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Abstract

Arthropods are highly dangerous vectors of pathogens and parasites, which
considered as serious health problems in the increasing world population of humans
and animals. The Asian tiger mosquito Aedes (Stegomyia) albopictus (Skuse 1894)
represent an important vector of several arboviruses to human and animals, including
chikungunya, dengue and various encephalitis viruses, it’s also competent vector for
Zika virus. Current control methods against mosquito vectors basically rely on
application of various conventional chemical insecticides. The intensive usage and
irregular application of these conventional insecticides to a wide range and unregulated

form has created environmental and human health problems.

Nanotechnology is a multidisciplinary field emerged within past decades and
playing fundamental role in many fields including agriculture, pharmacology,
medicine and health industries. Therefore, the application of nanotechnology as a clean,
non-toxic, eco-friendly and operative nanostructured materials in the pest management
strategies can overcome the current challenges in this field and vector control. Thus,
the concept of this study was to employ silver nanoparticles (AgNPs) as an
environmentally friend and effective tool for mosquito vector control. Consequently,
the Aquilaria sinensis and Pogostemon cablin essential oils were used for green
synthesis of AgNPs as an innovative tool for vector mosquitoes management. UV-vis
spectrophotometry (UV), Fourier transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), X-ray
diffraction analysis (XRD) and energy-dispersive X-ray spectroscopy (EDX) were
used to confirm the AgNPs formation and their biophysical characterization.
Biosynthesized AgNPs were mostly spherical in shape, crystalline in nature with face-

centred cubic geometry and their mean size ranged between 15 and 87 nm. The 24-h
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exposure of Aquilaria sinensis essential oil synthesized (AsEO-AgNPs) and

Pogostemon cablin essential oil synthesized (PCEO-AgNPs) were highly effective
against the larvae (I-1V instar) and pupae of Aedes albopictus mosquito, and had LCs
values ranging from 0.81 (I) to 1.12 (1) and LCs, values ranging from 0.85 (1) to 1.19
(IV), respectively. Furthermore, histological analysis of the midgut cells of the control
and treated larvae exhibited that the epithelial cells and brush border were highly
affected by the fabricated AgNPs compared to the essential oils (AsEO and PcEO).

Our study also conducted another experiment for one-step synthesis of AgNPs
using plant originated compound Salicylic acid (SA) and its derivative Dinitrosalicylic
acd (DNS) and thus, the fabricated AgNPs were evaluated against larvae and pupae of
Ae. albopictus. The synthesized AgNP by SA and DNS showed high toxic efficiency
against Ae. albopictus larvae and pupae, the LCso values of SA-AgNPs were 1.2 ppm
(D, L.4 ppm (1), 1.8 ppm (111), 2.0 ppm (1V) and 1.4 ppm (pupae), whereas LCso values
of DNS-AgNPs were 1.2 ppm (1), 1.5 ppm (11), 1.8 ppm (111) 2.3 ppm (IV) and 1.4 ppm
(pupae). Moreover, the investigations toward the systemic effect of the tested
substances on the fourth instar larvae of Ae. albopictus was evaluated and the levels of
total protein, esterases, acetylcholine esterase, and phosphatase enzymes were found
to be significantly decreased as compared with the control. Our results of this
experiment highlighted that SA-AgNPs and DNS-AgNPs could be employed as

potential tools to control mosquito larvae and pupae populations.

Similarly, larvae and pupae of Ae. albopictus were exposed to graduated
concentrations of MELSs biosurfactant and synthesized AgNPs for 24 h. the maximum
toxicity was revealed in the synthesized AgNPs against larvae and pupae of Ae.
albopictus with LCso values ranging from 0.14ug/mL (1) to 0.38ug/mL (1) compared
to the MELSs toxicity which have had LCs, values ranging from 45 ug/mL (1) to 100

VI
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ug/mL (pupae). Further investigations regarding to the systemic effects exerted by the

tested materials against fourth instar larvae of Ae. albopictus showed an alterations in
the levels of total protein, superoxide dismutase (SOD), peroxidases (POD) and
catalase (CAT) enzymes activity. Moreover, the TEM images of the midgut cells of
the control and treated larvae explored AgNPs accumulation in the rough endoplasmic

reticulum and other cell organelles such as nucleolus and mitochondria.

In concise, our findings in this study explored that the green-mediated synthesis
of AgNPs have great promise as larvicidal and pupicidal agents. According to their
cost-effectiveness, simplicity in the synthesis process, reducing and stabilizing
efficiency as well as their higher environmental safety, the plant and fungi extracts
mediated synthesis of AgNPs would be boon for the development of clean, nontoxic
and environmentally acceptable insecticide for agricultural pest management and

mosquito vector control.
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CHAPTER 1

Chapter 1. Introduction

Arthropods are highly dangerous vectors of pathogens and parasites, which
considered as serious health problems in the increasing world population of humans
and animals. Mosquitoes (Diptera: Culicidae) approximately comprising 3500 species
are found distributed in worldwide even in the Arctic regions and the main genera
which transmit human disease-causing pathogens, such as Anopheles, Aedes, and Culex
are mainly found in the tropical, subtropical regions (White et al 2004). Although a
few species of the mosquitoes on earth can transmit disease to humans but it represents
a key threat for millions of people worldwide. Most female mosquitoes require blood
meals from vertebrates including humans to obtain the essential nutrition for eggs
production. Some of female mosquitoes are absolutely selective feeders, restricted to
one or a few closely related species, while some others can feed in a wide extent
manner, varying between mammals, birds, and reptiles (Tolle 2009). The female
mosquitoes transmit important diseases, including malaria, dengue, chikungunya virus,
Zika virus, yellow fever, Japanese encephalitis, and filariasis into the host animals
while injecting saliva which may contain these pathogens and parasites. Moreover,
Culicidae transmit serious parasites and pathogens to the horses and dogs, including
Eastern equine encephalitis dog heartworm, and West Nile virus (Benelli 2016a).
Mosquito-borne viral diseases have been ranked as the most important in the
worldwide pandemic potential in 2012 (Masud et al. 2017). WHO reported that the
increase of the number and spread of mosquito vectors worldwide are caused by
environmental changes, and particularly arboviruses is arising as a critical public health
concern. Sadly, a 30-fold increase of cases within the past 50 years has been reported,
which caused quite a lot of human mortality and staggering economic costs (WHO

2016). Unfortunately, there is no successful treatment for most of the arboviruses

1
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vectored by mosquitoes, with special reference to chikungunya and dengue viruses. In

addition, even for other mosquito borne diseases, such as malaria, there are significant
challenges that still preclude their successful management (Mishra et al. 2017). The
Asian tiger mosquito Aedes (Stegomyia) albopictus (Skuse 1894) originates from
tropical regions in the Southeast Asia. It is considered an important vector of several
viruses of human and animals, including chikungunya, dengue and various encephalitis
viruses, it’s also competent vector for Zika virus. In addition to viruses, the Ae.
albopictus mosquito is an efficient vector of dirofilarial worms (Kref3et al. 2017). The
tiger mosquito is one of the most invasive mosquito species in the world. It started to
spread globally from its original distribution areas in the Southeast Asia and it has been
detected in many new countries within last several decades. The global spread of the
tiger mosquitoes has resulted noticeable attention because of its ability to transmit
numerous medically important pathogens and parasites, which pose a significant risk
to human and animal health, in addition to being a horrible nuisance (Walther et al.
2017).

The mosquito borne diseases burden mentioned above emphasizes the vital role of
effective and eco-friendly control strategies. Current control methods against mosquito
vectors basically rely on conventional chemical insecticides which is a particular
chemically synthesized substance used towards the control of agricultural insect pests
and vector borne diseases. The application of these chemical insecticides started since
the beginning of the twentieth century, where the humankind is using several forms of
insecticides which lead to the accumulation of hazardous chemicals in the environment.
These conventional insecticides can be classified into different groups based on their
chemical moieties like organochlorines, organophosphates, carbamates and

pyrethroids. The intensive usage and irregular application of these conventional

2
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Insecticides to a wide range and unregulated form has created environmental and

human health problems (Mishra et al. 2017). The higher residual pollution of the
synthetic chemical insecticides in the environment is considered primary demerits in
their application. Previous studies have shown that the residues of insecticides were
found in the air, waterways and soil, therefore the accumulation of these residues in
the environment causes eco-toxicity problem (Bhatnagar 2001). Several other
strategies towards the vector mosquitoes control also employed such as (i) insecticide
treated bed nets, (ii) adult repellents, (iii) biological control agents against mosquito
larvae and pupae including fishes, amphibians and copepods (iv) Sterile Insect
Technique (SIT), (v) “boosted SIT”, (vi) symbiont-based methods and (vii) transgenic
mosquitoes (Benelli 2016a). One of the main challenges faced during the vector control
practices in the world is the resistance development in the mosquito strains towards the
insecticides, as we mentioned above, the heavy usage of the insecticides against
agricultural pests and the overuse of treated bed nets against mosquito bites has resulted
in the existence of resistance in the mosquito strains. The major resistance has been
reported towards the pyrethroids which seems to be a critical threat for mosquito
control strategy since it is the only insecticidal class which is currently employed and
also the only recommended insecticide for treating bed nets, due to their low toxicity
for humans compared to other conventional insecticides (Zaim et al. 2000). Many
researchers tried to discover an alternative pest control tools to get rigid resistance
challenges towards integrated pest control strategies, and they proposed that, the
employment of green-fabricated nanopesticides can be considered as a promising
effective tool towards the control of insect pests and mosquito vectors (Walther et al.
2017).
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In the recent years, nanotechnology has been revolutionized a wide range of

research fields, including medical, veterinary and entomological sciences. It is
noteworthy that nanoparticles (NPs) showed high stability under UV-light which
prolongs their efficacy, this is because of the high surface of NPs to volume ratio,
which leads for outstanding optical and catalytic performances. This was attracted
many researchers to apply for them as optimal drug carriers, pest management
approaches as well as in liquid and sol-gel environments as bioactive agents with
desirable properties (Benelli and Lukehart 2017). Additionally, the green synthetic
approach of NPs is beneficial over the other forms of the conventional chemical and
physical synthesis methods used in nanotechnology. This refers to that green synthesis
of NPs is generally inexpensive, rapid, eco-friendly and can be prepared in normal
conditions such as pressure, energy and temperature, without using toxic chemicals
(Kumar et al. 2015). In the green synthesis methods, metal, metal oxide, silica, and
carbon NPs have been fabricated, employing plant-driven and invertebrate extracts and
their selected metabolites/constituents as well as microorganisms’ extracts and their
metabolites as stabilizing and reducing agents. The concentration of the plant or other
biologically extracts, and the concentration of the NPs substrate are key factors which
effect the size, shape and the stability of these green synthesized NPs. Different
techniques for analyzing NPs size have been used to explore the mean particle sizes of

green synthesized NPs (Murugan et al. 2015, Rajan et al. 2015).

Developing suitable methods of formulation and stabilization of nanoinsecticides
based on green synthesized NPs and to prolong their persistence in the environment is
quite important for effective control strategies against agricultural pests and vector
mosquitoes. In this context, the green synthesis of NPs has been proposed as highly

promising technique that provide a remarkable increase of pesticide efficacy. One of
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the most important advantages of green-mediated nanofabrication, could be pointed

out that green synthesis-based routes are simple process and not require costly

maintenance procedures in the laboratory (Benelli 2016a).
Objectives of this study

The current study has investigated the mosquitocidal property of green-mediated
silver NPs using plant essential oils, plant hormones and fungal extracts against Asian
tiger mosquitoes. This study revealed that the green fabricated AgNPs is an efficient
and promising tool for pest control management, especially for aquatic stages of
mosquitoes. In addition to, the green fabricated AgNPs are cost-effective, eco-friendly,
and nontoxic method. Furthermore, the highly stability of AgNPs under UV-light have
enhanced their great pesticidal property and its applicability.

The main objectives of this study were as follows:

1. Synthesis and characterization of AgNPs using Aquilaria sinensis and
Pogostemon cablin essential oils as well as salicylic acid and dinitrosalicylic
acid as reducing and stabilization agents of AgNPs and the evaluation of
mosquitocidal potency of this green mediated AgNPs as an efficient and eco-
friendly pest management tool.

2. Synthesis and characterization of AgNPs using glycolipid biosurfactant
(Mannosylerythritol lipids) produced from the ustilaginomycetous yeast
Pseudozyma aphidis, and its insecticidal efficiency evaluation.

3. To investigate the mode of action of AgNPs and its toxicity pathways within
the mosquito larvae body.
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Chapter 2. Review of literature

2.1 Nanotechnology and its pesticidal efficiency

Nanoscience is an arising and influential discipline of science which have
attainable various novel and cost effective yields and applications. Recently,
nanotechnology research has been interesting more in medicinal industries, public
health sector and pest management (Beyene et al. 2017). Sustainable nanotechnology
Is promising solutions for the challenges in different health sectors such as medicine
and public health sectors. The nanostructure materials are the basic issue for all
applications of nanoscience, it is widely accepted in the background of nanotechnology
to focus on the units of size, rather than of any other unit of scientific measurement
(Husen and Siddigi 2014). Nanomaterials are unigque substances which falling less than
100 nm, although a few sources reported less than 1 pm. it’s generally in between the
microscopic and mesoscopic. They have absolute physicochemical properties such as
magnetic property, catalytic property, optical property, insecticidal property and
antimicrobial property at the Nano-level, which gives consequences of superior
property in chemical activity, catalytic behavior and biological activity, compared to
larger particles of the similar chemical composition (EI-Nour et al. 2010). The superior
bioavailability of nanomaterials may ensure the greater utilization by the body tissues,
and individual cells, compared to the larger units. Nanomaterials with 300 nm size, can
be used up by individual cells while nanomaterials below 70 nm can use up by the cells'
nuclei, where they can lead detrimental effects (Nasrollahzadeh 2014). Although the
approach of the nanotechnology is wide range applied in many fields such as medicinal
products and pharmaceutics, human health appliances, industrial fields, biomedical
fields, engineering, electronics, and environmental studies, it’s less extent application

in pest management and vector control (Hamzeh and Sunahara 2013). The classic pest
6



AP
CHAPTER 2

management and vector control strategies have mainly focused on using a variety of

synthetic chemical insecticides including carbamates, pyrethroids, organophosphates,
and insect growth regulators as well as microbial insecticides mainly an endotoxin
from Bacillus thuringiensis var. israelensis (Benelli 2015). Furthermore, removal or
reduction of indoor and outdoor mosquito breeding sites and even on large-scale
breeding sites, as well as personal mosquito repellents were employed. However, the
extensive usage of synthetic insecticides, against mosquito adults and its aquatic stages,
has led to occurrence of detrimental effects on the environment and human health, in
addition to resistance development of targeted mosquito vectors (Nagqgash et al. 2016).
Pictorial comparison between the conventional pesticides and nanopesticides are
represented in (Figure 1). Thus, novel eco-friendly and safer strategies to manage
mosquito vectors are urgently needed. To overcome the above mentioned problems,
researchers began to develop environmentally benign methods based on the
employment of natural products which are generally considered an eco-friendly

resources for synthesis of nanobiomaterials as pesticides.
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Bulk Pesticide

Increase resistance in insects

Insoluble in water

More persistence

Higher toxicity to non target
species

Figure. 1- Pictorial representation of comparative study between the conventional
pesticides and nanopesticides (Mishra et al. 2017).

The biologically-mediated synthesis method of NPs is beneficial over physical and
chemical routes, since it is cost-effective, single-step, and does not require high
temperature, pressure, energy, and also does not use high toxic chemicals (Kumar et al.
2015). Recently, a novel and rapid biological synthesis of metal NPs has been
accomplished using considerable number of plants and plant-borne compounds as
shown in (Figure 2), as well as large number of bacteria, fungi and viruses (Narayanan
and Sakthivel 2010, Rajan et al. 2015).
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Figure. 2- Annual publications showcasing the green synthesis of metal
nanoparticles (Peralta-Videa et al. 2016).

Silver (Ag) element is in one set with Cupper and Gold transition metals. The Ag
characterized with high thermal and electrical conductivity, it’s soft and lustrous
transition element. The medical properties of silver have been experiencing for over
2000 years. It has been used for medical and therapeutic purposes before recognized
the microbial infections. In the recent years, the green- synthesized AgNPs reported to
have strong antimicrobial and mosquitocidal efficiency (Rawani et al. 2013, Fouad et
al. 2017b). The majority studies of the green mediated AgNPs which focused on
mosquito larvicidal and pupicidal toxicity were calculated an extremely low LCsg
(Rawani et al. 2013, Fouad et al. 2017a, Ga'al et al. 2017a, Ga’al et al. 2017b).
Therefore green-fabricated AgNPs contributes an ideal approach for mosquito vector

control and pest management strategy.
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2.2 Synthesis methods of AgNPs

We highlighted in this section, a brief overview on physical, chemical, and
biological synthesis of AgNPs. Generally two approaches of metallic NPs synthesis
are top-down and bottom-up including, physical, chemical, and biological means.
Usual synthesis and most production of AgNPs uses physical and chemical means. For
example, the top-down method involves grinding of bulk metals and the stabilization
of the formed metallic nanoparticles using colloidal protecting agents. In addintion to,
electrochemical methods, decomposition and reduction of metals, as bottom-up
method approach (Beyene et al. 2017). Commonly used chemical and physical
methods in nanomaterial fabrication and produced NPs’sizes are illustrated in (Figure
3).

Physical methods
Photolithography
Laser beam processing

Mechanical techniques
(grinding & polishing)

< Top down strategy |

0.1 nm 1nm 10 nm 100 nm 1pm 10 pm 100 pm 1 mm

| Bottom up strategy >

Wet chemical methods
Organic synthesis

Self assembly
Colloidal aggregation

Figure. 3- Common chemical and physical methods for synthesis of nanomaterials
(Manikam et al. 2011).
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2.2.1 Physical methods of AgNPs synthesis

Evaporation-condensation is an important physical approach which could be done
using a tube furnace at atmospheric pressure. The material source within a boat in a
center at the furnace is vaporized into a carrier gas. Nanoparticles of Ag have
previously been produced using the evaporation/condensation technique (Kruis et al.
2000). Several demerits have been encountered using a tube furnace for the producing
of AgNPs, including that tube furnace consumes a lot of energy while the
environmental temperature increases around the source material, call for high
concentration, takes a large space, and requires a long time to achieve thermal stability
(Tarasenko et al. 2006).

Laser ablation of metallic bulk materials is also another approach of physical
methods which used for synthesis of AgNPs in solution. The ablation efficiency and
the characteristics of the synthesized AgNPs are strongly depend upon many factors
such as the wavelength of the laser exposing on the metallic target, the laser fluence,
the ablation time term, the time extent of the laser pulses and the potency of liquid
medium, with or without employment of surfactants (EI-Nour et al. 2010). The
synthesis of AgNPs by laser ablation is terminated using surfactant coating solution.
Thus the AgNPs synthesized in a solution of high surfactant concentration are smaller
than those synthesized in a solution of low surfactant concentration (Kawasaki and
Nishimura 2006). The advantages of laser ablation can be pointed out the formation of
metal colloids in the absence of chemical reagents in solutions. Therefore, pure and
clean metallic colloids can be produced by this method, which will be beneficial for

further applications (Iravani et al. 2014).
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2.2.2 Chemical methods of AgNPs synthesis

Chemical reduction method is the most applied approaches for the fabrication of
stable AgNPs using water or organic reducing agents. Frequently used reducing agents
includes sodium citrate, borohydride, polyol process, ascorbate, N,N-
dimethylformamide (DMF) elemental hydrogen, Ascorbic acid, poly ethylene glycol,
ammonium formate and hydrazine. Silver ions (Ag+) reduction in aqueous media
commonly produces a colloidal AgNPs. First, the reduction of different complexes of
silver ions ends to the formation of silver atoms and is followed by aggregation into
oligomeric clusters. These clusters ultimately lead to the production of colloidal
AgNPs (EI-Nour et al. 2010). Early studies reported that employ of a strong reducing
agents such as sodium borohydride, formed in small and monodispersed particles,
while the formation of larger particles was not easy to control. Whereas the use of a
weak reducing agents such as citrate, showed slower reduction rate, but the distribution
of particles size was difficult to control (Shirtcliffe et al. 1999). The employment of
protective agents is very important to stabilize dispersive nanoparticles through the
metal nanoparticle preparation process. The protective agents can be bind on or
absorbed onto the surface of the nanoparticles, avoiding their aggregation and allowing
to dissolve in several solvents. For example, Oliveira and his collagenous (Oliveira et
al. 2005), used dodecanethiol as capping agent for preparation of colloidal AgNPs
based on Brust procedure. The frequently used stabilizing polymers are poly (ethylene
glycol) (PEG), poly (vinylpyrolidone) (PVP), polymethylmethacrylate (PMMA) and
poly (methacrylic acid) (PMAA).

The microemulsion procedure which contain two-phase agueous organic systems
Is another approach in which can be prepared colloidal AgNPs. The synthesis of

AgNPs by this method is based on the spatial separation of metal precursor and
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reducing agent in two separate phases. The interaction rate between the reactants (metal

precursor phase and the reducing agent phase) is controlled by the moderator phase
between the two reactant liquids. The metal agglomeration synthesized at the
moderator phase are capped, due to the stabilizer molecules coated the surface of the
synthesized metal NPs which occurring in the nonpolar agueous medium and moved
to the organic aqueous medium by the inter phase carrier (Krutyakov et al. 2008).
However, several drawbacks of this method have been reported including the
employment of highly toxic and harmful organic solvents. Also it’s expensive to
synthesize AgNPs by this method, because of using large amounts of organic liquids

and surfactants in the system (EI-Nour et al. 2010).

Furthermore, UV-catalyzed photoreduction is a simple and effective approach to
produce AgNPs and AuNPs in the presence of PVP, PAA, citrate, and collagen. For
instance, Huang and his colleague fabricated AgNPs through photoreduction of silver
nitrate (AgNOs) in layered inorganic suspensions (laponite) which serves as capping
agent that prevent NPs from aggregation (Huang and Yang 2008). The source of the
UV and the irradiation period are factors effecting on the distribution, size and stability
of fabricated AgNPs. Although, the physical and chemical methods are more popular for
NP production, but not cost-effective and also the employment of high toxic

compounds limit their applications.

2.2.3 Green-synthesis method of AgNPs

Recently, biosynthetic approaches of AgNPs using biological systems such as
bacteria, fungi, yeast, invertebrates and plant extracts as a reducing and stabilizing
agents have been employed. Thus the green synthesis method could be an alternative
approach to chemical and physical methods for the synthesis of AgNP in an eco-

friendly manner. This technique has revolutionized in the last several decades because
13



AP
CHAPTER 2

of its simplicity, nontoxicity, availability of wide range of plants extracts and its

metabolites as well as other vast reserves of microorganisms and invertebrates. The

reducing and capping agents of AgNPs are widely distributed in the living systems.

2.2.3.1 Plant synthesis of AgNPs

A large number of plant types range from algae to angiosperms have used to
fabricate AgNPs. Almost all plant parts including stem, bark, leaves and roots have
been used for AgNPs synthesis (Srikar et al. 2016). The traditional medicinally
important plants including Azadirachta indica (Tripathi et al. 2009), Tinospora
cordifolia (Anuj and Ishnava 2013), Boerhaavia diffusa (Kumar et al. 2014), Aloe vera
(Chandran et al. 2006), Catharanthus roseus (Mukunthan et al. 2011), Ocimum
tenuiflorum (Patil et al. 2012), Cocos nucifera (Roopan et al. 2013), Terminalia
chebula (Edison and Sethuraman 2012), and Emblica officinalis (Ankamwar et al.
2005), have been synthesized colloidal AgNPs. Also common plant spices such as
Cinnamon zeylanicum (Sathishkumar et al. 2009), Piper nigrum (Shukla et al. 2010)
were used for the fabrication of AgNPs. Essential oils producing plants such as Coleus
aromaticus (Vilas et al. 2016b), Nigella sativa (Manju et al. 2016) and Myristica
fragrans (Vilas et al. 2014) also reported to facilitate synthesis of AgNPs. Plant
metabolites including proteins (Elumalai et al. 2014), hormones (Ga'al et al. 2017a),
and chlorophyll (Shankar et al. 2003), extracted from the plant parts were also found
to be acting as reducing and stabilizing agents for fabricated AgNPs. The frequently
common procedure for AgNPs synthesis using plant parts usually involves: collection
of the interested plant parts, followed by the washing thoroughly two or three times
with tap water to remove attached biotic substances, more cleaning with double
distilled water are implemented and then shade-dried. The dried plant parts are

powdered using electric or domestic blenders. For the preparation of the plant broth, a
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desired amount of the plant powder is boiled with double distilled water, followed by

filtration using Whitman filter paper number 1, until homogeneous solution is resulted.
For the synthesis of AgNPs, several milliliters of the plant extracts are added into the
determined amounts of AgNQOs3 solution and it consequently leads to the reduction of
Ag* to Ag® which can be initially confirmed by measuring the UV-visible spectra of

the solution at regular intervals (Govindarajan et al. 2016a).

