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Abstract Green synthesis technology is one of the rapid,
reliable and best routes for the synthesis of silver nanoparticles
(AgNPs). There are bioactive compounds with enormous
potential in Azadirachta indica (Neem). The extraordinary
mosquitoes warrant nanotechnology to integrate with novel
molecules. This will be sustainable technology for future.
Here, we synthesized AgNPs using aqueous extracts of
leaves and bark of Az. indica (Neem). We tested AgNPs as
larvicides, pupicides and adulticides against the malaria vec-
tor Anopheles stephensi and filariasis vector Culex
quinquefasciatus. The results were obtained using UV-
visible spectrophotometer and the images were recorded with
a transmission electron microscope (TEM). The efficacy tests
were then performed at different concentrations varying
many hours by probit analysis. The synthesized AgNPs were
spherical in shape and with varied sizes (10.47-nm leaf and
19.22-nm bark). The larvae, pupae and adults of filariasis
vector C. quinquefasciatus were found to be more suscepti-
ble to our AgNPs than the malaria vector An. stephensi. The
first and the second instar larvae of C. quinquefasciatus
show a mortality rate of 100 % after 30 min of exposure.
The results against the pupa of C. quinquefasciatus were
recorded as LC50 4 ppm, LC90 11 ppm and LC99 13 ppm
after 3 h of exposure. In the case of adult mosquitoes, LC50

1.06 μL/cm2, LC90 2.13 μL/cm2 and LC99 2.4 μL/cm2 were
obtained after 4 h of exposure. These results suggest that our
AgNPs are environment-friendly for controlling malarial and
filarial vectors.
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Introduction

Azadirachta indica (Neem) belongs to the family of
Meliaceae. It is a medicinal plant regarded as a scared tree
and a panacea for all diseases. Neem extracts have shown to
have insecticidal effects. Mosquitoes are vectors of many
diseases, including malaria, filariasis, dengue and Japanese
encephalitis. Among these malaria, spread by the bite of
female Anophelesmosquito and filariasis and spread byCulex
mosquito are the two vector borne diseases of the tropical
region and are considered as major public health concerns.

According to WHO, there were about 219 million cases of
malaria in 2010 (with an uncertainty range of 154 million to
289 million) and an estimated 660,000 deaths (with an uncer-
tainty range of 490,000 to 836,000). Malaria mortality rate has
fallen by more than 25 % globally since 2000 and by 33 % in
the WHO African region. Most deaths occur among children
living in Africa, where malaria claims the life of a child every
minute. Country-level burden estimates available for 2010
show that an estimated 80 % of malaria deaths occur in just
14 countries and about 80 % of cases occur in 17 countries.
Together, the Democratic Republic of the Congo and Nigeria
account for over 40 % of the total estimated malaria deaths
globally (World Health Organization 2013a).

On the other hand, nearly 1.4 billion people in 73 countries
worldwide are threatened by lymphatic filariasis, commonly
known as elephantiasis. Over 120 million people are currently
infected, with about 40 million disfigured and incapacitated
by the disease (World Health Organization 2013b). Numerous
products of plant origin have received considerable attention
as potent bioactive compounds against various species of
mosquitoes.
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Previous studies have evaluated essential oil from the
leaves of Feronia limonia for chemical constituents and in-
secticidal activity against larvae of Anopheles stephensi, Ae-
des aegypti and Culex. quinquefasciatus (Senthikumar et al.
2013). Another study evaluated essential oils extracted from
fresh leaves of wild and cultivated plants of Ruta chalepensis
L. (Rutaceae) for larvicidal and repellent properties against the
Asian tiger mosquito, Aedes albopictus (Conti et al. 2013). In
other works, larvicidal and repellent activities of essential oil
from Artemisia (Zhu and Tian 2013), Toddalia (Liu et al.
2013) and Coriandrum (Benelli et al. 2013) were evaluated
against the adult and larvae of An. stephensi, Ae. aegypti and
C. quinquefasciatus. There is a crucial need to produce new
insecticides due to resistance and high cost of organic insec-
ticides which are more environment-friendly, safe and target
specific.

