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Introduction
Mosquitoes are the principal vector of many vector- borne 

diseases (VBDs) affecting human beings and other animals lead 
to cause thousands of deaths per year. India reports 1.48 million 
malaria cases and about 173 deaths: 1.4 million suspected and 11,985 
confirmed chikungunya cases; 5,000 Japanese encephalitis (JE) cases 
and approximately 1,000 deaths; 383 dengue cases and 6 deaths during 
2006 and 2007 [1]. Mosquito – borne diseases have an economic 
impact, including loss in commercial and labour output particularly in 
countries with tropical and subtropical climates; however no parts of 
the world is free from VBD.

Aedes aegypti, vector of dengue is widely distributed in the tropical 
and subtropical zones. Dengue fever incidence has increased fourfold 
since 1970 and nearly half the world’s population, 1.5 billion people 
lived in regions where the estimated risk of dengue transmission was 
greater than 50% [2]. Though yellow fever has been reasonably brought 
under control with its vaccine, however no vaccine is available for 
dengue. The only way of decreasing the incidence of this disease is 
the eradication of Ae. aegypti [3]. Over 2.5 billion people over 40% of 
the world’s population are now at risk due to dengue. WHO currently 
estimates there may be 50 - 100 million dengue infections reported 
worldwide every year [4]. 

Insecticide application although highly efficacious against the 
target species, vector control is facing a threat due to the development 
of resistance to chemical insecticide resulting in rebounding vectorial 
capacity [5]. Essential oil or extract from plant may be an alternative 
source of mosquito control agents, since they constitute a rich source 
of bioactive compounds that are biodegradable into non-toxic products 
and potentially suitable for use to control mosquitoes. Plant extract 
in general have been recognized as an important natural resource of 
insecticides [6,7]. Applications of phytochemical in mosquito control 
were in use since the 1920s [8], but the discovery of synthetic insecticides 
such as DDT in 1939 side tracked the application of phytochemical in 
mosquito control programme. After facing several problems due to 
injudicious and over application of synthetic insecticides in nature, 
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Abstract
Mosquitoes include the major vector population for the transmission of many diseases for global mortality and 

morbidity with increased resistance to common insecticides. Aedes aegypti vector of dengue is spread into many parts 
of the globe, a study intend to investigate the efficacy of the leaf extract of Morinda tinctoria and silver nanoparticles 
(AgNps) synthesized using M. tinctoria against the third instar larvae of Ae. aegypti. AgNps were synthesized from 
leaf extract of M. tinctoria and its effects against 3rd instar larvae of Ae. aegypti were evaluated in the laboratory. The 
produced nanoparticles were subjected to different analysis include UV-Vis spectroscopy, Atomic Force Microscopy 
(AFM) and Fourier Transform Infrared Radiation (FTIR) spectroscopy. Both The leaf extract and the synthesized AgNps 
were tested against the 3rd instar larvae of Ae. aegypti and the recorded 50% lethal concentration (LC50) were 11.716 
ppm and 3.631 ppm respectively. The results recorded from UV-Vis spectroscopy, AFM and FTIR Spectroscopy support 
the biosynthesis and characterization of AgNps. The results suggested that the leaf extract of M. tinctoria and synthesis 
of AgNps have the potential to be used as an ideal eco-friendly approach towards the control of Ae. aegypti in the field.

refocus on phytochemical that are easily biodegradable and have no ill-
effects on non-target organisms was appreciated. Since then, the search 
for new bioactive compounds from the plant kingdom and an effort to 
determine its structure and commercial production has been initiated. 
At present phytochemical make upto 1 per cent of world’s pesticide 
market [9].

Botanicals are basically secondary metabolites that serve as a 
means of defense mechanism of the plants to withstand the continuous 
selection pressure from herbivore predators and other environmental 
factors. Several groups of phytochemical such as alkaloids, steroids, 
terpenoids, essential oils and phenolics from different plants have been 
reported previously for their insecticidal activities [10]. Insecticidal 
effects of plant extracts vary not only based on plant species and its 
parts used, mosquito species, and geographical varieties but also due to 
extraction methodology adopted and the polarity of the solvents used 
during extraction. A wide selection of plants from herbs, shrubs and 
large trees was used for extraction of mosquito toxins. Phytochemical 
were extracted either from the whole body of little herbs or from 
various parts like fruits, leaves, stems, barks, roots, etc., of larger plants 
or trees. In all cases where the most toxic substances were concentrated 
upon, found and extracted for mosquito control.

