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Abstract : The review focuses on the spectra of possibilities in utilizing plant-synthesized ZnONPs as larvicides against Aedes aegypti, an
important vector for spreading out dengue fever. ZnONPs have also been reported as an effective larvicidal and pupicidal agent against mosquito
larvae [57, 58] and pupae. ZnONPs were synthesized by using various plant extracts such as Tarenna asiatica, Indigofera tinctoria, and Digiteria
sanguinallis. Oxidative stress, physical disruption and interference of normal physiological process in mosquito larvae and pupae are the main
mechanisms of action of ZnONPs.

More research is needed to assess the ecological implications of ZnONPs although they show potential as an alternative to traditional insecticides
for mosquito control. However, the potential toxicity of ZnONPs to non-target organism and environment need more deliberated evaluation. In
the future research, more opportunities concentrate to on the synthesis and characterization of ZnONPs or even to studies with large field scale
trials; consequently, needs carry out ecological risk assessment sing these methods. In summary, overcoming these challenges will enable ZnONPs
to evolve as an important tool for sustainable dengue control.
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l. INTRODUCTION

Over the past few decades, dengue fever due to Aedes aegypti has become a neglected tropical disease with an expanding global
burden. This is due to a number of factors, including urbanization, globalization and climate change that have provided ideal
conditions for breeding and transmission of the mosquito. Complications Severe dengue is a potentially deadly complication due to
plasma leaking, fluid accumulation, respiratory distress, severe bleeding and organ impairment.

Chemical insecticides targeting suitable mosquito vectors have been the mainstay of dengue targeted control. Yet these strategies
carry difficulties — pollution, resistance to insecticides and the arrival of additional mosquito breeds. Chemical insecticides can
pollute water sources, have a negative impact on non-target organisms, and contribute to the development of insecticide resistance
in mosquitoes. Furthermore, the wide use of broad-spectrum insecticides could also result in a collapse of endogenous mosquito
control and rebounding populations of resistant mosquitoes.

Over the past few decades, dengue fever due to Aedes aegypti has become a neglected tropical disease with an expanding global
burden. This is due to a number of factors, including urbanization, globalization and climate change that have provided ideal
conditions for breeding and transmission of the mosquito. Complications Severe dengue is a potentially deadly complication due to
plasma leaking, fluid accumulation, respiratory distress, severe bleeding and organ impairment.

Chemical insecticides targeting suitable mosquito vectors have been the mainstay of dengue targeted control. Yet these strategies
carry difficulties — pollution, resistance to insecticides and the arrival of additional mosquito breeds. Chemical insecticides can
pollute water sources, have a negative impact on non-target organisms, and contribute to the development of insecticide resistance
in mosquitoes. Furthermore, the wide use of broad-spectrum insecticides could also result in a collapse of endogenous mosquito
control and rebounding populations of resistant mosquitoes.

This review performs the synthesis, characterization, and biological activity of phyto-synthesized ZnONPs against Aedes aegypti.
Phyto-synthesis is a green, clean and environmentally benign method of synthesizing nanoparticles with plant extracts. Its known
biocompatibility, non-toxicity, and environmental friendliness (among other benefits), compared to the traditional chemical
procedures. The plant extracts are rich in bioactive compounds and most of this have a low molecular weight such as polyphenols,
flavonoids which serve the dual role of reducing and capping agents, thereby yielding ZnONPs with size, shape and stability.
Therefore, it is very important to know the characterization of ZnONPs to explore the prospective biological activities and potential
toxic effect due to their physical and chemical properties. UV-visible spectroscopy, Fourier-transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) are the most common
methods for characterising ZnONPs that are adopted [47].
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Although there are numerous reportages on the larvicidal and pupicidal activity of ZnONPs toward Aedes aegypti, their biological
functionality has been scrutinized. ZnONPs have been reported to distort the growth, development and survival of mosquito larvae
and pupae. The byproducts can be both chemically reactive and physically damaging, wreaking havoc on mosquito larvae and pupae
in the process of life cycle interference.

Besides their larvicidal and pupicidal utility ZnONPs might have other biological actions which are of help for vector control.
ZnONPs, for instance, have been reported to disrupt mosquito oviposition, thus inhibiting the number of eggs laid by mosquitoes,
thereby controlling the growth and reproduction of its population. ZnONPs were also observed to shorten the life span of
mosquitoes, thereby reducing their capacity to host infectious agents [19].

