taken
in a centrifuge at 10,000 rpm for 20 mins. The pellets
were taken after centrifugation and mixed with
petroleum ether for rapid drying, dried pellets were
collected in a micro-centrifuge tube and the pellets
were used for testing antibacterial activity.

F. FTIR analysis

To remove any free biomass residue or compound that
is not the capping ligand of the nanoparticles, the
residual solution of 100 ml after reaction was
centrifuged at 5000 rpm for 10 min and the resulting
suspension was redispersed in 10 ml sterile distilled
water. The centrifuging and redispersing process was
repeated three times. Thereafter, the purified
suspension was freeze dried to obtain dried powder.
Finally, the dried nanoparticles were analyzed by
FTIR Nicolet Avatar 660 (Nicolet, USA).

G. XRD Analysis

The characterization of purified synthesized silver
nanoparticles were freeze dried powered and used for
XRD analysis (XRD, model name) at 40kv/20mA
using continuous scanning 2 delta mode [20]. The
silver nanoparticles solution was purified by repeated
centrifuged at 5000rpm for 20minute followed by
redispersion of the pellet of silver nanoparticles into
10ml of deionised water.

H. Antibacterial Activity of SNPs

The antibacterial activity of isolated plant SNP pellets
were tested by agar disc diffusion method. The test
organisms used for the assay are Staphylococcus
aureus, E. coli, Klebsiella pneumoniae, Enterococcus
faecalis ~ and  Pseudomonas  aeruginosa. The
antibacterial activity of the synthesized silver
nanoparticle was evaluated by measuring the zone of
inhibition method. The samples for each bacterial
strain were sub-cultured in individual agar slants.

I. Preparation of Sterile Antibiotic Discs

Antibacterial activity assay against selected human
pathogens were done by agar disc diffusion method.
What man no.1 filter paper of 5 mm diameter was
used; these discs were sterilized before use for the
preparation of discs. The extracts of the SNP solution
were added to the sterile disc was incorporated
individually with 200-500 ul extract of SNP solution
using a micropipette. Precautions were taken to
prevent the flow of the solvent extract from the outer
surface of the discs. The condensed extracts were
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applied in small quantities and the discs were allowed
for air-drying. Then another dose of the extract was
applied.

J. Assay of Antibacterial Activity

Muller-Hinton agar broth was prepared in ten test
tubes. The tubes were cotton plugged, autoclaved and
labelled according to the type of the bacterial cultures
to be inoculated. The Muller-Hinton agar broth was
incubated at 37 + 1.5 °C for 18 hours. After the
incubation period, the inhibition zones around the
discs were measured and recorded. Three replicates
for each concentration were carried out.

III. Result and discussion
A. Synthesis and characterization
Nanoparticles

Silver nanoparticles formation in Azadirachta indica
leaf extract after treated with silver nitrate aqueous
solution showed a colour change from yellow to
brown within 2min. The colour change was clear
indication for the formation of silver nanoparticles
[21]. When silver salt (AgNO3) is added to aqueous
leaf extract of Azadirachta indica it results into a
color change from pale yellow to yellowish - brown
and finally to dark - brown color. The reduction of
silver ions to metallic silver is due to the presence of
reducing agents. It was suggested that compounds like
caffeine and the ophyl line act as reducing agent when
Acalypha indica leaf extract was used [22].

of Silver

B. FT-IR Analysis

FTIR spectrum of Azadirachta indica leaf mediated
synthesized silver nanoparticles was displayed in
figure 1. The results indicated the presence of bio
molecules involved in the reduction process. The

smaller peak found at 1245.24 cm ™' represents the C-
0O, C-N, P-H, P=0 stretches are Carboxylic acids,

Ester, Amines, Phosphine, Phosphonate and Phosphor
amide, 1283.58 cm™ peak may be due to the aromatic
group of Amine Oxide (N-O); the peak at 1459.30 cm”
"is due to the =C stretch of aromatic; the peak at
1636.07 cm™ shows NH2, C=0, C=C stretch’s of
Amines, Amides, Alke ne and 2106.61 cm’!
corresponding to C-C, -N=C=0, -N=C=S -N=C=N-, -
N3, C=C=0, Si-H stretch’s of Alkyne, Isocyanates,
Isothiocyanates, Diimides, Azides, Ketenes and
Silane; 2364.29 cm” indicates P-H stretch of
phosphine, the major peak at 3306.05 cm™ is due to
the C-H, O-H stretch’s of Alky ne and Alcohol
(Table. 1).  FT-IR revealed that carboxyl and amine
groups may be involved in the reduction and
stabilizing mechanism. The observed peaks are
mainly attributed to flavonoids and terpenoids
excessively present in plant extract [23]. The peak
observed at 1283.54 cm—1 indicate the presence of
alkyk halide, The band at 1072.35 cm—1 is due to
ether linkages and suggest the presence of flavanones
adsorbed on the surface of metal nanoparticles [24].
Another one report also suggested that the
involvement of water-soluble flavonoid in the
reduction of metal ions using plant extracts [25].

