nnovare
Acaoemic Sclenees

International Journal of Pharmacy and Pharmaceutical Sciences

ISSN- 0975-1491 Yol 6, Issue 7, 2014

Original Article

LARVICIDAL AND ANTIBACTERIAL EFFICACY OF GREEN SYNTHESISED SILVER
NANOPARTICLES USING MELIA DUBIA

JAGADEESAN KARTHIKEYAN*, KAMALANATHAN MULLAI NILA, GEORGE THOOYAVAN, ELANGOVAN
VIMALKUMAR

Department of Zoology, Presidency College (Autonomous), Chennai 600005
Email: j_karthikeyan@hotmail.com

Received: 30 May 2014 Revised and Accepted: 11 Jul 2014

ABSTRACT

Objectives: Plant extracts seems to be a better alternative to control pathogenic organisms due to the presence of many bioactive compounds. In
addition, the plant mediated synthesized silver nanoparticles also have important applications in the field of biology, the present study aims to
study the activity of AgNP’s (Silver Nanoparticles) synthesized using the leaves of Melia dubia against the 4t instar larvae of Culex quinquefasciatus
and pathogenic microbes

Methods: The synthesized AgNP’s were characterized by UV-Vis spectrum, Scanning Electron Microscopy (SEM), Energy dispersive X-ray
spectroscopy(EDX) and Fourier Transform Infrared Spectroscopy (FTIR). The 4t instar larvae of Culex quinquefasciatus were exposed to different
concentrations of aqueous leaf extract (5, 10, 15, 20, 25ppm) and Silver nanoparticles (1, 2, 3, 4, 5 ppm) for 24 hours period. The antibacterial
activity was measured by disk diffusion method against Bacillus subtilis, Proteus mirabilis, Klebseilla pneumoniae, Escherichia coli, and Vibrio
cholerae.

Results: The observations reveal that the silver nanoparticles synthesized using Melia dubia leaves were more effective than the crude leaf extract
of the plant over Culex quinquefasciatus and microbes tested. Moreover, the results of metabolites also revealed that the AgNP’s significantly altered
the carbohydrates and protein level in the 4t instar larvae of Culex quinquefasciatus.

Conclusion: The larvicidal and bactericidal activities are due to various phytoconstituents coated with the nanoparticles. It is further inferred from
the results that the use of AgNP’s for the control of targeted vectors is to eradicate disease transmitting mosquitoes as well as to control microbes.
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INTRODUCTION

Silver has been used in ancient Indian Medical System (Ayurveda) as
therapeutic agent for many diseases. Silver ions and silver based
compounds show strong biocidal activity against many bacterial
species[1]. Nanoparticles are more interesting due to their
effectiveness, minimal toxicity and side effects. Nanotechnology
enabled the synthesis of pure silver as nanoparticles which are more
efficient than silver ions[2]. Nanoparticles with high surface area to
volume ratio and with unique chemical and physical properties are
better alternatives against disease causing organisms[3]. Gold and
silver nanoparticles can be used as growth inhibitors against E.coli
and S. aureus[4]. Plant mediated synthesis of nanoparticles was
considered to be more effective and environmental friendly when
compared to synthetic methods[5]. Green synthesis of silver
nanoparticles doesn’t require the use of toxic chemicals, high
pressure and temperature etc., for the reduction process.

Lymphatic filariasis commonly known as elephantiasis is a neglected
tropical disease, the acute episode of the disease cause temporary
disability[6]. About 120 million people in 81 countries have been
infected by filariasis and 1.34 billion people were estimated to be at
the risk of infection (WHO). Culex quinquefasciatus is an important
vector of lymphatic filariasis and these mosquitoes are known to
transmit deadly diseases such as encephalitis, Japanese encephalitis
etc., Chemical pesticides are used conventionally to control the
mosquitoes. Frequent use of synthetic insecticides results in the
development of resistance among vectors, further these insecticides
also become non-biodegradable toxic residues, resulting in the
contamination of environment. [7,8].

Plant extracts were effective against various insects and the
potential action over the mosquito population may be due to the
presence of various bioactive compounds[9,10]. However, the
mechanism of action of the bioactive compound was not fully
known.