2.2.3.2 Microbial synthesis of AgNPs

The use of microorganisms as possible nano-factories for the synthesis of NPs
such as silver or gold has recently attracted a lot of researcher’s interest. This is because
the growing need to develop an eco-friendly process for NPs synthesis which does not
use detrimental chemicals. Microorganisms play a major role in the remediation of
deleterious metal ions into the elemental metal atoms through the reduction process,
using enzymes which are produced by the cell activities (Shankar et al. 2016). Bacteria
are considered the most abundant microorganisms on the Earth. A large number of
bacterial species have been used in nanotechnology as an alternative method for the
synthesis of AgNPs. For instance, the genera, Bacillus is widely used for the synthesis
of AgNPs, including Bacillus megaterium (Banu and Balasubramanian 2015), Bacillus
amyloliquefaciens, Bacillus subtilis (Fouad et al. 2017b), Bacillus licheniformis,
Bacillus marisflavi, Bacillus flexus and Bacillus brevis (Saravanan et al. 2018),
Bacillus cereus (Babu and Gunasekaran 2013) Also other bacterial strains such as
Pseudomonas aeruginosa (Kumar and Mamidyala 2011), Pseudomonas veronii (Baker
et al. 2015), Klebsiella pneumoniae, Escherichia coli, Pseudomonas jessinii (MUler et
al. 2016) and Streptomyces griseoplanus (Vijayabharathi et al. 2018) were similarly
found to be suitable for the green fabrication of AgNPs. These Studies have shown that

different bacterial species are able to reduce Ag metal ions into the Ag metal atoms in
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both intra- and extracellularly. Independently of the bacterial strains employed as a

reducing and stabilizing agents, the majority of the resulting fabricated AgNPs have
shown polydispersity. Different conditions of incubation assays such as temperature
and pH changes, metal precursor concentration and incubation time have resulted in
dramatic variances in the size, shape and number of synthesized particles (Quester et
al. 2013). Fungi also considered an important biological sources for the fabrication of
AgNPs. This is because it produces a large amount of intracellular and extracellular
enzymes which capable to synthesis mono-dispersed AgNPs with well-defined
properties. Thus, a wide range of fungal species have been used to synthesize AgNPs.
For instance, Shareef J. U. et al, used Penicillium sps fungus for the extracellular
synthesis of AgNPs (Shareef et al. 2017). Also Ma Liang. et al, studied the Penicillium
aculeatum fungus efficiency for extracellular biosynthesis of AgNPs (Ma et al. 2017).
Other researchers studied an extracellular biosynthesis of AgNPs using the Rhizopus
stolonifera fungus (AbdelRahim et al. 2017). Several earlier studies have also
described the capability of fungi for the fabrication of AgNPs using various fungal
strains including Fusarium oxysporum (Ahmad et al. 2003), Aspergillus fumigatus
Fresenius (Prabhu et al. 2009), Phanerochaete chrysosporium (Vigneshwaran et al.
2006), Aspergillus flavus (Vigneshwaran et al. 2007), Aspergillus niger (Gade et al.
2008), Fusarium semitectum (Basavaraja et al. 2008), Volvariella volvacea (Philip
2009), Cladosporium cladosporioides (Balaji et al. 2009), Phoma glomerata (Birla et
al. 2009) and Trichoderma viride (Fayaz et al. 2010). Fungi are considered an excellent
biological source for the synthesis of AgNPs, when compared to bacteria, this is
because fungi secretes high amount of metabolites which capable to synthesize a large
amount of AgNPs. Other benefits for using fungi as green reducing and stabilizing

agents can be concluded that fungi have a high intracellular metal uptake capacities,
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also fungi secrete specific enzymes such as reductase which facilitates the biosynthesis

of metal nanoparticles such as AgNPs. In addition to that, fungi grow easily over the
Inorganic substrate surfaces which leads to the metal being distributed as a catalyst, as
well as it can be easily cultivated on a large scale by solid substrate fermentation in
which large amount of biomass will produced for processing (Hulkoti and Taranath
2014).

Notably, the employment of algae as bio-factory in NPs synthesis has also become
one of the prominent fields of research. A wide number of algal species have been
utilized for the synthesis of AgNPs as reducing and capping agents. For instance,
Neveen Abdel-Raouf and his colleagues employed the Padina pavonia (brown algae)
for fabrication of AgNPs (Abdel-Raouf et al. 2018). Other researchers used Jania
rubens and Sargassum dentifolium aqueous extracts as a reducing and capping agents
for the synthesis of AgNPs (Saber et al. 2017). In addition to, earlier studies reported
that polysaccharide extracted from red algae Gracilaria birdiae served as potential bio-
fabrication agent of AgNPs (de Aragao et al. 2016). However, the algae are well-known
for their richness of lipids, proteins, certain vitamins and minerals, also they contain
several bioactive molecules such as polysaccharides, and polyphones which can serve

effectively as both reducing and capping agents of AgNPs (Hulkoti and Taranath 2014).
2.3 Characterization techniques of AgNPs

Characterization of nanoparticles is key to optimize and control nanoparticles
synthesis and its applications. A number of spectroscopic and microscopic techniques
are employed to characterize synthesized AgNPs, including UV-vis spectra, FT-IR
spectra, TEM microscopy, AFM microscopy, SEM microscopy and XRD patterns. The
UV-vis (spectrophotometer) serves as primary technique for initially conformation of

the synthesized AgNPs by monitoring the presence of absorption peaks. The vast
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majority of studies on AgNPs have recorded the spectra of the UV-vis system within

the range 200800 nm at duration intervals, to confirm the formation of AgNPs. The
UV-vis is used to confirm sample formation by showing the surface plasmon resonance
(SPR) bands (Ga'al et al. 2017a). Moreover the morphology, particle size and shape
characteristics of the AgNPs are determined by microscopic equipments such as SEM,
AFM and high resolution TEM. In addition to spectroscopic techniques which can
determine the crystallinity property (XRD), particles size distribution (DLS) and the
types of active functional groups (FT-IR) are also applied for the characterization of
AgNPs (EI-Nour et al. 2010).

2.4 AgNPs Applications

Recently, AgNPs have gained remarkable interest for using in a wide range of
fields such as textile coatings, electronics, catalysis, optics, medicine, biotechnology,
water treatment, food storage and a number of environmental applications. The AgNPs
showed potential inhibitory activity against microbial pathogens, which leads to use
widely as antimicrobial agents in a number of products. For example, AgNPs are used
in recovery of wounds and ulcers, mainly as dressings and creams forms, they are also
employed to coat medical equipments such as surgical masks and dentures (Roy et al.
2013). According to the textile industry, sterile hospital clothes possessing AgNPs as
antimicrobial agents are employed to prevent or minimize infection with pathogenic
bacteria such as S. aureus (Duran et al. 2007). The antimicrobial efficiency of AgNPs
is probably due to their unique properties like large surface area, which enhance
interaction with the microorganisms. They bind to the cell membrane, and then easily
penetrate inside the cell thereby interacting with biomolecules and cell organelles
which results in interfering the important biological processes of cells. Depending upon
their unique chemical properties, intracellularly released AgNPs interact with

18



g
CHAPTER 2

antioxidant molecules by their thiol groups such as thioredoxin, superoxide dismutase

(SOD) and glutathione (GSH), leading to high oxidative stress, increasing lipid
peroxidation, and following apoptotic cell death. The released AgNPs may also
translocate to the different organelles, such as the nucleus and mitochondria, and
thereby interact with membrane molecules which leads to detrimental effects including
DNA damage, genotoxicity, inflammation, mitochondrial dysfunction, altered cell
morphology, and subsequently cell death by necrosis or apoptosis (Zhang et al. 2014a).
A summary of AgNPs penetration and the cytotoxicity effects is presented in (Figure
4),
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Figure. 4- A summary of AgNPs penetration and the cytotoxicity effects (Zhang
et al. 2014a).
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2.5 Aedes albopictus Mosquitoes

2.5.1 Scientific classification

Kingdom Animalia
phylum Arthropoda
Class Insect
Order Diptera
Family Culicidae
Genus Aedes
Species Albopictus

2.5.2 Lifespan and characteristics

This mosquito has also common names such as Asian tiger mosquito or forest day
mosquito, the entire aquatic or immature cycle (i.e., from egg to adult) can occur in a
short time around 7-9 days, and the lifespan for adult mosquitoes is around three weeks.
It’s characterized by its special black and white stripes in the dorsal and banded legs,
adult length range from 2 to 10 mm. The body size variation in the adult mosquitoes
results in to the food supply and larval population density within the breeding sites.
Generally the medium body size of adult mosquitoes is smaller than 10 mm, this
because the seldom optimal of circumstances in the breeding areas (Costanzo et al.
2015). Males are smaller than females almost around 20%, but morphologically are
similar to each other. Furthermore, as in all mosquito species, the male’s antennae are
noticeably bushier in comparison to the females and possesses auditory receptors for
detection of the female. The males’ maxillary palps are also longer than their

proboscises Whereas the females’ maxillary palps are much shorter. Moreover, the hind

20



AP
CHAPTER 2

legs tarsus of the males are more silvery than females. However, no other

morphological characteristics for differentiation between sexes. However, the surest
and easiest way to distinguish Asian tiger mosquito from other Aedes speices is a
silvery-white line of tight scales starts between the eyes and continues down to the

dorsal side of the thorax (Farjana and Tuno 2013).

2.5.3 Ecology and feeding behavior

The Ae. albopictus mosquito originated from the tropical and subtropical areas of
Southeast Asia; however, in the recent decades, this species has spread in many
countries in the world by the transportation of goods and growing international travel
(Kamgang et al. 2012). They often rest in dark indoor places like bathrooms and under
beds. They are mostly active within the daylight hours for feeding indoors, it’s also
prefers biting from dawn to dusk. They can bite rapidly which allows it to fly and
escape most swat attempts by people. The females of this species also feeds on the
birds and other mammals besides humans. During the blood meal mostly is cut-off
short without ingestion enough blood for the development of their eggs. Therefore, the
tiger mosquitoes bite different hosts over the development period of the egg, which
makes them an efficient vector for disease transmitting (Farjana and Tuno 2013). In
contrast, the male of the tiger mosquito primarily feeds on nectar. The females of Ae.
albopictus lays their eggs near to the surface of water, like a stagnant pools. The eggs
hatch to larvae when covered it by the raining water. However, all open containers or
receptacles holding water will adequate for larval growth, even if they contain a little
bit of water. The running water also considered suffice breeding sites for larval
development. Their flight is short range (around 200m) so breeding areas are probably

near to where this mosquito is available (Kamgang et al. 2012).
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2.5.4 Ae. albopictus mosquito importance

Recently, this mosquito gained great medical importance in many countries
including china, because it closely related to human and animal health, it is flies and
feeds typically in the daytime as well as at dusk and dawn. During feeding on blood
meal it can transmits several human viruses like chikungunya and dengue viruses, in
addition to pathogenic nematodes such as Dirofilaria (Nochtiella) in tropical and non-
tropical regions, contributing to the global spread of vector borne diseases. Therefore
it’s highly important to grow up our knowledge about this mosquito such as exploring
suitable control techniques against them, determination of its role in disease
transmitting, insecticide resistance and its ecological relevance to develop better

control strategy and integrated pest management (Ga’al et al. 2017).
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Chapter 3. Synthesis, characterization and efficacy of silver

nanoparticles against Aedes albopictus larvae and pupae
Abstract

Silver nanoparticles have been studied in a wide range of medical and
entomological research works due to their eco-friendly aspects. In our study salicylic
acid (SA) and its derivative, 3,5-dinitrosalicylic acid (DNS), were used in a one-step
synthesis of silver nanoparticles. First, UV-vis absorption spectroscopy was used to
detect the formation of silver nanoparticles. Second, the synthesized nanoparticles
were characterized using scanning electron microscope, transmission electron
microscope; energy-dispersive spectroscopy, X-ray diffraction analysis and Fourier
transform infrared spectroscopy. I, I, Il and IV Instar larvae and pupae of Ae.
albopictus were exposed to various concentrations of SA, DNS and synthesized AgNPs
for 24h to evaluate the larvicidal and pupicidal effect. In larvicidal bioassay of SA,
moderate mortality was observed at 180 ppm against Ae. albopictus with LCs, values
of 83.14, 108.01, 135.40 and 141.12 ppm for instar larvae I, Il, Il and 1V, respectively.
Synthesized AgNPs showed highest mortality rate at 12 ppm and the LCs, values of
SAAgNPs were 1.16 ppm (1), 1.35 ppm (I1), 1.74 ppm (I11), 1.94 ppm (IV) and 1.36
ppm (pupae). Whereas LCs, values of DNSAgNPs were 1.23 ppm (1), 1.49 ppm (11),
1.78 ppm (I11) 2.21 ppm (IV) and 1.39 ppm (pupae). Moreover, the investigations
toward the systemic effect of the tested substances on the fourth instar larvae of Ae.
albopictus was evaluated and the levels of total proteins, esterases, acetylcholine
esterase, and phosphatase enzymes were found to be significantly decreased as
compared with the control. These results highlight that SA-AgNPs and DNS-AgNPs
are potential tools to control larval populations of mosquito.
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3.1 Introduction

Mosquitoes (Diptera: Culicidae) are crucial threat for millions of people and
animals worldwide, since they act as vectors for devastating pathogens and parasites
of various diseases such as malaria, avian malaria, yellow fever, dengue, Japanese
encephalitis, Zika virus, Rift Valley fever, Western equine encephalomyelitis,
bancroftian and brugian filariae, canine heart-worm disease (Dirofilaria immitis), and
setariosis (Setaria spp.) (Benelli and Mehlhorn 2016, Zahran et al. 2017). Due to its
ecological and physiological plasticity, the Asian tiger mosquito Aedes albopictus
(Skuse) (Diptera, Culicidae), is currently known as the most invasive mosquito in the
world, extending its range via shipments of lucky bamboo, moist plants and water
containers, and most commonly, the international trade of used tires (Benedict et al.
2007, Bedini et al. 2016). Dengue is the most important mosquito-borne viral disease,
with approximately half of the world’s population living in dengue-endemic countries,
and it is rapidly spreading, the primary vector of dengue is the Ae. aegypti mosquito,
while the Ae. albopictus can also sustain dengue virus transmission in humans (WHO
2016). Current control of mosquito vectors of medical and veterinary importance is
mainly based on the use of synthetic insecticides, such as organophosphates and
pyrethroids against mosquitoes, microbial control agents, indoor residual spraying
such as pyrethroids, organochlorine and carbamates, as well as insecticide-treated bed

nets are also employed (Liu et al. 2012, Benelli 2015).

The use of synthetic chemical insecticides to control mosquitoes has produced

populations with resistance, and can cause undesired effects on beneficial non-target
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organisms (Devine and Furlong 2007). Moreover, these chemicals have negative

effects on human health and the environment (Nagqgash et al. 2016).

Recently, vector control using plant secondary metabolites is arising as a good
alternative because of their eco-friendly properties and high biodegradability (Benelli
2015). Phenolic substances, including simple phenols and phenolic acids, are a major
class of phytochemicals that have already demonstrated significant antimicrobial
properties (Simoes et al. 2009). Salicylic acid (SA) is a phenolic compound (Figure 5a,
b) widely distributed in many plants, especially white willow, meadowsweet and
wintergreen. Also, it is a valuable plant hormone that mediates host responses against
microbial pathogens (Kumar 2014). It is well known that SA participates in regulating
defenses in plants and is predominantly associated with resistance against biotrophic
and hemibiotrophic pathogens (Tayeh et al. 2013). Moreover SA has been used to
reduce fever and prevent heart attack (Gupta et al. 2013) and it is also a key ingredient
in many skin-care products for the treatment of acne, psoriasis, calluses, corns,
keratosis pilaris and warts (Mueller et al. 2012). The biocidal potential of SA and its
derivatives were earlier elucidated, SA showed the nematicidal effect against larvae of
Meloidogyne sp. (Abd-alla et al. 2013). Salicylate can inhibit the growth of the corn
earworm Helicoverpa zea (Li et al. 2002), as well as the growth of the moth larvae
Operophtera brumata (Ruuhola et al. 2001). The use of plant-borne products for the
green synthesis of nanoparticles is a low-cost, single-step, and eco-friendly (Huang et
al. 2007).
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Figure. 5 Chemical structure of (a) salicylic acid, (b) 3, 5-dinitrosalicylic acid.

Nanotechnology has revolutionized a wide range of research fields, including
medical and entomological research (Murugan et al. 2016). Biologically synthesized
metal nanoparticles showed high effectiveness against mosquito vectors (Suresh et al.
2015). Fungi, bacteria, and plants are commonly used to biologically synthesize
nanomaterials (Thakkar et al. 2010, Dar et al. 2013). In the current study, the larvicidal
and pupicidal activity of plant-borne chemicals, SA and its derivative DNS as well as
salicylic acid-silver nanoparticles (SAAgNPs) and 3,5-dinitrosalicylic acid-silver
nanoparticles (DNSAgNPs) were tested for acute toxicity against Ae. albopictus. UV—
Vis spectrophotometry, Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and energy-dispersive spectroscopy (EDS) were used to

characterize the synthesized AgNPs.

3.2 Materials and methods

3.2.1 Chemicals and reagents
Salicylic acid, 3,5-dinitrosalicylic acid, acetylcholine iodide, 5,5-dithiobis-2-nitro
benzoic acid, fast blue salt, a-and p-naphthyl acetate, folin-Ciocalteau reagent were

obtained from Sigma-Aldrich Chemicals (St Louis, MO, USA), B-nitrophenyl
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phosphate was obtained from Bitech (Shanghai, China), and all other chemicals, and

reagents used were of the highest analytical grade purchased from local companies.

3.2.2 Insects rearing

The eggs of Ae. albopictus obtained from mosquito colonies were reared in the
laboratory of Urban Entomology, Institute of Insect Sciences, Zhejiang University.
They were allowed to hatch out under the controlled laboratory conditions at room
temperature (RT: 26 2°C, and 70-85% relative humidity, RH) with a naturally
prevailing photoperiod of 14:10 h (Light/Dark). The larvae were maintained in
dechlorinated tap water and were fed with finely ground rat food. The different

developmental stages of mosquito larvae and pupae were used for the bioassays.

3.2.3 Preparation of test materials

The SA acid and DNS stock solutions of 1000 ppm were prepared by adding 0.1g
of SA or DNS in 100 ml distilled water in glass beakers, and kept in room temperature
for further use. For bioassay experiment, graded concentrations (60, 100, 140 and 180
ppm) were prepared through mixing of stock solutions with variable amount of distilled

water.

3.2.4 Synthesis of silver nanoparticles

Silver nanoparticles (AgNPs) were synthesized using a phenolic acid reduction
method. SA and DNS were utilized as both a reducing and stabilizing agents. In a
typical synthesis, SA (4mM) and DNS (2mM) solutions were separately prepared in
18 ml double distilled water. The pH value of the solutions was adjusted to 10.5 using
0.1 M of sodium hydroxide solution, and was dropped slowly into 2 mM (100ml) silver
nitrate solution. The reaction mixtures were subsequently heated to 100°C in boiling
water bath for about two hours until the color turned from colorless to brownish red
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color for SA and from light green yellow to yellowish red color for DNS. In order to

remove the unreacted reductants and the excess silver nitrate ions, AgNP suspensions
were centrifuged at 15,000 rpm for 12 min. The supernatant liquid was discarded and
the pellet obtained was redispersed in deionized water. The centrifugation process was
repeated three times to wash off any absorbed substances on the surface of the silver

nanoparticles, and finally stored at 4 <C for future use.

3.2.5 Characterization of AgNPs

The synthesized nanoparticles were primarily characterized by UV-vis
spectroscopy UV-2550 spectra (Shimadzu, Japan) at a resolution of 1 nm in the range
of 200-700 nm. Furthermore, the reaction mixture was subjected to centrifugation at
15,000 rpm for 20 min, and the resulting pellet was dissolved in de-ionized water and
filtered through a Millipore filter (0.45 um), and freeze-dried. An aliquot of this filtrate
containing silver nanoparticles was used for scanning electron microscopy (SEM),
transmission electron microscopy (TEM), energy-dispersive spectroscopy (EDS), X-
ray diffraction (XRD) and Fourier transform infrared (FTIR). The FT-IR analysis was
accomplished with the aliquot of reduced silver nanoparticles and recorded under
identical conditions in the range of 500-4000 cm™ region at a resolution of 4 cm™
using Fourier transform infrared spectrometer (Vector 22, Bruker, Germany). The
quality and formation of compounds were tested using Siemens X-ray diffractometer
(XRD) analysis. Where, XRD pattern was measured by drop coated film of dried
powder of silver nanoparticles onto glass slides. The operation conditions were at a
voltage of 45 keV and a current of 20 mA with Cu-Ka radiation as an X-ray source in
the range of 2080 at the 2h angle. Further, the morphology of the synthesized AgNPs
was investigated by SEM using TM-1000 (Hitachi, Japan). Thin film of the sample
was prepared on a carbon coated copper grid by simply dropping a very small amount
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of the sample on the grid. The instrument was equipped with an EDS to confirm the

presence of silver metal.

The film on the SEM grid was then allowed to dry by putting the grid under a
mercury lamp for 5 min. The structural characterization of AgNPs was carried out by
TEM (JEM-1230, JEOL, Akishima, Japan). The extra sample was removed from
carbon-coated copper grid using the cone of a blotting paper and sample was placed on
the carbon-coated copper grid to make a thin film of the sample and then it was kept in

a grid box sequentially.

3.2.6 Larvicidal and pupicidal bioassays

The larvicidal and pupicidal activity was assessed as per procedure by WHO with
some modifications (WHO 1996). Twenty-five Ae. albopictus I, I1, 111, IV larvae instar
and pupae were separately introduced in a 250ml beaker containing 100 ml of
dechlorinated tap water and exposed for 24 h to dosages of 60, 100, 140 and 180 ppm
(SA or DNS) and 1, 4, 8 and 12 ppm (SAAgNP or DNSAgNP). A 0.5mg larval food
was provided for each test concentration. Each concentration was replicated four times
against all instars and pupae. Control mosquitoes were exposed for 24 h to the
corresponding concentration of silver nitrate solution or dechlorinated water.

Percentage mortality was calculated as follows:

number of dead individuals

]xl{]{]

Percentage mortality = [ —
g ! number of treated individuals

3.2.7 Mode of action of AgNPs on vector mosquito
3.2.7.1 Preparation of whole body homogenates
The treated and control fourth instar larvae were washed with double distilled

water and the adhering water was completely removed from the body surface by
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blotting with tissue paper. The larvae (50 individuals) were pooled and homogenized

in Eppendorf tubes (held in crushed ice) using a Teflon hand homogenizer in 1 ml of
0.9% saline for eventual estimation of total proteins, acetylcholinesterase, esterases
and phosphatases activity. The whole body homogenates were centrifuged (9000g; 4°C)
for 20 min and the clear supernatants were used for the biochemical analysis. Solution
for homogenization and glassware were all kept at 4°C prior to use, and the

homogenates were held on ice until used for various assays.

3.2.7.2 Determination of protein concentration
The proteins in the larval homogenates were first precipitated by 80% ethanol
(Subhashini and Ravindranath 1980), and the protein concentration was estimated by

the method of Lowery (Lowry et al. 1951).

3.2.7.3 Acetylcholinesterase assays

With minor modifications acetylcholinesterase activity in the whole body
homogenates of larvae was spectrophotometrically measured using acetylcholine
iodide as a substrate (Ikezawa and Taguchi 1981). Each aliquot of homogenate (200uL)
was mixed successively with 200uL of sodium phosphate buffer (100 mM, pH 7.5),
50uL of 10 MM DTNB and 50uL of 12.5 mM acetylcholine iodide. After incubation
for 5 min at RT, the optical density of the sample was read at 400 nm against suitable

reagent blank.

3.2.7.4 Esterase assay

Carboxyl esterase activity in the larval homogenates was measured by the method
of Van Asperen (Asparen 1962) with minor modifications. Briefly, 200ul of control
and test larval homogenate were mixed with 2ml of the alpha and beta naphthyl acetate
solution, reaction was stand for 30 min at room temperature. After incubation, 500ul

of the fast blue SDS reagent was added (22.5 mg fast blue salt in 2.25 ml distilled water
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and 5% w/v SDS in 0.2M phosphate buffer) (pH 7.2) and color was allowed to

develop for 15 min at RT. The optical density of the sample was measured at 588 nm

in the spectrophotometer against the respective reagent blank.

3.2.7.5 Phosphatase assay

The levels of acid and alkaline phosphatases in the larval homogenates were
measured by the method of Asakura with minor modifications (Asakura 1978). The
acid phosphatase activity was estimated by mixing 100ul of larval homogenate with
400ul of 50 mM sodium acetate buffer (pH 4.0) and 500ul of 15 mM B-nitrophenyl
phosphate. For the estimation of alkaline phosphatase activity, 100ul of homogenate
was mixed with 400ul of 50 mM Tris—HCI buffer (pH 8.0) and 500ul of 15 mM p-
nitrophenyl phosphate. After incubation for 15 min at 37°C in water bath, the
enzymatic reaction was stopped by adding 100ul of 0.5N NaOH solution and
centrifuged (4000g; 5 min). The absorbency of the resulting clear supernatant from

each sample was read at 440 nm against the appropriate reagent blank.