Figure: 1. FT-IR spectrﬁiﬁ ‘(‘)f silver nanoparticles
Synthesized by Azadirachta indica.

Table: 1. FT-IR spectral values and functional groups of Azadirachta indica.

1. 1245.24 C-0, C-0, C-N, P-H, P=0, P=0 | Carboxylic Acids, Ester, Amines, Phosphine,
Phosphonate, Phosphoramide

2. 1283.58 Aromatic Amine Oxide (N-O)

3. 1459.30 Cc=C Aromatic

4, 1636.07 NH2, C=0, C=C Amines, Amides, Alkene

5. 2106.61 C-C, -N=C=0, -N=C=S - Alky ne, Isocyanates, Isothiocyanates,
N=C=N-, -N3, C=C=0, Si-H Diimides, Azides, Ketenes, Silane

6. 2364.29 P-H Phosphine

7. 3306.05 C-H, O-H Alky ne, Alcohol

8. 3736.90 Unknown Unknown

9. 3790.89 Unknown Unknown

10. 3822.39 Unknown Unknown

1. 3854.34 Unknown Unknown
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C. XRD measurement

Structural and crystalline nature of the silver
nanoparticles has been performed using XRD
analysis. Figure 1 showed that the biosynthesized
silver nanostructure by using Azadirachta indica leaf
extract. It was demonstrated and confirmed by the
seven characteristic peaks observed in the XRD image
at 26 values ranging from 30 to 90. The seven intense
peaks were 27.3324, 32.2991, 38.1870, 44.6924,
46.2466, 64.5030 and 77.4682 corresponding to the
height of 122.28, 88.27, 208.95, 58.90, 53.47, 53.25
and 80.14 for silver nanoparticles of neem. The
corresponding’ spacing value of Ag nanoparticles
were 3.26302, 2.77170, 2.35681, 2.02770, 1.96312,
1.44469 and 1.23211 for synthesised  leaf
nanoparticles. The result indicated that the silver
nanoparticle synthesized by leaf extract is crystalline
in nature. The XRD pattern thus clearly showed that
the silver nanoparticles are crystalline in nature.
Similar report was obtained using cell filtrate of
Streptomyces sp. ERI-3 synthesized extracellularly
[26]. The biosynthesized silver nanoparticle by
employing Cipadessa baccifera leaf extracts were
further demonstrated and confirmed by the
characteristic peaks observed in XRD analysis [27].
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Figure 2. XRD Spectrum of Silver nanoparticles of
Azadirachta indica.

D. Antibacterial Activity

Antibacterial  activity of  synthesized  silver
nanoparticles was performed against Staphylococcus
aureus, E. coli, Klebsiella pneumoniae, Enterococcus
faecalis and Pseudomonas aeruginosa by disc
diffusion method. The antibacterial activity of
synthesized silver nanoparticles was compared with
plant extract and commercial antibiotic disc. The zone
of inhibition was measured and denoted in millimetre
in diameter. Among the five antibacterial agents,
silver nanoparticles highly inhibit the growth of
pathogenic bacteria. Highest inhibition was noted
against Staphylococcus aureus, E. coli, Klebsiella

pneumoniae, Enterococcus faecalis and Pseudomonas
aeruginosa.

Zone of inhdb itio n{nm)
T v
) -

Figure: 3. Antibacterial activity of the SNPs of
Azadirachta indica leaf extract

In the present study, Azadirachta indica leaf extract
showed significant zone of inhibition against some
human pathogenic bacteria. The maximum zone of
inhibition was observed in Klebsiella pneumoniae (17
mm) against leaf extract synthesized silver
nanoparticles. The other pathogens like Pseudomonas
aeruginosa and E. coli were showed (14 mm) of zone
of inhibition. Staphylococcus aureus showed less
zone of inhibition compared to other pathogens. The
absence or very low zone of inhibition was observed
against Staphylococcus aureus and Enterococcus
faecalis. (Figure 3). Silver nanoparticles, due to their
antimicrobial properties have been used most widely
in the health industry, medicine, textile coatings, food
storage, dye reduction, wound dressing, antiseptic
creams and a number of environmental applications

28],

IV. Conclusion

In conclusion, the biological synthesis of silver
nanoparticles was successfully obtained from bio
reduction of silver nitrate solutions using neem leaf
extracts. The visual observation for the colour
changes from pale yellow to brown colour indicated
the presence of silver nanoparticles. FT- IR analysis
represented the functional group present in the silver
nanoparticles. X- RD analysis indicated that the
particle nature of the nanoparticles was crystalline
like structure. The current study reported that the
biologically synthesized silver nanoparticle could be
used in the medical field against human diseases due
to their high efficiency as antibacterial agent and also
different fields of science like biomedical,
pharmacology, other scientific research.
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