Synthesizing nanoparticles using plants and microor-
ganisms can eliminate this problem by making the nano-
particles more biocompatible. The use of Neem (Az.
indica) leaf broth in the extracellular synthesis of pure
metallic silver and gold nanoparticles and bimetallic Au/
Ag nanoparticles has been reported previously (Shankar
et al. 2004). Silver nanoparticles have been successfully
synthesized using crude Neem leaf (Az. indica) extract at
room temperature (Shukla et al. 2009). The effect of
process variables like reductant concentrations, reaction
pH, mixing ratio of the reactants and interaction time on
the morphology and size of silver nanoparticles synthe-
sized using aqueous extract of Az. indica (Neem) leaves
has been investigated (Tripathy et al. 2010). The plant
synthesis of cadmium oxide nanoparticles using flowers
extract of Achillea wilhelmsii as the reducing agent has
been studied (Andeani and Mohsenzadeh 2013). Studies
on antimicrobial activity of nanoparticles of Neem extract
on groundwater collected from four river samples in India
have been carried out (Yadav and Mathur 2013). A simple
and eco-friendly method for the synthesis of silver NPs
using an aqueous solution of Pulicaria glutinosa plant
extract as a bioreductant has recently been reported (Khan
et al. 2013).

The larvicidal activity of biosynthesized nanoparticles
against filariasis and malaria causing Culex and Anopheles
mosquito vector has been evaluated (Dhanasekaran and
Thangaraj 2013; Subarani et al. 2013). The activities of silver
nanoparticles (AgNPs) synthesized using Murraya koenigii
plant leaf extract against first to fourth instars larvae and pupae
of An. stephensi and Ae. aegypti have been determined
(Suganya et al. 2013).

In this study, we have successfully synthesized the AgNPs
from extracts of leaves and bark of Az. indica. Furthermore,
these biologically synthesized AgNPs were found to have a
high larvicidal, pupicidal and adulticidal activities. The Envi-
ronmental Protection Agency (EPA) in 2009 has cleared like

nanosilver, nanogold and other nanometals to be used for
public health. So, this could be a potential rapid green tech-
nology for control of mosquitoes.

Materials and methods

Plant materials

Fresh leaves and bark of Az. indica were collected from the
campus and the botanical garden of Dayalbagh Educational
Institute in India. The voucher specimen is maintained in our
laboratory for future use.

Extracts preparation

Leaves and bark of Az. indica were washed with distilled
water for removing the dust particles. A plant leaf broth
was prepared by placing 10 g of leaves (finely cut) in a
250-mL flask with 100 mL of deionized water. The bark
was air dried and converted into powder, and a bark broth
was prepared by placing 10 g of bark powder in a 250 mL
of deionized water. These mixtures were boiled at 60 °C,
for 5 min, decanted or filtered through Whatman-1 filter
paper.

AgNP synthesis

After the extract preparation, the AgNPs were synthesized by
using the following method with some modifications
(Subarani et al. 2013). After obtaining the aqueous extract of
leaves and bark, the filtrates were treated with aqueous 1 mM
AgNO3 solution in an Erlenmeyer flask and incubated at room
temperature. Formation of AgNPs was indicated the dark
brown colouration of the solutions.

AgNPs characterization

Synthesis of AgNPs was confirmed by sampling the reaction
mixture at regular intervals, and the absorption maxima was
scanned by UV–vis spectra, at the wavelength of 350–750 nm
in a UV-3600 Shimadzu spectrophotometer at 1-nm resolu-
tion. The micrographs of AgNPs were obtained by TECHNAI
200 Kv transmission electron microscope (TEM) (Fei, Elec-
tron Optics). For transmission electron microscopy analysis,
samples were prepared on carbon-coated copper TEM grids.