More than 2000 plant species have been known to produce chemical 
factors and metabolites of value in pest control programmes. Members 
of the plant families- Solanaceae, Asteraceae, Cladophoraceae, Labiatae, 
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Miliaceae, Oocystaceae and Rutaceae have various types of larval, 
adulticidal or repellent activities against different species of mosquitoes 

[10].

In addition to the direct use of phytoextracts, in recent days, 
biosynthesized gain momentum as biocontrol agents against mosquitoes 
and microbes. Under these circumstances, improvised methods using 
the biologically synthesized AgNps are emerging as one of the fastest 
growing material due to their unique physical, chemical and biological 
properties, small size and high specific surface area [11].

India being rich in herbs can utilize its herbs for such purpose, 
plants not only being pesticides/insecticides it can also act as an effective 
antimicrobial, antifungal, ant parasitic and anti-malarial agents. Thus it 
has been expensively exploited for these properties; here in the present 
study we have used the plant source Morinda tinctoria and AgNps as 
larvicidal against Ae. aegypti with following objectives: 

•	 Biosynthesis of AgNps using M. tinctoria. 

•	 Characterization of the synthesized nanoparticles.

•	 Comparing the efficacy of the leaf extract of M. tinctoria and 
AgNps synthesized using to same plant material against 3rd 
instar larvae of Ae. aegypti

Materials and Methods
Plant collection

Morinda tinctoria was collected from Vivekananda College campus 
(Figure 1). The Morinda was collected and washed several times with 
tap water to remove dust and soil. The leaves were removed and it was 
washed with tap water and rinsed with distilled water. The cleaned leaf 
material was dried in shade at room temperature and stored for further 
use.

Preparation of acetone extract

The dried leaves were used to prepare the extract adopting the 
standard simplex centroid experiment design procedure described 
elsewhere [12]. 25 gms of the dried material was powdered mechanically 
using electrical stainless steel blender. The powder was mixed with 250 
ml acetone and boiled (boiling point range 55.5º-56.5ºC) in Soxhlet 
apparatus for 8 hrs. The extract collected was stored at 4ºC for further 
use.

Silver nanoparticles (AgNps) 

Synthesis and purification: For synthesis of AgNps, 10 ml acetone 
extract of M. tinctoria was added to 90 ml 1 mM solution of silver 
nitrate in 250 ml conical flask and kept at room temperature for 1 hr. 
The primary detection of synthesized AgNps was carried out in the 

reaction mixture by observing the colour change of the medium. The 
AgNps solution thus obtained was purified by repeated centrifugation at 
5,000 rpm for 20 minutes. The supernatant was discarded and the pellet 
was dissolved in double distilled water. The AgNps were confirmed by 
colour change [12]. 

Characterization: The produced nanoparticles were subjected 
to UV-Vis spectroscopy analysis, Atomic Force Microscopy (AFM) 
analysis and Fourier Transform Infrared Radiation (FTIR) spectroscopy 
analysis with assistance through Madurai Kamaraj University.

Analysis

UV-Vis absorbance spectroscopy: The samples used for analysis 
were diluted with 2 ml of double distilled water and subsequently 
measured by the UV-Vis spectroscopy at regular time intervals by using 
a quartz cuvette with water as a reference and the culture were stopped 
by vaccum filtration [13]. The UV-Vis spectroscopy analysis of silver 
nanoparticles produced were carried out as a function of bioreduction 
time at room temperature on ELICO spectrophotometer at a resolution 
of 1 nm. The UV-Vis spectrometric readings were recorded at a 
scanning speed of 200-800 nm.

