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Abstract.  Aedes aegypti (L.) (Diptera: Culicidae) is the primary vector of several 
arboviruses of public health importance worldwide.  Resistance to insecticides led to 
increasing interest in exploring eco-friendly alternatives such as plant extracts used 
as bioinsecticides.  This study describes laboratory research using neem-based 
varnish against adult Ae. aegypti mosquitoes.  Five concentrations (0, 1, 5, 10, and 
15% v/v) of neem-based varnish were evaluated against male and female Ae. 
aegypti by 2 hours of direct exposure.  The life span of exposed Ae. aegypti 
mosquitoes was significantly less.  LT50 ranged from 1.98-2.65 and 3.2-6.06 days for 
males and females, respectively, exposed to 1 to 15% concentrations of neem-based 
varnish.  LT50 of nonexposed male and female mosquitoes were 16.20-19.60 days, 
respectively.  The results indicated that neem-based varnish was very toxic to Ae. 
aegyipti mosquitoes.  This botanical insecticide can be an alternative for biological 
control of mosquitoes. 
 

Introduction 
 

Emergence and re-emergence of arbovirosis transmitted by mosquitos are 
becoming more prevalent worldwide because of deforestation, urban expansion, and 
globalization (Ortiz et al. 2021).  Aedes aegypti (L.) (Diptera: Culicidae) has become 
a colonizing mosquito of urban areas, being the principal vector for urban 
transmission of arboviruses such as dengue, zika, and chikungunya (Brady and Hay 
2020).  Because of markable endophilic behavior, transmission of arboviruses occurs 
mostly at the intradomicile level (Segura et al. 2021).  In recent years, indiscriminate, 
massive, and frequent use of chemical insecticides caused complications in mosquito 
control, such as resistance, release of synthetic molecules, cross-resistance of insect 
pests, and rising abatement of non-target insects (Benelli 2022).  Therefore, finding 
eco-friendly alternatives such as biological control of vectors can prevent damage to 
the environment, non-target species, and human health (Murugan et al. 2011, Fouet 
and Kamdem 2019). 
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Use of plant extracts as botanical insecticides has been one of the most 
promising biological control methods increasing their commercialization in the past 
20 years.  Natural plant products such as essential oils, leaf, seed, and flower extracts 
are used in gardening or agriculture (Isman 2020, Ferraz et al. 2022) and as 
adjuvants of Metharizium anisopliae (Metchnikoff) Sorokin bioformulation increasing 
entomopathogenic effects against mosquitoes (Gomes et al. 2015, Paula et al. 2019).  
Neem oil from the Azadirachta indica (A. Juss) plant has been evaluated against 
larvae of several mosquito species, including Anopheles gambiae Giles s.s. (Okumu 
et al. 2007, Howard et al. 2009), Anopheles stephensi Liston, Culex quinquefasciatus 
Say, Ae. aegypti (Ndione et al. 2007, Dua et al. 2009), and Aedes albopictus Skuse 
(Benelli et al. 2015).  The studies confirmed that neem extracts are toxic to 
mosquitoes, causing high mortality rates and altering formation of pupa and adult 
emergence (Ndione et al. 2007), and significantly inhibiting feeding and the 
oviposition rate (Nathan et al. 2005).  However, studies using neem extracts against 
adult mosquitoes are scarce.  Seye et al. (2012) evaluated a sprayed bioformulation 
based on combination of neem oil (1%) and M. anisopliae conidia against adult An. 
gambiae and C. quinquefasciatus and confirmed the ability of neem to reduce their 
lifespan.  Therefore, based on encouraging research on susceptibility of Ae. 
aegypti to neem extracts, neem-based varnish was developed with natural 
compounds.  A bioassay to evaluate toxic effect exposed male and female Ae. 
aegypti to filter paper impregnated with neem-based varnish. 
 

Materials and Methods 
 

Aedes aegypti was established from wild larvae and pupa from Reynosa, 
Tamaulipas, Mexico.  Emerged mosquitoes were identified according to taxonomic 
keys by Carpenter and La Casse (1974).  Ae. aegypti mosquitoes were maintained 
in an entomological cage (Bioquip, No. 1452) and provided cotton pads soaked in 5% 
sucrose solution ad libitum.  Adults were maintained in insectary conditions at 28 ± 
1ºC, 85 ± 10% relative humidity, and photoperiod of 12:12 light:dark hours.  Females 
fed on blood of two of the authors (GASG and JAGH as volunteers) for egg 
production.  Following the blood meal, oviposition occurred in 1-liter black plastic 
bottles half filled with distilled water and lined with white pellon cloth (grade 830).  
After oviposition, the pellon cloth was maintained for 3 days in black Tupperware® at 
insectary conditions.  Egg eclosion was stimulated by immersion of the pellon cloth 
in water at 37°C but previously boiled to reduce oxygen tension, in which 0.05 g of 
commercial fish flakes® was added for neonates.  Larvae were maintained at 100 
per liter in white Tupperware® and fed 1 g of the same food every 2nd day.  Pupae 
were separated into 250 ml-water-filled bottles and transferred to an entomological 
cage for emergence of adults.  After the F5 generation, 3-day-old nonmated males 
and females were separated individually for bioassays.  

