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Abstract

Mosquitoes are the main carriers of diseases and pests. Millions of deaths each year due to Mosquito-
borne diseases. Using insect repellent reduces the risk of mosquito bites. To protect from mosquitoes and
mosquito-related diseases, various types of mosquito repellents have been widely used, including liquid
vaporizers, coils, and mats. The current use of synthetic pesticides to control insects and other arthropods
causes several health problems for both humans and the environment. Because the health risks arising
from complications of mosquito bites can become life-threatening, it is necessary to explore alternative
methods to control them. As a result, there is increasing interest in alternative strategies, such as the use
of plant-based mosquito repellents. This review will provide information on the potential side effects of
uncontrolled use of insect repellents and alternative safe control suggested for mosquitoes.
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Introduction

Worldwide, insect-borne illnesses are a concern to public health, particularly in tropical and
subtropical regions. Numerous illnesses, such as yellow fever, dengue hemorrhagic fever,
malaria, encephalitis in various forms, West Nile virus, and filariasis, are spread by
mosquitoes [,

A report released by the World Health Organization (WHO) revealed that malaria caused 247
million cases and 619,000 deaths in 2021, and there is no significant progress in current
malaria control [, Mosquito-borne diseases pose a threat to over 40% of the world's
population and are becoming a more serious global health challenge . Dengue has become
much more commonplace worldwide, and there are now many documented epidemic areas [,
Furthermore, several significant outbreaks affecting 89 countries and territories have recently
been brought on by Zika, a recently discovered mosquito-borne illness linked to neurological
complications 1. Moreover, there are currently no effective medications or vaccines for
diseases like dengue and Zika that are accessible to the general public, and conventional
insecticide-based methods continue to be the mainstay of vector control €1,

According to a recent study, mosquito species are expected to continue spreading across the
globe in the ensuing decades, putting roughly 50% of the world's population at risk of
contracting a virus through mosquito-borne disease by 2050 ],

To reduce the number of mosquitoes, particularly in residential areas, people use chemical
insecticides in a variety of forms, such as creams, coils, vaporizers, and mats. In recent years,
insecticide resistance has become widespread in mosquito populations [ °1, Insecticides were
heavily used in mosquito control, which polluted the environment and had an impact on
organisms 191,

In India, most of the population resides in an area where malaria is a concern. Comparably,
dengue fever, which is endemic in about 112 countries worldwide and primarily affects
tropical and subtropical urban areas, is on the rise. Approximately 3.5 billion people are at risk
of contracting the virus including Indian metropolitan areas.

Other diseases carried by vectors, like Japanese encephalitis, lymphatic filariasis, and
chikungunya, are a major concern in some parts of India 1271,
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India's climate makes it a mosquito breeding ground.
Mosquitoes cannot be completely eradicated from the nation.
This is the situation in which insect repellents become useful.
India's market for insect repellent is thought to be worth more
than Rs 4 billion. The use of personal insect repellent is
common among families with young children. Mosquito
repellents come in a variety of forms, including oils, patches,
and sprays as well as creams.Long-term inhalation of smoke
and odor can have dangerous health effects on people, even
though the severity of diseases caused by mosquito repellent
use may not be immediately apparent.

Mosquito-borne diseases not only cause physical suffering
and death, but also result in substantial economic losses, loss
of productivity and decreased quality of life [8, Mosquitoes
not only carry diseases that afflict humans, they also transmit
several diseases and parasites to which dogs and horses are
very susceptible 11,

Epidemic of these diseases can lead to fear resulting in a loss
of employment and productivity due to illness, disability and
death [291,

https://www.dipterajournal.com

Mosquito control research is now focusing on understanding
the resistance of mosquitos against synthetic insecticides as
well as developing new strategies to overcome these
resistance issues. Natural compounds are increasingly being
explored as more effective and toxic alternatives to synthetic
ones. Bioinsecticides composed of botanically or plant-
derived compounds have been an ideal alternative due to their
low level of toxicity to human health and the environment.
This review provides current knowledge on the synthetic
insecticides currently being used in mosquito control, how
they influence the prevalence of insecticides resistance in
mosquitoes, major plant-based insecticides, how they work,
and the research on their potential mosquito-compatibility. It
also provides an in-depth understanding on how biochemical
compounds can be beneficial to synthetic ones as well as how
we can overcome insecticide resistance issues in the fight
against the transmission of mosquito diseases.

