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Abstract

The frequent cases of dengue incidences are leading cause of illness and death in urban areas and
Aedes albopictus (Skuse) is a primary vector for Dengue transmission in India. Synthesis of leaf
mediated silver nanoparticles especially with Pongamia pinnata is a potential substitute for the
existing organophosphorus insecticides like Tenophos, malathion and fenthion etc., for mosquito
control programme. The nanoparticles were characterized by UV-visible absorption spectrum,
X-Ray Diffraction (XRD), Fourier Transform Infrared (FTIR) and Transmission Electron Microsco-
py (TEM). Analysis of TEM showed that the synthesized silver nanoparticles are in spherical shape
with average size of 20 nm. Further the XRD analysis confirms the nano-crystalline phase of silver
with face centred cubic (FCC) crystal structure. GC-MS analysis elucidated the presence of two ac-
tive ingredients, such as 9-Octadecenoic acid (Z) and n-hexadecanoic acid, which are the promi-
nent substances considered as larvicide. Larvae were exposed to varying concentrations of plant
extracts and synthesized silver nanoparticles for 24 hours. From the results, it is found that plant
extracts showed moderate larvicidal effects but, the synthesized silver nanoparticles had found to
be toxic to larvae at LCso (0.25 ppm) and LCqo (1 ppm).
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n-Hexadecanoic Acid

1. Introduction

Man could land on Mars but failing to outwit a tiny creature i.e. mosquito over centuries. Due to imprudent land
use pattern by man, concurrence on mosquito becomes a challenging task. Mosquito menace had been a mani-
fold problem for years together in tropical and subtropical regions. The root cause for mosquito density and its
causative disease burden is obviously because of the nature of mosquitoes’ complex life cycle which is tuned to
adapt successfully to diversified habitats. Despite the time-tested mosquito control efforts, there are still mos-
quito-borne diseases bothering the people across the world and especially in India.

The city like Hyderabad in India is severely suffering from the annoyance of mosquitoes, which even ruins
the pleasure of patio. To pacify the panic of the people who are scientifically illiterate, civic facility providers
unfortunately do fogging in human habitations on regular basis. Control of mosquitoes using adulticides is not a
prudent strategy, as the adult stage occurs alongside human habitation, and they can easily escape from remedial
measures [1]. More so, most of the insecticides available in the market are synthetic chemical products apart
from their prohibitively high-cost persistent applications which have unintended implications including the pro-
duction of resistant strains of mosquitoes, ecological imbalance and elimination of non-target organisms in the
environment [2].

It is imperative that the effective anti-larval measures can reduce the burden of mosquito menace to a greater
extent. And applications of such anti-larval measures with the extracts or essential oils from plants are potential
alternatives for mosquito larval control, as they constitute a rich source of bioactive compounds that are biode-
gradable into non-toxic products and potentially suitable for use in control of mosquito larvae. In fact, many re-
searchers have reported on the effectiveness of plant extracts or essential oils against mosquito larvae [3]-[5].
But, its application in the field is yet to be ascertained. However, biological reduction of metal would be boon
for the development of clean, nontoxic, and environmentally acceptable metal nanoparticles; the formed silver
nanoparticles are hydrophilic in nature, disperse uniformly in water, highly stable, and had significant mosquito
larvicidal activity [6].

Nanoparticle synthesis is the widely growing area of nanotechnology. In recent times synthesis of nanopar-
ticles has been a promising field particularly in medical applications [7]. Nanoparticles of noble metals are
found to have potential applications in various fields like electrochemical deposition [8]. Synthesis is of nano-
particles using biological entities having great interests due to their unusual optical [9], photo electrochemical
[10] and drug delivery system [11].