Rearing of mosquito vectors

The larvae of C. quinquefasciatus and An. stephensi (these
are commonly found in Agra, India, and are not listed as
endangered and protected species) were collected from
various localities including urban, rural and semi-urban
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regions of Agra (27°, 10′ N, 78° 05′ E), India. The areas of
collection were public areas, and no permissions were
required. The larvae were reared in deionized water con-
taining glucose and yeast powder. The colonies of
C. quinquefasciatus and An. stephensi were maintained
in the laboratory at a temperature of 25 °C with a relative
humidity of 75±5 % and 14 h of photoperiod. The larvae
of C. quinquefasciatus and An. stephensi were maintained
in separate enamel containers as per the standard method
(Gerberg et al. 1994). The pupae were collected from the
culture tray and transferred to petri dishes containing
50 mL of water. The petri dishes were placed inside a
screened cage (25 cm in length×15 cm in width×5 cm in
depth) to retain emerging adults, for which 5 % sucrose
solution in water provided to the adults.

Bioassays, data management and statistical analysis

AgNPs synthesized from Az. indica were tested for their
killing activities against the larvae, pupae and adults of
C. quinquefasciatus and An. stephensi and were assessed
by using the standard method (World Health Organization
2005). All larvae and pupae of C. quinquefasciatus and
An. stephensi were separated and placed in a container in
microbe-free deionized water. After that, different test
concentrations of AgNPs in 100 mL deionized water were
prepared in 250-mL beakers. Bioassays were conducted
separately for each instar and pupae at five different
concentrations of aqueous AgNPs (2, 4, 6, 8, 10 ppm
for larvae and 20, 40, 60, 80, 100 ppm for pupa). To test
the larvicidal and pupicidal activity of our AgNPs, 20
pupae and larvae of each stage were separately exposed
to 100 mL of test concentrations. Thereafter, we examined
their mortality after different time of treatment during the
experimental periods.

The adulticidal bioassays were carried out with
laboratory-reared C. quinquefasciatus and An. stephensi
as per standard procedures recommended by the World
Health Organization with some modifications (World
Health Organization 2006). The freshly emerged 3-day-
old sugar-fed adults were used for the assay. The five
different volumes 2.13, 2.66, 3.2, 3.73 and 4.26 μL/cm2

of aqueous AgNPs of leaves and bark synthesized were
sprayed in a cage (25 cm long×15 cm wide×5 cm deep)
containing 100 mosquitoes. The exposed mosquitoes were
kept under observation, and the dead mosquitoes were
discarded every day. Each bioassay including the control
was conducted in triplicates on different days. Similarly,
the control (aqueous extract of leaf and bark without
AgNO3) was run to test the natural mortality against the
each larval stage of C. quinquefasciatus and An. stephensi.
The data on the efficacy were subjected to probit analysis

(Finney 1971). The control mortality was corrected by
Abbott’s formula (Abbott 1925).

Results

Analysis of UV–vis spectra of synthesized AgNPs

The aqueous extracts of leaf and bark of Az. indica were light
yellow and brown in colour before immersion in AgNO3

solution. The colour of leaf and bark aqueous extracts changed
to dark red after immersing in AgNO3 solution after 72 h of
incubation. The change in colour is a signal for the formation
of AgNPs. Figure 1a, b shows the UV–vis spectra of AgNPs
synthesized by using the leaf and bark of Az. indica recorded
from reaction medium before (1) and after immersion of
AgNO3 (2) after 72 h. Absorption spectra of AgNPs formed
in the reaction medium has a broad absorption band centred at
480 nm c.a.

Analysis of TEM of synthesized AgNPs

Figure 2a, b shows the TEM micrographs of leaf and bark of
Az. indica-synthesized AgNPs. The 10.47 and 19.22 nm sized
and spherical-shaped AgNPs were obtained.

Study on the efficacy of AgNPs synthesized using
the aqueous extract of leaves of Az. indica
against the C. quinquefasciatus

The efficacy of the AgNPs by using the aqueous extract of
leaves of Az. indica was tested against the larvae, pupae and
adults of C. quinquefasciatus. Different concentrations of
aqueous AgNPs (2, 4, 6, 8, 10 ppm; 20, 40, 60, 80,
100 ppm; and 2.13, 2.66, 3.2, 3.73, 4.26 μL/cm2) were tested
against the larvae, pupae and adults of C. quinquefasciatus.