Chemical Mosquito Repellents

Table 1: Most commonly used residential repellents are available in the form of creams, coils, mats and vaporizers 21

S.No. Repellent Description
1 Mat Pads that have a volatile repellent imbed(_jed in them that must be heated on a tiny electric heating
' plate in order to evaporate.
. . A fluid-repellent reservoir bottle with a porous wick that allows an electric heater to evaporate the
2. Vaporizer(Dispensers) contents.
3 Coil Combination of flammable filler, coil-s:haped bino!er, and re_pellent powder. When it burns, repellent
' is released into the air.
4. Cream Skin oil or cream with an added repellent.

Repellents can't completely stop mosquito bites but can make
people less appealing to mosquitoes [?4. The effects of
repellents can linger for 6-8 hours, whereas liquid mosquito
incense typically lasts for 60 days [2°l. People use repellents
on a daily basis without understanding the ingredients or
safety precautions [, One mosquito coil emits fine
particulate matter equivalent to 75-137 cigarettes 2],

The burning of mosquito repellents can release harmful
pollutants such as particulate matter, CO, VOCs, SO2, and
NO2 26291 Acute respiratory infections such as colds, asthma
attacks, and pneumonia are brought on by the constant or
extended use of various repellents (at least 8-10 hours per
day) [B°  Numerous research on diseases spread by
mosquitoes and the health risks associated with using
repellents have been conducted [3-3%1,

Mosquitoes serve as vectors for a range of human illnesses
caused by protozoa, helminthes, and viruses -3, Mosquito-
borne diseases pose a significant risk to more than 80% of the
global population, making them the primary contributor to the
burden of human vector-borne diseases.

Transmission occurs primarily through mosquito bites, which
play a pivotal role in the spread of these diseases [3%-39,
Collectively, vector borne diseases account for more than
17% of all infectious diseases globally and are responsible for
more than 700, 000 deaths annually. Among these diseases,
malaria and dengue alone contribute to nearly 450,000
fatalities 401,

In 2017, the "Global Vector Control Response” (GVCR)
2017-2030 was approved by the World Health Assembly.
This initiative emphasizes the critical need to strengthen
vector control as a key strategy for disease prevention and
outbreak response, offering strategic advice to nations and

development partners. It asks for reorganizing vector control
initiatives, bolstering infrastructure, increasing technical
capability, fortifying monitoring and surveillance systems,
and organizing the community. The goal of the GVCR is to
support the attainment of national and international goals
related to specific diseases, as well as the Sustainable
Development Goals and Universal Health Coverage, by
putting into practice a comprehensive approach to vector
control. India is presently making efforts to eradicate these
illnesses by 2030 1,

2.1 Active Ingredients in Mosquito Repellents

DEET (N,N-diethyl-meta-toluamide)

The primary active component of most topical insect
repellents, N,N-diethyl-m-toluamide (DEET), was initially
created by the US Department of Agriculture in 1946 as a
military protection measure and was approved for use by the
general public in 1957 42431,
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Deet(N,N-diethyl-meta-toluamide

Allethrin (d-trans-ALLETHRIN)

It is a Pyrethroid insecticide, widely used as a coil mosquito
repellent, and is credited with being the first commercially
synthesized product in 1949. Allethrin is widely used in a
variety of products, including coils, mats, aerosol sprays, and
liquid lotions 41,

HaC, ~CHz

0

HaC = 0

CH4
Ha':: CHH

0

Allethrin (d-trans-ALLETHRIN)

1. Picaridin (KBR 3023)

Icaridin, sometimes referred to as picaridin, is a topical insect
repellent that works well on skin and clothing. It is a synthetic
substance that was created in the 1980s. Among the trade
names are Saltidin and Bayrepel. It was designed to resemble
piperine, a naturally occurring compound found in the family
of plants used to make black pepper. Applied to human skin
or clothing, picaridin effectively deters ticks, fleas, chiggers,
mosquitoes, and biting flies. These goods could be wipes,
aerosols, liquids, or pump sprays.