Thus, researchers are exploring to develop novel materials as mosquito larvicide. Metal nanoparticles are
emerging as one of the fastest growing materials due to their unique physical, chemical and biological properties
[12]. The peculiar properties of silver nanoparticle are obviously small in size, high surface area, easy to sus-
pend in liquids and deep access to cells and organelles that can easily strike on the mosquito larvae in the aqua-
tic phase of its life cycle. It was reported to have amino acids which are proposed to play a key role for the re-
duction of silver ions and the formation of corresponding nanoparticles [13]. Currently, there is a growing need
to develop environmentally benevolent nanoparticle synthesis that does not use toxic chemicals in the synthesis
protocols [14]. Biosynthesis of silver nanoparticles using plants, bacteria, fungi and yeast [15]-[18] is known to
reduce silver ions into silver nanoparticles by both extra and intra cellular level. Reports are available on lar-
vicidal activity against various mosquitoes [19] [20]. In the present study an attempt was made to explore the
larvicidal activity of silver nanoparticles synthesized using dried leaf extract of P. pinnata.

2. Material and Methods

2.1. Plant Material

Pongamia pinnata (L) Pierre (Fabaceae family) plant leaves was collected from Vikarabad forest, Rangareddy
district, Andhra Pradesh, India (17°20'0"N, 77°54'0"East). Pongamia pinnata (Fabaceae family) was taxonomi-
cally identified by Prof. P. Ramachandra Reddy, Taxonomist, Department of Botany, Osmania University, Hy-
derabad, India. A voucher specimen was deposited in the Department of Zoology, Osmania University.
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2.2. Processing of Plant Material

The leaves of Pongamia pinnata was shade dried at room temperature, for 10 - 15 days. The dried plant material
was grinded to powder with an electrical stainless steel blender. The powder was socked with ethanol (99.5%)
solvent and extracted using Soxhlet apparatus for 8 hrs. The extract was concentrated to paste with rotary eva-
porator at 65°C for 4 hours and the residue obtained was stored at 4°C in an airtight bottle until further use.

2.3. Preparation of Stock Solution of Plant Extracts

1 gm of extract was taken and dissolved in 1000 ml of double distilled water and filtered using Whatman filter
paper No 1. It was stored at room temperature for further experiments as stock solution (1000 ppm).

2.4. Synthesis of Silver Nanoparticles (AgNPs)

In a typical synthesis of silver (Ag) nanoparticles, the leaf extract (1.0 ml) was added to 20 ml of 10 * M AgNO?®
(99.99%) aqueous solution and kept at room temperature. The experiment was done in triplicate for reproduci-
bility. After 1 hour the colour of the solution changed from colourless to honey brown indicating the formation
of silver nanoparticles and this is confirmed by UV-visible spectroscopy.

2.5. Characterization of AgNPs

The bio reduction of pure Ag* ions was monitored by measuring the UV-visible spectra of the reaction medium.
UV-visible spectral analysis was carried out with a SHIMAZDU 2600-(TCC) UV-visible absorption spectro-
photometer with a resolution of 1 nm between 200 and 700 nm. A small aliquot of 300 pL of the sample is di-
luted 10 times with Millipore water to avoid errors due to high optical density of the solution.

The crystalline nature of the nanoparticles was measured using X-Ray Diffractometer (XRD) by depositing
thin film of the silver nanoparticles was made by dipping a glass plate in the solution and carried out the X-ray
studies.

For FTIR measurements, the silver nanoparticles solution was centrifuged at 10,000 rpm for 30 min. The pel-
let was washed three times with 20 ml of de-ionized water to get rid of the free proteins /enzymes that are not
capping the silver nanoparticles. The samples were dried and grinded with KBr pellets and analysed on a Bruker
Optics (Germany made) Tensor 27 model in the diffuse reflectance mode operating at a resolution of 0.4 cm ™.

The size and shape of silver nanoparticles are visualized through the 200 kV Ultra High Resolution Transmis-
sion Electron Microscope (JEOL-2010). TEM grids are prepared by placing a drop of the particle solution on a
carbon-coated copper grid and drying under lamp.