AFM imaging: Surface topology of the formulated AgNps was 
studied by AFM analysis. AFM studies of AgNps were done by placing 
a drop of the colloidal solution of AgNps on a cover slip and allowed 
to dry overnight at room temperature. A thin film of the sample was 
prepared on a glass slide by dropping 100 μL of the sample on the 
slide and was allowed to dry for 5  minutes. In order to perform AFM 
analysis, the particles were deposited on a silicon slide and the solvent 
evaporated. The samples were air-dried and allowed to characterize 
by atomic force microscopy for its detailed morphology and size. The 
slides were scanned with the AFM (A100SGS AFM, A.P.E. Research, 
Italy). The microscope was used in the non-contact mode at a 325 kHz 
resonance frequency and an approximate 46 N/m constant force. The 
microscope was equipped with a commercial silicon cantilever (NSC15/
AIBS). Image metrology SPIP data analysis software Basic module was 
used for the AFM analysis.

FTIR spectroscopy 
To remove free biomass residue (or) compound that is not the 

capping ligand of the nanoparticles, the residue solution of 100 ml after 
reaction was centrifuged at 5,000 rpm for 10 minutes. The supernatant 
was again centrifuged at 10,000 rpm for 60 minutes, and the pellet was 
obtained. The pellet was followed by redispersal of AgNps into 1 ml 
deionized water. Thereafter, the purified suspension was freeze dried to 
obtain dried powder. Finally, the dried AgNps were analyzed by FTIR 
analysis [14].

Larval rearing of A. aegypti: Eggs of Ae. aegypti paper strips were 
obtained from CRME (ICMR), Madurai, TamilNadu, India. The strips 
were larvae were floated in enamel tray containing distilled water. They 
were maintained and reared with yeast powder and dog biscuits in the 
laboratory. They were allowed to moult upto 3rd instar and were used 
for the experiment.

Larvicidal bioassay: All experiments were carried out at room 
temperature. The larvicidal activity was assessed by the standard 
procedure of WHO [15] with modifications as per the method 
described by Rahuman et al. [16]. Twenty five 3rd instar larvae of Ae. 
aegypti were transferred separately from culture being maintained in 
the laboratory to the 250 ml beaker containing the 100 ml of desired 
concentration of plant extracts and AgNps respectively. The control was 
set up with dechlorinated tap water. The moribund larvae were counted 

 
Figure 1: Experimental plant Morinda tinctoria.
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after 24 h of exposure and the percentage mortality was recorded for the 
average of four replicates. Statistical analysis such as LC50 values, 95% 
confidential limit and chi square values were calculated by using EPA 
Probit analysis programme version 1.5.

Results and Discussion
The present study demonstrated the formation of the silver 

nanoparticles by the reduction of the aqueous silver metal ions during 
exposure to the extract of M. tinctoria. The reaction of ions occurred 
within 1 hr at 37ºC and appearance of reddish brown colour from 
colorless solution.

UV-Vis spectroscopy analysis

AgNps synthesized by using M. tinctoria were formed at 409 nm 
with polydispersed (Figure 2). UV-Vis spectroscopy is one of the 
most widely used techniques for structural characterization of silver 
nanoparticles [17]. Generally, UV-VIS spectroscopy can be used to 
examine size and shape of the controlled nanoparticles in aqueous 
suspense. The results of the UV-VIS absorption showed increasing 
colour intensity with increased time intervals and this might be due to 
the production of the silver nanoparticles [18] and the formation of the 
brownish yellow colour might be due to the excitation of the surface 
plasmon vibration of the synthesized AgNps [19]. The broadness of the 
peak is a good indicator of the size of the nanoparticles. As the particle 
size increases the peak becomes narrower with a decreased bandwidth 

[20,21]. In a study by Jain et al., has been reported that the absorption 
spectra of AgNps were highly symmetric single band absorption with 
peak at 421 nm [22].

AFM analysis

AFM study provides solid evidence of nanoparticles formation and 
their size and shape of the resultant particles were elucidated (Figures 
3a and 3b). The spherical shaped, crystalline nature of the Ag NPs were 
obtained at 60-95 nm and showed their topography from leaf extract of 
M. tinctoria and they were found to be highly dispersed and scattered 
due to its spherical nature in the synthesized medium. The findings 
were corroborate with spherical nature of AgNps produced using 
leaf extract of Cissus quadrangularis and Calotropis gigantea and they 
obtained at 50-60 nm and 6.3-12.67 nm ranges in their size [23,24]. 
Here too the nanoparticles display a rich variety of shape and sizes. 
Particularly fascinating are the abundance of nano-prisms, nano-rods 
and nano-trapezoids and the wide variation in the size and shape was 
indicated in absorption spectra of produced Ag and Au nanoparticles at 
~20 nm ranges from black tea leaf extracts [25]. 