CHy

CH4
M

0H

Picaridin (KBR 3023)

2. Ethyl 3-[acetyl (butyl) amino) propanoate (IR3535)
Ethyl 3-[acetyl (butyl) amino] propionate (IR3535), an insect
repellent, was created by Merck and Company. Back in 1975.
When applied topically or orally, IR3535 causes less irritation
and toxicity in mammals than DEET [5 461,
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Ethyl 3-[acetyl (butyl) amino) propanoate (IR3535)

3. Diethyl phthalate (DEP)

Sulfuric acid, phthalic anhydride, and ethanol react to form
diethyl phthalate, a colorless liquid used in industry. Not only
is diethyl phthalate a component of insecticide sprays and
mosquito repellents, but it is also utilized in skin care products
and makeup ¥,

0
Cﬂroﬂmg
O.__CHj,

o

Diethyl phthalate (DEP)

Due to pyrethroid and DDT resistance issues worldwide, they
have been used as alternative insecticides in IRS, but they
have a shorter residual effectiveness, high toxicity to
mammals, and are more costly compared to the others that
limit their persistent long-term usage.

Adverse effect of Mosquito Repellents

Skin reactions, neurological, and cardiovascular disorders are
the most common adverse effects of overexposure to DEET
that have been reported “8-54, Human self-poisoning through
ingestion or excessive dermal application has been observed
to cause neurological effects, such as encephalopathy and
seizures 5581 Studies on human nasal mucosal cells
Hodgkin lymphoma, and soft tissue sarcomas [©% have
observed that DEET may have carcinogenic effects.

The most toxic structural form of allethrin that is used to
control parasites in animal systems is allethrin d-transisomer
[61-641 1t can be neurotoxic because it alters the permeability of
the membrane to Na+ and K+ ions, stimulating neurons in the
process [55-%61, The main cause of skin and respiratory allergies
is overexposure to allethrin 67681 Although it takes time,
anyone who works with chemicals or sprayers frequently runs
the risk of this. Ingestion is extremely rare and unintentional,
but it can result in potentially fatal symptoms such as
vomiting, nausea, sore throat, stomach pain, oral ulcers,
increased secretions and/or dysphagia, coma, and convulsions
[69-701  pregnant women, small children, and infants are
particularly vulnerable to it. Eye irritation brought on by
IR3535 overuse [,

Researchers have discovered that the vapor phase of mosquito
repellents contains carbonyl compounds, such as
formaldehyde and acetaldehyde, which have a potent irritating
effect on the upper respiratory tract [’>73l, Pyrethroids cause
oxidative stress and lower antioxidant levels 747 The smoke
and vapors from mosquito repellents contain volatile organic
compounds and free radicals, which are major causes of DNA
and tissue damage. They may induce apoptosis, necrosis,
inflammation, and carcinogenesis.

These repellents are primarily applied at night, particularly in
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Asian nations, where the vapors released or burned during the
night can have toxic effects on the body as a whole 81, When
a mosquito coil is burned overnight, heavy metals, aldehyde,
and carbon particles are released. When these substances are
inhaled, the lungs' tissues sustain cellular damage and the
mucous membrane is destroyed [ As an insecticide,
pyrethrins and allethrins are present in the majority of
mosquito repellents 781, Since pyrethrum-based insecticides
have a fast metabolism and almost no accumulation, they are
relatively low-risk toxins for mammals. However, long-term
exposure to these highly toxic repellents can have serious
negative health effects because they are packed with toxic
chemicals. Additionally, burning or spraying these repellents
releases a large amount of toxic particulate matter, which
mixes with indoor air and eventually pollutes the air [,
Pesticides are essential tools in controlling insect pests that
affect both agriculture and public health; their indiscriminate
use can lead to adverse consequences [,

Conclusions and Safe alternatives to chemical mosquito
repellents

The main objective of this study was to learn more about the
use of Mosquito repellents and their potential health risks to
humans. Recent research has shown that exposure to different
types of mosquito repellent may be detrimental to one’s
health. It is important to find a balance between effective pest
control and minimizing the negative effects of pesticides on
the environment and on human health. Appropriate regulation
and sustainable practices are essential for achieving this.
There is a growing need to find new ways to prevent and treat
mosquito-borne illnesses such as Zika virus, dengue virus,
Japanese encephalitis, and other diseases [, Biological
control agents are an important alternative to chemical
insecticides, as they are sustainable, cost-effective, safe for
humans, and do not create any pollution of the environment.
As a result, researchers are increasingly looking for plant-
based mosquito repellents as alternatives 2, Natural plant
extracts with pesticidal properties have been confirmed in
more recent studies (&8,

Before synthetic chemicals were developed, it was known that
some essential oils from plants had insect- and mosquito-
fighting properties. Repellents made from plants usually do
not present any toxicity risks to humans or pets, and are easy
to degrade in the environment. Generally, natural products are
considered safer for human consumption than manufactured
chemicals. New areas of interest for the design of new
mosquito-repellent formulations are natural polymers, which
are derived from natural sources [, In recent years, many
institutions and researchers have started to create natural
active ingredients, with a particular emphasis on plant-based
ingredients 871 Still research is going on eco-friendly and non-
toxic compounds as insecticide.