Fully developed fresh leaves of A. indica were collected from different trees of 
Reynosa, Tamaulipas, Mexico.  The identity of A. indica was corroborated by a 
botanical taxonomist from the Genomic Biotechnology Center, IPN, Mexico.  The 
leaves were washed in distilled water, shade-dried at room temperature (25ºC, 35% 
relative humidity) for 24 hours, and stored in paper bags for 2 days.  The leaves were 
heated at 40ºC for 2 hours in a botanical oven to obtain finely ground neem leaves.  
The ground leaves were stored in 50-ml Falcon tubes until processed. 

To prepare neem-based varnish, total compound extraction of A. indica was 
obtained using the Soxhlet method following the procedure indicated by Alara et al. 
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(2018).  Briefly, 80 g of ground A. indica was put into a thimble of a Soxhlet extractor 
apparatus.  Then, 300 ml of ethyl acetate at a constant temperature of 300ºC was 
added.  Afterward, oil was separated using a heating bath rotavapor (Buchi, B-490 
model) at 60-75ºC, with 30 rpm by 8 hours.  The compound was concentrated using 
a hot plate stirrer (Corning, PC-420D model).  The ethyl acetate remaining from the 
oil was eliminated using a sand bath (Sakdasri et al. 2019).  Bioformulation of neem-
based varnish was prepared by using natural compounds such as castor oil that 
provides viscosity and calcium oxide that provides shine, bonding, hardness, and 
resistance to what it is applied.  The compounds were mixed with the active 
substance (neem oil) in a 4:3:1 ratio.  Finally, 0.01 (1%), 0.05 (0.5%), 0.10 (10%), 
and 0.15 (15%) g/ml were final concentrations of the active substance in the varnish. 

Lethal effect was bioassayed to estimate the effect of the five concentrations 
of neem-based varnish on mortality of adult male and female Ae. aegypti.  A 10 x 25-
cm white paperboard was coated with 25 ml of neem-based varnish dried for 24 hours 
at room temperature.  The paperboard was inside a 1-liter transparent plastic bottle 
with mesh-netting top where mosquitoes were transferred (Fig. 1).  Males and 
females were exposed separately for 1 hour to estimate insecticidal effect as the 
median lethal time (LT50) for each concentration of neem-based varnish.  After 
exposure, mosquitoes were transferred to a sterile 1-liter transparent plastic bottle, 
and mortality was recorded daily.  Six treatments were used according to the 
concentration of neem-based varnish:  0.00 (only castor oil and CaO), 0.01, 0.05, 
0.10, and 0.15 g/ml, and negative check (bottle with sterile paperboard).  Each 
treatment and check were in triplicate of 20 non-blood fed females and unmated 
males per replication. 

Median LT50 was obtained from survival analysis calculated with the Kaplan-
Meier model for 60 males and females per treatment and check.  Each curve was 
computed by pooling three replications per treatment after testing variation among 
replications by analysis of variance (ANOVA).  Number killed per treatment was 
compared using Ryan tests for multiple mean comparisons (Reyes-Villanueva et al. 
2011).  The free version of SAS on-demand for academics was used for analyses. 

 
 

 
 
Fig. 1.  Bottles where Ae. aegypti mosquitoes were exposed to neem-based varnish. 
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Results 
 

Ae. aegypti male and female mosquitoes were more susceptible to neem-
based varnish than 0.0 neem-based varnish and check.  In Ae. aegypti males, LT50 
was reached in 1-15% neem-based varnish in almost 3 days after initial exposure, 
but was 16.2 days with 0% neem-based varnish and the check.  Maximum longevity 
was 3.53 days in male mosquitoes treated with neem-based varnish equivalent to 
1%.  The most (15%) and least (1%) toxic concentrations of neem-based varnish had 
LT50 1.98 ± 0.12 and 3.53 ± 0.19 days post-exposure, respectively (Fig. 2).  The 5 to 

 

 

 
 
Fig. 2.  Survival curves for six experimental groups of Ae. aegypti males and females, 
based on daily probability values (TL50 ± SE) computed by the Kaplan-Meier model.  
Males and females were exposed for 24 hours to neem-based varnish at 0, 1, 5, 10, 
and 15% neem concentrations; checks were exposed to no neem compounds. 
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15% neem-based varnish resulted in no significant difference in mortality.  There also 
was no statistically significant difference in males between 0% neem-based varnish 
and the check (Table 1). 

For Ae. aegypti females, LT50 was attained with 1-15% neem-based varnish in 
the first 6 days but was 19 days after initial exposure with 0% neem-based varnish 
and the check.  Maximum longevity of mosquitoes treated with neem-based varnish 
was 10 days, but almost 25 days with the check.  The most (5%) and least (1%) toxic 
neem-based varnish concentrations had LT50 of 3.20 ± 0.20 and 6.06 ± 0.28 days 
after exposure, respectively (Fig. 2).  The 5-15% concentrations of neem-based 
varnish did not differ significantly in mortality.  But, there was a statistically significant 
1-day difference between 0% neem-based varnish and the check (Table 1). 
 
