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ABSTRACT

The enormous global burden and impact of mosquito-borne diseases have challenged
the health sector worldwide. Due to the unavailability of drugs and vaccines,
mosquito controls remain an alternative solution. With increasing concern and
harmful effects of synthetic chemical pesticides, there has been renewed interest in
technologies based on bio-inspired products. In particular, plant-derived products rich
in phytochemicals are effective and popularized as bio-pesticides due to their safety
towards users and the environment. However, the ease with which plant-inspired
pesticides degrades under realistic field conditions has hampered their broader
applications.

Nanotechnology provides the basis for improving the effectiveness of bio-
pesticides. The most promising nanostructured systems are polymeric encapsulation,
nanogel, and nanoemulsions. These nanostructure systems can contribute towards
sustainable vector management programs due to their potential for assisting in
reduced doses of pesticides while at the same time improving stability and offering
controlled release, depending upon the type of nanostructure. The bio-derived
polymers chitosan and pectin are safe, biodegradable, non-toxic, and used as wall-
forming encapsulating agents. The nanocapsules were formed using chitosan and
pectin using the ionic gelation method, which involves the interactions of anionic
polymer with oppositely charged ions to create hydrogel beads, also known as gel
spheres, which are spherical cross-linked hydrophilic polymeric entities capable of
swelling in water and the release of active is controlled by polymer relaxation. Pectin
and chitosan produce electrostatically stabilized gel networks with divalent metal

cations (calcium) and tripolyphosphate (TPP), respectively.
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Additionally, these nanostructures raise concern regarding their non-target
exposure since NP may endanger human health through oral, inhalation, and
cutaneous exposure, which may interact with cells and tissues and alteration, can
occur. The safety evaluation of nanostructures is vital to determine their potentially
harmful effects. Considering all these facts, the present work was designed to develop
phytochemicals loaded nanostructures, alias nanoparticles for controlling mosquito
vectors and their toxicity assessments on in vitro mice model or in the Vivo cell line.

The screening of fixed oils viz. Schleicher oleosa (Kusum) oil, Calophyllum
inophyllum (Tamanu) oil, Morigina oil; essential oils lemongrass oil, cedarwood oil;
and bio-waste cashew nut shell liquid (CNSL) were evaluated for their efficacy
against immature (larva) and adult mosquitoes before being developing them in nano-
form. The Phyto-constituents of selected phyto-sourced were analyzed by GC-MS.
After the successful screening and detailed Phyto-constituents analysis, the ones with
the best performance were loaded into nanoparticles viz. nanocapsules, nanocapsules
to nanogel, and nanoemulsion. The characterization of developed nanoformulations
was done by TEM / DLS, and DSC was also performed where ever required. The
formulations were observed for storage stability assessed by changes in physical
appearance or particle size upon storage.

Further, the nanocapsules impregnated on a mini cotton bag to produce ready-
to-use (RTU) formulation and nano-micellar emulsion were used for targeting
immature mosquito stages. In contrast, nanogel was impregnated on cotton fabric to
produce long-lasting and wash durable finished mosquito repellent fabric. The
nanocapsules cannot react or bind with the fibers, so it is necessary to bind them to
the fiber. Acrylates can be used to bind nanocapsules to fabric, which also prevents

their washing off during a series of washing.



Chitosan nanocapsules, containing lemongrass (Cymbopogon citratus) oil
(LGO) have been developed in gel form in which acrylate (Ac) was incorporated as a
thickener and fabric binder. The gel was impregnated on fabric to achieve long-lasting
and wash-durable mosquito repellency. FTIR and XRD were used to examine the
interaction of cotton fibres with gel. Wash durability of gel was compared with
chitosan nanocapsules without acrylate (LGO-encap) using SEM and GC-MS. The
SEM analyses revealed that acrylate containing nanocapsules was retained on fabric
after a series of washing. The GC-MS results indicated that the relative amount of
deducible oil components from fabric was higher after the washing series in acrylate-
containing nanocapsules (LGO-encap-Ac), which further points to the improved wash
durability and retention of capsules on fabric. The bio-efficacy results of post-fifteen
washing turned out was 75% of repellency against mosquitoes with the use of acrylate,
while in nanocapsules without acrylate, only 51% of repellency was achieved.
Furthermore, the 36 days repeated application of nanogel on Swiss albino mice did
not show any signs of dermal toxicity. The formulation is, thus, suitable to impregnate
the dress of the military personals and individuals who have to perform field duty and
where the risk of mosquito bites is probably more.

The cedarwood (Cedrus deodara) essential oil embedded pectin nanocapsules
were produced. The nanocapsules were characterized according to their morphology,
size, encapsulation efficiency, and thermal stability. Furthermore, the nanocapsules
were impregnated onto mini cotton tea bags to be employed as RTU (ready to use)
formulation for treating the breeding sites of mosquitoes. The larvicidal activity of the
bags treated with pectin-cedar wood nanocapsules was assessed against malaria

vector, Anopheles culicifacies, and 98% mortality was recorded till four weeks; this
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suggests its potential hassle-free applications in controlling mosquito vector. The
Nanocapsules were found to be safe on the mouse cell line.

The cashew nut (Anacardium occidentale) shell liquid (CNSL) is produced as
waste by the cashew nut processing industry. The disposal of this substantial waste
product may become an issue in terms of ecological issues. CNSL has insecticidal
properties; despite this, it has not been utilized to its full extent. CNSL is insoluble in
water; in this context, we used CNSL to produce a nanoemulsion for larvicidal
applications by employing the spontaneous emulsification technique. CNSL
monodispersed micelles with a mean diameter of 52nm were produced. The
comparative bioefficacy of bulk and nano CNSL against the third instar larva
of Anopheles culicifacies was determined, with LC50 values of 18.1mg/L and 1.4
mg/L, respectively. The scanning electron microscope was used to assess the larva's
morphological damage after exposure to CNSL nanoemulsion. Histopathological
examination revealed a detailed mode of toxicity of nano CNSL on the larva. The
result obtained showed that the CNSL nanoemulsion has enhanced larvicidal activity
compared to bulk CNSL, allowing effective waste utilization. The utilization of
CNSL nanoemulsion may also resolve disposal-related issues of massive waste
generated by the cashew nut industry. Such an approach may be suitable for enhanced
efficacy against mosquito vectors at lower doses and contribute to reduced use of
synthetic pesticides. The Nano micelle possesses dose-dependent cytotoxicity on the

mice cell line.
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