In addition, public health campaigns should inform people
about the adverse effects of using mosquito repellents, and
encourage them to reduce their use of chemical-based
repellents and increase the use of natural alternatives.

References

1. Rozendaal JA.World Health Organization: Vector
Control: Methods for Use by Individuals and
Communities.Vol. 13. Geneva, Switzerland: World

Health Organization;c1997.
2. Franklinos LHV, Jones KE, Redding DW, Abubakar

164

10.

11.

12.

13.

14.

15.

16.

17.

18.

https://www.dipterajournal.com

I.The effect of global change on mosquito-borne disease.
Lancet Infect Dis. 2019;19(9):302-312.
DOI: 10.1016/s1473-3099(19)30161-6
World Health  Organization ()
report;c2023a. Available at:
https://www.who.int/publications/i/item/9789240064898
(Accessed January 10, 2023).

World Health Organization. Dengue and severe dengue.
Available  at:  https://www.who.int/news-room/fact-
sheets/detail/dengue-and-severe-dengue
(AccessedJanuary 10, 2023.

World Health Organization.Zika virus. Available at:
https://www.who.int/news-room/fact-sheets/detail/zika-
virus (Accessed January 10, 2023);¢c2023b.

Namias A, Jobe NB, Paaijmans KP, Huijben S. The need
for practical insecticide-resistance guidelines to
effectively inform mosquito-borne disease control
programs. Elife; c2021.DOI: 10.7554/eLife.65655.
Kraemer MUG, Reiner RC,Brady OJ, Messina JP,
Gilbert M, Pigott DM,et al.Past and future spread of the
arbovirus vectors Aedesaegypti and Aedesalbopictus. Nat.
Microbiol. 2019;4:854-863..

World Health Organization. Global report on insecticide
resistance in malaria vectors: 2010-2016; c¢2018.
Available at:
https://apps.who.int/iris/handle/10665/272533(Accessed
January 10, 2023).

Peng ZY, He MZ, Zhou LY, Wu XY, Wang LM, et
al.Mosquito repellents: Efficacy tests of commercial
skin-applied products in China. Molecules, 2022, 27(17).
DOI: 10.3390/molecules27175534

Deng S, Huang Q, Wei H, Zhou L, Yao L, Li D,et al.
Beauveria bassiana infection reduces the vectorial
capacity of Aedesalbopictus for the zika virus. J. Pest
Sci.2019;92(2):781-789. DOIl:  10.1007/s10340-019-
01081-0.

Boratne AV, Datta SS,Zile Singh Z, PurtyAJ,Jayanthi V,
Senthilvel V.Attitude and practices regarding mosquito
bornediseases and socio demographic determinants for
use of personal protection methods among adults in
coastal  Pondicherry,Indian  Journal of Medicine.
2010;1(2):91-96.

Guzman MG, Kouri G. Dengue: An update, The
LancetInfectious Diseases. 2002;2(1):33-42.
Halstead SB. Dengue, The
2007;370(9599):1644-1652.

Cheng V, Lee HR, Chen CS.Morphological changes inthe
respiratory system of mice after inhalation ofmosquito-
coilsmoke, Toxicology Letters, 1992;62(2-3):163-177.
Brar R, Suri V, Suri V, Singh MP, Biswal M, Sikka P.
Fever during pregnancy: Etiologyand fetomaternal
outcomes. Journal of Obstetrics and Gynaecology of
India. 2022;72:102-108.

Rathod GK, Jain M, Sharma KK, Das S, Basak A, Jain R.
New structural classes of antimalarials. European Journal
of Medicinal Chemistry. 2022;242:114653.

Valecha N. Keeping the momentum: suggestions for
treatment policy updates in the final push to eliminate
malaria in India. Malaria Journal. 2023;22:128.