Development of resistance against antibiotics by the pathogenic
microorganisms paves way for the invention of new antimicrobial
agent with different mode of action against the microbes. Silver
nanoparticles have an advantage over the conventional
antibiotics[11]. Silver nanoparticles have considerable antifungal
activity when compared to antifungal drugs[12].

Melia dubia commonly known as Malaivembu in Tamil is a member
of the family Meliaceae. Different parts of the plant has been studied
for its medicinal properties such as antiviral activity, antimicrobial,
and antifeedant activity. Melia dubia is valued for its quality termite
and fungus resistant timber [13]. The fruits of M. dubia were used in
folia medicine as an anthelmintic, astringent and in the treatment of
colic disorders[14].

The aqueous extract of leaves control the fruit rotting in apple[15].
The plant has great potential to resist the pest attack[16]. The
present study was carried out to assess the larvicidal and
antibacterial efficacy of silver nanoparticles synthesized using
aqueous leaf extract of Melia dubia.

MATERIALS AND METHODS
Green synthesis of silver nanoparticles:

Fresh and disease free leaves of Melia dubia were collected from
Presidency College Campus and identified with the help of Post
graduate and Research Department of Plant biology and
Biotechnology. The disease free leaves were thoroughly washed,
finely chopped and used for the synthesis of silver nanoparticles.
Sgrams of leaves were boiled with 100ml of de-ionized water and
filtered. 10ml of filtrate was added to 90ml of 1mM aqueous silver
nitrate for the reduction of silver ions. The bioreduction of silver
ions was observed using UV absorption at 430 nm at room
temperature. UV-Vis spectra were recorded as a function of reaction
time on the UV spectrophotometer.
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Characterization of Silver nanoparticles

Silver nanoparticles exhibit an intense brown color due to the
surface plasmon resonance, which results from collective
oscillations of their conduction band electrons in response to
electromagnetic waves. Under the UV region, Silver nanoparticles
give a characteristic absorbance band due to the excitation mode of
their surface plasmons which is dependent on the nanoparticle size.
The bioreduction was monitored by periodic sampling of aliquots of
the aqueous component and by measuring the UV-Vis spectrum.

The nanoparticles showed a size of 30-50 nm. UV-Vis spectrum of
Ag- nanoparticles showed maximum absorbance at 420 nm. Hence,
absorbance peaks can be used as tools to predict particle size and
stability. Smaller silver nanoparticles will have an absorbance
maximum of 420 nm which increases with size and disappears when
particle size falls outside nanodimensions. To study the optical
properties of our silver nanoparticles, the absorbance maximum of
silver nanoparticles in the sample was measured. After the
confirmation of UV-Visible spectrum for the presence of silver
nanoparticles the solution was centrifuged at 15,000RPM for 30
minutes so that the particles precipitated. The supernatant was
discarded and the pellets were allowed to dry and the size of the
particles were characterized by Scanning Electron Microscopy
(SEM), EDX and Fourier Transform Infrared Spectroscopy (FTIR).

Mosquito larvicidal bioassay

Standard methods for testing biologically synthesized nanoparticles
and the susceptibility of mosquito larvae to nanoparticles was
performed as stipulated by WHO. The larvicidal bioassay were
performed at room temperature of 27 +1°C. The larvae of Culex
quinquefasciatus were collected from stagnant water area in coovam
river, Chennai. The larvae were identified by using the keys[17]. The
larvicidal activity of plant mediated synthesized Silver nanoparticles
were performed by placing 20 mosquito larvae in 200ml of sterilized
distilled water. From the stock solution different concentrations of
Silver nanoparticles (1, 2, 3, 4, 5 ppm) and different concentrations
of aqueous leaf extracts(5,10,15,20 and 25ppm) were prepared and
the larvicidal activity was carried out.

Estimation of metabolites

Biochemical parameters were studied using the following methods,
total protein content was determined following Lowry’s
method[18]. The amount of total carbohydrates present in the
Trichloro Acetic Acid (TCA) soluble tissue extracts were estimated
by Oligo and polysaccharide sensitive Phenol-Sulphuric acid
method[19].