FTIR analysis

FTIR analysis was carried out to identify the possible interactions 
between silver and bioactive molecules, which may be responsible for 
synthesis and stabilization (capping) of silver nanoparticles (Figure 4). 
The intensed peak 3435 cm-1, 2085 cm-1, 1639 cm-1, 1369 cm-1, 1226 
cm-1 and 532 cm-1 indicated the presence of hydroxyl (OH) group, 
benzene ring, carboxylic (C=O) group, alkyl halide group respectively. 
The results of the FTIR used to identify the possible bio molecules 
responsible for the stabilization of the synthesized silver nanoparticles. 
The prominent peaks of the FTIR results are showing the correspond 
values to the amide group (N-H stretching- 3435 cm-1), alkane group 
(CH-2085 cm-1) alkene (CC- 1639 cm-1, 1369 cm-1, 1226 cm-1 and 
532 cm-1) and ether groups (COC-1 031.73). Similar observation also 
found as flavonoids, triterpenoids and polyphenols [26]. Hence, the 
terpenoids are proved to have good potential activity to convert the 
aldehyde groups to carboxylic acids in the metal ions. Further, amide 
groups are also responsible for the presence of the enzymes and these 
enzymes are responsible for the reduction synthesis and stabilization of 

Figure 2: UV-Vis spectra of silver nanoparticles synthesized by treating M. 
tinctoria leaf extract with 1 mM silver nitrate solution.

Figure 3: AFM topography of synthesized silver nanoparticles by M. 
tinctoria leaf extract.

Figure 4: FTIR spectra silver nanoparticles synthesized using M.tinctoria 
leaf extract with 1 mM silver nitrate solution.
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the metal ions, further, polyphenols are also proved to have potential 
reducing agent in the synthesis of the AgNps [27,28].

Larvicidal activity of leaf extracts and synthesized AgNps

Third instar larvae of Ae. aegypti was treated with biosynthesized 
silver nanoparticles and the percentage mortality was assessed against 
various concentrations ranging between (0.5-7 ppm). The LC50 value 
of synthesized AgNps was 3.631 ppm (Table 1). The low release rate 
of nanoemulsion with large droplets size that resulted in prolonged 
mosquito repellent activity compared to the nanoemulsion with small 
droplets [29].

The acetone extract of M. tinctoria was tested for its efficiency 
against third instar larvae of Ae. aegypti. The larvae were subjected 
to different concentrations (2-24 ppm) of the leaf extract and 11.716 
ppm was recorded as LC50 value (Table 1). Similar studies envisaged 
that the Indian marine algae extracts possessed potential larvicidal 
activity [30]. Aqueous (Physiological saline) extract of seed kernel from 
soap nut Sapindus emarginatus (Sapindaceae) was found to exhibit, a 
strong antimosquito activity as evident from its ability to inflict 100% 
mortality of all the developmental stage of Ae. aegypti [31]. 

The biosynthesized AgNps from leaf extract of M. tinctoria showed 
potential larvicidal activity against Ae. aegypti larvae. Hence, the 
larvicidal activity of the AgNps might be due to the denaturation of the 
sulfur-containing proteins or phosphorous containing compound like 
DNA that, leads to the denaturation of organelles and enzymes [32,33] 
and thus reduces the cellular membrane permeability and reduction in 
ATP synthesis which finally causes the lost of the cellular function and 
cell death [34]. The size and shape of nanoparticles plays an important 
role in many of the pharmaceutical/industrial/biological applications. 
In this regard, the size of the synthesized nanoparticles was identified 
as 60-95 nm with various spherical shapes, which falls closer to many of 
the AgNps produced by other plant materials [35,36]. 

Today, environmental safety is considered to be most warranted 
the applicable of AgNps in plant extract and highly appreciable and 
practical. An insecticide should be ecofriendly nature and acceptable by 
the community to cause the desire mortality against target organisms. 
Phytochemical may serve as relatively safe, inexpensive and readily 
available and several plants are being used in traditional medicines for 
the mosquito larvicidal activities in many parts of the world.
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