Bhavsar AT, Shepard DS, Suaya JA, Mafowosofo M,
Hurley CL. A private hospital-based study assessing
knowledge, attitudes, practices and costs associated with
dengue illness in Surat, India. World Health Organization

World malaria

Lancet,


https://www.dipterajournal.com/

International Journal of Mosquito Research

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Regional Office for South-East Asia. 2010. Available
from: https://apps.who.int/iris/handle/10665/170975.
Centers for Disease Control and Prevention
(CDC);c2020. Available from:
https://www.cdc.gov/mosquitoes/about/what-is-a-
mosquito.html.

Colon-Gonzalez FJ, Sewe MO, Tompkins AM, Sjédin H,
Casallas A, Rockldév J, et al. Projecting the risk of
mosquito-borne diseases in a warmer and more populated
world: A multi-model, multi-scenario intercomparison
modeling study. The Lancet Planetary Health.
2021;5:404-414.

Soderlund DM, Bloomquist JR. Neurotoxic actions of
pyrethroid insecticides. Annual Review of Entomology.
1989;34(1):77-96.

Sah ML, Mishra D, Sah SP, Rana M. Formulation and
evaluation of herbal mosquito repellent preparations.
Indian Drugs. 2010;47(4):45-50.

Wang L, Zheng X, Stevanovic S, Xiang Z, Liu J, Shi H,
et al. Characterizing pollutant emissions from mosquito
repellents incenses and implications in risk assessment of
human health. Chemosphere. 2018;191:962-970.

Mehta D, Anand GARG, Mehta NK. Rural buyers’
perception about mosquito repellants. Economia. Seria
Management. 2010;13(10):43-52.

Gul S, Ibrahim S, Wasif N, Zafar A, Syed R. Mosquito
repellents: killing mosquito or yourselves. Journal of
Scientific and Innovative Research. 2013;2(6):1052-
1057.

Jetter JJ, Guo Z, McBrian JA, Flynn MR.
Characterization of emissions from burning incense.
Science of The Total Environment. 2002;295:51-67.

Liu W, Zhang J, Hashim JH, Jalaludin J, Hashim Z,
Goldstein BD. Mosquito coil emissions and health
implications.  Environmental Health  Perspectives.
2003;111:1454-60.

Lee S, Wang B. Characteristics of emissions of air
pollutants from mosquito coils and candles burning in a
large environmental chamber. Atmospheric Environment.
2006;40:2128-38.

Wang L, Zheng X, Stevanovic S, Xiang Z, Liu J, Shi H,
et al. Characterizing pollutant emissions from mosquito
repellents incenses and implications in risk assessment of
human health. Chemosphere. 2018;191:962-70.

Wadi Y, Rantetampang AL, Sandjaja B, Mallongi A.
Factors influencing acute respiratory infection incidence
to child under five years in Sentani health primary
Jayapura district. International Journal of Science and
Healthcare Research. 2019;4(1):274-283.

Kamble VS. Study of chronic treatment mosquito
repellent liquid inhalation on biochemical constitutions of
rat. International Journal of Applied Biology and
Pharmaceutical Technology. 2012;4(3):189-192.

Hogarh JN, Antwi-Agyei P, Obiri-Danso K. Application
of mosquito repellent coils and associated self-reported
health issues in Ghana. Malaria Journal. 2016;15(1):61.
Moore EL, Scott MA, Rodriguez SD, Mitra S, Vulcan J,
Cordova JJ, et al. An online survey of personal mosquito
repellent strategies. PeerJ. 2018;6:e5151.

Naz M, Rehman N, Ansari MN, Kamal M, Ganaie MA,
Awaad AS, et al. Comparative study of
subchronictoxicities of mosquito repellents (coils, mats,
and liquids) on vital organs in Swiss albino mice. Saudi

165

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

https://www.dipterajournal.com

Pharmaceutical Journal. 2019;27(3):348-353.

Aldila D, Seno H. A population dynamic model of
mosquito-borne  disease transmission, focusing on
mosquitoes' based distribution and mosquito repellent
use. Bulletin of Mathematical Biology.
2019;81(12):4977-5008.

Tyagi BK. Handbook of medical entomology. Scientific
Publishers; c2003.

Service MW. Medical entomology for students. 5th ed.
Cambridge University Press; c2008.

Lee H, Halverson S, Ezinwa N. Mosquito-borne diseases.
Primary Care. 2018;45:393-407.