3.2.8 Statistical analysis

SPSS software package 16.0 version was used for all analyses. Data from
larvicidal and pupicidal experiments were analyzed by probit analysis, calculating LCs
and LCq (Finney 1971). The difference in the levels of various biochemical parameters
between control and experimental larvae was tested for statistical significance using
mean difference Student’s t-test (SPSS software). Chi-square values
were calculated using the SPSS software package 16.0 version (SPSS Inc., Chicago,
IL). The acceptance level of statistical significance was p < 0.05 in all instances.
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3.3 Results and discussion

3.3.1 Characterization of silver nanoparticles

The silver nanoparticles (AgNPs) were synthesized via reduction of silver nitrate
using the SA and DNS. This was a one-step silver nitrate reduction process in which
the SA and DNS acted as both the reducing and stabilizing agents. The formation of
AgNPs was visually confirmed by the change of reaction mixture colors (figure 6 a, b).
When the alkaline solution containing the SA or DNS were mixed with AgNO;
solution under high temperature condition, the reaction mixtures turned from colorless
to brownish red color for SA and from light green yellow color to yellowish red color
for DNS within 2 hours in boiling water bath. This may due to the excitation of surface
Plasmon vibrations of the synthesized AgNPs (Govindarajan and Benelli 2016). In the
present study, the de-protonated hydroxyl and carboxylic groups from the SA and DNS
made it a stronger complex agent for silver ions in the presence of an alkaline additive
(NaOH). The silver ions subsequently oxidized the hydroxyl groups into carbonyl
groups in the reduction reaction as the silver ions were simultaneously reduced into the
AgNPs. Different studies have recently reported that an alkaline medium is a
precondition for synthesis of AgNPs using active reducing components from the bio-
sources (Guo et al. 2015).
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b4 T ' ] d I o I " 1
200 300 400 500 600 700
nm.

Figure. 6 Preparation process of AgNPs, and UV-vis spectrum. a- (1) aqueous
solution containing dinitrosalicylic acid, (2) alkaline solution containing
dinitrosalicylic acid, (3) nanoparticles solution. b- (1) aqueous solution containing
salicylic acid, (2) alkaline solution containing salicylic acid, (3) nanoparticles solution.
c- UV-Vis adsorption spectrum of AgNPs. The maximum absorption peaks of DNS-
AgNP and SA-AgNP were 390 and 430 nm respectively after 150 min from the
reaction.

The UV-vis absorption spectra from the reaction solutions in the present
investigation were monitored in the 200-700 nm range (Figure 6c). The absorption
peak was observed at 430 nm for SAAg-NP, due the excitation of the surface plasmon
resonance (SPR) to the fabricated AgNPs (Mahyoub et al. 2016). Whereas the
wavelength from the maximum absorption peak of DNSAg-NP was more intense at
390 nm, indicating the formation of AgNPs with small size (Suman et al. 2013a). The
absorption spectra of spherical nanoparticles showed single SPR peak, while the
anisotropic particles could give two or more SPR peaks depending on the shape of the
particles. In the present study, symmetry of the nanoparticle was responsible for the
number of SPR peaks, and the two synthesized AgNPs showed a single SPR peak
revealing spherical shape of AgNPs (Solairaj and Rameshthangam 2016).
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Further the SEM analysis of our fabricated AgNPs was performed in order to
investigate the morphology and size distribution of AgNPs (Figure 7a). SEM of SAAg-
NP and DNSAg-NP showed spherical and cubic structures with a size range of 30 — 60
nm and 35 — 60 nm respectively, which was in agreement with the shape of SPR band
in the UV Vis spectrum (AlQahtani et al. 2016).

The EDS pattern of SAAgNPs and DNSAgNPs were shown in (Figure 7b). The
strong peaks of silver element was observed at 3 KeV, which indicates that the silver
is the major constituent in AgNPs, thus confirming the successful preparation of
AgNPs (Suresh et al. 2017).

(A)

(8)

Figure. 7 (a) SEM images of synthesized AgNPs using Salicylic acid (SA) and
Dinitrosalicylic acid (DNS). (b) EDX patterns of synthesized AgNPs.
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The detailed characterization by transmission electron microscopy (TEM) analysis

revealed that the synthesized SAAQ-NP (Figure 8a) were quite uniform and had more
spherical shape with the average particle size of 35nm. The TEM of DNSAg-NP
(Figure 8a) showed that the AgNPs were spherical in shape and has the average particle
size of 37 nm. It was also observed that the synthesized AgNPs were bound with thin
layer of molecule that might be SA or DNS coating molecules, which act as stabilizing
agent, therefore, the particles were poly dispersed without direct contact and stable for

long period of time (Govindarajan et al. 2016b).

XRD analysis showed intense peaks at 2 theta values of 38.27, 46.27 64.64, and
77.66 which corresponds the (111), (200), (220), and (311), lattice planes of face-
centered cubic structure of silver, respectively (Figure 8b). The sharpening of the peaks
clearly indicates that the particles were in the nano-regions (Velayutham and
Ramanibai 2016). Thus, XRD highlighted that AgNPs formed by the reduction of
AgNO; with SA and DNS were crystalline in nature (Vimala et al. 2015).
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Figure. 8 (a) TEM images of synthesized AgNPs using Salicylic acid (SA) and
dinitrosalicylic acid (DNS). (b) XRD patterns of synthesized silver nanoparticles by
SA and DNS.

FTIR analysis of the SAAgNP and DNSAgNP was carried out to verify the types
of chemical bonds which may be responsible for synthesis and stabilization of AgNP
in the mixture. The typical spectra of AgQNPs using SA were shown in (Figure 9). The
absorption bands due to vibration of chemical molecules at 3412, 1644, 1394, 1057,
and 523 cm™ were recorded in the spectrum of wave number between 4,000 and 500
cmL. The very strong broad absorption peak at 3412 cm™ (O—H stretch and bending);
strong and sharp peak at 1644 cm™ (carboxylic acid) in the SAAgNPs indicate the role
of SA in the reduction and capping of Ag* to Ag. The presence of peak at 1394 cm™
could be ascribed to aromatic ring stretching vibrations of the SA while the peak at
1057 cm ™t assigned to C-O stretching mode in the SAAgNPs. These functional groups
might be the responsible for the AgNP synthesis process (Govindarajan et al. 2016a).
The IR spectrum of synthesized AgNPs by DNS was shown in (Fig 5.) The spectrum
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shows transmittance peaks at 3283, 1651, 1448, 1380, and 552 cm™*. The strong broad

absorption peak at 3283 cm™ represents the presence of hydroxyl group (O—H stretch
and bending) (Fouad et al. 2017b).
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Figure. 9 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of silver

nanoparticles synthesized using Salicylic acid (SA) and Dinitrosalicylic acid
(DNS).

The sharp absorption peak close to 1651 cm™ might be linked with (C=0)
stretching vibration in the carbonyl groups of DNS (Suresh et al. 2017). The
comparison between the two kinds of AgNPs synthesized by SA and DNS shows that
there were slight changes in all recorded bands of IR spectrum for the synthesized
AgNPs, with the possible reason of the different functional groups of SA and DNS.

Our findings are in agreement with AgNP synthesized using Clerodendrum chinense
(Govindarajan et al. 2016c).
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3.3.2 Larvicidal and pupicidal effect of SA, DNS and AgNPs

In laboratory conditions, 24h exposure of SA was toxic against larval instars (I
IV) of Ae. albopictus. The LCs values of SA were 83 ppm (1), 108 ppm (11), 135 ppm
(111) and 141 ppm (IV) (table 1). A dose-dependent effect was found which in

agreement with a number of previously reported plant-borne pesticides (Govindarajan
and Benelli 2016, Kovendan et al. 2016, Pavela et al. 2016). The mosquitocidal
potential of SA has been scarcely investigated. To the best of our knowledge, (Mondal
et al. 2014) reported the mosquito larvicidal effect of SA whereas LCsy at 107.12
against (I11) instar larvae of Cx. quinquefasciatus was recorded after 24h of exposure.
On the other hand, the activity of SA in defense response against various pathogenic
infections in the plants has been well documented in literature. Singh and his
colleagues reported that salicylic acid activated a cascade of events resulting in the
inhibition of viral replication and their cell-to-cell and long distance transmission in
plants (Singh et al. 2004). In addition, SA was capable of inhibiting completely the
fungal germination (da Rocha Neto et al. 2016). Furthermore SA is an effective
molecule for the control of postharvest gray mold of grape fruit (Qin et al. 2015). Also,
different formulations of SA in emulsifiable concentrate and wettable granules
decreased the egg masses and the growth of Root-Knot nematodes Meloidogyne Spp
(Hagag et al. 2016). On the other hand, our experiment reported that SA is not toxic
against Ae. albopictus pupae even at higher dosages, also all tested concentrations of

DNS against Ae. albopictus larvae and pupae were did not cause mortality (table 1).

Table 1. Larval and pupal toxicity of salicylic acid and dinitrosalicylic acid against
dengue vector Ae. albopictus.
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95% confidence limit

i i 2 (4=
L Cso (LCs0) ppm Regression equation X (d=3)

treatments  Stage  LCso (LCogo) ppm

LCL UCL p-value

| 86 (306) 72(233)  98(501)  Y=-4.37+2.33x  3.70 0.16
I 108 (467) 92 (314) 125(1047) Y=-4.00+2.00x  1.16 0.56
SA 1 135 (564) 118 (365) 164 (1371) Y=-4.20+2.00x  0.14 0.93

\Y% 141 (606) 122 (383) 174 (1579) Y=-4.20+2.00x  1.49 0.48

pupa -
DNS -

LCso = Lethal concentration that kills 50%. LCgo = Lethal concentration that kills
90%. LCL = lower confidence limit. UCL = upper confidence limit. 2 = Chi-square
value. df = degrees of freedom. - = No mortality.

Notably the AgNP synthesized by SA and DNS were highly toxic against Ae.
albopictus larvae and pupae, the LCs values of SA-AgNPs were 1.2 ppm (1), 1.4 ppm
(1), 1.7 ppm (111), 1.9 ppm (IV) and 1.4 ppm (pupae), whereas LCs values of DNS-
AgNPs were 1.2 ppm (1), 1.5 ppm (11), 1.8 ppm (111) 2.2 ppm (IV) and 1.4 ppm (pupae),
(Table 2). To the best of our knowledge, this is the first report about the toxicity of
AgNPs synthesized by using SA and DNS. In the recent years, the green-synthesized
AgNPs showed larvicidal and pupicidal potentials against a number of mosquito
vectors (Benelli 2016b). For instance, AgNPs synthesized using Couroupita
guianensis Aubl (leaf and fruit) extracts were tested against fourth larvae of Aedes
aegypti with LCsy values of 2.1, 2.09 ppm, respectively (Vimala et al. 2015). Another
study by Govindarajan and his colleagues highlighted that the Z. diphylla - synthesized
AgNP were highly effective against An. subpictus, Ae. albopictus and Cx.
tritaeniorhynchus larvae, where LCsy values were 12.53, 13.42 and 14.61 ug/ ml
(Govindarajan et al. 2016a). Later on, K. Kovendan and other researchers reported that
the AgNPs synthesized using Psychotria nilgiriensis were highly toxic against the
Aedes aegypti larvae and pupae; LCso were 20.26 pg/ml (1), 24,08 pg/ml (1), 29.37
ug/ml (1), 35.33 pg/ml (IV) and 43.12 pg/ml (pupae) (Kovendan et al. 2016).
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Table 2. Larval and pupal toxicity of salicylic acid and dinitrosalicylic acid

synthesized silver nanoparticles against dengue vector Ae. albopictus.

5 . —
treatment  stage LCsongr(ligo) gségg?rgjgcgg:;mt Regression equation X2 (df=3)
LCL UCL p-value
I 1.2 (3.7) 0.93 (3.04) 1.40 (4.70) Y=-0.50+4.00x 4.13 0.13
I 1.4 (4.6) 1.09 (3.78) 1.63 (5.80) Y=-0.50+3.00x 5.80 0.06
SA-AgNP 11l 1.8 (5.6) 1.51 (4.66) 2.10 (6.91)  Y=-1.00+3.00x 5.61 0.06
v 2.1(6.9) 1.71 (5.74) 2.40 (8.65) Y=-1.00+3.33x 3.86 0.15
pupa 1.4 (3.8) 1.15 (3.15) 1.60 (4.71) Y=-0.50+3.00x 0.58 0.75
I 1.2(3.1) 1.05 (2.56) 1.44 (3.87) Y=-0.50+3.00x 1.21 0.55
I 1.5(3.4) 1.29 (2.90) 1.71 (4.26) Y=-1.00+5.00x 0.57 0.75
DNS-AgNP  1lI 1.8 (4.2) 1.55 (3.55) 2.04 (5.05) Y=-1.00+5.00x 1.98 0.37
v 2.3 (6.3) 1.94 (5.33) 2.60 (7.62) Y=-1.00+4.17x 5.70 0.06
pupa 1.4 (3.2) 1.19 (2.71) 1.60 (4.04) Y=-1.00+5.00x 0.60 0.75

LCso = Lethal concentration that kills 50%. LCgy = Lethal concentration that kills
90%. LCL = lower confidence limit. UCL = upper confidence limit. y2 = Chi-square
value. df = degrees of freedom.

3.3.3 Inhibitory activity evaluation of SA, DNS, and synthesized AgNPs on the
larval enzymes

The effects of SA, DNS, SAAg-NP and DNSAg-NP on the biochemical
constituents (acetylcholine esterase, alpha and beta carboxyl esterase, acid and alkaline
phosphotase and total protein concentration) of forth instar larvae of Ae. albopictus
were analyzed and the results are showed in (Figurel10). The treated samples with SA
showed decrease activity of acetylcholine esterase compared to the control, where the
acetylcholine esterase activity values of control and SA treated larvae were 0.70 and
0.42 M /min/mg protein, respectively. However, the level of acetylcholine esterase
was reduced drastically after the treatment with SAAg-NP and DNSAg-NP as
compared with the control groups (Figure 10b). AChE involved in the process of
catalyzing the hydrolysis of the neurotransmitter ACh at nerve synapses and

neuromuscular junctions and their activity was inhibited by the toxicity of tested
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compounds. Solairaj and his colleague described the inhibition of acetylcholine

esterase activity by a-chitin nanoparticles (CNP) from the shells of Penaeus monodon
Fabricius, silver nanoparticles (AgNP) and a-chitin/silver nanocomposite after treated
against Ae. Aegypti (Solairaj and Rameshthangam 2016). Later on researchers
illustrated the inhibition of AChE caused by other tested compounds such as
Plumbagin (Pradeepa et al. 2016).

As depicted in (Figure 10c) the exposure of SA inhibited o- carboxyl esterase
activity in the fourth instar larvae of Ae. albopictus, as compared with the control.
Wherein its activity decreased from 0.51 to 0.43 pM a-naphthol /min/mg protein.
Similarly, the exposure of SA was slightly inhibited the - carboxyl esterase activity
from 0.44 to 0.40 M B-naphthol /min/mg protein, (Figure 10d). Besides this, we found
that o- and B- carboxyl esterase activities were highly inhibited by the SAAg-NP to
0.33 and 0.30 M a,B-naphthol /min/mg protein respectively, also the a- and B-
carboxyl esterase activities were highly decreased by the DNSAg-NP to 0.34 and 0.31
M a,B-naphthol /min/mg protein respectively. Esterases are the primary enzymes
involved in development of resistance mechanisms to chemical insecticides by splitting
the carboxylester and phosphodiester bonds. The detoxifying activity of o- and [-
carboxylesterase were used as biomarkers in studies with various mosquito vectors
(Agra-Neto et al. 2014, Pradeepa et al. 2016, Selin-Rani et al. 2016). Our present study
reported that SA, SAAg-NP and DNSAg-NP were able to highly reduce the activity of
a- and B- carboxylesterase and the level of detoxifying enzymes are down regulated
significantly in the development of Ae. albopictus larvae. Similar results were found
by Koodalingam et al (Koodalingam et al. 2011, Koodalingam et al. 2012) after
exposure of the larvae of Ae. aegypti to Vectobar and aqueous soapnut kernel extract

which decreased the activities of a- and - carboxyl esterase. Further (Edwin et al.
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2016) reported in studies of andrographolide from Andrographis paniculata plant

against larvae of Ae. aegypti which inhibited the level of a- and - carboxyl esterase

activities.
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Figure. 10 Impact of SA, DNS, SAAgNP, and DNSAgNP on the enzyme
activities and total proteins. (a) total protein concentration, (b) Acetylcholine esterase,
(c) a-caboxylesterase, (d) p-carboxylesterase, (e) acid phosphatase and (f) alkaline
phosphatase enzyme. Each bar represents mean =SE of three replicates using different
preparations of larval homogenates.

As shown in (Figure 10 e,f) the exposure of fourth instar larvae of Ae. albopictus
to SA, SAAQ-NP and DNSAg-NP resulted in reduction of the level of acid and alkaline
phosphatase activities when compared with the control. In the acid phosphatase assay
the level of acid phosphatase activity decreased from the value of control 0.32 to values
of SA, SAAgQ-NP and DNSAg-NP 0.28, and 0.21 M p-nitrophenol /min/mg protein
respectively. Whereas in the alkaline phosphatase assay the SA, SAAg-NP and
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DNSAQ-NP treated fourth instar larvae showed values of 0.16, 0.13 and 0.14 M p-

nitrophenol /min/mg protein respectively compared with the control value 0.19 M p-

nitrophenol /min/mg protein. Acid and alkaline phosphatase plays an important role in
the hydrolytic cleavage of phosphoric acid esters and they regulated the acid—alkaline
balance (Walter and Schutt 1974). Also, these enzymes are important for many
remarkable physiological processes such as metabolism and cellular signaling
processes (Nathan et al. 2007). The exposure of larvae to SA revealed moderate
inhibition in the level of acid and alkaline phosphotase activity, while the exposure of
SAAgQ-NP and DNSAg-NP to the larvae showed the highest inhibition level of these
enzymes. Similar results were found in mosquito larvae exposed to a-chitin
nanoparticles (CNP) from the shells of Penaeus monodon Fabricius, silver
nanoparticles (AgNP) and a-chitin/silver nanocomposite  (Solairaj and
Rameshthangam 2016). However, the exposure of vectobar to the mosquito larvae
showed a decrease in the level of alkaline phosphatase activity, but not acid
phosphatase activity whereas it increased the level of acid phosphatase activity
(Koodalingam et al. 2012). Furthermore, the exposure of plant secondary metabolites
inhibited in the level of acid and alkaline phosphatases in the larvae of Cnaphalocrocis
medinalis (Nathan et al. 2007). In the present study, the steady decreasing impact of
SA, SAAgQ-NP and DNSAg-NP on the acid and alkaline phosphatase activities might
lead the deterioration of various biochemical functions such as metabolism, transfer of
energy by ATP, tissue differentiation and growth of the vector mosquito (Koodalingam
et al. 2012).

The total protein concentration of larval homogenate exposed to SA, SAAg-NP,
DNS and DNSAg-NP were analyzed and compared to the untreated larval homogenate

(Figure 10a). The exposure of the larvae to SA was found to be decreasing the total
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protein level from the control value of 0.185 to 0.165 mg protein/ml of homogenate,

while the exposure of the larvae to SAAg-NP and DNSAg-NP were found to be highly
declined and showed value of 0.11 and 0.12 mg protein/mL, respectively. A number
of several studies have examined the impact of a various larvicidal products on the
protein level in target insect pests. The total protein level of larvae and pupae exposed
to kernel extract from the soapnut, Sapindus emarginatus was found to be affected
(Koodalingam et al. 2011). Similar results were reported in the protein levels of Ae.
aegypti larvae upon exposure to CNP, AgNP and CNP/AgNP nanocomposite and Bti
based product vectobar (Koodalingam et al. 2012, Solairaj and Rameshthangam 2016).
In the current study, we observed that the total protein levels reduced upon exposure
of SA, SAAg-NP and DNSAg-NP and this might be due to the direct toxic effect on

the protein synthetic pathways of the mosquito larvae.
3.4 Conclusion

In conclusion, salicylic acid and its derivative 3, 5- dinitrosalicylic acid was used
cost-effectively in one-step synthesis of silver nanoparticles as a reducing and capping
agents. The dengue vector mosquito was highly susceptible to the fabricated AgNPs as
compared with the SA, whereas DNS did not promote mortality. Furthermore, the
study of enzymes activity involved in the detoxification processes was significantly
affected by the synthesized AgNPs, more than that of SA. Thus, the synthesized AgNPs
may be employed as an eco-friendly insecticide and at low dosages to reduce mosquito

vectors.
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Chapter 4. Larvicidal and pupicidal evaluation of silver

nanoparticles synthesized using Aquilaria sinensis and Pogostemon
cablin essential oils against dengue and zika viruses vector Aedes

albopictus mosquito and it’s histopathological analysis.

Abstract

Mosquitoes pose a threat to humans and animals, causing millions of deaths every
year. Vector control by effective eco-friendly pesticides of natural origin is a serious
issue which requires urgent attention. The employment of green reducing extracts for
nanoparticles biosynthesis in a rapid and single step process represents a promising
strategy. In this study, silver nanoparticles (AgNPs) were biofabricated using an
essential oil of Aquilaria sinensis (AsEO) and Pogostemonis herba essential oil of
Pogostemon cablin (PcEO) in one step and cost effectively manner. UV-vis
spectrophotometry, Fourier transform infrared spectroscopy, scanning electron
microscopy, transmission electron microscopy, X-ray diffraction analysis and energy-
dispersive X-ray spectroscopy were used to confirm for formation and biophysical
characterization of Ag nanoparticles. The larvicidal and pupicidal toxicity of AsEO,
PcEO, and biosynthesized AgNPs were evaluated against larvae and pupae of the
dengue and zika virus vector Aedes albopictus. Compared to the tested essential oils
the biofabricated AgNPs showed the highest toxicity against larvae and pupae of Ae.
albopictus. In particular, the LCsy values of ASEO ranged from 44.23 (1) to 165.83
(pupae), LCso values of PCEO ranged from 32.49 (I) to 90.05 (IV), LCsy values of
AsSEO-AgNPs from 0.81 (1) to 1.12 (IV) and LCso values of PCEO-AgNPs from 0.85
(I) to 1.19 (IV). Furthermore, histological analysis of the midgut cells of the control
and treated larvae exhibited that the epithelial cells and brush border were highly
affected by the fabricated AgNPs compared to the essential oils (ASEO and PcEO).
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Overall, the A. sinensis and P. cablin essential oils fabricated AgNPs have a potential

to be used as a biopesticide for mosquito control through safer and cost effective

approach.

Keywords: Ae. albopictus; essential oil; Aquilaria sinensis; pogostemon cablin;

Zika virus; histological analysis.
4.1 Introduction

Mosquitoes (Diptera: Culicidae) are the primary vectors of several serious diseases
that affect both animals and humans (Govindarajan et al. 2017). They play the
important role in transmission of parasites and pathogens of high public health
concerns including malaria, dengue, filariasis, yellow fever, Japanese encephalitis,
West Nile, and Zika virus (Benelli 2016a, Benelli et al. 2016). Aedes albopictus
mosquito is considered to be one of the world’s fastest-spreading invasive animal
species and it originates from the forests of tropical regions of south-east Asia (Cunze
et al. 2016). This mosquito has recently invaded many countries, spreading rapidly to
Europe, North and South America, the Caribbean, Africa, and the Middle East (Kumar
et al. 2016). The Ae. albopictus mosquito is known to have transmitted a number of
serious diseases including dengue fever, yellow fever, West Nile fever and Rift Valley
fever, Japanese encephalitis (Buhagiar 2009) as well as Zika virus fever (Ngoagouni et
al. 2017).

Mosquito control is a critical element in the prevention the outbreaks of mosquito-
borne diseases. The application of synthetic insecticides such as organophosphates and
pyrethroids and insect growth regulators such as diflubenzuron and methoprene are
currently major tools for mosquito control (Govindarajan et al. 2016b). However, these
options have created many health and environmental issues, such as expanding

resistance, disturbance of the ecosystem's natural control mechanisms, and non-target
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organism toxicity, and impact on aquatic species (Govindarajan et al. 2017). In order

to deal with these challenges, effective and eco-friendly control methods for mosquito

vectors are urgently required.