Antibacterial activity

Antibacterial activity was evaluated using the disk diffusion method.
Disk diffusion assay is used widely to determine the anti-bacterial
activity. The technique works well with defined inhibitors[20].
Sterile disks (HiMedia) were soaked separately with 20 pl of varying
concentrations of 1, 2, 3, 4ug/ml of green synthesized silver
nanoparticles. These discs were placed on Mueller-Hinton agar
plates, previously swabbed with the target bacterial isolate at a
concentration of 106 CFU/ml. In one disc, the antibiotic ampicilline
was added as negative control to determine possible inhibitory
activity. This preparation was incubated for a period of 24 h at 30°C.
Antibacterial activity was defined as the diameter (mm) of the clear
inhibitory zone formed around the disks.

RESULTS
UV-Vis. spectroscopical analysis

Freshly collected Melia dubia leaves were used as a reducing agent
of silver for the synthesis of silver nanoparticles. 10ml of the filtrate
was treated with 90ml of 1mM silver nitrate solution and incubated
in dark condition at room temperature. Appearance of brownish
yellow colour indicates the formation of silver nanoparticles. It is
further confirmed by surface Plasmon resonance peak in the UV-
Visible absorption spectra with a absorption peak at 424nm, the
synthesized nanoparticles were characterized using scanning
electron microscopy for the size of the nanoparticles (Figure 3)
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reveals the presence of nanoparticles in the size range of 45nm -
65nm.

Fig. 1: UV -Vis spectrum of green synthesized silver
nanoparticle

Energy dispersive X -Ray spectroscopy analysis

Elemental analysis of silver nanoparticles were performed using
Energy Dispersive X-ray Spectroscopy (EDX) equipped on SEM. The
EDX spectrum (Figure 2) shows the presence of pure silver with the
peaks.

Full scale counts: 2928 Base{195)

Fig. 2: EDX Spectroscopic analysis of Silver Nanoparticles
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Fig. 3: Scanning electron microscopic images of synthesized
nanoparticles using aqueous leaf extract of melia dubia

Fourier transform infrared spectroscopy analysis

Fourier Transform Infrared Spectroscopic analysis of the
synthesized silver nanoparticles (Figure 4) reveals the presence of
various peaks at 3417cm',2922cmt 2522 cmt 1747cm11607cm™
1544cm™ 1384 cm't and 1047cm -1. The broad spectrum observed
at 3417cm-! can be assigned to the N-H stretching frequency arising
from the peptide linkage present in the protein part of the extract.
The strong absorption at 1744cm is due to the carbonyl stretching
vibration of the acid groups present in the extract. The absorbance
bands at 2922 cm! 1607cm', 1384cm', and 1047cm! was
associated with respect to the stretched vibrations of alkanes C-H
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conjugated with carboxylic acid. Bending of N-H primary amines and
the scissoring mode of methylene tail CH3R. Peak observed at the
1047cm! represents C-N and the presence of polyphenols. The
absorption spectra at about 1544cm! resulting from stretching
vibration of C=C. The peak at around 1540cm! indicates the amidel
bonds of proteins. The amide 1 bond derived from the protein are
the capping legends of the nanoparticles[21].

FIAGLMELVIAL-073

Fig. 4: FTIR Spectroscopy analysis of silver nanoparticles
synthesized using leaves of Melia dubia

Larvicidal activity of Silver Nanoparticles

The larvicidal activity of aqueous leaf extracts of Melia dubia and
silver nanoparticles synthesized using Melia dubia leaves were
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tested against 4t instar larvae of the filarial vector Culex
quienquefasciatus. The 4t instar larvae was isolated and treated with
different concentration of aqueous leaf extract (5,10,15,20,25ppm)
and green synthesized silver nanoparticles (1,2,3,4,5ppm). Highest
mortality was observed with the synthesized silver nanoparticles
treated group after 24 hours when compared to aqueous leaf extract
of Melia dubia.