Hence, phyto-synthesized ZnONPs could be an excellent alternative for bio-controlling the A. aegypti and to serve as likely-
preventative to dengue fever. Future research is warranted to ascertain their ecological effects and ensure the best practices in which
Wolbachia may be used as a sustainable approach to dengue vector control.

11 REVIEW OF LITERATURE

2.1 Nanotechnology in Vector Control
The emerging use of nanotechnology in vector control would be a promising new approach towards innovation and
sustainability in combating mosquito-borne diseases. Particles that are nanoscale in size have unique properties compared to their
bulk compositions due to quantum effects. This might provide some benefits over the traditional control methods utilized, such as
chemical insecticides. Efficiencies in killing mosquito larvae and pupae have been examined through several types of nanoparticles
- metal oxides, metal sulfides, and polymeric nanoparticles. Among the metal oxide nanomaterials, ZnO has perhaps withstood
some of the most phenomenal successes along with the others, such as TiO2 and CuO, in controlling mosquito populations.
* Zinc Oxide Nanoparticles (ZnONPs): ZnONPs have been widely researched concerning their toxic effects on mosquito
larvae and pupae, particularly Aedes aegypti. In reality, they can influence the various growth and development processes
of mosquitoes at each stage of the life cycle from the larval to the pupal stages through oxidative stress induction, physical
damage, and interference with normal physiological processes.
* Titanium dioxide nanoparticles (TiO2 NPs): The TiO2 NPs have earlier been demonstrated to have potential in
mosquito population control. It kills mosquito larvae and pupae through the generation of ROS on photoexcitation.
* Copper oxide nanoparticles CuO NPs: CuO NPs have also been tested on the larvae and pupae. These mosquitoes
cause damage in their respiratory systems thus killing them.
2.2 Phyto-synthesized of Nanoparticles
This process has been found to be environmentally friendly and thus widely pursued due to its green and sustainable nature.
Phyto-synthesized nanoparticles are generally more biocompatible and less toxic than chemically synthesized
nanoparticles. ZnONPs has been in the center of many studies for its use in synthesizing plant extracts for vector control.
* Type of plant extracts used for the synthesis of ZnONPs: There are different types of plant extracts like Tarenna
asiatica, Indigofera tinctoria, Digiteria sanguinallis, Azadirachta indica, and Ocimum sanctum used for ZnONPs synthesis.
* Phytochemicals employed during the synthesis of ZnONPs: These extracts contain phytochemicals like flavonoids,
terpenoids, and alkaloids which could act as a reducing agent and capping agent thereby generating ZnONPs with unusual
properties.
2.3 Ecotoxicology Involving Larvicidal and Pupicidal Activity of ZnONPs
According to several investigations conducted on the effects produced by ZnONPs, they exhibit the larvicidal and pupicidal
activity against some of the mosquito species including Aedes aegypti. The mechanism of action for ZnONPs is thought
to be:
* Oxidative stress: The action of ZnONPs can also involve the production of reactive oxygen species (ROS) which can in
turn damage different components of the cell resulting in death.
* Physical disruption: It is also believed that ZnONPs can rupture the larval and pupal integuments leading to destruction
and death.
* Interference with physiological processes: Essential physiological functions like respiration, nutrition, and
developmental stages are obstructed by ZnONPs resulting in the death of the larvae’s and pupae’s. Environmental Impact
of ZnONPs.
Though ZnONPs show great potential as vector control methods, their ecotoxicological risks should not be underestimated.
The behavior and fate of ZnONPs in the environment and their adverse effects on non-target organisms should be properly
investigated.
* Persistence and bioaccumulation: Constraints like persistence and bioaccumulation of the nanoparticles may lead to
unfavourable accrual effects in the short and long term.
* Toxicity to non-target organisms: Awareness should be made of the toxicity of ZnOH and its subsequent substances
to aquatic invertebrates, plants and other organisms to curb environment contamination.Future Directions
Despite the promising results obtained in both laboratory and field studies, more work is needed to be done to concentrate
on the following areas; Therefore, more studies are needed in the areas mentioned below:
» Advancement towards clinical studies of on-field large scales: Determination of the efficacy of ZnONPs in real field
settings towards control of mosquito population under different environmental conditions.
« Synergistic effects: Researching the introduction of ancillary vector control measures, like larvivorous fish or biological
control agents with ZnONPs for optimal effect.
* Regulatory framework: Implementing and enforcing legislation and regulations that allow safe and effective application
of ZnONPs for target vector communication control.
 Characterization of ZnONPs and Development: Modification of the chemical structure of ZnONPs for the preparation
of larvicidal formulation that should be potent, nontoxic, and with extended shelf-life.
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» Risk assessment: The risks and potential ecological hazards posed by use of ZnONPs to the environment and
recommends remedial measures towards such risks

111 AIM AND SCOPE:

This review is directed to present progress in the research of a plant synthesized zinc oxide nanoparticles (ZnONPs) for
controlling Aedes aegypti, a vector who is responsible for spreading the dengue fever. This review broadly covers the following
aspects:

« Synthesis of ZnONPs: Synthesis of Zinc Oxide Nanoparticles using plant camouflages and exploring other issues such

as plant/chosen species and synthesis conditions.