In the recent years, nanoparticles have emerged as potential pesticides and
currently both plants and microbes are being used to fabricate metal nanoparticles
(Kumar et al. 2016, Suresh et al. 2017). The synthesis of nanoparticles using plant
extracts is rapid, low cost, eco-friendly, and a single step method for biosynthesis
process (Govindarajan et al. 2016a). Essential oils (EOs) are the aromatic oily liquids
present in the secretary cavities and glandular hair cells of the plant parts (Vilas et al.
2016b). These oily extracts of plants are becoming increasingly popular as natural
products to be used for a variety of purposes including complementary medicine and
natural therapeutics, insect repellents, antimicrobial agents and food preservation
(Manju et al. 2016). The plant genus of Aquilaria (Thymelaeceae) is comprised of
approximately 15 species distributed across the rain forests of Southeast Asia (Dahham
et al. 2016). Aquilaria sinensis, the main plant resource in China for agarwood, is
chiefly distributed in South China, and is widely cultivated in Hainan and Guangzhou
provinces, with the planting area estimated to be covering more than 700 acres (Chen
et al. 2011). The agarwood plays a role in Traditional Chinese Medicine (TCM) and a
large amount of it is also being consumed by distillation to obtain an essential oil
(Zhang et al. 2014b). On the other hand Pogostemonis herba is the aerial part of dried
Pogostemon cablin (Blanco) Benth (Pogostemon, Lamiaceae) and it also plays a vital
role in TCM for the treatment of various problems such as to remove dampness, relieve
sunstroke, stop vomiting and increase appetite (Zhang et al. 2016). Patchouli oil is the
essential oil of pogostemonis herba, and it has been widely used by traditional Chinese
physicians to treat a wide array of medical conditions such as common cold, nausea,
diarrhea, headache and fever since time memorial. Pogostone is the major chemical
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constituent of Pogostemonis Herba and it has largely been responsible for the intensive

aromatic odor of the essential oil of this herb (Chen et al. 2015).

In the present work, the larvicidal and pupicidal activity of agarwood essential oil
of Aquilaria sinensis (AsEo) and Pogostemonis herba essential oil of Pogostemon
cablin (PcEo) as well as silver nanopartilces (AgNPs) synthesized by both of the
essential oils have been tested for acute toxicity against Aedes albopictus mosquito
larvae. UV- Vis spectrophotometry, Fourier transform infrared (FTIR) spectroscopy,
X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and energy-dispersive X-ray (EDX) spectroscopy have confirmed
the rapid and cheap biosynthesis of AgNP.

4.2 Material and methods

4.2.1 Essential oils and chemicals

The agarwood essential oil of Aquilaria sinensis (AsEo) and Pogostemonis herba
essential oil of Pogostemon cablin (PcEo) were purchased from Jiangxi Medicinal Oil
Refinery Factory, South China. The silver nitrate (AgNO3) was purchased from Sigma
Aldrich (USA). All other chemicals and reagents used were of the highest analytical

grade purchased from local agencies.

4.2.2 Insects rearing

The eggs of Ae. albopictus obtained from mosquito colonies reared in the
laboratory of Urban Entomology, Institute of Insect Sciences, Zhejiang University
were allowed to hatch out under the controlled laboratory conditions at room
temperature (RT: 26+ 2C , and 70-85% relative humidity RH) with a naturally

prevailing photoperiod of 14:10 h (Light/Dark). The larvae were maintained in
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dechlorinated tap water and were fed with finely ground rat food. The different

developmental stages of mosquito larvae and pupae were used for the bioassays.

4.2.3 Synthesis of silver nanoparticles

In the present study, the silver nanoparticles (AgNPs) were synthesized using
essential oil reduction method. The Aquilaria sinensis essential oil (AsEO) and
Pogostemon cablin essential oil (PCEO) were utilized as both reducing and stabilizing
agents. In a typical synthesis, the (0.01g) of each of AsEO and PcEO in 1ml of DMSO
were separately diluted with 10ml of dechlorinated water. The pH value of the solutions
was adjusted to 7 using 0.1 M of sodium hydroxide solution, and was dropped slowly
into a boiling 100ml of 2 mM silver nitrate solution. The formation of AgNPs is
indicated by the colour change from colourless to light yellow and further to the dark

red.

4.2.4 Characterization of AgNPs

The synthesized nanoparticles were primarily characterized by UV-vis
spectroscopy UV-2550 spectra (Shimadzu, Japan) at a resolution of 1 nm in the range
of 200-800 nm. Furthermore, the reaction mixture was subjected to centrifugation at
15,000 rpm for 20 min, and the resulting pellet was dissolved in de-ionized water and
filtered through a Millipore filter (0.45um), and freeze-dried. An aliquot of this filtrate
containing silver nanoparticles was used for scanning electron microscopy (SEM),
transmission electron microscopy (TEM), energy-dispersive spectroscopy (EDS), X-
ray diffraction (XRD) and Fourier transform infrared (FTIR). The FT-IR analysis was
accomplished with the aliquot of reduced silver nanoparticles and recorded under
identical conditions in the range of 500—-4000 cm_1 region at a resolution of 4 cm_1
using Fourier transform infrared spectrometer (Vector 22, Bruker, Germany). The

quality and formation of compounds were tested using Siemens X-ray diffractometer
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(XRD) analysis. Where, XRD pattern was measured by drop coated film of dried

powder of silver nanoparticles onto glass slides. The operation conditions were at a
voltage of 45 keV and a current of 20 mA with Cu-Ka radiation as an X-ray source in
the range of 2080 at the 2h angle. Further, the morphology of the synthesized AgNPs
was investigated by Scanning Electron Microscopic (SEM) using TM-1000 (Hitachi,
Japan). Thin film of the sample was prepared on a carbon coated copper grid by simply
dropping a very small amount of the sample on the grid. The instrument was equipped
with an energy dispersive X-ray spectrum (EDX) to confirm the presence of silver

metal.

The film on the SEM grid was then allowed to dry by putting the grid under a
mercury lamp for 5 min. The structural characterization of AgNPs was carried out by
Transmission Electron Microscopy (TEM) (JEM-1230, JEOL, Akishima, Japan). The
extra sample was removed from carbon-coated copper grid using the cone of a blotting
paper and sample was placed on the carbon-coated copper grid to make a thin film of

the sample and then it was kept in a grid box sequentially.

4.2.5 Larvicidal and pupicidal bioassays

Mosquito larvicidal and pupicidal trials were carried out according to WHO
standard procedures (WHO 1996), with slight modifications. The AsEO and PcEO
were diluted in dimethyl sulfoxide (DMSO) in order to prepare a serial dilution of the
test dosages. For experimental treatment, the desired dose of each essential oil in 1 ml
DMSO was added to 100 ml of distilled water in a 250-ml beaker and mixed gently to
produce a homogeneous test solution (Table 3). Twenty Ae. albopictus larvae (I, 11, I11,
IV) instar and pupae were transferred in water into a bowl of the prepared test solution.
For the experimental treatment of AgNPs, twenty Ae. albopictus larvae (1, I, 111, 1V)

instar and pupae were separately introduced in a 250ml beaker containing 100ml of
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dechlorinated tap water and added desired dosages of synthesized silver nanoparticles

(Table 4). Four duplicate trials were carried out for every sample concentration, and
for each trial, a negative control was included using distilled water containing the same
amount of DMSO as the test sample. Mortality was determined after 24 h of exposure,

during which no food was offered to the larvae.

4.2.6 Histological analysis

Histological analysis of the digestive system was performed using fourth instar
larvae (treated and control). Twenty five fourth-instar larvae were exposed to a LCs
concentration for 24 h. The procedures were performed following the method of
(Kjanijou et al. 2012) with a small modification. Briefly the larvae were fixed in 10%
buffered formaldehyde for 24 h, dehydrated through a graded series of ethanol, and
cleared with xylene solutions. They were embedded in a lock using melted paraffin at
the embedding station. The paraffin blocks were sectioned in 5m thickness using a
rotary microtome and stained with hematoxylin and eosin. The glass slides were
examined for abnormalities using an Olympus BX61 light microscope and

photographed by a Canon EOS 1100D digital camera.

4.2.7 Statistical analysis

The statistical analyses of data from larvicidal and pupicidal experiments were
performed by probit analysis calculating LCs, and LCgqy and following the method by
Finney (Finney 1971) SPSS software package 16.0 version was used. The toxicity data
were subjected to one-way ANOVA with two factors (i.e. the targeted mosquito instar
and the tested dose). Means were separated using Tukey’s HSD test. The acceptance

level of statistical significance was p <0.05 in all instances.
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4.3 Results and discussion

4.3.1 Characterization of silver nanoparticles

The silver nanoparticles (AgNPs) were synthesized via reduction of silver nitrate
using the AsEO and PcEO. This was a one-step silver nitrate reduction process in
which the AsEO and PcEO acted as both the reducing and stabilizing agents. The
formation of AgNPs was visually confirmed by the change of reaction mixture colors
(Figure 11a). When the AsEO and PcEO were separately mixed with AgNOs3 solution
under constant stirring at boiling degree, the color of reactant solutions changed from
the colorless to light yellow color and further red color within one and half hours. Literature
reports similar color changes due to the excitation of surface Plasmon vibrations of the
synthesized AgNPs (Vilas et al. 2016a).

a o
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B PcEO-AgNPs
s ASEO-AgNPs
PcEO PcEO-AgNPs 2
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Figure. 11 Preparation process of AgNPs, and UV-vis spectrum. (a) Color of
reactants before and after the reaction. (b) UV—Vis adsorption spectrum of AgNPs. The
maximum absorption peaks of ASEO-AgNP and PcEO-AgNP were 408 and 430 nm,
respectively after 90 min from the reaction.
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The UV-vis spectroscopy has always been considered as one of the useful

techniques for the preliminary characterization of metal NPs. UV-vis absorption
spectra from the reaction solutions in the present investigation were monitored in the
200-800 nm range (Figure 11b). The maximum absorbance of ASEO-AgNPs was
found at 408 nm due the excitation of the surface plasmon resonance to the fabricated
AgNPs (Ramanibai and Velayutham 2016). Whereas the absorption peak of PCEO-
AgNPs was broader and observed at 430 nm, indicating the formation of AgNPs
(Suman et al. 2013b, Fouad et al. 2017a, Kalimuthu et al. 2017). Similar findings were
recently reported by Shibani Basu and his colleagues (Basu et al. 2016).

Moreover, SEM analysis of our synthesized AgNPs was carried out in order to
investigate the morphology and size distribution of AgNPs (Figure 12a, b). The AsEO-
AgNPs and PcEO-AgNPs are mainly spherically shaped with the average range of
particle size from 15 to 55nm, and 16 to 87nm, respectively And this is a good
resemblance with shape of SPR band observed in the UV-Vis spectra (Manjamadha
and Muthukumar 2016).

The EDX pattern of ASEO-AgNPs and PCEO-AgNPs were shown in (Figure 12c,
d). The presence of strong peaks of silver element around 3 KeV were observed, which
indicates that the Ag is the major element in AgNPs, thus confirming the successful
biosynthesis of AgNPs (Rokade et al.). Similar peak (3 keV) has been reported by other
researchers (Deepak et al. 2016)
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Figure. 12 (a) SEM image of synthesized AgNPs using Aquilaria sinensis
essential oil (AsEO). (b) SEM image of synthesized AgNPs using Pogostemon cablin
essential oil (PcEQO). (C) EDX pattern of synthesized ASEO-AgNPs and (D) EDX
pattern of synthesized PCEO-AgNPs.

Further investigations of the Transmission Electron Microscpoic (TEM) on the
newly fabricated AgNPs using both ASEO and PcEO showed the polydispersity in
nature. (Figure 13a, b) shows the TEM image of AgNPs and it indicates that the
synthesized AgNPs are mainly uniform with spherical shape. The transparent organic
layer coatings around the AgNPs were shown in the TEM image, It was also found that
PcEO mediated AgNPs bound with clearly thin layer of biomolecule coating on their
surface which was due to the phytochemicals that served as a capping agent, therefore,
the particles were poly dispersed without direct contact and stable for long period of

time to prevent agglomeration (Yuan et al. 2017).
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Figure. 13 (a) TEM image of synthesized AgNPs using Aquilaria sinensis
essential oil (AsEO) (b) TEM image of synthesized AgNPs using Pogostemon cablin
essential oil (PcEO). (C) XRD pattern of synthesized silver nanoparticles by AsEO and
(D) XRD pattern of synthesized silver nanoparticles by PcEO.

XRD is a rapid analytical method to identify the crystalline structure, the analysis
of XRD showed intense peaks at 2 theta. (Figure 13c, d) exhibits four well-defined
characteristic peaks at scattering angles (2h) for each of ASEO-AgNPs and PcEO-
AgNPs where the angles (2h) of 38, 44.28, 64.38, 77.36 corresponded to the lattice
planes (111), (200), (220), and (311) in ASsEO-AgNPs and the angles (2h) of 33.28,
38.38, 44.08, 64.44 corresponded to the lattice planes (111), (200), (220), and (311) in
PCcEO-AgNPs. The peak corresponding to the (111) is more intense than the other
planes (Krishna et al. 2016). Thus, XRD highlighted that AgNPs formed by the
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reduction of AgNO;3; with AsEO and PcEO were face-centered cubic (fcc) and

crystalline in nature (Suresh et al. 2017).

FTIR analysis of the ASEO-AgNPs and PCEO-AgNPs was carried out to identify
the molecules which may be responsible for reducing Ag ions and stabilizing AgNPs
in the mixture. The FTIR spectrum of AgNPs prepared using ASEO were shown in

(Figure 14).
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Figure. 14 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of
silver nanoparticles synthesized using Aquilaria sinensis essential oil (AsEQO) and
Pogostemon cablin essential oil (PCEO).

The absorption bands due to vibration of chemical molecules at 3410, 1665, 1392,
1057, and 529 cm™* were recorded in the spectrum of wave number between 4,000 and
500 cm™. The very strong broad absorption peaks at 3410, (O—H stretch and bending) ;
strong and sharp peaks at 1665 cm™ (carboxylic acid) and some variable stretching and

bending peaks were observed for ASEO-AgNPs, which may be from AgNOjs solution,
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the metal precursor involved in the AgNP synthesis process (Gopinath et al. 2017).

Also, IR spectrum of synthesized AgNPs using PCEO was shown in (Figure 4). The
spectrum shows transmittance peaks at 3387, 1654, 1431, 1054, and 543 cm™. The
strong broad absorption peak at 3387 represents the presence of hydroxyl group
(stretch and bending) from polyphenols, proteins, enzymes and/or polysaccharides
(Fouad et al. 2016b). The sharp absorption peak close to 1654 cm™ might be linked
with stretching vibration C=0 of carbonyl group, amide | and nitro groups (Yuan et al.
2017). The peak at 1431 arises from the C-N stretching mode of the Aromatic amine
group (Suman et al. 2013b). Overall, these different functional groups from
biomolecules of both essential oils may responsible for reduction and capping of
AgNPs (Rajaganesh et al. 2016).

4.3.2 Larvicidal and pupicidal activity of AsSEO, PcEO and AgNPs against Ae.
albopictus

In laboratory conditions, the larvicidal activity of aqueous essential oils of ASEO
and PcEO, as well as the synthesized silver nanoparticles were evaluated against larval
stages and pupae of Ae. albopictus mosquito. The 24h exposer of ASsEO and PcEO
were moderately toxic against larval instars (I-1V) and pupae of Ae. albopictus (Figure
15a). The LCs values of AsEO and PcEO ranging from 44.23 to 166 ppm and from
32.49 to 90.05ppm respectively are shown in Table 3. Mortality was proportional to
the tested concentrations and this was in agreement with a number of previously
reported plant-borne extracts (Pavithra Bharathi et al. 2016, Elemike et al. 2017).
Earlier Hye-Mi Park, and his colleagues studied the larvical activity of PCEO and
showed significant effect against Culex pipiens pallens (Park and Park 2012). Also
PcEO showed toxicity and repellency against urban ant’s species (Albuquerque et al.
2013). Our present study reported that the PCEO did not cause any mortality against

pupae of Ae. albopictus (Table 3). As mentioned above, the 24h exposer of ASEO was
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moderately effective against dengue and zika vector mosquito. To the best of our

knowledge, this is the first investigation of mosquitocidal activity of ASEO. Recently,
the mosquitocidal potential of a number of plant essential oils have been reported. For
example Zahran, H.E et al (Zahran et al. 2017) observed pronounced larvicidal activity
of A. monosperma, S. terebinthifolius and O. vulgare oils after 24h of treatment against
fourth instar larvae of Cx. Pipiens.

Table 3. Larval and pupal toxicity of essential oil Aquilaria sinensis (AsEO) and
Pogostemon cablin (PcEO) against Zika vector Ae. albopictus

95% confidence limit

Treatment  Stage Lclfé;rl;]cl:go) L Cso (LCao) ug/ml R:g&;iis(;gn X2 (df=4)

LCL UCL

| 44.23 (397) 33.68 (220) 5489 (1448) Y= 283+L71x 1233

I 54.94 (559) 43.18 (275) 70.95(2884) Y= -246+1.43x  11.96

ASEO I 89.66 (652) 71.91 (329) 129.97 (2812)  Y=-323+1.71x  18.89

v 118.7 (809) 91.09 (385) 106.68 (4086)  Y=-343+1.71x  20.87

Pupa 166 (2258) 108.5 (650) 513.82 (8666) Y= -2.86+1.42x  12.70

| 32.49 (287) 22.14 (172) 40.95(863.9)  Y=-2.63+L71x  11.02

I 47.88 (591) 35.56 (275) 61.78 (3967)  Y=-246+1.43x  10.08

PCEO I 60.03 (517) 48.45 (269) 7734 (2165)  Y=-3.03+171x 1461

IV 90.05 (602) 72.79 (314) 12833 (2351)  Y=-3.80+2.00x  19.16
Pupa n.m. n.m. n.m.

LCso - Lethal concentration that kills 50% of insects; LCqo = Lethal concentration
that kills 90% of insects; LCL = lower confidence limit; UCL = upper confidence limit;
v2 = Chi-square value; df = degrees of freedom; n.m. = No mortality; Significant at p<
0.05 level.

Further Benelli, G. et al. (Benelli et al. 2017d) reported acute toxicity of montana
essential oil and four other plant essential oils on C. quinquefasciatus larvae. Similarly,
it has been reported that EO extracted from the leaves of B. eriantha showed high
toxicity against 3rd instar larvae of Anopheles, Aedes and Culex species, with LCs
ranging from 41.61 to 61.33 pg/ml (Benelli et al. 2017c). The susceptibility of the
Asian tiger mosquito larvae to the Cannabis sativa and Humulus lupulus essential oils
with LCsvalues of 302 and 331ug/l respectively were observed (Bedini et al. 2016).
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Figure. 15 Larvicidal and pupicidal efficacy of (a) Aquilaria sinensis essential oil
(AsEO), Pogostemon cablin essential oil (PcEO) and (b) green synthesized silver
nanoparticles using AsEO and PcEO against I-1V instar larvae and pupae of dengue
and zika vector Aedes albopictus. Mortality was recorded after 24 h of exposure. No
mortality was observed in the control. Different letters above each bar indicate
significant differences among treatments (ANOVA, Tukey’s HSD test, P < 0.05).

Notably the AgNPs synthesized using AsEO and PcEO were highly toxic against
Ae. albopictus larvae and pupae (Figure 15b) with LCso ranging from 0.81 to 1.12 ppm
and from 0.90 to 1.19 ppm respectively (Table 4). In the recent years, the green-
synthesized AgNPs showed comparable larvicidal and pupicidal toxicity against a
number of mosquito vectors (Govindarajan et al. 2016a, Benelli et al. 2017d, Jinu et al.
2017).

For instance the S. maritima-synthesized AgNPs were highly toxic against Ae.
aegypti. LCsoranging from 8 to 17 ppm (Suresh et al. 2017). Another study by Kumar,
P.M. et al (Kumar et al. 2016) reported that AgNPs synthesized from the leaf extract
of B. tinctoria were highly effective against Ae. albopictus young instars, with LCs
ranging from 4.97ppm to 14.87ppm. In addition the M. emarginata leaf extract
fabricated AgNPs revealed high toxicity against A. stephensi, A. aegypti and C.

quinquefasciatus with LCs, values of 8.36, 9.20 and 10.02 pg/mL, respectively
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(Azarudeen et al. 2017). In the present investigation, the larvicidal and pupicidal

activity of both fabricated AgNPs showed highest toxicity and at low concentrations
compared to AsEO and PcEO essential oils against Ae. albopictus mosquito. Vector
control is one of the major tools due to the development of resistance against the usual
insecticides. Therefore, the development of new alternative insecticides is highly
needed and it is of great significance (Bhuvaneswari et al. 2016).

Table 4. Larval and pupal toxicity of Aquilaria sinensis and Pogostemon cablin

essential oil synthesized silver nanoparticles (AsEO-AgNPs and PCEO-AgNPs) against
Zika vector Ae. albopictus.

95% confidence limit

Treatment  stage Lclj’og(/l‘mcl:go) LCso (LCao) ug/ml Regression equation X2 (df=4)
LCL UCL
| 08L(L72)  061(150) 097 (2.10) Y= 0.0+5.0x 19.71
I 083(233)  056(1.95  1.02(3.14)  Y=0.2+2.8x 19.74
ASEO-AgNPs  IIl  1.02(249)  081(217)  119(3.02)  Y=0.1+3.6x 25,03
IV 112(436)  081(436)  1.37(6.48)  Y=-0.2+2.0x 28.46
Pupa 0.00(207)  068(179)  1.06(259)  Y=0.1+4.0x 20.99
| 085(179)  0.65(156)  1.00(2.18)  Y=0.2+5.0x 21.14
Il 091(2.26)  068(192)  108(291)  Y=0.2+4.0x 2256
PCEO-AgNPs Il 1.04(2.85)  0.79(2.36)  1.23(393)  Y=0.1+4.0x 28.23
IV 1.19(343)  095(2.89)  1.39(442)  Y=-0.2+2.6x 32.09
Papa 084 (215  059(1.82)  1.02(278)  Y=0.1+4.0x 19.30

LCso - Lethal concentration that kills 50% of insects; LCqo = Lethal concentration
that kills 90% of insects; LCL = lower confidence limit; UCL = upper confidence limit;
¥2 = Chi-square value; df = degrees of freedom; Significant at p< 0.05 level.

4.3.3 Histological studies
The LCs exposure at 24 h period and control 4™ stage larvae of Ae. albopictus
were used for histological analysis. Our investigations revealed histological structure

alterations in the midgut epithelial cells from treated and control larvae (Figure 16).

Our observations are compatible with the findings of by Kalimuthu, K. et al
(Kalimuthu et al. 2017) which noted that the midgut cells of 4™ stage larvae of Ae.
aegypti showed various degrees of apical swelling into the gut lumen, and reducing
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intercellular contacts, in addition to degeneration of nuclei and brush border after
treatment of rhizome-fabricated AgNPs. In the present study, our data showed that the
midgut area including the epithelial cells and brush border were highly affected by the
fabricated AgNPs compared to the essential oils (ASEO and PcEO). The midgut
epithelium of control larvae exhibited normal cytoplasmic characteristics with regular
microvilli lining (Figure 16a) whereas the essential oils treated larvae revealed

moderate basophilia of the epithelial cells from the midgut (Figure 16b, c).

T,
" e ..

Figure. 16 Longitudinal sections of the midgut of an Aedes albopictus 4™ instar
larvae, magnification: 40 (a, b) control, (c) a larva under treatment with Aquilaria
sinensis essential oil, (d) a larva under treatment with Pogostemon cablin essential oil,
(e) a larva under treatment with ASEO-AgNPs, () a larva under treatment with PCEO-
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AgNPs. Epithelial cells = EP, basement membrane = BM, muscles = M, nucleus = N,
gut lumen = LU,

Similar results were reported by Nunes, F.C. et al (Nunes et al. 2015). Also,
morphological changes in the midgut cells of C. quinquefasciatus have been reported
after exposure of essential oil of Peumus boldus Molina and its ascaridole-enriched
fraction (de Castro et al. 2016). Notably the AgNPs treated larvae were highly affected,
exhibiting severe damage in the midgut epithelial cells and showed cytopathological
variations, such as the destruction of epithelial cells and degradation of nuclei (Figure
16d, e). Our result support earlier reports by Al-Mekhlafi, F.A (Al-Mekhlafi 2017).
Furthermore the B. Sundararajan and his colleague observed histological alterations in
the digestive tract and midgut of 3rd and 4th instar larvae of Ae. aegypti after exposure

of gold nanoparticles (Sundararajan and Kumari 2017).
4.4 Conclusion

In this study, by adopting eco-friendly synthetic route for the fabrication of
nanomaterials, we synthesized Ag nanoparticles using of Aquilaria sinensis essential
oil (AseEO) and Pogostemon cablin essential oil (PcEO) as reducing and
capping/stabilizing agents. Biosynthesized Ag nanoparticles were mostly spherical in
shape, crystalline in nature with face-centred cubic geometry and their mean size
ranged between 15-87 nm. The fabricated Ag nanoparticles showed significant
larvicidal and pupicidal toxicity against Ae.albopictus mosquito even at low doses.
Histological studies confirmed that Ag nanoparticles exert potential damage regarding
the digestive tract and midgut cells of mosquito larvae. Further studies are needed to
clarify the exact mechanism of action of Ag nanoparticles against mosquito vectors
regarding skin impact as well as mineral balances and transportation within the cells
of insect body.
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Chapter 5. Mannosylerythritol lipids mediated biosynthesis of silver

nanoparticles: An eco-friendly and operative approach against

chikungunya vector Aedes albopictus mosquito.