2.6. GC-MS Analysis

GC-MS analysis was done by the SHIMAZDU QP2010, an oven temperature from 50°C to 280°C at 4°C/min
and held at this temperature for 5 min; inlet and interface temperatures were 250°C and 280°C, respectively.
Carrier gas was He at a flow rate of 1.0 ml/min (constant flow). 0.2 ml of sample was injected under split of
20:1. EIMS: electron energy, 70 eV.

2.7. Identification of Compounds

Interpretation of mass spectrum GC-MS was conducted using data base of NIST, having more than 62,000 pat-
terns. The spectrum of the known compounds was compared with the NIST library.

2.8. Dose-Preparation

Based on the preliminary screening results the leaf extract of Pongamia pinnata and synthesized silver nanopar-
ticles were subjected to dose-response bio-assay for larvicidal activity of Ae. albopictus larvae. The synthesis of
leaf mediated silver nanoparticle of P. pinnata was estimated at a concentration of 0.25 ppm (Lcso) and 1ppm
(Lcgo). Whereas in solvent extraction with ethanol was estimated at a concentration of 100 ppm, 150 ppm, 200

ppm and 250 ppm [21].
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2.9. Bioassay

According to WHO (2005) bioassay test was performed with different concentration to assess the larvicidal ac-
tivity [22].

2.10. Statistical Analysis

The average larval mortality data were subjected to Probit analysis (FORTRAN) for calculating Lcsgand Lcgg
[23].

3. Results

Pongamia pinnata leaf solvent (ethanol) extract was subjected to synthesis of silver nanoparticles and the visible
color change (Figure 1) indicates the formation of nanoparticles which is confirmed by UV-visible absorption
spectroscopy. The progress of the reaction between metal ions and the leaf extracts were monitored by
UV-visible spectra of silver nanoparticles in aqueous solution with different reaction times that are shown in
Figure 2. It was observed from the figure that the peak blue shifted in the absorption spectrum from 437 nm to

Figure 1. Shows the photograph (A—Ileaf extract, B—silver
nanoparticles after 1 hour) of leaf extract of Pongamia pinnata.

0.104
1.5Hr =% (B)
2.5 Hrsmm——"% (D)

0.054 1 Hr % (A)
2 Hrsm— % (C)

0.00

T T T
200 400 600 800

“Wave length nm.”

Figure 2. UV-visible spectra recorded as a function of time of reac-
tion of an aqueous solution of 107> M AgNo3 with the leaf extract of
Pongamia pinnata. (a) 30 minutes; (b) 60 minutes; (c) 90 minutes;

(d) 120 minutes.
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420 nm with increasing reaction time from 30 min to 120 min. It took two hours to complete the reaction to
form stable nanoparticles.

The crystalline nature of silver nanoparticles was confirmed by the X-ray diffraction analysis. Figure 3 shows
the XRD pattern with the diffraction peaks at 44.50, 52.20 and 76.7 corresponding to the (111), (200) and (220)
facets of the face centred cubic (FCC) crystal structure. The broadening of the Bragg peaks indicates the forma-
tion of nanoparticles. In addition to the Bragg peaks representative of FCC silver Nano crystals, additional, and
yet unassigned, peaks were also observed suggesting that the crystallization of bio-organic phase occurs on the
surface of the silver nanoparticles.

FTIR spectroscopy analysis was carried out to identify the potential bio molecules in the leaf extract respon-
sible for the reduction and also the capping reagent responsible for the stability of the bio reduced silver
nanoparticles. A typical FTIR spectrum of the obtained silver nanoparticles is shown in Figure 4, the absorption
bands at 3359, 3018, 2574, 2133, 1738, 1642, 1438, 1366, 1218 and 1100 cm *. The intense band at 3359 is
corresponds to O-H stretching, 3018 is =C-H Medium stretching, 2574 Carboxylic acid O-H stretching, 2133
is corresponding to C-H stretching, 1738 is due to stretch vibration of -C=0, the band at 1642 is corresponds to
amide 1, arising due to carbonyl stretch in proteins. The bands at 1366 and 1218 correspond to C-O stretch
(phenolic) and ester phenolic compound respectively. The weak band at 1100 is -C-O- stretch. It is observed
from the spectra of silver nanoparticles the appeared bands at 1642 and 3359 which are due to hydroxyl group
and amide-1 that are responsible for reducing the Ag® ions to atoms and suppressed bands at 1738, 1366 and
1218 are responsible for stabilising the nanoparticles.