* Characterization of ZnONPs: Classification of various characteristics of inert ZnO such as size, shape, morphology,

and crystallinity among many others used in assessing the composition of structures to be synthesized.

« Larvicidal and pupicidal activity: Looking through the literature on the biological activity of nanoparticles and their

structural analogs with zinc against the larvae and pupae of the ‘ Aedes aegypti’ species with a dose-response relationship

and how they act in the tissues.

* Ecological implications: Looking out for possible environmental concerns posed by the use of zinc oxide nanoparticles

as ZnONPs in terms of nanoformulatio- fate and transport.

* Future perspective: Pinpointing the fruitless areas and what are the areas and challenges to be considered to make the

application of ZnONPs for vector control effective.

Presenting the evidence on all these aspects, this study intends to fill in the knowledge gap on the toxicity of ZnONPs in skin cell
dermal absorbers.

IV MOSQUITO-BORNE DISEASES THAT CAN BE TREATED USING ZNONPS
Although the promotion of ZnONPs in controlling Aedes aegypti mosquitoes has been centered on their larvicidal and pupicidal
activities, such applications are, however, not limited to vector control. Since ZnONPs have antimicrobial activities, such
nanoparticles may be directed towards the management of diseases caused by mosquitoes. Here are some examples of their possible
uses:
e Malaria: Zinc oxide nanoparticles ZnONPs may be researched for any potential anti—malarial effect, mostly upon asexual
blood phases of Plasmodium falciparum which is a most virulent malarial parasite.
e Chikungunya: Antiviral potential of ZNONPs may be assessed against Chikungunya virus disseminated by Aedes aegypti
and Aedes albopictus to raise the virus-free virus titer.
e Zikavirus: In light of the recent Zika virus epidemic, ZnONPs could be tested for their antiviral effects against this novel
virus.
o Yellow fever: Further, ZnONPs can be screened to assess their ability to control yellow fever virus which is propagated
by Aedes aegypti insect vector.

It is also worth noting that more studies should be done in order to assess both the safety and effectiveness of treating such diseases
with ZnONPs. In vitro and in vivo studies can help deduce the proper quantity, way of administering and other side effects of these
nanoparticles. Furthermore, creating a drug delivery system is necessary to direct its contents including ZnONPs to the infected.

V ECOLOGICAL IMPLICATIONS

The efficacy of ZnONPs as a novel strategy for vector control still needs to be further investigated, and their ecological
consequences should also take into account. The toxicity of ZnONPs toward non-target organisms, i.e. aquatic invertebrates and
plants, needs to be attentively tested. In addition to this, the examination of ZnONPs and their possible persistence in the
environment could be interesting.

VI FUTURE PERSPECTIVES
While the early returns are encouraging, this remains a small study and questions remain before peanut OIT can receive
FDA approval: What percentage of at-risk infants will develop food allergies;
Large-scale field trials: Testing ZnONPs for practical application
Further study: To study synergistic effects, testing the use of ZnONPs with larvivorous fish or biological control agents.
Risk assessment: Performing a full ecological risk assessments for the safe and sustainable application of ZnONPs.
Engineering ZnONPs: Synthesizing ZnONPs with superior larvicidal toxicity and minimal ecological influence.

CONCLUSION

In this regard, biosynthesized zinc oxide nanoparticles (ZnONPs) using plant extracts have been widely used as an efficient
candidate for the eradication of Aedes aegypti, one of vector mosquitoes for dengue fever. These two properties together with its
green synthesis method, these may be used as potent candidate for integrated vector management programs. ZnONPs has great
future prospect however the longterm ecological concerns still needs to be established and applied in sustainable Dengue control
with adequate further research. These include large scale field trials, impact on non-target organism and development of effective
delivery system of the insecticides. Hence, combating these challenges may make ZnONPs a promising agent for the remedy of
dengue and other mosquito-borne diseases.
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