Abstract

Mosquitoes are highly dangerous vectors of pathogens and parasites, which
considered as serious health problems in the increasing world population of humans
and animals. Current vector control strategies mainly rely on the use of synthetic
insecticides which has resulted in resistance and adverse environmental impacts.
Vector control by environmental friendly Insecticides of synthesized natural products
have been a priority in this scope. In this study, larvicidal and pupicidal efficacy of
fabricated silver nanoparticles (AgNPs) employing Mannosylerythritol lipids (MELS)
biosurfactant produced from ustilaginomycetous yeast Pseudozyma aphidis was
evaluated against larvae and pupae of dengue and Chikungunya viruses’ vector Aedes
albopictus mosquito. UV-vis spectrum was initially confirmed the synthesized AgNPs
and further characterized by scanning electron microscopy (SEM), transmission
electron microscopy (TEM), energy-dispersive X-ray (EDX), X-ray diffraction (XRD)
and Fourier transform infrared (FTIR). Larvae and pupae were exposed to graduated
concentrations of MELSs biosurfactant and synthesized AgNPs for 24 h. The maximum
toxicity was revealed in the synthesized AgNPs against larvae and pupae of Ae.
albopictus with LCsg values ranging from 0.14pg/mL (I) to 0.38ug/mL (IV) compared
to the MELSs toxicity which have had LCs values ranging from 45 pug/mL (I) to 100
ug/mL (pupae). Further investigations regarding to the systemic effects exerted by the
tested materials against fourth instar larvae of Ae. albopictus showed an alterations in
the levels of total protein, superoxide dismutase (SOD), peroxidases (POD) and

catalase (CAT) enzymes activity. Moreover, the TEM images of the midgut cells of
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the control and treated larvae explored AgNPs accumulation in the rough endoplasmic

reticulum and other cell organelles such as nucleolus and mitochondria. Overall, this
study suggest that AgNPs could be employed as innovative and operative tool in

mosquito vector control strategies.

Keywords: Ae. albopictus, Mannosylerythritol lipids, glycolipids biosurfactant,
MELs-AgNPs, cell organelles.

5.1 Introduction

Mosquitoes (Diptera: Culicidae) vectors represent one of the major public health
problems in developing countries (Crocker et al. 2017). They are known to be efficient
vectors for transmitting diseases to humans and animals, such as malaria, dengue,
Chikungunya, Japanese encephalitis, lymphatic filariasis, yellow fever and recently
Zika virus (Suman et al. 2016).

The Asian tiger mosquito Aedes albopictus (Skuse 1894) originates from tropical
regions in Southeast Asia and has colonized almost over the world within last three
decades (Oppold et al. 2015). The worldwide spread of Ae. albopictus has caused
significant interest for researchers because these mosquitoes can transmit serious
medically relevant pathogens, and therefore threaten to human and animal health (Krefl3
etal. 2017). The main movement modes of Ae. albopictus are the worldwide trade with
used tyres and ornamental plants such as ‘lucky bamboo’ (Dracaena spec.) (Hofhuis
et al. 2009). Ae. albopictus is one of the most invasive mosquitoes in the world and the
reasons for the successful competition with native mosquito species are the high
invasion potential, the vector capacity and its ecological plasticity (Fischer et al. 2011).
The Asian tiger mosquito is socio-medical concern mosquito due to its aggressive
daytime human-biting behavior and ability to transmit arboviruses, including dengue,
chikungunya and Zika (Sherpa et al. 2017).
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The control of mosquitoes is a potential tool in preventing the outbreaks of

mosquito borne diseases (Ga’al et al. 2017a). Currently, the mosquito control practices
depends primarily on continued applications of synthetic chemical insecticides such as
organophosphates and insect growth regulators such as diflubenzuron and methoprene,
in addition to bacterial larvicides such as Bacillus thuringiensis and Bacillus sphaericus
(Gonzdez et al. 2017). However, the continuous use of synthetic chemical insecticides
has resulted many health and environmental problems, such as expanding resistance,
disturbance of natural biological control systems, and impact on non-target organisms
(Ga’al et al. 2017b). So as to overcome these challenges, there is a crucial need for
alternative tools of effective and eco-friendly control methods for mosquito vectors
(Benelli et al. 2017c).

Nature produces many biologically active products against mosquito vectors in the
form of plant products, marine products, microbial products and other biological

derivatives (Chellappandian et al. 2017).

Biosurfactants are biologically active compounds produced by various groups of
microorganisms such as different bacterial strains, yeast and fungi (Ganez-Grara et al.
2017). They have been used in many fields, including food processing, cleaning
purposes, oil recovery, bioremediation of oil-contaminated sites, and drug

development (Parthipan et al. 2017).

On the other hand nanotechnology is an emerging sector of nanoscale particles
that has gained spectacular growth in recent decades (Gamez-Grara et al. 2017).
Nanomaterials provide solutions to health and environmental challenges including
medicine, public health, cosmetics, water treatment, packaging and biotechnology

(Ptaza et al. 2014). The green synthesis of metal nanoparticles is evolving an important
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aspect of nanotechnology as a simple, eco-friendly and cost-effective substitute for the

synthesis of metal nanoparticles (Das et al. 2016).

In the present study the larvicidal and pupicidal toxicity of biosurfactant
Mannosylerythritol lipids (MELSs) against Asian tiger mosquito Ae. albopictus, and the
possibility of synthesizing silver nanoparticles using MELSs as reducing and stabilizing
agent were studied. The production and properties of the fabricated AgNPs were
verified by UV-vis spectrophotometry, transmission electron microscopy (TEM),
scanning electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy,

X-ray diffraction (XRD) and energy-dispersive X-ray (EDX) spectroscopy techniques.

5.2 Materials and methods

5.2.1 Chemicals and reagents

The crude MELs produced from the ustilaginomycetous yeast Pseudozyma
aphidis ZJUDM34 were kindly provided by the Institute of food science, Zhejiang
University, China, (Fan et al. 2014). Silver nitrate (AgNO3), was purchased from
sigma Aldrich Chemical Corporation, china. SOD, POD, CAT and Bradford protein
assay kits were purchased from Nanjing Jiancheng Bioengineering Institute, china, and
all other chemicals, and reagents used were of the highest analytical grade purchased

from local companies, Milli-Q grade water was used in all the experiments.

5.2.2 Synthesis and characterization of silver nanoparticles

In this study, the silver nanoparticles (AgNPs) were synthesized using
Mannosylerythritol lipids (MELSs) reduction method. The MELs were used as both
reducing and stabilizing agents. Briefly 0.01 g of MELs in 1 ml of acetone were diluted
with 10 ml of dechlorinated water. The pH value of the solution was adjusted to 7 using
0.1 M of sodium hydroxide solution and was dropped slowly into a 100 ml of 2 mM

silver nitrate solution under vigorous string at a room temperature. The bioreduction
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of Ag* to Ag®was indicated by the colour change and initially characterized by UV—

vis. The UV spectra were recorded on a Shimadzu UV-2550 spectrophotometer at a 1
cm optical path quartz cuvette, in the range of 200-800 nm. Furthermore, the
morphology and nanoparticle size was investigated by scanning electron microscope
(SEM) using a Hitachi TM-1000 operated at an accelerating voltage of 10 kV. The
presence of silver metal was also confirmed by the energy dispersive spectroscopy
(EDS) instrument equipped with the SEM. While the structure of synthesized AgNPs
were observed by the TEM using a JEOL - 1230 transmission electron microscope
operated at an accelerating voltage of 300 kV. TEM samples were prepared by
dispersing the powder AgNPs in methanol and sonication the colloidal solution
followed by placing a few drops onto a carbon coated copper grid to make a thin film

of the sample and then it was kept in a grid box sequentially.

Powder-XRD was done using Siemens X-ray diffractometer (XRD) analysis.
The dried AgNPs powder was coated on a glass substrate and the X-ray diffraction
measurement were carried out using Siemens X-ray diffractometer (XRD) analysis,
operating at 45 keV and 20 mA current with Cu-Ka radiation as an Xray source in the
range of 2080 at the 2 h angle.

The functional groups and the bond type present in the fabricated AgNPs which
caused to stabilize were determined with a Fourier transform infrared (FTIR)

spectrometer (Vector 22, Bruker, Germany) in a range of 4000-500 cm'™.

5.2.3 Insects rearing

The eggs of Ae. albopictus obtained from mosquito colonies were reared as
described by Hassan ga’al et al (Ga'al et al. 2017a) in laboratory conditions (RT: 26 +
2 C; 70-85% RH and 14:10 h (light/dark) ). Different developmental stages of Ae.

albopictus larvae and pupae were used for the bioassays.
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5.2.4 Larvicidal and pupicidal bioassays

Larvicidal and pupicidal assays were carried as per procedure by WHO with some
modifications (WHO 1996). Briefly Twenty-five individuals of first, second, third, and
fourth instar larvae and pupae were separately kept in a 250-ml glass beaker containing
100 ml of dechlorinated water and 1 ml of desired concentration (20, 30, 40, 50 and 60
ug/ml) of MELs dissolved in acetone as solvent or (1, 2, 3, 4 and 5 ug/ml) of
MELAgNPs dissolved in water. The control was setup by adding 1 ml of acetone with
100 ml of dechlorinated water or corresponding concentration of AgNOj;. Each
concentration was replicated four times against all instars and pupae. Acute toxicity

was noted after 24 h of exposure to the tested doses.

5.2.5 Preparation of enzyme extraction

The enzyme extraction was prepared with the method described by Ga’al et al
(Ga'al et al. 2017a) briefly, the exposed and control larvae were homogenized in
phosphate buffer (0.1 M, pH 7.2) under ice-cold condition. Then, the homogenates
were centrifuged at 9,000 rpm and 4<C for 20 min and the resulting supernatant was

collected and stored at -80 <C for further enzyme analysis.

5.2.5.1 Protein assay

Sample protein concentrations were estimated by using the method described by
Bradford. Bovine serum albumin was used for the calibration curve. Measurements
were performed at 595 nm using a microplate reader Thermo Scientific Varioskan
Flash.

5.2.5.2 Enzyme activity assays
The antioxidant activity of superoxide dismutase (SOD), peroxidases (POD) and
catalase (CAT) were determined using commercial assay kits (Nanjing Jiancheng,

Nanjing, China) following to the manufacturer’s instructions.
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SOD activity was determined by using xanthine and xanthine oxidase systems at

550 nm and expressed as U/mg protein. One unit of SOD activity was defined as the
amount of enzyme required to cause 50% inhibition of the xanthine and xanthine

oxidase system reaction in 1 ml enzyme extraction of 1 mg protein

POD activity was determined by catalyzing the oxidation in the presence of H,0O,
of a substrate at 420 nm and expressed as U/mg protein. One unit of POD activity was

defined as the amount that catalyses 1 mg substrate per minute per mg protein.

CAT activity was determined by monitoring the absorbance values of H,O, at 405

nm and enzyme activity was expressed as U/mg protein.

5.2.6 Determination of AgNPs content in Ae. albopictus larvae by TEM

The amount of AgNPs accumulation in the body larvae was evaluated by TEM as
descried by (Kovendan et al. 2016). Briefly, fourth instar larvae of Ae. albopictus with
LCso AgNPs treated and control were collected, anaesthetized and fixed in 2.5%
gluteraldehyde in 0.1 M phosphate buffer (pH-7.2) for 24 h at 4C and washed 3-4 times
with PBS each 20-45 min, then post fixed in 2% aqueous Osmium tetroxide for 1-2 h.
They were later washed with deionized distilled water for 4-6 times each 30— 45 min,
dehydrated in series of alcohols infiltrated and embedded spur resin. Samples were
incubated at 80C overnight for complete polymerization. Ultrathin (50—70 nm) sections
were made with a glass knife on ultra-microtome (LEICA EM UC7 ultratome), and
then mounted on copper grids. Microtome sections were stained by uranyl acetate and
alkaline lead citrate for 5 to 10min respectively Samples were subsequently observed
under TEM (Hitachi Model H-7650 TEM. Japan).

5.2.7 Data analysis
LCso and LCy values, as well as 95% CL of Larval and pupal toxicity were

calculated by probit analysis (Finney 1971). Data were analyzed using the SPSS
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Statistical Software Package version 16.0. A probability level of P < 0.05 was used for

the significance of differences between values. One way Analysis of Variance

(ANOVA) and the means were separated using Tukey HSD test.

5.3 Results and discussion

5.3.1 Characterization of AgNPs

The synthesis of AgNPs was indicated by the change of color intensity of MELs
solution before and after adding with AgNO3 solution from pale yellow color to
brownish red color, confirming the reduction of Ag+ to Ag0 (Figurel7a). The brownish
red color could be due to the excitation of surface plasmon resonance (SPR) in the
AgNPs (Govindarajan et al. 2016a, Kovendan et al. 2016). In the current study, the
UV-Vis absorption spectrum of the AgNPs solution was observed at 430 nm indicating
the formation of AgNPs, metal NPs have an SPR in the UV-vis region (Figure17b). This
result evidenced that the AgNPs can be fabricated using MELs glycolipid as both
reducer and stabilizer agent (Farias et al. 2014). In addition to that, the absorption
spectrum of the synthesized AgNPs showed a single SPR peak indicating spherical
shape of AgNPs (Ga'al et al. 2017a).
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Figure. 17 (a) UV—Vis adsorption spectrum of AgNPs. The maximum absorption
peak of MELs-AgNPs were 430 nm, after two hours from the reaction. (b) Color of the
MELSs solution and MELs-AgNPs solution.

Furthermore, the fabricated AgNPs was analyzed by the SEM in order to
investigate the morphology and size distribution of AgNPs (Figure 18a). The SEM
analysis displayed spherical nanoshapes with small sizes of AgNPs, similar results was
reported by Giovanni Benelli et al (Benelli et al. 2017b). However, the EDS analysis
in (Figure 18b) has confirmed the presence of a significant amount of silver element in

our sample (Balaz et al. 2017).
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Figure. 18 (a) SEM images of synthesized AgNPs using Mannosylerythritol lipids
(MELSs) biosurfactant. (b) EDX patterns of synthesized AgNPs.

The TEM investigations of the synthesized AgNPs in (Figure 19a) also explored
more details in the crystallinity shape and average sizes of the Ag NPs (Lee et al. 2018).
XRD analysis of the MELSs synthesized AgNPs in (Figure 19b) has demonstrated four
characteristic peaks at 20 region = 28.4°, 33.2°, 47.4°, and 56.3° which interpret to the
corresponding lattice planes (111), (200), (220), and (311), respectively, these results
affirms the crystalline and face centered cubic (fcc) structure of nanoparticles (Aarthi
et al. 2017).
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Figure. 19 (a) TEM images of synthesized AgNPs using Mannosylerythritol lipids
(MELSs) biosurfactant. (b) XRD patterns of synthesized silver nanoparticles by MELSs.

The FTIR spectrum of the MELs-AgNPs is depicted in (Figure 20). and showed
major peaks at 3337, 2923, 1742, 1562, 1344, 1093, 718 and 534 cm™. These bands
confirmed the presence of different functional groups in the MELs Glycolipid which
capped the AgNPs. The peak at 3337 cm™ may be due to —OH stretching from
polysaccharides (Kiran et al. 2010). The sharp band at 2923 cm probably indicate to
C—H stretching of Alkanes (Aarthi et al. 2017). Also the sharp and strong peak at 1562
cm™ could be denoted by the carbonyl stretching vibration (Benelli et al. 2017a). The
Peaks at 1466 and 1344 cm™ can be assigned to (C-N) and (C—C) stretching vibration
of aromatic and aliphatic amines, while the band at 1093 cm could be assigned to (C—
O) of an alkoxy groups (Ghramh et al. 2018). The peaks at 718 and 534 cm for the
CH_ groups (Kiran et al. 2010).

73



CHAPTER 5

110
100 - MELs-AgNPs

90 +
80

534

70 -
60 -

nce(%)

S50
£ 40 -
=

£30-
-

3337

1742

20 4
10

2923

i 1562
Ll l Ll ' L) l Ll ]’ Ll l L ] Ll '
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber Cm~

Figure. 20 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of
silver nanoparticles synthesized using Mannosylerythritol lipids (MELS) biosurfactant.
5.3.2 Toxicity on Ae. albopictus young instars

The larvicidal and pupicidal activities of the MELSs glycolipid biosurfactant and
the synthesized AgNPs were showed in (Table 5). MELs glycolipid biosurfactant
exhibited moderate toxicity on the larvae and pupae of Ae. albopictus. The LCs, values
of MELs against 1%, 2", 3 4" instar larvae and pupae of Ae. albopictus were 45 ug/ml,
55 ug/ml, 75 ug/ml, 90 ug/ml and 100 ug/ml, respectively. The results showed dose-
dependent toxicity against larvae and pupae treated with MELs glycolipid. The
mosquitocidal potential of MEL glycolipids biosurfactant has been scarcely

investigated. However a few studies reported the use of other glycolipid biosurfactants
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as biocontrol tools of mosquito invasion (Mnif and Ghribi 2016). The larvicidal

efficacy of rhamnolipids biosurfactant produced by P. aeruginosa LBI 2A1 against
Aedes aegypti larvae were reported by Silva et al (Silva et al. 2014). Also G.
Prabakaran et al (Prabakaran et al. 2015), reported the pupicidal potency of di-
rhamnolipids produced by Pseudomonas fluorescens Migula (VCRC B426) against
Culex quinquefasciatus, Anopheles stephensi and Aedes aegypti mosquito vectors.
Table 5. Larval and pupal toxicity of Mannosylerythritol lipids and the

synthesized silver nanoparticles (MELs-AgNPs) against chikungunya vector Ae.
albopictus.

Tested LCso pg/mL LCogo pg/mL Regression _ P-
compound P9 (950 LCL-UCL) (95% LCL-UCL) equation =3 yale
| 45(36.3-65.2) 524(202-13779) Y= -2.22+1.4% 162 065
I 55(44.3-91.1) 552(217-10771) y=232+¢14x 093 082
MELSs I 75(54.2-237) 1095(300-247423)  y= -2.16+1.2x 0.6 0.90
IV 90(61.9-341.6) 1167(319-210395)  y=-2.62+1.4x 037  0.95
oupae  100(67-434.9) 1231(333-213019)  y=-2.72+1.4x 006  0.99
| 0.14(0.04-0.37) 1.16(0.51-1.64) y=1.2+1.71x 052 001
I 0.26(0,05-0.50) 1.69(1.21-2.20) y=1.0+2.00x 390 027
MELs-AgNPs  1Il  0.27(0.05-0.53) 2.29(1.75-3.13) y= 0.5+2.86x 767  0.05
IV 0.38(0.12-0.64) 2.87(2.28-4.02) y= 0.6+2.14x 585 012
pupae  0.28(0.06-0.52) 1.89(1.41-2.46 y= 0.5+2.86x 195 058

LCso = lethal concentration that kills 50% of insects. LCgyy = lethal concentration
that kills 90% of insects. LCL = lower confidence limit. UCL = upper confidence limit.
¥2 = Chi-square value. df = degrees of freedom.

On the other hand, many researchers have been employed glycolipid
biosurfactants for the biosynthesis of AgNPs and stabilization, bearing in mind the
importance of developing eco-friendly and low-cost methods for the synthesis of
AgNPs (Plaza et al. 2014).

The MELs-synthesized AgNPs were highly toxic even at lower concentrations
against Ae. albopictus compare to MELs alone (Table 5). LCs, values were 0.14, 0.26,
0.27, 0.38, and 0.28 ug/ml for the 1%, 2", 3 4" instar larvae and pupae of Ae.

albopictus, respectively. Controls including testing Ag*ions at the same concentrations
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of the tested AgNPs recorded no mortality, in agreement with Marimuthu

Govindarajan (Govindarajan et al. 2016a). Our results indicates that AgQNPs increased
significantly the bioactivity of MEL glycolipids biosurfactant against tested mosquito.
Several previous researches have been demonstrated the larvicidal and pupicidal
efficiency of green-synthesized AgNPs against various mosquito vectors (Pavunraj et
al. 2017, Ghramh et al. 2018, Kovendan et al. 2018). For instance Palanisamy Mahesh
Kumar et al, (Kumar et al. 2016) reported that AgNPs synthesized using the leaf extract
of Berberis tinctoria are highly toxic against larvae and pupae of Ae. albopictus, with
LCso values ranging from 4.97 ppm (I instar) to 14.87 ppm (pupa). Also Hassan et al
(Ga’al etal. 2017) highlighted the low doses of the AgNPs synthesized using Aquilaria
sinensis and Pogostemon cablin essential oils were highly effective against Ae.
albopictus larvae and pupae, with LCsovalues ranging from 0.81 ppm (I instar) to 1.19
ppm (IV instar). We hypothesized that the considerable toxicity effect of MELs-
synthesized AgNPs on Ae. albopictus larvae and pupae can be due to the small size of
AgNPs, which allows penetration across the insect cuticle and incapacitated with

physiological processes such as growth and molting (Kumar et al. 2016).

5.3.3 Effect of MELs glycolipid and MELs-AgNPs on the antioxidant enzymes
of Ae. albopictus larvae

The effects of MELSs glycolipid and MELAg-NPs on the total protein levels and
antioxidant enzymes (CAT, SOD and POD) of forth instar larvae of Ae. albopictus
were evaluated and the results are showed in (Figure 21). In normal conditions, there
Is a balanced regulation between the antioxidant enzyme system and the generation of
reactive oxygen species (ROS) in the insect body (Li et al. 2014). The total protein
content of larval homogenate treated with MELs and MELs-AgNPs were investigated
and compared to the untreated larval homogenate as shown in (Figure 21a). The total

protein concentration of MELs-AgNPs exposed larvae was found to be significantly
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decreased compared to the untreated larvae. Previously, several studies have

investigated the effect of AgNPs on the total protein content in the mosquito vectors.
For instance, Ga’al et al (Ga'al et al. 2017a) were found a decrease in total protein
concentration in the fourth instar larvae of Ae. albopictus mosquito treated with AgNPs.
Similar results were reported in the total protein contents of Ae. aegypti larvae which
exposed to CNP, AgNP and CNP/AgNP nanocomposite (Solairaj and Rameshthangam
2017). In the present study, the depression of total protein levels in the MELs-AgNPs
exposed larvae could be due to the toxic effect of reactive oxygen species (ROS)

generated in the insect body upon exposure of MELs-AgNPs.

Our present report indicate that the treated samples with MELs and MELAg-NPs
showed changes in the activity of CAT, SOD and POD in the larval body, these
changes may be due to the presence of an efficient ROS scavenging system (Yasur and
Rani 2015). As shown in (Figure 21c), CAT activity was significantly increased in
MELs treated samples while it found to be significantly declined in MELAg-NPs
treated samples compared to the control. CAT converts the toxic hydrogen peroxide to
nontoxic molecules of molecular oxygen (O,) and water (Parra Morales et al. 2017).
Thus, the increase of activity in CAT upon treatment of MELs glycolipid could be
happen in order to reduce the hydrogen peroxide toxicity among the larval body
(Muthusamy and Rajakumar 2016). In contrast our study revealed that CAT activity
was significantly decreased at MELAQ-NPs treated samples as compared to control.
The CAT activity decline of MELAQ-NPs treated samples, may be due to the inhibition
of CAT by the excess production and accumulation of ROS which may be caused by
AgNPs (Zhang et al. 2017).
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Figure. 21 effect of MELs and MELs-AgNPs on the antioxidant enzyme activities
and total proteins. (a) Total protein concentration, (b) Superoxide dismutase (SOD), (c)
catalase (CAT), (d) Peroxidases (POD). Each bar represents mean = SE of four
replicates using different preparations of larval homogenates.

The total SOD activity of the larval body which exposed to MELs and MELAg-
NPs treatments had the same tendency as a CAT (Figure 21b), its activity significantly
increased in MELs treated samples while it found to be significantly decreased in
MELAg-NPs treated samples compared to the control. SOD enzyme is considered as
the first enzyme of the detoxification process and catalyzes dismutation of superoxide
anion (Oy") to form hydrogen peroxide (H,O,) which in turn is decomposed by the CAT.
The noticed increase in SOD activity of this study may be due to the instant response
of larvae to MEL glycolipids stress (Sezer and Ozalp 2015). The increase in SOD
activity indicates high survival rate while low SOD activity affirms low survival rate
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(Adamski et al. 2003). The current study also showed significantly decrease in the SOD
activity of MELAQ-NPs treated samples. The toxicity of the MELAg-NPs may be

caused by the unbalance between the ROS and SOD enzyme activity, which might
have resulted in inhibition of SOD activity (Wu et al. 2011).

In the present study, there were no significant differences in POD activity after
exposure to MELs and MELAg-NPs treatments, compared with the control larvae
(Figure 21d). However our results showed that POD activity was slightly decreased in
MELAQ-NPs treated larvae. The POD also catalyzes decomposition of H,O, molecule
into the nontoxic molecules by oxidation of co-substrates such as guaiacol or ascorbate
as the electron donors (Liu et al. 2010, Zhang et al. 2017). Previously, it has been
reported that the inhibition in the activity of the POD enzyme may be attributed to the
presence of excess production of ROS (Yasur and Rani 2015). Also earlier reports
showed that the susceptibility of antioxidant enzymes (SOD, CAT and POD) to
different oxidative stress varies which resulting differences in antioxidant response of

enzymes (Holovska et al. 1998).