The larvae of C. quinquefasciatus were found more sus-
ceptible to the AgNPs than the pupae and adults. The first and
the fourth instar larvae of C. quinquefasciatus showed 100 %
mortality in response to the AgNPs after 15 min and 1 h
30 min of exposure. While the second instar larvae (LC50 6,
LC90 12, LC99 14 ppm) and the third instar larvae (LC50 10,
LC90 18, LC99 20 ppm) showed the efficacy after 1 h 30 min
of exposure with their probit equations, 95 % confidential
limits, chi-square and r values (Table 1). All these chi-square
values at 3 degrees of freedom (df) for the second and the third
instars of C. quinquefasciatus were found higher than the
critical value of chi-square at 0.05 significance level. In the
control group, no mortality was observed. The observed LC
values have shown the degree of susceptibility of AgNPs
synthesized by using aqueous extract of leaves of Az. indica
during the four larval stages ofC. quinquefasciatus in order of
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the first instar > the second instar > the third instar < the fourth
instar.

The efficacy against the pupae of C. quinquefasciatus
(LC50 1, LC90 8, LC99 10 ppm) after 3 h and adults (LC50

0.53, LC90 2.66, LC99 4.26 μL/cm2) after 4 h was recorded
with their probit equations, 95 % confidential limits, chi-
square and r values (Table 1). All these chi-square values at
3 df for pupae and adults of C. quinquefasciatus were found
higher than the critical value of chi-square at 0.05 significance
level. In the control group, no mortality could be observed.

Study on the efficacy of AgNPs synthesized using
the aqueous extract of bark of Az. indica
against the C. quinquefasciatus

The AgNPs synthesized using the aqueous extract of bark of
Az. indica were tested against the larvae, pupae and adults of
C. quinquefasciatus. Different concentrations of aqueous
AgNPs (2, 4, 6, 8, 10 ppm; 20, 40, 60, 80, 100 ppm; and
2.13, 2.66, 3.2, 3.73, 4.26 μL/cm2) were tested against the
larvae, pupae and adults of C. quinquefasciatus.

Fig. 1 UV–vis spectra of a leaf
and b bark of Azadirachta indica
before (1) and after (2) immersion
of 1 mM AgNO3 solution after
72 h

Fig. 2 TEM images of AgNPs
synthesized using a leaf and b of
Azadirachta indica
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The larvae of C. quinquefasciatus were found to be more
susceptible to AgNPs than the pupae and adults. The first, the
second and the third instar larvae of C. quinquefasciatus
showed 100 % mortality to the AgNPs after 30 min and 1 h
of exposure. The fourth instar larvae (LC50 2, LC90 12, LC99

14 ppm) showed the efficacy after 1 h of exposure with their
probit equations, 95 % confidential limits, chi-square and r
values (Table 1). All these chi-square values at 3 df for the
fourth instars of C. quinquefasciatus were found higher than
the critical value of chi-square at 0.05 significance level. In the
control group, no mortality was observed. The observed LC
values show the degree of susceptibility of AgNPs synthesized
using aqueous extract of leaves of Az. indica during the four
larval stages of C. quinquefasciatus in the order of the first
instar > the second instar > the third instar > the fourth instar.

The efficacy against the pupae of C. quinquefasciatus
(LC50 4, LC90 11, LC99 13 ppm) after 3 h and adults (LC50

1.06, LC90 2.13, LC99 2.4μL/cm
2) after 4 h was recordedwith

their probit equations, 95% confidential limits, chi-square and
r values (Table 1). All these chi-square values at 3 df for pupae
and adults ofC. quinquefasciatuswere found to be higher than
the critical value of chi-square at 0.05 significance level. In the
control group, no mortality was observed.

Study on the efficacy of AgNPs synthesized using
the aqueous extract of leaves of Az. indica against the An.
stephensi

The efficacy of AgNPs synthesized using the aqueous extract
of leaves of Az. indicawas tested against the larvae, pupae and

adults of C. quinquefasciatus. The different concentrations of
aqueous AgNPs (2, 4, 6, 8, 10 ppm; 20, 40, 60, 80, 100 ppm;
and 2.13, 2.66, 3.2, 3.73, 4.26 μL/cm2) were tested against the
larvae, pupa and adult of An. stephensi.