TEM technique was employed to visualize the size and shape of silver nanoparticles. TEM grids were pre-
pared by placing a drop of the particle solution on a carbon coated copper grid and dried under lamp. Figure 5
shows the typical bright-field TEM micrograph of synthesized by reduction of Ag*ions with 1 g biomass are
predominantly are of the spherical shape. It is evident that there is variation in particles sizes and average size
estimated was 20 nm and the particles size ranged from 10 nm to 80 nm and above Figure 5 corresponds to high
resolution lattice image form one such particle.

The chromatogram of Gas Chromatography-Mass Spectrometry (GC-MS) shows that the active ingredients in
synthesized silver nanoparticles of the leaf extraction (Table 1) was analyzed and found that there were ap-
proximately 55 active compounds recorded within 25 minutes of retention time. However, there were two
prominent compounds found at different peaks in chromatogram are (at peak number 9 and 15) namely
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Figure 3. XRD pattern of as synthesized silver nanoparticles of Ponga-

mia pinnata leaf extract.
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Figure 4. FT-IR spectrum of AgNPs prepared from the Pongamia pinnata plant extract.

Figure 5. TEM image of bio-reduced silver nanopar-
ticles.

9-Octodecenoic acid (Z) (C18 H34 02) and n-hexadecanoic acid (C16 H32 O2) with a maximum peak area i.e.
34.47% and 3.01% respectively and both are having larvicidal property [24] [25]. Therefore, it is derived that
9-Octodecenoic acid and n-hexadecanoic acid are responsible as potential larvicides at Nano scale which are en-
vironmentally benign.