5.3.4 AgNPs content in Ae. albopictus larvae by TEM

The LCs exposure and control 4"-instar larvae of Ae. albopictus were used for
TEM images to observe the AgNPs accumulation in the midgut cells of the larvae. Our
investigations showed the microvilli structures in the midgut region (Figure 22a).
Different ultrastructure of the cell organelles including mitochondria and other many
vesicles can be seen in the micrograph. The ultrastructure of the cell organelles in the
midgut of control and MEL glycolipid biosurfactant treated larvae exhibited normal
cell characteristics with regular cell organelles content (Figure 22b, c). While the TEM
images of the AgNP treated larvae explored accumulation of the Ag particles in the
midgut cells as dark spots, pointed by red arrows (Figure 22d). The pictures of the
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AgNPs treated larvae described the cytoplasm containing mitochondria, rough and
smooth endoplasmic reticulum, and numerous of cell vesicles, it’s distinctly reveals
the localization and accumulation of the AgNPs in rough endoplasmic reticulum and

other cell organelles such as nucleolus and mitochondria.

Figure. 22 TEM images of the MELs and MELs-AgNP treated larvae, beside
untreated larvae. (a) Ultrastructure of the midgut in control larvae showing midgut
microvilli. (b). Ultrastructure of the midgut in control larvae showing different cell
organelles with normal characteristics. (c) Midgut of MELS treated larvae showing cell
organelles including mitochondria, vacoules and vesicles. (d) Accumulation of AgNPs
in the endoplasmic reticulum, nucleolus and other cell organelles of gut cells pointed
by red arrows (dark spots).

Our results are in agreement with the findings of by Jyothsna Yasur and his
colleague (Yasur and Rani 2015) which observed accumulation of the AgNPs in the in
rough endoplasmic reticulum and some other cell organelles of the midgut cells of
AgNP treated A. janata larvae. Similarly, earlier studies were reported gold
nanoparticles accumulation in the rough endoplasmic reticulum and cell vesicles of

treated Drosophila melanogaster (Pompa et al. 2011). Furthermore, Shu et al (Shu et
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al. 2012) were observed alterations in the midgut cells and its ultrastructures in the

cutworm Spodoptera litura larvae after feeding with Zn diets. From the TEM larval
Images, it can be deduced that amounts of absorbed AgNPs by the midgut cells are
localized and accumulated in the cells organelles which could lead to detrimental
effects including DNA damage, genotoxicity, mitochondrial dysfunction, altered cell

morphology, and subsequently cell death by necrosis or apoptosis (Zhang et al. 2014a).
5.4 Conclusion

In the present study, we fabricated AgNPs by employing green mediated route as
eco-friendly and cost-effective synthetic method. The synthesized AgNPs revealed
larvicidal and pupicidal efficiency against Ae. albopictus mosquito even at low doses.
TEM images described the localization of AgNPs and its accumulations in the midgut
cell ultrastructures which may interfere the physiological activity of the midgut cells
of mosquito larvae. Further studies are required to characterize the interaction pathway
between AgNPs and the cell organelles including mitochondria, nucleus and cell

vesicles.
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Chapter 6. General conclusions

According to our laboratory study we can conclude the following outputs:

>

The nanotechnology revolution in the recent years attended a significant
interest as a source of eco-friendly insecticide formulation. The highly
insecticidal efficiency of formulated nanoparticles and low amount of active
ingredients are unique properties making them a promising strategy for pest
management practices.

The facile integration of AgNPs into different media and the flexibility of
synthetic approaches as well as their unique chemical properties (i.e. size and
shape) have gained remarkable interest for the researchers and encouraged to
investigate the action mode aspects of insecticidal effects of AgNPs.

The use of conventional pesticides in vector control strategy such as synthetic
chemical insecticides have faced a number of challenges including resistance
development at a wide range of mosquito species, an increasing environmental
deterioration and soil disintegration. Thus the green approach mediated
AgNPs formulations may overcome these challenges, and provide potential
alternative for mosquito vector control without nature deterioration.

Our study reported that Aquilaria sinensis and Pogostemon cablin essential
oils are eco-friendly agents and convenient sources for green-mediated
synthesis of AgNPs.

This study suggested that fabricated AgNPs using Aquilaria sinensis and
Pogostemon cablin essential oils showed high mosquitocidal efficiency. Thus
they are considered as a promising instrument for vector management.

The mode effect of AgNPs in the fourth instar larvae of Ae. albopictus was

further examined by microscopic investigations of the larval midgut. These
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microscopic analysis of AgNPs-treated larvae exhibited severe damage in the

midgut epithelial cells, such as the destruction of epithelial cells and
degradation of nuclei which may lead to the larval death.

»  Data presented in this research have also suggested the employment of other
natural resources including plant originated compound Salicylic acid and its
derivative Dinitrosalycilic acid as an environmentally friend and potential
reducing and stabilizing agents of AgNPs.

» The fabricated AgNPs by salicylic acid and its derivative dinitrosalicylic acid
have revealed a strong mosquitocidal efficacy against Asian tiger mosquitoes.
Further analysis on the activity of detoxifying enzymes including Esterases,
Acetylcholine esterase, Phosphatase enzymes as well as total proteins in the
fourth instar larvae of Ae. albopictus showed to be significantly affected by
the synthesized AgNPs. Therefore, the employ of AgNPs as insecticide
strategy may provide an efficient solution of insecticide resistance challenge
in the vector mosquitoes.

» Our study also employed Mannosylerythritol lipids biosurfactant produced
from the ustilaginomycetous yeast Pseudozyma aphidis as renewable source
for the fabrication of AgNPs in one-step, rapid and cost-effective synthesis
manner.

» The synthesized AgNPs by the glycolipid biosurfactant exhibited an extremely
low LC50 values against treated larvae and pupae of Ae. albopictus mosquito.
The investigation of the treated larval body by the TEM microscope was
observed intracellular presence of the AgNPs, which may cause DNA
replication damage, genotoxicity, mitochondrial dysfunction, and

consequently cell death.
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> In conclusion, the different conventional chemical and physical reduction

methods for synthesis of metal NPs basically depend upon the employment of
high toxic compounds which limit their applications.

» The biologically-mediated synthesis method of metal NPs is beneficial over
physical and chemical routes, since it is cost-effective, single-step, rapid and
does not require high temperature, pressure, energy, and also does not use high
toxic chemicals.

» With the recent advance and the ongoing endeavor for improving NP synthesis
efficiency and optimizing their pesticidal application, the implementation of
the green synthesis approaches on a wide range and their production as a
commercial tools in integrated pest management and mosquito vector control,
will be highly beneficial to solve current challenges in this field including

insecticide resistance and environmental deteriorations.

84



AP
REFERENCES

References

Aarthi, C., M. Govindarajan, P. Rajaraman, N. S. Alharbi, S. Kadaikunnan, J. M.
Khaled, R. A. Mothana, N. A. Siddiqui, and G. Benelli. 2017, Eco-friendly and
cost-effective Ag nanocrystals fabricated using the leaf extract of Habenaria
plantaginea: toxicity on six mosquito vectors and four non-target species.
Environmental Science and Pollution Research: 1-11.

Abd-alla, H., H. S. lbrahim, S. Hamouda, and A. El-Kady. 2013, Formulation and
Nematicidal Efficiency of Some Alternative Pesticides against Meloidogyne spp.
American Journal of Research Communication 1: 273-290.

Abdel-Raouf, N., N. M. Al-Enazi, |I. B. M. Ibraheem, R. M. Alharbi, and M. M.
Alkhulaifi. 2018, Biosynthesis of silver nanoparticles by using of the marine
brown alga Padina pavonia and their characterization. Saudi Journal of
Biological Sciences. 25: 1-9.

AbdelRahim, K., S. Y. Mahmoud, A. M. Ali, K. S. Almaary, A. E.-Z. M. Mustafa, and
S. M. Husseiny. 2017, Extracellular biosynthesis of silver nanoparticles using
Rhizopus stolonifer. Saudi journal of biological sciences 24: 208-216.

Adamski, Z., K. Ziemnicki, K. Fila, R. Zikic, and A. Stajn. 2003, Effects of long-term
exposure to fenitrothion on Spodoptera exigua and Tenebrio molitor larval
development and antioxidant enzyme activity. Biol. Lett 40: 43-52.

Agra-Neto, A. C., T. H. Napole&, E. V. Pontual, N. D. de Lima Santos, L. de Andrade
Luz, C. M. F. de Oliveira, M. A. V. de Melo-Santos, L. C. B. B. Coelho, D. M.
d. A. F. Navarro, and P. M. G. Paiva. 2014, Effect of Moringa oleifera lectins
on survival and enzyme activities of Aedes aegypti larvae susceptible and

resistant to organophosphate. Parasitology research 113: 175-184.

85



AP
REFERENCES

Ahmad, A., P. Mukherjee, S. Senapati, D. Mandal, M. I. Khan, R. Kumar, and M.

Sastry. 2003, Extracellular biosynthesis of silver nanoparticles using the fungus

Fusarium oxysporum. Colloids and surfaces B: Biointerfaces 28: 313-318.

Al-Mekhlafi, F. A. 2017, Larvicidal, ovicidal activities and histopathological
alterations induced by Carum copticum (Apiaceae) extract against Culex pipiens
(Diptera: Culicidae). Saudi Journal of Biological Sciences. 24: 1-9.

Albuquerque, E. L., J. K. Lima, F. H. Souza, I. M. Silva, A. A. Santos, A. P. A. Arajo,
A. F. Blank, R. N. Lima, P. B. Alves, and L. Bacci. 2013, Insecticidal and
repellence activity of the essential oil of Pogostemon cablin against urban ants
species. Acta tropica 127: 181-186.

AlQahtani, F. S., M. M. AlShebly, M. Govindarajan, S. Senthilmurugan, P. Vijayan,
and G. Benelli. 2016, Green and facile biosynthesis of silver nanocomposites
using the aqueous extract of Rubus ellipticus leaves: Toxicity and oviposition
deterrent activity against Zika virus, malaria and filariasis mosquito vectors.
Journal of Asia-Pacific Entomology 20: 157-164.

Ankamwar, B., C. Damle, A. Ahmad, and M. Sastry. 2005, Biosynthesis of gold and
silver nanoparticles using Emblica officinalis fruit extract, their phase transfer
and transmetallation in an organic solution. Journal of nanoscience and
nanotechnology 5: 1665-1671.

Anuj, S. A., and K. B. Ishnava. 2013, Plant mediated synthesis of silver nanoparticles
by using dried stem powder of Tinospora cordifolia, its antibacterial activity and
comparison with antibiotics. International Journal of Pharma and Bio Sciences
4: 849-863.

86



AP
REFERENCES

Asakura, K. 1978, Phosphatase activity in the larva of the euryhaline mosquito, Aedes

togoi Theobald, with special reference to sea-water adaptation. Journal of
Experimental Marine Biology and Ecology 31: 325-337.

Asparen, K. V. 1962, A study of housefly esterase by means of a sensitive colorimetric
method J. Insect. Physiol 8: 401-416.

Azarudeen, R. M. S. T., M. Govindarajan, M. M. AlShebly, F. S. AlQahtani, A.
Amsath, S. Senthilmurugan, P. Vijayan, and G. Benelli. 2017, Size-controlled
biofabrication of silver nanoparticles using the Merremia emarginata leaf
extract: Toxicity on Anopheles stephensi, Aedes aegypti and Culex
quinquefasciatus (Diptera: Culicidae) and non-target mosquito predators.
Journal of Asia-Pacific Entomology 20: 359-366.

Babu, M. G., and P. Gunasekaran. 2013, Extracellular synthesis of crystalline silver
nanoparticles and its characterization. Materials Letters 90: 162-164.

Baker, S., K. M. Kumar, P. Santosh, D. Rakshith, and S. Satish. 2015, Extracellular
synthesis of silver nanoparticles by novel Pseudomonas veronii AS41G
inhabiting Annona squamosa L. and their bactericidal activity. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy 136: 1434-1440.

Balaji, D., S. Basavaraja, R. Deshpande, D. B. Mahesh, B. Prabhakar, and A.
Venkataraman. 2009, Extracellular biosynthesis of functionalized silver
nanoparticles by strains of Cladosporium cladosporioides fungus. Colloids and
surfaces B: biointerfaces 68: 88-92.

Balaz, M., N. Daneu, L. Balazova, E. Dutkova, L. Tkéac¢ikova, J. Brian¢in, M. Vargova,
M. Balazova, A. Zorkovska, and P. Balaz. 2017, Bio-mechanochemical
synthesis of silver nanoparticles with antibacterial activity. Advanced Powder
Technology 28: 3307-3312.

87



AP
REFERENCES

Banu, A. N., and C. Balasubramanian. 2015, Extracellular synthesis of silver

nanoparticles using Bacillus megaterium against malarial and dengue vector
(Diptera: Culicidae). Parasitology research 114: 4069-4079.

Basavaraja, S., S. Balaji, A. Lagashetty, A. Rajasab, and A. Venkataraman. 2008,
Extracellular biosynthesis of silver nanoparticles using the fungus Fusarium
semitectum. Materials Research Bulletin 43: 1164-1170.

Basu, S., P. Maji, and J. Ganguly. 2016, Rapid green synthesis of silver nanoparticles
by aqueous extract of seeds of Nyctanthes arbor-tristis. Applied Nanoscience 6:
1-5.

Bedini, S., G. Flamini, F. Cosci, R. Ascrizzi, G. Benelli, and B. Conti. 2016, Cannabis
sativa and Humulus lupulus essential oils as novel control tools against the
invasive mosquito Aedes albopictus and fresh water snail Physella acuta.
Industrial Crops and Products 85: 318-323.

Benedict, M. Q., R. S. Levine, W. A. Hawley, and L. P. Lounibos. 2007, Spread of the
tiger: global risk of invasion by the mosquito Aedes albopictus. Vector-borne
and zoonotic diseases 7: 76-85.

Benelli, G. 2015, Plant-borne ovicides in the fight against mosquito vectors of medical
and veterinary importance: a systematic review. Parasitology research 114:
3201-3212.

Benelli, G. 2016a, Green synthesized nanoparticles in the fight against mosquito-borne
diseases and cancer—a brief review. Enzyme and microbial technology 95: 58-
68.

Benelli, G. 2016b. Plant-Synthesized Nanoparticles: An Eco-Friendly Tool Against
Mosquito Vectors?, pp. 155-172, Nanoparticles in the Fight against Parasites.
Springer.

88



AP
REFERENCES

Benelli, G., and H. Mehlhorn. 2016, Declining malaria, rising of dengue and Zika virus:

insights for mosquito vector control. Parasitology research 115: 1747-1754.

Benelli, G., and C. M. Lukehart. 2017, Special issue: applications of green-synthesized
nanoparticles in pharmacology, parasitology and entomology. Journal of Cluster
Science 28: 1-2.

Benelli, G., A. L. lacono, A. Canale, and H. Mehlhorn. 2016, Mosquito vectors and the
spread of cancer: an overlooked connection? Parasitology research 115: 2131-
2137.

Benelli, G., S. Kadaikunnan, N. S. Alharbi, and M. Govindarajan. 2017a, Biophysical
characterization of Acacia caesia-fabricated silver nanoparticles: effectiveness
on mosquito vectors of public health relevance and impact on non-target aquatic
biocontrol agents. Environmental Science and Pollution Research: 1-15.

Benelli, G., M. Govindarajan, S. Senthilmurugan, P. Vijayan, S. Kadaikunnan, N. S.
Alharbi, and J. M. Khaled. 2017b, Fabrication of highly effective mosquito
nanolarvicides using an Asian plant of ethno-pharmacological interest, Priyangu
(Aglaia elaeagnoidea): toxicity on non-target mosquito natural enemies.
Environmental Science and Pollution Research: 1-11.

Benelli, G., M. Govindarajan, M. Rajeswary, S. Senthilmurugan, P. Vijayan, N. S.
Alharbi, S. Kadaikunnan, and J. M. Khaled. 2017c, Larvicidal activity of Blumea
eriantha essential oil and its components against six mosquito species, including
Zika virus vectors: the promising potential of (4E, 6Z)-allo-ocimene,
carvotanacetone and dodecyl acetate. Parasitology research 116: 1175-1188.

Benelli, G., R. Pavela, R. lannarelli, R. Petrelli, L. Cappellacci, K. Cianfaglione, F. H.
Afshar, M. Nicoletti, A. Canale, and F. Maggi. 2017d, Synergized mixtures of

Apiaceae essential oils and related plant-borne compounds: larvicidal

89



AP
REFERENCES

effectiveness on the filariasis vector Culex quinquefasciatus Say. Industrial
Crops and Products 96: 186-195.
Beyene, H. D., A. A. Werkneh, H. K. Bezabh, and T. G. Ambaye. 2017, Synthesis

paradigm and applications of silver nanoparticles (AgNPs), a review.

Sustainable Materials and Technologies 13: 18-23.

Bhatnagar, V. 2001, Pesticides pollution: trends and perspectives. ICMR Bulletin 31.:
87-88.

Bhuvaneswari, R., R. J. Xavier, and M. Arumugam. 2016, Larvicidal property of green
synthesized silver nanoparticles against vector mosquitoes (Anopheles stephensi
and Aedes aegypti). Journal of King Saud University-Science 28: 318-323.

Birla, S., V. Tiwari, A. Gade, A. Ingle, A. Yadav, and M. Rai. 2009, Fabrication of
silver nanoparticles by Phoma glomerata and its combined effect against
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus. Letters
in Applied Microbiology 48: 173-179.

Buhagiar, J. 2009, A second record of Aedes (Stegomyia) albopictus (Diptera:
Culicidae) in Malta. Eur Mosquito Bull 27: 65-67.

Chandran, S. P., M. Chaudhary, R. Pasricha, A. Ahmad, and M. Sastry. 2006, Synthesis
of gold nanotriangles and silver nanoparticles using Aloevera plant extract.
Biotechnology progress 22: 577-583.

Chellappandian, M., A. Thanigaivel, P. Vasantha-Srinivasan, E.-S. Edwin, A.
Ponsankar, S. Selin-Rani, K. Kalaivani, S. Senthil-Nathan, and G. Benelli. 2017,
Toxicological effects of Sphaeranthus indicus Linn.(Asteraceae) leaf essential
oil against human disease vectors, Culex quinquefasciatus Say and Aedes
aegypti Linn., and impacts on a beneficial mosquito predator. Environmental

Science and Pollution Research: 1-13.

90



AP
REFERENCES

Chen, H., Y. Yang, J. Xue, J. Wei, Z. Zhang, and H. Chen. 2011, Comparison of

compositions and antimicrobial activities of essential oils from chemically

stimulated agarwood, wild agarwood and healthy Aquilaria sinensis (Lour.) Gilg
trees. Molecules 16: 4884-4896.

Chen, H., H. Liao, Y. Liu, Y. Zheng, X. Wu, Z. Su, X. Zhang, Z. Lai, X. Lai, and Z.-
X. Lin. 2015, Protective effects of pogostone from Pogostemonis Herba against
ethanol-induced gastric ulcer in rats. Fitoterapia 100: 110-117.

Costanzo, K., S. Schelble, K. Jerz, and M. Keenan. 2015, The effect of photoperiod on
life history and blood-feeding activity in Aedes albopictus and Aedes aegypti
(Diptera: Culicidae). Journal of VVector Ecology 40: 164-171.

Crocker, W., K. Maute, C. Webb, and K. French. 2017, Mosquito assemblages
associated with urban water bodies; implications for pest and public health
threats. Landscape and Urban Planning 162: 115-125.

Cunze, S., L. K. Koch, J. Kochmann, and S. Klimpel. 2016, Aedes albopictus and
Aedes japonicus-two invasive mosquito species with different temperature
niches in Europe. Parasites & Vectors 9: 573.

da Rocha Neto, A. C., C. Luiz, M. Maraschin, and R. M. Di Piero. 2016, Efficacy of
salicylic acid to reduce Penicillium expansum inoculum and preserve apple
fruits. International journal of food microbiology 221: 54-60.

Dahham, S. S,, L. E. A. Hassan, M. B. K. Ahamed, A. S. A. Majid, A. M. S. A. Majid,
and N. N. Zulkepli. 2016, In vivo toxicity and antitumor activity of essential oils
extract from agarwood (Aquilaria crassna). BMC Complementary and
Alternative Medicine 16: 236.

Dar, M. A., A. Ingle, and M. Rai. 2013, Enhanced antimicrobial activity of silver

nanoparticles synthesized by Cryphonectria sp. evaluated singly and in

91



AP
REFERENCES

combination with antibiotics. Nanomedicine: Nanotechnology, Biology and
Medicine 9: 105-110.
Das, M., K. Patowary, R. Vidya, and H. Malipeddi. 2016, Microemulsion synthesis of

silver nanoparticles using biosurfactant extracted from Pseudomonas
aeruginosa MKVIT3 strain and comparison of their antimicrobial and cytotoxic
activities. IET nanobiotechnology 10: 411-418.

de Aragao, A. P., T. M. de Oliveira, P. V. Quelemes, M. L. G. Perfeito, M. C. Araujo,
J.d. A. S. Santiago, V. S. Cardoso, P. Quaresma, J. R. d. S. de Almeida, and D.
A. da Silva. 2016, Green synthesis of silver nanoparticles using the seaweed
Gracilaria birdiae and their antibacterial activity. Arabian Journal of Chemistry.
doi.org/10.1016/j.arabjc.2016.04.014.

de Castro, D. S. B., D. B. da Silva, J. D. Tiburcio, M. E. G. Sobral, V. Ferraz, A. G.
Taranto, J. E. Serr&, J. M. de Siqueira, and S. N. Alves. 2016, Larvicidal activity
of essential oil of Peumus boldus Molina and its ascaridole-enriched fraction
against Culex quinquefasciatus. Experimental Parasitology 171: 84-90.

Deepak, P., R. Sowmiya, R. Ramkumar, G. Balasubramani, D. Aiswarya, and P.
Perumal. 2016, Structural characterization and evaluation of mosquito-larvicidal
property of silver nanoparticles synthesized from the seaweed, Turbinaria
ornata (Turner) J. Agardh 1848. Artificial Cells, Nanomedicine, and
Biotechnology: 1-9.

Devine, G. J., and M. J. Furlong. 2007, Insecticide use: contexts and ecological
consequences. Agriculture and Human values 24: 281-306.

Dura, N., P. D. Marcato, G. I. De Souza, O. L. Alves, and E. Esposito. 2007,

Antibacterial effect of silver nanoparticles produced by fungal process on textile

92



AP
REFERENCES

fabrics and their effluent treatment. Journal of biomedical nanotechnology 3:
203-208.

Edison, T. J. I, and M. Sethuraman. 2012, Instant green synthesis of silver

nanoparticles using Terminalia chebula fruit extract and evaluation of their
catalytic activity on reduction of methylene blue. Process Biochemistry 47:
1351-1357.

Edwin, E.-S., P. Vasantha-Srinivasan, S. Senthil-Nathan, A. Thanigaivel, A. Ponsankar,
V. Pradeepa, S. Selin-Rani, K. Kalaivani, W. B. Hunter, and A. Abdel-Megeed.
2016, Anti-dengue efficacy of bioactive andrographolide from Andrographis
paniculata (Lamiales: Acanthaceae) against the primary dengue vector Aedes
aegypti (Diptera: Culicidae). Acta tropica 163: 167-178.

El-Nour, K. M. A,, A. a. Eftaiha, A. Al-Warthan, and R. A. Ammar. 2010, Synthesis
and applications of silver nanoparticles. Arabian journal of chemistry 3: 135-
140.

Elemike, E. E., D. C. Onwudiwe, A. C. Ekennia, R. C. Ehiri, and N. J. Nnaji. 2017,
Phytosynthesis of silver nanoparticles using aqueous leaf extracts of Lippia
citriodora: Antimicrobial, larvicidal and photocatalytic evaluations. Materials
Science and Engineering: C 75: 980-9809.

Elumalai, E. K., K. Kayalvizhi, and S. Silvan. 2014, Coconut water assisted green
synthesis of silver nanoparticles. Journal of pharmacy & bioallied sciences 6:
241.

Fan, L.-L., Y.-C. Dong, Y.-F. Fan, J. Zhang, and Q.-H. Chen. 2014, Production and
identification of mannosylerythritol  lipid-A  homologs from the
ustilaginomycetous yeast Pseudozyma aphidis ZJUDM34. Carbohydrate
research 392: 1-6.

93



AP
REFERENCES

Farias, C. B., A. Ferreira Silva, R. Diniz Rufino, J. Moura Luna, J. E. Gomes Souza,

and L. A. Sarubbo. 2014, Synthesis of silver nanoparticles using a biosurfactant
produced in low-cost medium as stabilizing agent. Electronic Journal of
Biotechnology 17: 122-125.

Farjana, T., and N. Tuno. 2013, Multiple blood feeding and host-seeking behavior in
Aedes aegypti and Aedes albopictus (Diptera: Culicidae). Journal of medical
entomology 50: 838-846.