Thongsripong P, Hyman JM, Kapan DD, Bennett SN.
Human-mosquito contact: A missing link in our
understanding of mosquito-borne disease transmission
dynamics. Annals of the Entomological Society of
America. 2021;114:397-414.

World Health Organization (WHO);c2022a. Available
from:

=https://www.who.int/news-room/fact-
sheets/detail/vector-borne-diseases.

World Health Organization (WHO);c2022b. Available
from: https://www.who.int/news/item/11-04-2022-
genuine-intersectoral-collaboration-is-needed-to-achieve-
better-progress-in-vector-control.

Fradin MS, Day JF. Comparative efficacy of insect
repellents against mosquito bites. The New England
Journal of Medicine. 2002;347:13-8.

DOI: 10.1056/NEJM0a011699.

Kitchen LW, Lawrence KL, Coleman RE. The role of the
United States military in the development of vector
control products, including insect repellents, insecticides,
and bed nets. Journal of Vector Ecology. 2009;34:50-61.
DOI: 10.1111/j.1948-7134.2009.00007.X.

Avicor SW, Wajidi MFF, Owusu EO. To coil or not to
coil: application practices, perception and efficacy of
mosquito coils in a malaria-endemic community in
Ghana. Environmental Science and Pollution Research.
2017;24:21138-45.

World Health Organization (WHO). World Health
Organization (WHOQO) IR3535. Interim specification
WHO/IS/TC/667/2001. WHO; Geneva;c2001a.

Nentwig G. Use of repellents as prophylactic agents.
Parasitology Research. 2003;1:S40-S48.

DOI: 10.1007/s00436-002-0755-8.

Kamrin MA, Mayor GH. Diethyl phthalate: a perspective.
Journal of Clinical Pharmacology. 1991;31(5):484-9.
DOI: 10.1002/j.1552-4604.1991.tb01908.x.
Kalyanasundaram M. A preliminary report on the
synthesis and testing of mosquito repellents. Indian
Journal of Medical Research. 1982;76:190-194.

Bell JW, Veltri JC, Page BC. Human exposures to N,N-
diethyl-m-toluamide insect repellents reported to the
American Association of Poison Control Centers, 1993-
1997. International Journal of Toxicology.2002;2:341-52.
Miller JD. Anaphylaxis associated with insect repellent.
The New England Journal of Medicine. 1982;307:1341—
2. DOI: 10.1056/NEJM198211183072113.

Clem JR, Havemann DF, Raebel MA. Insect repellent
(N,N-diethyl-m-toluamide) cardiovascular toxicity in an
adult. Annals of Pharmacotherapy. 1993;27:289-93.

DOI: 10.1177/106002809302700305.

Briassoulis G, Narlioglou M, Hatzis T. Toxic


https://www.dipterajournal.com/

International Journal of Mosquito Research

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

encephalopathy associated with use of DEET insect
repellents: A case analysis of its toxicity in children.
Human & Experimental Toxicology. 2001;20:8-14.

DOI: 10.1191/096032701676731093.

Osimitz TG, Murphy JV, Fell LA, Page B. Adverse
events associated with the use of insect repellents
containing N,N-diethyl-m-toluamide (DEET). Regulatory
Toxicology and Pharmacology. 2010;56:93-9.

DOI: 10.1016/j.yrtph.2009.09.004.

Wiles D, Yee J, Castillo U, Russell J, Spiller H, Casavant
M, et al. Lethal case of DEET toxicity due to intentional
ingestion.  Journal  of  Analytical  Toxicology.
2014;38:696-8.

DOI: 10.1093/jat/bku082.

Tavares EM, Judge BS, Jones JS. Bug off! Severe
toxicity following inhalational exposure to N, N-diethyl-
meta-toluamide  (DEET).  American  Journal  of
Emergency Medicine. 2019;37:1395.e3-1395.e4.

DOI: 10.1016/j.ajem.2019.07.013.

U.S. Environmental Protection Agency (U.S. EPA).
Reregistration Eligibility Decision (RED): DEET. U.S.
EPA 738-R-98-010. Washington (DC): U.S. EPA;
September 1998,118.

Sudakin DL, Trevathan WR. DEET: A review and update
of safety and risk in the general population. Journal of
Toxicology and Clinical Toxicology. 2003;41:831-839.
Abou-Donia MB, Wilmarth KR, Jensen KF, Oehme FW,
Kurt TL. Neurotoxicity resulting from co-exposure to
pyridostigmine  bromide, deet, and permethrin:
implications of Gulf War chemical exposures. Journal of
Toxicology and Environmental Health. 1996;48:35-56.
DOI: 10.1080/009841096161456.