4. Discussion

Pongamia pinnata has been regarded as medicinally important plant and earth-friendly herbal pesticide. The ef-
ficacy of larvicidal activity of this plant was reported at 118.2 ppm (Lcsp) and 227 ppm (Lcgo) by Raut et al. (2010)
[26] [27]. However in our study we found that Lcgy was recorded at 100 ppm in solvent (ethanol) extraction and the
AgNPs of P. pinnata has shown the significantly lower concentration in comparison to earlier publications of their
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Table 1. GC-MS Analysis of Pongamia pinnata leaf extract.
Chromatogram Plant Extract+Chemical D:\2013\Plant Extract+Chemical.qgd
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20.867
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s TIC*1.00
H T T T T T T T T T T T T T T T T
10.0 20.0 30.0 33.0
min
Peak Report TIC
Peak# R.Time L. Time F.Time Area| Area% Height| Name Base m/z
1 1.198 1.167 1.217 917276 0.59 780947 | 1-Butanol 56.10
2 1.298 1.283 1.383 593971 0.38 272320 | Hexanoic acid, 2-pentenyl ester, (Z)- (CAS)( 71.10
3 1.442 1.417 1.625 6998940 4.51 19304632 | Ethane, 1,1-diethoxy- (CAS) 1,1-Diethoxyeth  45.10
4 1.670 1.625 1.683 7082586 4.57 4654267 | Silane, diethoxydimethyl- $$ Diethoxydimeth  133.10
5 1.700 1.683 1.758 7411464 4.78 5508949 | Silane, diethoxydimethyl- 133.10
6 2337 2.300 2.400 1058273 0.68 435085 | Nitric acid, heptyl ester (CAS) n-Heptyl nitra| ~ 43.05
7 2483 2.400 2.533 427725 0.28 146689 | Silane, diethoxydimethyl- (CAS) Dimethyldi¢  147.15
8 2578 2.533 2.625 1241503 0.80 615801 | Propane, 1,1-diethoxy-2-methyl- (CAS) 1,1-I  47.05
9 3.026 2.992 3.083 451792 0.29 255649 | 4-Ethoxy-2-pentanone $$ 43.05
10 3.781 3.742 3.817 777159 0.50 350545 1,1-diethoxy pentane $$ 47.05
11 3.866 3.825 3.908 644485 042 381985 | Disiloxane, 1,3-diethoxy-1,1,3,3-tetramethyl:  163.10
12 4.390 4.350 4.417 309881 0.20 178206 | Decane $$ n-Decane $$ n-C10H22 $$ UN 2] 43.05
13 5.550 5.517 5.575 264798 0.17 157859 | 1-Octanol, 3,7-dimethyl- (CAS) 3,7-Dimethy,  43.05
Peak# R.Time [.Time F.Time Area Area% Height| Name Base m/z
14 5.612 5.575 5.633 243170 0.16 149880 | 1-Octanol, 3,7-dimethyl- 43.05
15 7.296 7.267 7.350 851917 0.55 495323 | DODECANE $8 57.10
16 8.192 8.167 8.292 1220172 0.79 164832 1,3,5,7,9-Pentaethyl-1,9-dibutoxypentasiloxa  341.05
17 8.344 8.292 8.417 1714377 1.11 443158 | Cyclohexasiloxane, dodecamethyl- 73.10
18 8.880 8.867 8.917 215844 0.14 139243 | 1-Undecene, 7-methyl- (CAS) 43.05
19 9.858 9.842 9.875 344452 0.22 175270 | 2-Methyl-3-dimethylamino-2-isopropylthio(2,  44.05
20 9.895 9.875 9.925 676505 0.44 270425 | Octadecanoic acid, 2-[(trimethylsilyloxy]-, n_ 73.10
21 9.958 9.925 9.975 736649 047 289355 | HEPTAMETHYL-PHENYL-CYCLOTETR  343.05
22 10.006 9.975 10.042 2213405 1.43 995793 | Hexadecane (CAS) n-Hexadecane $$ Cetane,  57.10
23 10.116 10.042 10.175 2146594 1.38 307134 | 3-Dimethyl(trimethylsilylmethyl)silyloxypen 73.10
24 10.283 10.175 10.333 1989338 1.28 231685 | Pentasiloxane, 1,1,3,3,5,5,7,7,9,9-decamethy,  344.10
25 10.342 10.333 10.383 202281 0.13 160657 | 3-(Acetylhydrazono)-N-mesitylbutyramide $§ 135.10
26 10.875 10.858 10.892 249433 0.16 150736 | d-Glucitol, 4-O-decyl- $$ 44.05
27 10.907 10.892 10.942 311320 0.20 161461 | Hexadecane, 2,6,11,15-tetramethyl- (CAS) 2, 43.05
28 10.993 10.942 11.075 1107912 0.71 288133 | Hexadecane 57.10
29 11.149 11.075 11.208 980291 0.63 246486 | 3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(t 73.10