The larvae of An. stephensi were found to be more suscep-
tible to the AgNPs than the pupae and adults. The first instar
larvae (LC50 2, LC90 10, LC99 11 ppm) after 4 h, the second
instar larvae (LC50 2, LC90 9, LC99 11 ppm) after 5 h, the third
instar larvae (LC50 2, LC90 10, LC99 12 ppm) after 12 h and
the fourth instar larvae (LC50 1, LC90 8, LC99 11 ppm) after
17 h show the efficacy with their probit equations, 95 %
confidential limits, chi-square and r values (Table 2). All these
chi-square values at 3 df for the first, the second, the third and
the fourth instars of C. quinquefasciatus were found to be
higher than the critical value of chi-square at 0.05 significance
level. In the control group, no mortality was observed. The
observed LC values showed the degree of susceptibility of
AgNPs synthesized using aqueous extract of leaves of Az.
indica among the four larval stages of An. stephensi in the
order of the first instar > the second instar > the third instar >
the fourth instar. No significant mortality was observed
against pupae, adults and in the control group.

Study on the efficacy of AgNPs synthesized using
the aqueous extract of bark of Az. indica against the An.
stephensi

The AgNPs synthesized using the aqueous extract of bark of
the Az. indicawere tested against the larvae, pupa and adult of
An. stephensi. Different concentrations of aqueous AgNPs (2,

Table 1 Efficacies of AgNPs synthesized using leaf and bark of Azadirachta indica against the larvae, pupae and adults of C. quinquefasciatus with
95 % confidential limits, χ2 and r values

Instar Time Probit equation LC50 (ppm) (95 % CL) LC90 (ppm) (95 % CL) LC99 (ppm) (95 % CL) χ2 r

Az. indica leaves synthesized AgNPs

1st 15 min ** ** ** ** ** **

2nd 1:30 min y=0.08+6.92x 6 (4.86–7.14) 12 (10.77–13.23) 14 (12.27–15.73) 43.83 0.99

3rd 1:30 min y=0.07+6.56x 10 (8.86–11.14) 18 (16.72–19.28) 20 (18.27–21.73) 39.43 0.99

4th 1:30 min ** ** ** ** ** **

Pupa 3 h y=0.15+8.24x 1 (0.86–1.14) 8 (6.86–9.14) 10 (8.77–11.23) 63.49 0.99

Adult 4 h y=0.12+13.20x 0.53 (0.39–0.67) 2.66 (1.52–3.8) 4.26 (3.03–5.49) 0.98

Control – – – – – –

Az. indica bark synthesized AgNPs

1st 30 min ** ** ** ** ** **

2nd 30 min ** ** ** ** ** **

3rd 1 h ** ** ** ** ** **

4th 1 h y=0.09+7.28x 2 (0.86–3.14) 12 (10.77–13.23) 14 (12.27–15.73) 48.48 0.99

Pupa 3 h y=0.13+7.24x 4 (2.72–5.28) 11 (9.52–12.48) 13 (11.27–14.73) 48.97 0.99

Adult 4 h y=0.30+29.31x 1.06 (0.83–1.29) 2.13 (0.99–3.27) 2.4 (1.17–3.63) 0.94

Control – – – – – –

“**” 100 % mortality, “–” no mortality
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4, 6, 8, 10 ppm; 20, 40, 60, 80, 100 ppm; and 2.13, 2.66, 3.2,
3.73, 4.26 μL/cm2) were tested against the larvae, pupa and
adult of An. stephensi.

The first and the second instar larvae of An. stephensi show
100 % mortality after 1 h of exposure to AgNPs, whereas no
mortality was observed among the third and the fourth instar
larvae after 1 h. However, the pupae and adults did not exhibit
mortality against the AgNPs after 24 h of exposure.