Fayaz, A. M., K. Balaji, M. Girilal, R. Yadav, P. T. Kalaichelvan, and R. Venketesan.
2010, Biogenic synthesis of silver nanoparticles and their synergistic effect with
antibiotics: a study against gram-positive and gram-negative bacteria.
Nanomedicine: Nanotechnology, Biology and Medicine 6: 103-109.

Finney, D. 1971, Probit Analysis, 3rd edR Cambridge University Press. London, UK.

Fischer, D., S. M. Thomas, F. Niemitz, B. Reineking, and C. Beierkuhnlein. 2011,
Projection of climatic suitability for Aedes albopictus Skuse (Culicidae) in
Europe under climate change conditions. Global and Planetary Change 78: 54-
64.

Fouad, H., L. Hongjie, D. Hosni, J. Wei, G. Abbas, H. Ga’al, and M. Jianchu. 2017a,
Controlling Aedes albopictus and Culex pipiens pallens using silver
nanoparticles synthesized from aqueous extract of Cassia fistula fruit pulp and
its mode of action. Artificial cells, nanomedicine, and biotechnology 46: 558-
567.

Fouad, H., L. Hongjie, D. Yanmei, Y. Baoting, A. EI-Shakh, G. Abbas, and M. Jianchu.
2017b, Synthesis and characterization of silver nanoparticles using Bacillus

amyloliquefaciens and Bacillus subtilis to control filarial vector Culex pipiens

94



AP
REFERENCES

pallens and its antimicrobial activity. Artificial cells, nanomedicine, and
biotechnology 45: 1369-1378.
Ga'al, H., H. Fouad, J. Tian, Y. Hu, G. Abbas, and J. Mo. 2017a, Synthesis,

characterization and efficacy of silver nanoparticles against Aedes albopictus

larvae and pupae. Pesticide Biochemistry and Physiology 144: 49-56.

Ga’al, H., H. Fouad, G. Mao, J. Tian, and M. Jianchu. 2017b, Larvicidal and pupicidal
evaluation of silver nanoparticles synthesized using Aquilaria sinensis and
Pogostemon cablin essential oils against dengue and zika viruses vector Aedes
albopictus mosquito and its histopathological analysis. Artificial cells,
nanomedicine, and biotechnology: 1-9.

Gade, A., P. Bonde, A. Ingle, P. Marcato, N. Duran, and M. Rai, 2008. Exploitation of
Aspergillus niger for synthesis of silver nanoparticles. Journal of Biobased
Materials and Bioenergy 2: 243-247.

Ghramh, H. A., K. M. Al-Ghamdi, J. A. Mahyoub, and E. H. lbrahim. 2018,
Chrysanthemum extract and extract prepared silver nanoparticles as biocides to
control Aedes aegypti (L.), the vector of dengue fever. Journal of Asia-Pacific
Entomology 21: 205-210.

Gdamez-Grarfa, S., M. Perez-Ameneiro, X. Vecino, I. Pastoriza-Santos, J. Perez-Juste,
J. M. Cruz, and A. B. Moldes. 2017, Biogenic synthesis of metal nanoparticles
using a biosurfactant extracted from corn and their antimicrobial properties.
Nanomaterials 7: 139.

Gonzd&ez, J. O. W., E. N. Jesser, C. A. Yeguerman, A. A. Ferrero, and B. F. Band.
2017, Polymer nanoparticles containing essential oils: new options for mosquito
control. Environmental Science and Pollution Research 24: 17006-17015.

95



AP
REFERENCES

Gopinath, K., N. P. Devi, M. Govindarajan, K. Bhakyaraj, S. Kumaraguru, A.
Arumugam, N. S. Alharbi, S. Kadaikunnan, and G. Benelli. 2017, One-Pot
Green Synthesis of Silver Nanoparticles Using the Orchid Leaf Extracts of

Anoectochilus elatus: Growth Inhibition Activity on Seven Microbial Pathogens.
Journal of Cluster Science 28: 1541-1550.

Govindarajan, M., and G. Benelli. 2016, A Facile One-Pot Synthesis of Eco-Friendly
Nanoparticles Using Carissacarandas: Ovicidal and Larvicidal Potential on
Malaria, Dengue and Filariasis Mosquito Vectors. Journal of Cluster Science: 1-
22.

Govindarajan, M., M. Rajeswary, U. Muthukumaran, S. Hoti, H. F. Khater, and G.
Benelli. 2016a, Single-step biosynthesis and characterization of silver
nanoparticles using Zornia diphylla leaves: a potent eco-friendly tool against
malaria and arbovirus vectors. Journal of Photochemistry and Photobiology B:
Biology 161: 482-4809.

Govindarajan, M., M. Rajeswary, K. Veerakumar, U. Muthukumaran, S. Hoti, and G.
Benelli. 2016b, Green synthesis and characterization of silver nanoparticles
fabricated using Anisomeles indica: mosquitocidal potential against malaria,
dengue and Japanese encephalitis vectors. Experimental parasitology 161: 40-
47,

Govindarajan, M., M. Rajeswary, S. Hoti, K. Murugan, K. Kovendan, S. Arivoli, and
G. Benelli. 2016c, Clerodendrum chinense-mediated biofabrication of silver
nanoparticles: Mosquitocidal potential and acute toxicity against non-target
aquatic organisms. Journal of Asia-Pacific Entomology 19: 51-58.

Govindarajan, M., M. Rajeswary, S. Senthilmurugan, P. Vijayan, N. S. Alharbi, S.
Kadaikunnan, J. M. Khaled, and G. Benelli. 2017, Larvicidal activity of the

96



AP
REFERENCES

essential oil from Amomum subulatum Roxb.(Zingiberaceae) against Anopheles

subpictus, Aedes albopictus and Culex tritaeniorhynchus (Diptera: Culicidae),
and non-target impact on four mosquito natural enemies. Physiological and
Molecular Plant Pathology 101: 219-224.

Guo, D., D. Dou, L. Ge, Z. Huang, L. Wang, and N. Gu. 2015, A caffeic acid mediated
facile synthesis of silver nanoparticles with powerful anti-cancer activity.
Colloids and Surfaces B: Biointerfaces 134: 229-234.

Gupta, S. C., B. Sung, S. Prasad, L. J. Webb, and B. B. Aggarwal. 2013, Cancer drug
discovery by repurposing: teaching new tricks to old dogs. Trends in
pharmacological sciences 34: 508-517.

Hagag, E. S., N. Taha, and Y. Hafez. 2016, Control of Root-knot Nematode
(Meloidogyne incognita) on Eggplant Plants Using Biotic and Abiotic Inducers
of Resistance. Egyptian Journal of Biological Pest Control 26: 269.

Hamzeh, M., and G. I. Sunahara. 2013, In vitro cytotoxicity and genotoxicity studies
of titanium dioxide (TiO2) nanoparticles in Chinese hamster lung fibroblast cells.
Toxicology in Vitro 27: 864-873.

Hofhuis, A., J. Reimerink, C. Reusken, E.-J. Scholte, A. d. Boer, W. Takken, and M.
Koopmans. 2009, The hidden passenger of lucky bamboo: do imported Aedes
albopictus mosquitoes cause dengue virus transmission in the Netherlands?
Vector-Borne and Zoonotic Diseases 9: 217-220.

Holovska, K., V. Lenartova, I. Rosival, M. Ki“cinkov4, A. Majer ciakovd, and J.
Legah. 1998, Antioxidant and detoxifying enzymes in the liver and kidney of
pheasants after intoxication by herbicides MCPA and ANITEN. Journal of
biochemical and molecular toxicology 12: 235-244.

97



AP
REFERENCES

Huang, H., and Y. Yang. 2008, Preparation of silver nanoparticles in inorganic clay

suspensions. Composites Science and Technology 68: 2948-2953.

Huang, J., Q. Li, D. Sun, Y. Lu, Y. Su, X. Yang, H. Wang, Y. Wang, W. Shao, and N.
He. 2007, Biosynthesis of silver and gold nanoparticles by novel sundried
Cinnamomum camphora leaf. Nanotechnology 18: 105104.

Hulkoti, N. I., and T. Taranath. 2014, Biosynthesis of nanoparticles using microbes—
a review. Colloids and Surfaces B: Biointerfaces 121: 474-483.

Husen, A., and K. S. Siddigi. 2014, Phytosynthesis of nanoparticles: concept,
controversy and application. Nanoscale research letters 9: 229.

Ikezawa, H., and R. Taguchi. 1981, Phosphatidylinositol-specific phospholipase C
from Bacillus cereus and Bacillus thuringiensis. Methods in enzymology. San
Diego CA[IMETHODS ENZYMOL..]. 1981.

Iravani, S., H. Korbekandi, S. Mirmohammadi, and B. Zolfaghari. 2014, Synthesis of
silver nanoparticles: chemical, physical and biological methods. Research in
pharmaceutical sciences 9: 385.

Jinu, U., S. Rajakumaran, S. Senthil-Nathan, N. Geetha, and P. Venkatachalam. 2017,
Potential larvicidal activity of silver nanohybrids synthesized using leaf extracts
of Cleistanthus collinus (Roxb.) Benth. ex Hook. f. and Strychnos nux-vomica
L. nux-vomica against dengue, Chikungunya and Zika vectors. Physiological
and Molecular Plant Pathology 101: 163-171.

Kalimuthu, K., C. Panneerselvam, C. Chou, L.-C. Tseng, K. Murugan, K.-H. Tsali, A.
A. Alarfaj, A. Higuchi, A. Canale, and J.-S. Hwang. 2017, Control of dengue
and Zika virus vector Aedes aegypti using the predatory copepod Megacyclops

formosanus: Synergy with Hedychium coronarium-synthesized silver

98



AP
REFERENCES

nanoparticles and related histological changes in targeted mosquitoes. Process

Safety and Environmental Protection 109: 82-96.

Kamgang, B., E. Nchoutpouen, F. Simard, and C. Paupy. 2012, Notes on the blood-
feeding behavior of Aedes albopictus (Diptera: Culicidae) in Cameroon.
Parasites & vectors 5: 57.

Kawasaki, M., and N. Nishimura. 2006, 1064-nm laser fragmentation of thin Au and
Ag flakes in acetone for highly productive pathway to stable metal nanoparticles.
Applied Surface Science 253: 2208-2216.

Kiran, G. S., A. Sabu, and J. Selvin. 2010, Synthesis of silver nanoparticles by
glycolipid biosurfactant produced from marine Brevibacterium casei MSA19.
Journal of biotechnology 148: 221-225.

Kjanijou, M., K. Jiraungkoorskul, P. Kosai, and W. Jiraungkoorskul. 2012, Effect of
Murraya paniculata leaf extract against Culex quinquefasciatus larva. Asian
Journal of Biological Sciences 5: 201-208.

Koodalingam, A., P. Mullainadhan, and M. Arumugam. 2011, Effects of extract of
soapnut Sapindus emarginatus on esterases and phosphatases of the vector
mosquito, Aedes aegypti (Diptera: Culicidae). Acta tropica 118: 27-36.

Koodalingam, A., P. Mullainadhan, A. Rajalakshmi, R. Deepalakshmi, and M. Ammu.
2012, Effect of a Bt-based product (Vectobar) on esterases and phosphatases
from larvae of the mosquito Aedes aegypti. Pesticide biochemistry and
physiology 104: 267-272.

Kovendan, K., B. Chandramohan, M. Govindarajan, A. Jebanesan, S. Kamalakannan,
S. Vincent, and G. Benelli. 2018, Orchids as Sources of Novel Nanoinsecticides?

Efficacy of Bacillus sphaericus and Zeuxine gracilis-Fabricated Silver

99



AP
REFERENCES

Nanoparticles Against Dengue, Malaria and Filariasis Mosquito Vectors.
Journal of Cluster Science 29: 345-357.
Kovendan, K., B. Chandramohan, D. Dinesh, D. Abirami, P. Vijayan, M. Govindarajan,

S. Vincent, and G. Benelli. 2016, Green-synthesized silver nanoparticles using
Psychotria nilgiriensis: toxicity against the dengue vector Aedes aegypti
(Diptera: Culicidae) and impact on the predatory efficiency of the non-target
organism Poecilia sphenops (Cyprinodontiformes: Poeciliidae). Journal of Asia-
Pacific Entomology 19: 1001-1007.

Kref3 A., A.-M. Oppold, U. Kuch, J. Oehlmann, and R. Mdler. 2017, Cold tolerance
of the Asian tiger mosquito Aedes albopictus and its response to epigenetic
alterations. Journal of insect physiology 99: 113-121.

Krishna, I. M., G. B. Reddy, G. Veerabhadram, and A. Madhusudhan. 2016, Eco-
friendly green synthesis of silver nanoparticles using salmalia malabarica:
synthesis, characterization, antimicrobial, and catalytic activity studies. Applied
Nanoscience 6: 681-689.

Kruis, F. E., H. Fissan, and B. Rellinghaus. 2000, Sintering and evaporation
characteristics of gas-phase synthesis of size-selected PbS nanoparticles.
Materials Science and Engineering: B 69: 329-334.

Krutyakov, Y. A., A. Y. Olenin, A. Kudrinskii, P. Dzhurik, and G. Lisichkin. 2008,
Aggregative stability and polydispersity of silver nanoparticles prepared using
two-phase aqueous organic systems. Nanotechnologies in Russia 3: 303-310.

Kumar, C. G., and S. K. Mamidyala. 2011, Extracellular synthesis of silver
nanoparticles using culture supernatant of Pseudomonas aeruginosa. Colloids
and Surfaces B: Biointerfaces 84: 462-466.

100



AP
REFERENCES

Kumar, D. 2014, Salicylic acid signaling in disease resistance. Plant Science 228: 127-
134.

Kumar, P. M., K. Murugan, P. Madhiyazhagan, K. Kovendan, D. Amerasan, B.
Chandramohan, D. Dinesh, U. Suresh, M. Nicoletti, and M. S. Alsalhi. 2016,

Biosynthesis, characterization, and acute toxicity of Berberis tinctoria-

fabricated silver nanoparticles against the Asian tiger mosquito, Aedes
albopictus, and the mosquito predators Toxorhynchites splendens and
Mesocyclops thermocyclopoides. Parasitology research 115: 751-759.

Kumar, P. V., S. Pammi, P. Kollu, K. Satyanarayana, and U. Shameem. 2014, Green
synthesis and characterization of silver nanoparticles using Boerhaavia diffusa
plant extract and their anti bacterial activity. Industrial Crops and Products 52:
562-566.

Kumar, S., V. Lather, and D. Pandita. 2015, Green synthesis of therapeutic
nanoparticles: an expanding horizon. Nanomedicine 10: 2451-2471.

Lee, S. J., M. Heo, D. Lee, S. Han, J.-H. Moon, H.-N. Lim, and I. K. Kwon. 2018,
Preparation and characterization of antibacterial orthodontic resin containing
silver nanoparticles. Applied Surface Science 432: 317-323.

Li, H.-B., Y.-T. Zheng, D.-D. Sun, J.-J. Wang, and Y.-Z. Du. 2014, Combined effects
of temperature and avermectins on life history and stress response of the western
flower thrips, Frankliniella occidentalis. Pesticide biochemistry and physiology
108: 42-48.

Li, X., M. A. Schuler, and M. R. Berenbaum. 2002, Jasmonate and salicylate induce
expression of herbivore cytochrome P450 genes. Nature 419: 712-715.

101



AP
REFERENCES

Liu, Y., Q. Zhou, X. Xie, D. Lin, and L. Dong. 2010, Oxidative stress and DNA damage
in the earthworm Eisenia fetida induced by toluene, ethylbenzene and xylene.
Ecotoxicology 19: 1551-1559.

Liu, Z. L., Q. Z. Liu, S. S. Du, and Z. W. Deng. 2012, Mosquito larvicidal activity of

alkaloids and limonoids derived from Evodia rutaecarpa unripe fruits against

Aedes albopictus (Diptera: Culicidae). Parasitology research 111: 991-996.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall. 1951, Protein
measurement with the Folin phenol reagent. J biol Chem 193: 265-275.

Ma, L., W. Su, J.-X. Liu, X.-X. Zeng, Z. Huang, W. Li, Z.-C. Liu, and J.-X. Tang.
2017, Optimization for extracellular biosynthesis of silver nanoparticles by
Penicillium aculeatum Sul and their antimicrobial activity and cytotoxic effect
compared with silver ions. Materials Science and Engineering: C 77: 963-971.

Mahyoub, J. A., C. Panneerselvam, K. Murugan, M. Roni, S. Trivedi, M. Nicoletti, U.
W. Hawas, F. M. Shaher, M. A. Bamakhrama, and A. Canale. 2016, Seagrasses
as Sources of Mosquito Nano-Larvicides? Toxicity and Uptake of Halodule
uninervis-Biofabricated Silver Nanoparticles in Dengue and Zika Virus Vector
Aedes aegypti. Journal of Cluster Science 28: 565-580.

Manikam, V. R., K. Y. Cheong, and K. A. Razak, 2011. Chemical reduction methods
for synthesizing Ag and Al nanoparticles and their respective nanoalloys.
Materials Science and Engineering: B 176: 187-203.

Manjamadha, V., and K. Muthukumar. 2016, Ultrasound assisted green synthesis of
silver nanoparticles using weed plant. Bioprocess and biosystems engineering
39:401-411.

Manju, S., B. Malaikozhundan, S. Vijayakumar, S. Shanthi, A. Jaishabanu, P.

Ekambaram, and B. Vaseeharan. 2016, Antibacterial, antibiofilm and cytotoxic

102



AP
REFERENCES

effects of Nigella sativa essential oil coated gold nanoparticles. Microbial
pathogenesis 91: 129-135.
Masud, M., B. N. Kim, and Y. Kim. 2017, Optimal control problems of mosquito-

borne disease subject to changes in feeding behavior of Aedes mosquitoes.
Biosystems 156: 23-39.

Mishra, P., B. K. Tyagi, N. Chandrasekaran, and A. Mukherjee. 2017, Biological
nanopesticides: a greener approach towards the mosquito vector control.
Environmental Science and Pollution Research: 1-13.

Mnif, 1., and D. Ghribi. 2016, Glycolipid biosurfactants: main properties and potential
applications in agriculture and food industry. Journal of the Science of Food and
Agriculture 96: 4310-4320.

Mondal, R. P., A. Ghosh, and G. Chandra. 2014, Mosquito Larvicidal Potential of
Salicylic Acid and 3, 5-Di Nitro Salicylic Acid against Filarial Vector Culex
quinquefasciatus. Journal of Mosquito Research 4.

Mueller, R. S., K. Bergvall, E. Bensignor, and R. Bond. 2012, A review of topical
therapy for skin infections with bacteria and yeast. Veterinary dermatology 23:
330.

Mukunthan, K., E. Elumalai, T. N. Patel, and V. R. Murty. 2011, Catharanthus roseus:
a natural source for the synthesis of silver nanoparticles. Asian Pacific Journal
of Tropical Biomedicine 1: 270-274.

Mdler, A., D. Behsnilian, E. Walz, V. Grd, L. Hogekamp, and R. Greiner. 2016,
Effect of culture medium on the extracellular synthesis of silver nanoparticles
using Klebsiella pneumoniae, Escherichia coli and Pseudomonas jessinii.

Biocatalysis and agricultural biotechnology 6: 107-115.

103



AP
REFERENCES

Murugan, K., G. Benelli, C. Panneerselvam, J. Subramaniam, T. Jeyalalitha, D. Dinesh,
M. Nicoletti, J.-S. Hwang, U. Suresh, and P. Madhiyazhagan. 2015,

Cymbopogon citratus-synthesized gold nanoparticles boost the predation

efficiency of copepod Mesocyclops aspericornis against malaria and dengue
mosquitoes. Experimental parasitology 153: 129-138.

Murugan, K., P. Aruna, C. Panneerselvam, P. Madhiyazhagan, M. Paulpandi, J.
Subramaniam, R. Rajaganesh, H. Wei, M. S. Alsalhi, and S. Devanesan. 2016,
Fighting arboviral diseases: low toxicity on mammalian cells, dengue growth
inhibition (in vitro), and mosquitocidal activity of Centroceras clavulatum-
synthesized silver nanoparticles. Parasitology research 115: 651-662.

Muthusamy, R., and S. Rajakumar. 2016, Antioxidative Response in a Silkworm,
Bombyx mori larvae to Dichlorvos insecticide. Free Radicals and Antioxidants
6: 58.

Nagqgash, M. N., A. G&eg, A. Bakhsh, and M. Salim. 2016, Insecticide resistance and
its molecular basis in urban insect pests. Parasitology research 115: 1363-1373.

Narayanan, K. B., and N. Sakthivel. 2010, Biological synthesis of metal nanoparticles
by microbes. Advances in colloid and interface science 156: 1-13.

Nasrollahzadeh, M. 2014, Green synthesis and catalytic properties of palladium
nanoparticles for the direct reductive amination of aldehydes and hydrogenation
of unsaturated ketones. New Journal of Chemistry 38: 5544-5550.

Nathan, S. S., M.-Y. Choi, C.-H. Paik, and H.-Y. Seo. 2007, Food consumption,
utilization, and detoxification enzyme activity of the rice leaffolder larvae after
treatment with Dysoxylum triterpenes. Pesticide Biochemistry and Physiology
88: 260-267.

104



AP
REFERENCES

Ngoagouni, C., B. Kamgang, M. Kazanji, C. Paupy, and E. Nakouné 2017, Potential

of Aedes aegypti and Aedes albopictus populations in the Central African
Republic to transmit enzootic chikungunya virus strains. Parasites & vectors 10:
164.

Nunes, F. C., J. A. Leite, L. H. Oliveira, P. A. Sousa, M. C. Menezes, J. P. Moraes, S.
R. Mascarenhas, and V. A. Braga. 2015, The larvicidal activity of Agave
sisalana against L4 larvae of Aedes aegypti is mediated by internal necrosis and
inhibition of nitric oxide production. Parasitology research 114: 543-549.

Oliveira, M. M., D. Ugarte, D. Zanchet, and A. J. Zarbin. 2005, Influence of synthetic
parameters on the size, structure, and stability of dodecanethiol-stabilized silver
nanoparticles. Journal of colloid and interface science 292: 429-435.

Oppold, A., A. Krel3 J. V. Bussche, J. Diogo, U. Kuch, J. Oehlmann, M.
Vandegehuchte, and R. MUler. 2015, Epigenetic alterations and decreasing
insecticide sensitivity of the Asian tiger mosquito Aedes albopictus.
Ecotoxicology and environmental safety 122: 45-53.

Park, H.-M., and |.-K. Park. 2012, Larvicidal activity of Amyris balsamifera, Daucus
carota and Pogostemon cablin essential oils and their components against Culex
pipiens pallens. Journal of Asia-Pacific Entomology 15: 631-634.

Parra Morales, L. B., R. A. Alzogaray, L. Cichd, S. Garrido, J. Solefo, and C. M.
Montagna. 2017, Effects of chlorpyrifos on enzymatic systems of Cydia
pomonella (Lepidoptera: Tortricidae) adults. Insect science 24: 455-466.

Parthipan, P., R. K. Sarankumar, A. Jaganathan, P. Amuthavalli, R. Babujanarthanam,
P. K. Rahman, K. Murugan, A. Higuchi, G. Benelli, and A. Rajasekar. 2017,

Biosurfactants produced by Bacillus subtilis Al and Pseudomonas stutzeri NA3

105



AP
REFERENCES

reduce longevity and fecundity of Anopheles stephensi and show high toxicity

against young instars. Environmental Science and Pollution Research: 1-11.

Patil, R. S., M. R. Kokate, and S. S. Kolekar. 2012, Bioinspired synthesis of highly
stabilized silver nanoparticles using Ocimum tenuiflorum leaf extract and their
antibacterial activity. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 91: 234-238.

Pavela, R., N. Vrchotova, and J. Ttiska. 2016. Larvicidal activity of extracts from
Ammi visnaga Linn.(Apiaceae) seeds against Culex quinquefasciatus
Say.(Diptera: Culicidae). Experimental parasitology 165: 51-57.

Pavithra Bharathi, V., C. Ragavendran, N. Murugan, and D. Natarajan. 2016, Ipomoea
batatas (Convolvulaceae)-mediated synthesis of silver nanoparticles for
controlling mosquito vectors of Aedes albopictus, Anopheles stephensi, and
Culex quinquefasciatus (Diptera: Culicidae). Artificial Cells, Nanomedicine,
and Biotechnology 45: 1568-1580.

Pavunraj, M., K. Baskar, V. Duraipandiyan, N. A. Al-Dhabi, V. Rajendran, and G.
Benelli. 2017, Toxicity of Ag nanoparticles synthesized using stearic acid from
Catharanthus roseus leaf extract against Earias vittella and mosquito vectors
(Culex quinquefasciatus and Aedes aegypti). Journal of Cluster Science 28:
2477-2492.

Peralta-Videa, J. R., Y. Huang, J. G. Parsons, L. Zhao, L. Lopez-Moreno, J. A.
Hernandez-Viezcas, and J. L. Gardea-Torresdey. 2016, Plant-based green
synthesis of metallic nanoparticles: scientific curiosity or a realistic alternative

to chemical synthesis? Nanotechnology for Environmental Engineering 1: 4.