Parihar VK, Hattiangady B, Shuai B, Shetty AK. Mood
and memory deficits in a model of Gulf War illness are
linked with reduced neurogenesis, partial neuron loss,
and mild inflammation in the hippocampus.
Neuropsychopharmacology. 2013;38:2348-2362.

DOI: 10.1038/npp.2013.158.

Tisch M, Schmezer P, Faulde M, Groh A, Maier H.
Genotoxicity studies on permethrin, DEET and diazinon
in primary human nasal mucosal cells. European
Archives of Oto-Rhino-Laryngology. 2002;259:150-153.

Pahwa P, et al. Hodgkin lymphoma, multiple myeloma,
soft  tissue sarcomas, insect repellents, and
phenoxyherbicides. Journal of Occupational and
Environmental Medicine. 2006;48:264-274.
DOI: 10.1097/01.jom.0000183539.20100.06.
Pérez-Fernandez  V, Garcia MA, Marina ML.

Characteristics and enantiomeric analysis of chiral
pyrethroids. ~ Journal ~ of  Chromatography.  A.
2010;1217:968-989.

DOI: 10.1016/j.chroma.2009.10.069.

Arif A, Quds R, Mahmood R. Bioallethrin enhances
generation of ROS, damages DNA, impairs the redox
system and causes mitochondrial dysfunction in human
lymphocytes. Scientific Reports. 2021;11:8300.

DOI: 10.1038/s41598-021-87799-3.

Ravula AR, Yenugu S. Effect of oral administration of a
mixture of pyrethroids at doses relevant to human
exposure on the general and male reproductive
physiology in the rat. Ecotoxicol. Environmental Safety.
2021;208:111714. DOI: 10.1016/j.ecoenv.2020.111714.
Bhatt P, Zhou X, Huang Y, Zhang W, Chen S.

166

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

https://www.dipterajournal.com

Characterization of the role of esterases in the
biodegradation of organophosphate, carbamate, and
pyrethroid pesticides. Journal of Hazardous Materials.
2021;411:125026. DOI: 10.1016/j.jhazmat.2020.125026.
Murugesan A, Nguyen P, Ramesh T, Yli-Harja O,
Kandhavelu M, Saravanan KM. Molecular modeling and
dynamics studies of the synthetic small molecule agonists
with GPR17 and P2Y1 receptor. Journal of Biomolecular
Structure and Dynamics;c2021. p. 1-9.

DOI: 10.1080/07391102.2021.1977707.

Saravanan A, Kumar PS, Karishma S, Vo DVN,
Jeevanantham S, Yaashikaa PR, George CS. A review on
biosynthesis of metal nanoparticles and its environmental
applications. Chemosphere. 2021;264(2):128580.

DOI: 10.1016/j.chemosphere.2020.128580.

Karri RR, Ravindran G, Dehghani MH. Chapter 1 —
Wastewater - Sources, Toxicity, and Their Consequences
to Human Health. In; Karri, R.R., Ravindran, G.,
Dehghani, M.H. B.T.-S.C.T. in SW. and W.M., Eds;
Elsevier;c2021. p. 3-33.

Pitzer EM, Williams MT, Vorhees CV. Effects of
pyrethroids on brain development and behavior:
Deltamethrin. Neurotoxicol. Teratol. 2021;87:106983.
DOI: 10.1016/j.ntt.2021.106983.

O'Malley M, Ngo MA, Maibach HI. Pesticide-Related
Dermatoses BT - Kanerva's Occupational Dermatology.
In; John, S.M., Johansen, J.D., Rustemeyer, T., Elsner, P.,
Maibach, H.I., Eds.; Springer International Publishing:
Cham;c2020. p. 1029-1057.

Zhang H, Li J, Saravanan KM, Wu H, Wang Z, Wu D, et
al. An Integrated Deep Learning and Molecular
Dynamics  Simulation-Based  Screening  Pipeline
Identifies Inhibitors of a New Cancer Drug Target TIPE2.
Front. Pharmacol. 2021;12:1-13.

DOI: 10.3389/fphar.2021.772296.