Discussion

In this study, we successfully synthesized AgNPs of spherical
shape and varying sizes using the aqueous extracts of the
leaves and the bark of Az. indica. Further, these AgNPs were
tested as insecticides against the larvae, pupae and adults of
C. quinquefasciatus and An. stephensi. The leaf and neem
bark have not been tested against the mosquito control, pre-
viously. In our study, the good results were observed at very
low concentrations and very short of time also. The results
were different at various life stages inC. quinquefasciatus and
An. stephensi because these nanoparticles work on cuticle of
mosquitoes which under metamorphosis during in life cycle;
therefore, these could differ in working except Culex species
and Anopheles species, depending upon the cuticle formation
during the process which has already been accepted as the
case of different in metabolically.

An economically viable and “green chemistry” approach
for biological synthesis of AgNPs using aqueous leaf extract
of P. dulce have been reported as larvicidal activity against the
C. quinquefasciatus previously (Raman et al. 2012). The
larvicidal activity of biogenic nanoparticles against filariasis
causing Culexmosquito vector has also been evaluated before
(Dhanasekaran and Thangaraj 2013).

Larvicidal activities of synthesized AgNPs using aqueous
leaf extract of Vinca rosea (L.) (Apocynaceae) against the
larvae of malaria vector An. stephensi Liston and filariasis
vector C. quinquefasciatus Say (Diptera: Culicidae) were
also determined (Subarani et al. 2013). In larvicidal activity,
their results showed the maximum efficacy in AgNPs against
fourth instar larvae of An. stephensi (LC50 12.47 and
16.84 mg/mL and LC90 36.33 and 68.62 mg/mL) on 48
and 72 h o f expo su r e . The e f f i c a cy aga i n s t
C. quinquefasciatus (LC50 43.80 mg/mL and LC90

120.54 mg/mL) was on 72-h exposure, and aqueous extract
showed 100 % mortality against An. stephensi and
C. quinquefasciatus (LC50 78.62 and 55.21 mg/mL and
LC90 184.85 and 112.72 mg/mL) on 72-h exposure at con-
centrations of 50 mg/mL, respectively.

Larvicidal activity of AgNPs using leaf extract of Nerium
oleander (Apocynaceae) against the first to the fourth instar
larvae and pupae of malaria vector, An. stephensi (Diptera:
Culicidae) was carried out in an earlier study (Roni et al.
2013). The fabrication, characterization and mosquito larvi-
cidal bioassay of AgNPs synthesized from aqueous fruit

Table 2 Efficacies of AgNPs synthesized using leaf and bark of Azadirachta indica against the larvae, pupae and adults of An. stephensi with 95 %
confidential limits, χ2 and r values

Instar Time Probit
equation

LC50 (ppm)
(95 % CL)

LC90 (ppm)
(95 % CL)

LC99 (ppm)
(95 % CL)

χ2 r

Az. indica leaves synthesized AgNPs

1st 4 h y=0.13+7.66x 2 (0.86–3.14) 10 (8.77–11.23) 11 (9.54–12.46) 54.93 0.89

2nd 5 h y=0.15+7.87x 2 (0.86–3.14) 9 (7.77–10.23) 11 (9.54–12.46) 58.42 0.89

3rd 12 h y=0.14+7.74x 2 (0.86–3.14) 10 (8.54–11.46) 12 (10.27–13.73) 56.31 0.93

4th 17 h y=0.15+7.98x 1 (0.86–1.14) 8 (6.86–9.14) 11 (9.77–12.23) 59.92 0.87

Pupa 24 h – – – – – –

Adult 24 h – – – – – –

Control – – – – – –

Az. indica bark synthesized AgNPs

1st 1 h ** ** ** ** ** **

2nd 1 h ** ** ** ** ** **

3rd 1 h – – – – – –

4th 1 h – – – – – –

Pupa 24 – – – – – –

Adult 24 h – – – – – –

Control – – – – – –

“**” 100 % mortality, “–” no mortality
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extract of putranjiva, Drypetes roxburghii was observed
(Haldar et al. 2013). Moreover, the activity of AgNPs synthe-
sized usingMurraya koenigii plant leaf extract against the first
to the fourth instars larvae and pupae of An. stephensi and Ae.
aegypti was determined too (Suganya et al. 2013). Among
these previous studies, the AgNPs were synthesized by using
the aqueous extract of leaf and nanoparticles tested against the
first and the fourth instar larvae and pupae of mosquitoes.
However, in the present study, we have synthesized AgNPs by
using aqueous extracts of leaf and bark of Az. indica. These
AgNPs were tested as larvicidal, pupicidal and adulticidal
activities against the larval stages and pupae of An. stephensi
and C. quinquefasciatus.