106



AP
REFERENCES

Philip, D. 2009, Biosynthesis of Au, Ag and Au—Ag nanoparticles using edible

mushroom extract. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 73: 374-381.

Ptaza, G. A., J. Chojniak, and I. M. Banat. 2014, Biosurfactant mediated biosynthesis
of selected metallic nanoparticles. International journal of molecular sciences 15:
13720-13737.

Pompa, P. P., G. Vecchio, A. Galeone, V. Brunetti, S. Sabella, G. Maiorano, A. Falqui,
G. Bertoni, and R. Cingolani. 2011, In vivo toxicity assessment of gold
nanoparticles in Drosophila melanogaster. Nano Research 4: 405-413.

Prabakaran, G., S. Hoti, H. S. P. Rao, and S. Vijjapu. 2015, Di-rhamnolipid is a
mosquito pupicidal metabolite from Pseudomonas fluorescens (VCRC B426).
Acta tropica 148: 24-31.

Prabhu, N., N. Revathi, R. Darsana, M. Sruthi, P. Chinnaswamy, and D. Innocent. 2009,
Antibacterial activities of silver nanoparticles synthesized by Aspergillus
fumigatus. Icfai Univ J Biotechnol 3: 50-55.

Pradeepa, V., S. Senthil-Nathan, S. Sathish-Narayanan, S. Selin-Rani, P. Vasantha-
Srinivasan, A. Thanigaivel, A. Ponsankar, E.-S. Edwin, M. Sakthi-Bagavathy,
and K. Kalaivani. 2016, Potential mode of action of a novel plumbagin as a
mosquito repellent against the malarial vector Anopheles stephensi,(Culicidae:
Diptera). Pesticide Biochemistry and Physiology 134: 84-93.

Qin, X., H. Xiao, C. Xue, Z. Yu, R. Yang, Z. Cai, and L. Si. 2015, Biocontrol of gray
mold in grapes with the yeast Hanseniaspora uvarum alone and in combination
with salicylic acid or sodium bicarbonate. Postharvest Biology and Technology
100: 160-167.

107



AP
REFERENCES

Quester, K., M. Avalos-Borja, and E. Castro-Longoria. 2013, Biosynthesis and

microscopic study of metallic nanoparticles. Micron 54: 1-27.

Rajaganesh, R., K. Murugan, C. Panneerselvam, S. Jayashanthini, M. Roni, U. Suresh,
S. Trivedi, H. Rehman, A. Higuchi, and M. Nicoletti. 2016, Fern-synthesized
silver nanocrystals: Towards a new class of mosquito oviposition deterrents?
Research in Veterinary Science 109: 40-51.

Rajan, R., K. Chandran, S. L. Harper, S.-I. Yun, and P. T. Kalaichelvan. 2015, Plant
extract synthesized silver nanoparticles: an ongoing source of novel
biocompatible materials. Industrial Crops and Products 70: 356-373.

Ramanibai, R., and K. Velayutham. 2016, Synthesis of silver nanoparticles using 3, 5-
di-t-butyl-4-hydroxyanisole from Cynodon dactylon against Aedes aegypti and
Culex quinquefasciatus. Journal of Asia-Pacific Entomology 19: 603-609.

Rawani, A., A. Ghosh, and G. Chandra. 2013, Mosquito larvicidal and antimicrobial
activity of synthesized nano-crystalline silver particles using leaves and green
berry extract of Solanum nigrum L.(Solanaceae: Solanales). Acta tropica 128:
613-622.

Rokade, A. A.,J. H. Kim, S. R. Lim, S. I. Yoo, Y. E. Jin, and S. S. Park. 2017, A Novel
Green Synthesis of Silver Nanoparticles Using Rubus crataegifolius Bge Fruit
Extract. Journal of Cluster Science 28:2017-2026.

Roopan, S. M., G. Madhumitha, A. A. Rahuman, C. Kamaraj, A. Bharathi, and T.
Surendra. 2013, Low-cost and eco-friendly phyto-synthesis of silver
nanoparticles using Cocos nucifera coir extract and its larvicidal activity.
Industrial Crops and Products 43: 631-635.

108



AP
REFERENCES

Roy, N., A. Gaur, A. Jain, S. Bhattacharya, and V. Rani. 2013, Green synthesis of silver

nanoparticles: an approach to overcome toxicity. Environmental toxicology and
pharmacology 36: 807-812.

Ruuhola, T., O.-P. Tikkanen, and J. Tahvanainen. 2001, Differences in host use
efficiency of larvae of a generalist moth, Operophtera brumata on three
chemically divergent Salix species. Journal of chemical ecology 27: 1595-1615.

Saber, H., E. A. Alwaleed, K. Ebnalwaled, A. Sayed, and W. Salem. 2017, Efficacy of
silver nanoparticles mediated by Jania rubens and Sargassum dentifolium
macroalgae; Characterization and biomedical applications. Egyptian Journal of
Basic and Applied Sciences 4: 249-255.

Saravanan, M., S. K. Barik, D. MubarakAli, P. Prakash, and A. Pugazhendhi. 2018,
Synthesis of silver nanoparticles from Bacillus brevis (NCIM 2533) and their
antibacterial activity against pathogenic bacteria. Microbial pathogenesis 116:
221-226.

Sathishkumar, M., K. Sneha, S. Won, C.-W. Cho, S. Kim, and Y.-S. Yun. 2009,
Cinnamon zeylanicum bark extract and powder mediated green synthesis of
nano-crystalline silver particles and its bactericidal activity. Colloids and
Surfaces B: Biointerfaces 73: 332-338.

Selin-Rani, S., S. Senthil-Nathan, K. Revathi, R. Chandrasekaran, A. Thanigaivel, P.
Vasantha-Srinivasan, A. Ponsankar, E. S. Edwin, and V. Pradeepa. 2016,
Toxicity of Alangium salvifolium Wang chemical constituents against the
tobacco cutworm Spodoptera litura Fab. Pesticide biochemistry and physiology
126: 92-101.

109



AP
REFERENCES

Sezer, B., and P. Ozalp. 2015, Effect of juvenile hormone analogue, pyriproxyfen on

antioxidant enzymes of greater wax moth, Galleria mellonella (Lepidoptera:
Pyralidae: Galleriinae) Larvae. Pak. J. Zool 47: 665-669.

Shankar, P. D., S. Shobana, |. Karuppusamy, A. Pugazhendhi, V. S. Ramkumar, S.
Arvindnarayan, and G. Kumar. 2016, A review on the biosynthesis of metallic
nanoparticles (gold and silver) using bio-components of microalgae: Formation
mechanism and applications. Enzyme and microbial technology 95: 28-44.

Shankar, S. S., A. Ahmad, and M. Sastry. 2003, Geranium leaf assisted biosynthesis of
silver nanoparticles. Biotechnology progress 19: 1627-1631.

Shareef, J., M. N. Rani, S. Anand, and D. Rangappa. 2017, Synthesis and
characterization of silver nanoparticles from Penicillium sps. Materials Today:
Proceedings 4: 11923-11932.

Sherpa, S., D. Rioux, C. Pougnet-Lagarde, and L. Després. 2018, Genetic diversity and
distribution differ between long-established and recently introduced populations
in the invasive mosquito Aedes albopictus. Infection, Genetics and Evolution 58:
145-156.

Shirtcliffe, N., U. Nickel, and S. Schneider. 1999, Reproducible preparation of silver
sols with small particle size using borohydride reduction: for use as nuclei for
preparation of larger particles. Journal of colloid and interface science 211: 122-
129.

Shu, Y., G. Zhang, and J. Wang. 2012. Response of the common cutworm Spodoptera
litura to zinc stress: Zn accumulation, metallothionein and cell ultrastructure of
the midgut. Science of the Total Environment 438: 210-217.

110



AP
REFERENCES

Shukla, V. K., R. P. Singh, and A. C. Pandey. 2010, Black pepper assisted biomimetic
synthesis of silver nanoparticles. Journal of Alloys and Compounds 507: L13-
L16.

Silva, V., R. Lovaglio, C. Von Zuben, and J. Contiero. 2014, Larvicidal activity of

rhamnolipids produced by Pseudomonas aeruginosa LBI 2A1 against Aedes
aegypti larvae. SOCIETY FOR INDUSTRIAL MICROBIOLOGY AND
BIOTECHNOLOGY.

Simoes, M., R. N. Bennett, and E. A. Rosa. 2009, Understanding antimicrobial
activities of phytochemicals against multidrug resistant bacteria and biofilms.
Natural product reports 26: 746-757.

Singh, D. P., C. A. Moore, A. Gilliland, and J. P. Carr. 2004, Activation of multiple
antiviral defence mechanisms by salicylic acid. Molecular plant pathology 5: 57-
63.

Solairaj, D., and P. Rameshthangam. 2017, Silver nanoparticle embedded a-chitin
nanocomposite for enhanced antimicrobial and mosquito larvicidal activity.
Journal of Polymers and the Environment 25: 435-452.

Srikar, S. K., D. D. Giri, D. B. Pal, P. K. Mishra, and S. N. Upadhyay. 2016, Green
synthesis of silver nanoparticles: a review. Green and Sustainable Chemistry 6:
34,

Subhashini, M., and M. Ravindranath. 1980, Haemolymph protein concentration of
Scylla serrata: assessment of quantitative methods and intra-individual
variability. Archives internationales de physiologie et de biochimie 88: 47-51.

Suman, T., S. R. Rajasree, A. Kanchana, and S. B. Elizabeth. 2013a, Biosynthesis,
characterization and cytotoxic effect of plant mediated silver nanoparticles using

111



AP
REFERENCES

Morinda citrifolia root extract. Colloids and surfaces B: Biointerfaces 106: 74-
78.
Suman, T., D. Elumalai, P. Kaleena, and S. R. Rajasree. 2013b, GC-MS analysis of

bioactive components and synthesis of silver nanoparticle using Ammannia
baccifera aerial extract and its larvicidal activity against malaria and filariasis
vectors. Industrial crops and products 47: 239-245.

Suman, T., S. R. Rajasree, C. Jayaseelan, R. R. Mary, S. Gayathri, L. Aranganathan,
and R. Remya. 2016, GC-MS analysis of bioactive components and biosynthesis
of silver nanoparticles using Hybanthus enneaspermus at room temperature
evaluation of their stability and its larvicidal activity. Environmental Science
and Pollution Research 23: 2705-2714.

Sundararajan, B., and B. R. Kumari. 2017, Novel synthesis of gold nanoparticles using
Artemisia vulgaris L. leaf extract and their efficacy of larvicidal activity against
dengue fever vector Aedes aegypti L. Journal of Trace Elements in Medicine and
Biology 43: 187-196.

Suresh, U., K. Murugan, G. Benelli, M. Nicoletti, D. R. Barnard, C. Panneerselvam, P.
M. Kumar, J. Subramaniam, D. Dinesh, and B. Chandramohan. 2015, Tackling
the growing threat of dengue: Phyllanthus niruri-mediated synthesis of silver
nanoparticles and their mosquitocidal properties against the dengue vector
Aedes aegypti (Diptera: Culicidae). Parasitology research 114: 1551-1562.

Suresh, U., K. Murugan, C. Panneerselvam, R. Rajaganesh, M. Roni, H. A. N. Al-Aoh,
S. Trivedi, H. Rehman, S. Kumar, and A. Higuchi. 2017, Suaeda maritima-based
herbal coils and green nanoparticles as potential biopesticides against the dengue
vector Aedes aegypti and the tobacco cutworm Spodoptera litura. Physiological
and Molecular Plant Pathology 101: 225-235.

112



AP
REFERENCES

Tarasenko, N., A. Butsen, E. Nevar, and N. Savastenko. 2006, Synthesis of nanosized

particles during laser ablation of gold in water. Applied surface science 252:
4439-4444,

Tayeh, C., B. Randoux, N. Bourdon, and P. Reignault. 2013, Lipid metabolism is
differentially modulated by salicylic acid and heptanoyl salicylic acid during the
induction of resistance in wheat against powdery mildew. Journal of plant
physiology 170: 1620-1629.

Thakkar, K. N., S. S. Mhatre, and R. Y. Parikh. 2010, Biological synthesis of metallic
nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine 6: 257-
262.

Tolle, M. A. 2009, Mosquito-borne diseases. Current problems in pediatric and
adolescent health care 39: 97-140.

Tripathi, A., N. Chandrasekaran, A. Raichur, and A. Mukherjee. 2009, Antibacterial
applications of silver nanoparticles synthesized by aqueous extract of
Azadirachta indica (Neem) leaves. Journal of Biomedical Nanotechnology 5:
93-98.

Velayutham, K., and R. Ramanibai. 2016, Larvicidal activity of synthesized silver
nanoparticles using isoamyl acetate identified in Annona squamosa leaves
against Aedes aegypti and Culex quinquefasciatus. The Journal of Basic &
Applied Zoology 74: 16-22.

Vigneshwaran, N., A. A. Kathe, P. Varadarajan, R. P. Nachane, and R.
Balasubramanya. 2006, Biomimetics of silver nanoparticles by white rot fungus,
Phaenerochaete chrysosporium. Colloids and Surfaces B: Biointerfaces 53: 55-
59.

113



AP
REFERENCES

Vigneshwaran, N., N. Ashtaputre, P. Varadarajan, R. Nachane, K. Paralikar, and R.

Balasubramanya. 2007, Biological synthesis of silver nanoparticles using the
fungus Aspergillus flavus. Materials letters 61: 1413-1418.

Vijayabharathi, R., A. Sathya, and S. Gopalakrishnan. 2018, Extracellular biosynthesis
of silver nanoparticles using Streptomyces griseoplanus SAI-25 and its
antifungal activity against Macrophomina phaseolina, the charcoal rot pathogen
of sorghum. Biocatalysis and Agricultural Biotechnology 14: 166-171.

Vilas, V., D. Philip, and J. Mathew. 2014, Catalytically and biologically active silver
nanoparticles synthesized using essential oil. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy 132: 743-750.

Vilas, V., D. Philip, and J. Mathew. 2016a, Essential oil mediated synthesis of silver
nanocrystals for environmental, anti-microbial and antioxidant applications.
Materials Science and Engineering: C 61: 429-436.

Vilas, V., D. Philip, and J. Mathew. 2016b, Biosynthesis of Au and Au/Ag alloy
nanoparticles using Coleus aromaticus essential oil and evaluation of their
catalytic, antibacterial and antiradical activities. Journal of Molecular Liquids
221: 179-189.

Vimala, R., G. Sathishkumar, and S. Sivaramakrishnan. 2015, Optimization of reaction
conditions to fabricate nano-silver using Couroupita guianensis Aubl.(leaf &
fruit) and its enhanced larvicidal effect. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy 135: 110-115.

Walter, K., and C. Schutt. 1974, Methods of enzymatic analysis. New York: Academic
2: 856-864.

114



AP
REFERENCES

Walther, D., D. Scheuch, and H. Kampen. 2017, The invasive Asian tiger mosquito

Aedes albopictus (Diptera: Culicidae) in Germany: local reproduction and
overwintering. Acta tropica 166: 186-192.

White, G., G. Cook, and Z. Al. 2004, Medical acarology and entomology: mosquitoes.
Manson's Tropical Diseases.

WHO, G. 1996, Report of the WHO Informal Consultation on the evaluation and
testing of insecticides. World Health Organization Geneva.

WHO, W. H. 0. 2016, World malaria report 2016. Geneva: WHO. Embargoed until
13.

Wu, H., R. Zhang, J. Liu, Y. Guo, and E. Ma. 2011, Effects of malathion and
chlorpyrifos on acetylcholinesterase and antioxidant defense system in Oxya
chinensis (Thunberg)(Orthoptera: Acrididae). Chemosphere 83: 599-604.

Yasur, J.,, and P. U. Rani. 2015, Lepidopteran insect susceptibility to silver
nanoparticles and measurement of changes in their growth, development and
physiology. Chemosphere 124: 92-102.

Yuan, C.-G., C. Huo, B. Gui, P. Liu, and C. Zhang. 2017, Green Synthesis of Silver
Nanoparticles Using Chenopodium aristatum L. Stem Extract and Their
Catalytic/Antibacterial Activities. Journal of Cluster Science 28: 1319-1333.

Zahran, H. E.-D. M., H. K. Abou-Taleb, and S. A. Abdelgaleil. 2017, Adulticidal,
larvicidal and biochemical properties of essential oils against Culex pipiens L.
Journal of Asia-Pacific Entomology 20: 133-1309.

Zaim, M., A. Aitio, and N. Nakashima. 2000, Safety of pyrethroid-treated mosquito
nets. Medical and veterinary entomology 14: 1-5.

Zhang, R., P. Yan, Y. Li, L. Xiong, X. Gong, and C. Peng. 2016, A pharmacokinetic

study of patchouli alcohol after a single oral administration of patchouli alcohol

115



AP
REFERENCES

or patchouli oil in rats. European journal of drug metabolism and
pharmacokinetics 41: 441-448.

Zhang, T., L. Wang, Q. Chen, and C. Chen. 2014a, Cytotoxic potential of silver
nanoparticles. Yonsei medical journal 55: 283-291.

Zhang, Y., L. Zhang, L. Feng, L. Mao, and H. Jiang. 2017, Oxidative stress of

imidaclothiz on earthworm Eisenia fetida. Comparative Biochemistry and

Physiology Part C: Toxicology & Pharmacology 191: 1-6.

Zhang, Z., X.-m. Han, J.-h. Wei, J. Xue, Y. Yang, L. Liang, X.-j. Li, Q.-m. Guo, Y.-h.
Xu, and Z.-h. Gao. 2014b, Compositions and antifungal activities of essential
oils from agarwood of Aquilaria sinensis (Lour.) Gilg induced by Lasiodiplodia
theobromae (Pat.) Griffon. & Maubl. Journal of the Brazilian Chemical Society
25: 20-26.

116



LIST OF TABLES

List of tables

Table 1. Larval and pupal toxicity of salicylic acid and dinitrosalicylic acid against
dengue vector Ae. alDOPICLUS. .......cccvveiieiiicii e e 38

Table 2. Larval and pupal toxicity of salicylic acid and dinitrosalicylic acid
synthesized silver nanoparticles against dengue vector Ae. albopictus........ 40

Table 3. Larval and pupal toxicity of essential oil Aquilaria sinensis (AsEQO) and
Pogostemon cablin (PcEO) against Zika vector Ae. albopictus................... 58

Table 4. Larval and pupal toxicity of Aquilaria sinensis and Pogostemon cablin
essential oil synthesized silver nanoparticles (AsEO-AgNPs and PCEO-
AgNPs) against Zika vector Ae. albopiCtus. ..........cccovviiiiiiieiiciece e, 60

Table 5. Larval and pupal toxicity of Mannosylerythritol lipids and the synthesized
silver nanoparticles (MELs-AgNPs) against chikungunya vector Ae.

2|1 010] 01 od (1SR 75

117



LIST OF FIGURES

List of figures

Figure. 1- Pictorial representation of comparative study between the conventional

pesticides and nanopesticides (Mishra et al. 2017)........cccccoevvivnieninnnen, 8
Figure. 2- Annual publications showcasing the green synthesis of metal
nanoparticles(Peralta-Videa et al. 2016)........ccccccvviviieeiieniee e, 9
Figure. 3- Common chemical and physical methods for synthesis of nanomaterials
(Manikam et al. 2011). ....ccooiieieeeecee e 10
Figure. 4- A summary of AgNPs penetration and the cytotoxicity effects (Zhang et al.
2004Q). ...ttt ns 19

Figure. 5 Chemical structure of (a) salicylic acid, (b) 3, 5-dinitrosalicylic acid........ 26
Figure. 6 Preparation process of AgNPs, and UV-vis spectrum. a- (1) agueous solution
containing dinitrosalicylic acid, (2) alkaline solution containing
dinitrosalicylic acid, (3) nanoparticles solution. b- (1) aqueous solution
containing salicylic acid, (2) alkaline solution containing salicylic acid, (3)
nanoparticles solution. c- UV-Vis adsorption spectrum of AgNPs. The
maximum absorption peaks of DNS-AgNP and SA-AgNP were 390 and
430 nm respectively after 150 min from the reaction. ..............c..ccoc....... 33
Figure. 7 (a) SEM images of synthesized AgNPs using Salicylic acid (SA) and
Dinitrosalicylic acid (DNS). (b) EDX patterns of synthesized AgNPs. .34
Figure. 8 (a) TEM images of synthesized AgNPs using Salicylic acid (SA) and
dinitrosalicylic acid (DNS). (b) XRD patterns of synthesized silver
nanoparticles by SA and DNS. ... 36
Figure. 9 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of silver
nanoparticles synthesized using Salicylic acid (SA) and Dinitrosalicylic
Yo [0 (5 ) PSSR 37



LIST OF FIGURES

Figure. 10 Impact of SA, DNS, SAAgNP, and DNSAgNP on the enzyme activities

and total proteins. (a) total protein concentration, (b) Acetylcholine

esterase, (c) a-caboxylesterase, (d) [p-carboxylesterase, (e) acid
phosphatase and (f) alkaline phosphatase enzyme. Each bar represents
mean =+ SE of three replicates using different preparations of larval
NOMOQGENALES. ......ocvieiie et 42
Figure. 11 Preparation process of AgNPs, and UV-vis spectrum. (a) Color of reactants
before and after the reaction. (b) UV—-Vis adsorption spectrum of AgNPs.
The maximum absorption peaks of ASEO-AgNP and PCEO-AgNP were
408 and 430 nm, respectively after 90 min from the reaction. ............... 52
Figure. 12 (a) SEM image of synthesized AgNPs using Aquilaria sinensis essential oil
(AsEO). (b) SEM image of synthesized AgNPs using Pogostemon cablin
essential oil (PcEO). (C) EDX pattern of synthesized AsEO-AgNPs and
(D) EDX pattern of synthesized PCEO-AGNPS. .......ccoccvvviiiiieeiieniee, 54
Figure. 13 (a) TEM image of synthesized AgNPs using Aquilaria sinensis essential oil
(AsEO) (b) TEM image of synthesized AgNPs using Pogostemon cablin
essential oil (PcEO). (C) XRD pattern of synthesized silver nanoparticles

by AsEO and (D) XRD pattern of synthesized silver nanoparticles by

Figure. 14 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of
silver nanoparticles synthesized using Aquilaria sinensis essential oil
(AsEOQ) and Pogostemon cablin essential oil (PCEO). .......c..ccoeevvvennne. 56
Figure. 15 Larvicidal and pupicidal efficacy of (a) Aquilaria sinensis essential oil
(AsEO), Pogostemon cablin essential oil (PcEO) and (b) green

synthesized silver nanoparticles using ASEO and PcEO against I-1V instar

119



LIST OF FIGURES

larvae and pupae of dengue and zika vector Aedes albopictus. Mortality

was recorded after 24 h of exposure. No mortality was observed in the
control. Different letters above each bar indicate significant differences
among treatments (ANOVA, Tukey’s HSD test, P < 0.05)........c.c...... 59
Figure. 16 Longitudinal sections of the midgut of an Aedes albopictus 4™ instar larvae,
magnification: 40 (a, b) control, (c) a larva under treatment with
Aquilaria sinensis essential oil, (d) a larva under treatment with
Pogostemon cablin essential oil, (e) a larva under treatment with AsEO-
AgNPs, (f) a larva under treatment with PCEO-AgNPs. Epithelial cells =

EP, basement membrane = BM, muscles = M, nucleus = N, gut lumen =

Figure. 17 (a) UV-Vis adsorption spectrum of AgNPs. The maximum absorption peak
of MELs-AgNPs were 430 nm, after two hours from the reaction. (b)

Color of the MELSs solution and MELs-AgNPs solution........................ 71
Figure. 18 (a) SEM images of synthesized AgNPs using Mannosylerythritol lipids
(MELSs) biosurfactant. (b) EDX patterns of synthesized AgNPs............ 72

Figure. 19 (a) TEM images of synthesized AgNPs using Mannosylerythritol lipids
(MELs) biosurfactant. (b) XRD patterns of synthesized silver
nanoparticles DY MELS. ..o 73

Figure. 20 Fourier transform infrared (FT-IR) spectrum of freeze-dried powder of
silver nanoparticles synthesized using Mannosylerythritol lipids (MELS)
DIOSUMTACTANT. ... e 74

Figure. 21 effect of MELs and MELs-AgNPs on the antioxidant enzyme activities and
total proteins. (a) Total protein concentration, (b) Superoxide dismutase
(SOD), (c) catalase (CAT), (d) Peroxidases (POD). Each bar represents

120



LIST OF FIGURES

mean = SE of four replicates using different preparations of larval

NOMOGENALES. ......oivieiii e 78
Figure. 22 TEM images of the MELs and MELs-AgNP treated larvae, beside untreated
larvae. (a) Ultrastructure of the midgut in control larvae showing midgut
microvilli. (b). Ultrastructure of the midgut in control larvae showing
different cell organelles with normal characteristics. (c) Midgut of MELSs
treated larvae showing cell organelles including mitochondria, vacoules
and vesicles. (d) Accumulation of AgNPs in the endoplasmic reticulum,
nucleolus and other cell organelles of gut cells pointed by red arrows (dark
] 010 £ RSP SPOT 80

121