Puccetti G. IR3535 (ethyl butylacetylaminoproprionate)
In: Debboun M, Frances SP, Strickman D, editors. Insect
repellent. CRC Press; Boca Raton;c2007. p. 353-360.
Koo LC, Ho JH. Mosquito coil smoke and respiratory
health among Hong Kong Chinese: results of three
epidemiological  studies. Indoor Built. Environ.
1994;3:304-310.

Chang JY, Lin JM. Aliphatic aldehydes and allethrin in
mosquito coil smoke. Chemosphere. 1998;36:617-624.
Demerdash FM EIl. Oxidative stress and hepatotoxicity
induced by synthetic pyrethroids-organophosphate
insecticides mixture in rat. Journal of Environmental
Science and Health Part C: Environmental
Carcinogenesis &  Ecotoxicology Reviews. Rev.
2011;29:145-158.

Mossa AT, Refaie AA, et al. Amelioration of
Prallethrininduced oxidative stress and hepatotoxicity in
rat by the administration of Origanummajorana essential
oil. BioMed Research International. 2013:1-11.

Cheng H, Yang W. Large-scale spraying of bednets to
control mosquito vectors and malaria in Sichuan, China.
Bull. World Health Organ. 1995;73(3):321-328.

Liu WK, Wong MH. Toxic effects of mosquito coil (a
mosquito repellent) smoke on rats. Toxicol. Lett.
1987;39:223-239.

. John NA, John J. Prolonged use of mosquito coil, mats,

and liquidators: a review of its health implications. Int. J
Clin. Experimental Physiology. 2015;2:209-213.


https://www.dipterajournal.com/

International Journal of Mosquito Research

81.

82.

83.

84.

85.

86.

87.

88.

Valbuena D, Cely-Santos M, Diana Obreg on.
Agrochemical pesticide production, trade, and hazard:
Narrowing the information gap in Colombia. Journal of
Environmental Management. 2021;286:112141.

DOI: 10.1016/j.jenvman.2021.112141.

Govindarajan M, Rajeswary M, Senthilmurugan S,
Vijayan P, Alharbi NS, Kadaikunnan S. Larvicidal

activity of the essential oil from
AmomumsubulatumRoxb.  (Zingiberaceae)  against
Anopheles subpictus, Aedesalbopictus and

Culextritaeniorhynchus (Diptera: Culicidae), and non-
target impact on four mosquito natural enemies.
Physiological and Molecular Plant  Pathology.
2018;101:219-224.

DOI: 10.1016/j.pmpp.2017.01.003.

Govindarajan M, Rajeswary M, Hoti SL, &Benelli G.
Larvicidal potential of carvacrol and terpinen-4-ol from
the essential oil of Origanumvulgare(Lamiaceae) against
Anopheles stephensi, Anopheles subpictus,
Culexquinquefasciatus  and  Culextritaeniorhynchus
(Diptera: Culicidae). Research in Veterinary Science.
2016;104:77-82. DOI: 10.1016/j.rvsc.2015.11.011.
Madhavi M, Shravani G, Divya Sri K, DayanikaJadav,
Navya P, Nivarna Reddy M, et al. Evaluating the
Efficacy of Thyme, Camphor, and Eucalyptus Essential
Oils as Larvicides Against Aedesaegypti Mosquitoes,
International Journal of Innovative Science and Research
Technology. 2023a;8(5):766-768.

Madhavi M, Mahesh L. Murrayapaniculata leaf extracts
as effective larvicides against the larvae of Aedesvittatus.
(Insecta; Diptera; Culicidae), International Journal of
Entomology Research. 2023b;8(5):21-26.

Madhavi M, Srikanth M, Malleshwari B, Kavitha K,
Mahesh L. Biological control of the Aedesaegypti larvae
by the aqueous extracts of Argemonemexicana,
International Journal of Multidisciplinary Research and
Development. 2023c;10(5):23-25.

Sandeep Paarakh PM. Jasminumgrandiflorum Linn
(Chameli): ethnobotany, phytochemistry and
pharmacology: A review. Pharmacology Online.
2009;2:586-595.

Jilani G, Saxena CR, Rueda BP. Repellent and growth-
inhibiting effects of turmeric oil, sweetflag oil, neem oil,
and margosan-O on red flour beetle (Coleoptera:
Tenebrionidae). Journal of Economic Entomology.
1988;81:1226-1230.

167

https://www.dipterajournal.com



https://www.dipterajournal.com/