The AgNPs were synthesized using the extract of Neem
leaf and Triphala for evaluating their antimicrobial activities
(Gavhane et al. 2012). Further, Coleus forskohlii root-
synthesized AgNPs were tested as antimicrobial activity
against bacteria and fungus (Baskaran and Ratha bai 2013).
However, the antimicrobial activity of AgNPs synthesized
using fresh flower of Myosotidium hortensia was evaluated
on gram positive (Bacillus substilis) and gram negative (Kleb-
siella planticola) bacteria (Gnanajobitha et al. 2013). These
studies have shown the anti-microbial activity of nanoparticles
synthesized from plants. Whereas in our study, we have eval-
uated the larvicidal, pupicidal and adulticidal activities of
AgNPs form plant (Neem) extracts.

Antibacterial applications of AgNPs synthesized from the
aqueous extract of Az. indica (Neem) leaves were also evalu-
ated (Tripathi et al. 2009). Recently, green synthesizes of
AgNPs reduced and stabilized by exuded gum from
Anacardium occidentale has been developed for evaluating
in vitro antibacterial and cytotoxic activities (Quelemes et al.
2013). The above results show the antibacterial activities of
AgNPs synthesized using plant extracts.Whereas in our study,
we synthesized AgNPs using the extracts from the leaf and the
bark of Az. indica. Further, these synthesized AgNPs have
been tested against the larvae, the pupae and the adults of
malaria vector An. stephensi and filariasis vector
C. quinquefasciatus.

The efficacy of the fungus-mediated silver and gold nano-
particles has been tested against the Ae. aegypti larvae (Soni
and Prakash 2012a). The fungus Aspergillus niger has been
selected for the synthesis of gold nanoparticles (AuNPs).
Additionally, the larvicidal efficacy of these AuNPs has been
tested using the larvae of three mosquito species: An.
stephensi, C. quinquefasciatus and Ae. aegypti (Soni and
Prakash 2012b). The effect of AgNPs synthesized with
Chrysosporium keratinophilum, Verticillium lecanii and Fu-
sarium oxysporum f. sp. pisi has been evaluated against the
adult mosquito of filariasis vector C. quinquefasciatus (Soni
and Prakash 2012c). The efficacy of silver and gold generated
larvicide with the help of entomopathogenic fungus
Chrysosporium tropicum has been evaluated against the

larvae of An. stephensi and C. quinquefasciatus (Soni and
Prakash 2012d). Recently, the AgNPs by using the soil fungus
As. niger 2587 have been synthesized and tested against the
larvae and pupae of An. stephensi, C. quinquefasciatus and
Ae. aegypti (Soni and Prakash 2013). The above results show
the efficacy of silver and gold nanoparticles synthesized by
using the fungi against the larvae and adult mosquitoes. How-
ever, in the present study, we have tested AgNPs from plants
against the larvae, pupae and adults of mosquitoes.

Conclusions

The objective of this study was successfully accomplished
with the synthesis of AgNPs by using aqueous extracts of
medicinal plant Az. indica Neem and testing them against
major vector species. The AgNPs were spherical in shape with
varying sizes. The AgNPs were successfully tested against the
larvae, pupae and adults of malaria vector An. stephensi and
filariasis vector C. quinquefasciatus. The AgNPs synthesized
by using the extract of leaves of Az. indica were found highly
effective against the C. quinquefasciatus than the An.
stephensi. This rapid green method would be useful for de-
velopment of clean, non-toxic and environmentally acceptable
metal nanoparticles. The rapid green AgNPs have the poten-
tial to be used as a novel economical and indigenous
environment-friendly technology for controlling larvae, pupae
and adults of mosquito vectors.
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