30 12.729 12.708 12.817 766390 049 207261 | Octane, 2,6,6-trimethyl- (CAS) 71.10
31 12.865 12.817 12.942 860163 0.55 333658  HEXADECANE $$ 57.10
32 14.302 14.267 14.325 464345 0.30 175288 | 1,4-Dioxaspiro[4.5]decane, 8-(methylthio)- §  44.05
33 14.377 14.325 14.500 4896279 3.16 981276 | Irgacure 184 $8 99.15
34 14.664 14.500 14.717 883215 0.57 166832 | Tetradecane, 1-chloro- 57.10
35 14.833 14.717 14.908 1283187 0.83 243093 | Nonane, 5-(2-methylpropyl)- $$ 43.05
36 16.017 15.975 16.075 1203055 0.78 430753 | 1,3-DIPHENYL-1,3,5,5-TETRAMETHYL+ 253.00
37 16.313 16.275 16.358 667037 0.43 235469 | Hexadecane (CAS) n-Hexadecane $3$ Cetane 57.15
38 17.299 17.258 17.325 486437 0.31 212488 | 1,2-Benzenedicarboxylic acid, bis(2-methylpt  149.10
39 17.492 17.475 17.508 251454 0.16 146886 | N,N'-Bis(4-methoxybenzylidene)-3,3'-dimeth]  329.05
40 17.618 17.508 17.700 9717169 6.26 2806208 | HEPTAMETHYL-PHENYL-CYCLOTETR  327.10
41 18.590 18.558 18.625 476877 031 230793 | 1,2-Benzenedicarboxylic acid, butyl 2-ethyllx  149.10
42 18.679 18.625 18.800 4675102 3.01 1036271 | Hexadecanoic acid (CAS) Palmitic acid $$ P{  43.05
43 19.040 19.000 19.083 785741 0.51 339070 | Naphthalene, 1,2.3,5,8,8a-hexahydro- §$ 91.10
44 19.411 19.325 19.475 4012142 2.59 1247480 NONAMETHYL, PHENYL-, CYCLOPENT 135.10
45 20.867 20.725 21.083 53465819 34.47 8927664 | 9-Octadecenoic acid (Z)- (CAS) Oleic acid $§  55.10
46 21.129 21.083 21292 12628773 8.14 1864229 | Octadecanoic acid 43.10
47 21.335 21292 21.467 3304070 2.13 704174 PENTAMETHYL PHENYL-DISILANE $$  135.10
48 23.875 23.833 23.892 633175 0.41 253278 | E-11(12-Cyclopropyl)dodecen-1-ol acetate $§ ~ 67.10
49 23.932 23.892 23.983 2983247 1.92 1007740 | E-1 1-Hexadecenal $$ 55.10
50 24216 24.067 24233 1372597 0.88 265926 | Undecane, 1-bromo- (CAS) I-Bromoundecan  135.10
51 24.265 24233 24325 1387835 0.89 368221 | 1,22-Docosanediol 55.10
52 24.417 24.325 24.450 1144769 0.74 174342 | 1H-Indene, 5-butyl-6-hexyloctahydro- $$ Bid ~ 41.10
53 24.723 24.675 24.792 590680 0.38 157936 | 1,2-Diphenyltetramethyldisilane $$ Disilane, 135.10
54 25.492 25425 25.533 1765643 1.14 357003 | Docosanoic acid (CAS) Behenic acid $$ Gly¢  43.05
55 25.600 25.533 25.625 1013876 0.65 174825 | GLYCEROL-1,2,3-D3, TRIS-O-(TRIMETH _ 73.10
155102590 100.00 60760669
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Table 2. Larvicidal activity of the Pongamia pinnata leaf extract and synthesis of silver na-
noparticles against Aedes aegypti.

Extracts Concentration (in ppm)  Mortality (%) UCL-LCL (95% Confidence Limit)
Control 0 0
Plant Extract 10 4+2.00
50 22 +2.00
100 50 +4.00 100.565 - 99.434
200 92 +0.750 200.848 - 199.151
250 100
Control 0 0
Synthesized AgNPs 0.1 3+£1.00
0.25 16 £2.00
0.5 50 +2.00 0.556 - 0.443
0.75 80 +4.00
1.00 94 +1.00 1.022 - 0.977

larvicidal property i.e. at 0.25 ppm (Lcsp) and 1.0 ppm (Lcgp). The results of upper confidential level (UCL), lower
confidential level (LCL) were mentioned in Table 2. According to Raut et al., the presence of prenylated flavo-
noid derivatives like pongaflovinol and tunicatachalcone in P. pinnata was reported, where the later one is pro-
posed as biogenetic precursor of the former one and the reaction is effected by flavanone/dihydroflavanol
NADPH-dependent reductage. Therefore, it reflects the compounds, such as 9-Octadecenoic acid (Z) and n-
hexadecanoic acid, which are reducing and capping ligands of the nanoparticles responsible for the larvicidal ac-

tivity.
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