The LCso and LCoo values were (11.27ppm and 22.94ppm)
respectively with reference to aqueous leaf extract. In silver
nanoparticles treated group the LCso value is 2.27ppm and LCoo
value of 4.53ppm. Table 1 reveals the percentage of mortality of
about 72.81% after 72 hrs of post exposure to 5ppm concentration
of aqueous extracts of Melia dubia, 95.12% mortality in the 4t instar
larvae was observed after 72 hrs with the concentration of 25ppm.
However, the green synthesized silver nanoparticles were more
effective against the Culex larvae as the percentage of mortality
recorded was 86.88% after 24 hrs of post exposure at 5ppm
concentration (Table 2).

The 4% instar larvae of Culex were treated with LC50 doses of
2.27ppm dosage of silver nanoparticles and 11.27ppm dose of
aqueous leaf extract for a period of 24 hours. The carbohydrate level
increases from 35.75 # 0.326 mg/gm in control to 55.11 # 0.104 and
55.23 £ 1.337 mg/gm in silver nanoparticles treated and aqueous
leaf extract treated 4t instar larvae of Culex quinquefasciatus. Total
protein content decreases from 24.14 + 1.701 mg/gm to 16.78 +
2.471mg/gm after silver nanoparticle treatment (Table 3). However,
in aqueous leaf extract treated group no changes were observed
with reference to total protein content.

Table 1: Larvicidal activity (%) of different concentrations of aqueous extract of leaves of Melia dubia on early 4t instar larvae of Culex
quinquefasciatus

Concentration (ppm)

Percentage of Mortality (Mean * S.E)

24 Hrs 48Hrs 72Hrs
5 31.33+0.199 56.55 +0.196 72.81 £ 0.345
10 35.47 +0.135 65.18 £ 0.069 78.01 £ 0.391
15 53.13+0.180 71.25+0.148 91.07 £ 0.420
20 58.31 £0.127 78.36 +0.159 91.69 £ 0.307
25 61.79 + 0.149 86.66 + 0.176 95.12 £ 0.135

Table 2: Larvicidal efficacy (%) of green synthesized Silver Nanoparticles on early 4t instar larvae of Culex quinquefasciatus

Concentration (ppm)

Percentage of Mortality (Mean #* S.E)

24 Hrs 48Hrs 72Hrs
1 ppm 24.53+0.206 33.09 £ 0.216 65.51+0.211
2 ppm 33.25+0.121 51.31+0.219 72.03 +1.448
3 ppm 70.43 £ 0.235 81.11 £ 0.301 83.27 £ 0.152
4 ppm 76.60 + 0.288 90.73 £ 0.235 91.62 £ 0.191
5 ppm 86.88 + 0.125 92.10 £ 0.204 96.70 + 0.348

The impact of aqueous extract and silver nanoparticles synthesized from the leaves of Melia dubia over the growth of the larvae were analyzed with

biochemical metabolic processes.

Table 3: Concentration of protein and carbohydrates of 4th instar larvae of Culex quinquefasciatus after the exposure to silver
nanoparticles and aqueous extract of Melia dubia (Mean * S.E)

Control SNP Treated Aqueous Extract treated
Protein 24.14 +£1.701 16.78 £ 2.471 20.56 £ 0.144
Carbohydrate 35.75 £ 0.326 55.11 + 0.104 55.23 £ 1.337

Antibacterial Activity

The observations given in Table 4 reveals the dose dependent
increase in the bactericidal activity of green synthesized
nanoparticles. Ampicillin impregnated disks were used as positive
control. Green synthesized silver nanoparticles were tested for its
antibacterial efficacy against gram positive and gram negative
bacteria. The minimum inhibition concentration (MIC) was observed
between 3pug/ml - 7ug/ml. The pure cultures of Bacillus subtilis,
E.coli, Proteus mirabilis, Klebseilla pneumonia, Vibreo cholerae were
used for the study. The diameter of inhibition zone around the SNP

impregnated disks were recorded (Figure 5), the zone of inhibition
in gram positive bacteria Bacillus subtilis (9mm), and in gram
negative bacteria the inhibition zones were of 9,9,7,11mm with
reference to Klebseilla pneumonia, Proteus mirabilis E.coli and Vibrio
cholerae, respectively.

DISCUSSION

Medicinal plants have been used to treat many diseases. In the
present study an evaluation of the Larvicidal and bactericidal
efficacy of the green synthesized silver nanoparticles was studied.
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Silver nanoparticles synthesized using aqueous leaf extract of Melia
dubia as reducing agent was characterized using Scanning Electron
Microscopy, EDX, and FTIR spectroscopy.

Fig. 5: Antibacterial activity of green synthesized silver
nanoparticles against (A) Escherichia coli, (B) Proteus mirabilis
(C) Klebseilla pneumoniae (D) Vibrio cholerae (E) Bacillus
subtilis

Table 4: Shows antibacterial activity of green synthesized silver
nanoparticles (mm)

Bacterial 1pg/ml  2pg/ml  3pg/ml  4pg/ml  Ampicillin
Species

Proteus 7 8 8 9 17
mirabilis

Klebseilla - 7 7 9 12
pneumoniae

Escherichia - - 7 8 13
coli

Vibreo 7 8 9 11 17
cholerae

Bacillus - - 9 9
subtilis

The broad peak at 420 nm of the UV visible spectrum shows the
presence of silver particles[22]. As the reaction time increases the
peak area also increases, the increased peak area was due to the
reduction of silver ions by biomolecules[23]. It is observed from the
FTIR spectrum that active compounds are present in the extract and
also reveals that specific bonds correspond to reacting molecules.
The peak absorbed at 1544cm-!with the stretching vibrations of C=C
shows the presence of amide -1 bands of protein.

The sharp absorption peak at 1747cm-was assigned to C=O,
stretching vibration in the carbonyl compounds may be
characterized by the presence of high content of terpenoids and
flavonoids. The narrow peak at 1047cm-corresponds to C-N
stretching vibrations of aliphatic amines or alcohols/phenols,
representing the presence of polyphenols[24].

The findings of the present study proves that the silver
nanoparticles shows maximum larvicidal activity against C.
quinquefasciatus. The increase in total carbohydrate level in the
tested groups could be due to the stress induced by these extracts as
well as silver nanoparticles on the 4t instar larvae of C.
quinquefasciatus. Increase in glucose level due to insecticidal stress
[25]. Level of total protein in the nanoparticle treated group
significantly decreased to 48.35% from the control values. The
reduction in total protein of 63.13% was recorded with Anopheles
larvae after treatment with Artemisia annua[26]. The reduction in
the protein level may be due to the binding of silver nanoparticles
with the sulphur containing protein or to phosphorous containing
compounds like DNA leading to the denaturation of some cell
organelles and enzymes[27].

The antibacterial activity of silver nanoparticles was more
pronounced against the gram positive and gram negative bacteria.
The gram positive bacteria possess a thick cell wall with high
amount of peptidoglycan and the outer membrane of gram negative
bacteria comprises of lipo polysaccharides, which provides
resistance to many antibacterial drugs. However, the green
synthesized silver nanoparticles have the potential to
penetrate/damage the cell wall of bacteria. The intercellular binding
of nanoparticles alters the membranes permeability leading to the
death of the organisms[28]. The interaction of silver ions with
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enzymes of respiratory chain leads to cell death[29], and metabolic
pathways[30]. The interaction of the nanoparticles with the sulfur
and phosphorus of the DNA can interfere with the replication of DNA
which leads to the denaturation of cell organelles and Kkills the
microbes[31]. The present study also proves that intercellular
binding of nanoparticles with the cell organelles could be the cause
for the inhibition of growth in the microorganisms. The interference
is not only by the nanoparticles but also by the bioactive compounds
along with the nanoparticles.

CONCLUSION

Melia dubia leaves mediated silver nanoparticles was synthesized
and tested for its effect on 4t instar larvae of C. quienquefasciatus
and pathogenic microorganisms. Green synthesized silver
nanoparticles act as more potent and environment friendly
antimicrobial agent when compared to other synthetic
nanoparticles, and also act as more potent and environment friendly
ecopesticide. The effect of silver nanoparticles on larvicidal, and
bactericidal activities is based on the presence of various
phytoconstituents present along with nanosilver. Further research
may throw light on the specific target drug for the complete
eradication of filariasis vectors.
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