 
Table 1.  Median Lethal Time (LT50) ± Standard Error in Days for Aedes aegypti 
Mosquitoes after Exposure for 2 Hours to Filter Paper Impregnated with Different 
Concentrations of Neem-based Varnish 
% concentration of 
neem-based varnish  

Ae. aegypti male 
LT50 ± SE 

Ae. aegypti female 
LT50 ± SE Significance 

0 15.55 ± 0.26*** 18.31 ± 0.34C Male:  χ2 = 292.38,  
df = 5, p < 0.0001 

1  3.53 ± 0.19**   6.06 ± 0.28B Female:  χ2 = 294.13, 
df = 5, p < 0.0001 

5 2.65 ± 0.11*   3.20 ± 0.20A  
10 2.11 ± 0.10*   3.55 ± 0.22A  
15 1.98 ± 0.12*   3.56 ± 0.20A  

Check 16.20 ± 0.31*** 19.60 ± 0.39D  
Equal asterisks or the same superscript bold letters denote no significant differences 
among neem-based varnish concentrations for LT50 ± SE for mortality (means 
analyzed by ANOVA and Ryan test post-hoc; male:  F = 142.80, df = 5, p < 0.0001; 
female:  F = 1,011.91, df = 5, p < 0.0001). 
 
 
 

Discussion 
 

Overall concentrations tested against male and female Ae. aegypti were very 
toxic, significantly decreasing daily survival.  This is the most important parameter of 
the vectorial capacity model (Smith et al. 2012).  If longevity of Ae. aegypti females 
decreased, probability of transmitting pathogens also would decrease (Garza-
Hernandez et al. 2013).  Likewise, if longevity of Ae. aegypti males decreased, 
probability of copulation is less (Helinski and Harrington 2011, Garza-Hernandez et 
al. 2015).  In this study, we demonstrated that using varnish bioformulation of neem 
extracts decreased daily survival of Ae. aegypti males and females 8- and 6-fold, 
respectively.  Considering the length of the extrinsic 3- to 14-day incubation period of 
dengue, Chikungunya, and Zika viruses (Salazar et al. 2007, Mbaika et al. 2016, 
Tesla et al. 2018), Ae. aegypti females have less chance of becoming infectious 
because of killing effects of neem-based virus.  

Use of plant or flower extracts to produce natural insecticide against insect 
pests has been extensively studied and even greatly accepted in agriculture (Ferreira 
and Alves 2021, Ferraz et al. 2022).  Many studies on neem active compounds 
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against pests identify azadirachtin, an asteroid-like tetranortriterpenoid (limonoid), as 
the most important active principle affecting motor behavior, oviposition activity, 
fecundity, feeding behavior, and fitness (Schmutterer 1990).  Impact of neem extracts 
against mosquitoes is well-studied.  But, evaluation has been against immature 
stages of several mosquito species.  Okumu et al. (2007) reported more than 80% 
mortality of 3rd-4th instar larvae of An. gambiae exposed 72 hours to different 
concentrations of neem oil; they also reported a short period of larval development 
and less pupation and adult emergence.  Three studies evaluated similar variables 
against An. stephensi, C. quinquefasciatus, Ae. aegypti (Ndione et al. 2007, Dua et 
al. 2009), and Ae. albopictus (Benelli et al. 2015) and demonstrated that sublethal 
effects of neem significantly inhibited the feeding and oviposition rate of emerged 
mosquitoes previously exposed to neem.  

Because of promising results against mosquitoes, interest in neem extracts 
against vectors increased (Awad and Shimaila 2003).  Neem oil was studied as an 
adjuvant in formulations of entomopathogenic fungi, increasing bioinsecticide action 
of fungus bioformulation (Gomes et al. 2015).  Seye et al. (2012) evaluated in a 
laboratory a sprayed bioformulation of neem oil (1%) and M. anisopliae (6 × 107 
conidia/ml) against adult An. gambiae s.l. and C. quinquefasciatus females.  Neem 
oil improved adhesion of conidia to the cuticle of mosquitoes, enhancing infection and 
decreasing longevity of the mosquitoes.  Seye et al. (2013) evaluated previously 
tested neem-M. anisopliae bioformulation against wild larvae of An. gambiae s.l., 
resulting in less adult emergence.  

The studies demonstrated only the effectiveness of neem on immature stages 
and showed toxic effects in adults previously exposed to neem as larvae or pupa.  
However, no studies were found of adult mosquitoes exposed to neem.  We think this 
might be because adults have difficulty ingesting neem active compounds.  In 
immature stages, neem formulations contain comestible ingredients that can be 
ingested by larvae (Okumu et al. 2007).  Also, neem active compounds are entangled 
by the mosquito tegument (Howard et al. 2009).  The method also is logistically 
difficult to apply against adults in the field.  However, we think neem-based varnish 
can be applied to resting substrates (nets, pots, dog houses, walls, etc.) where 
mosquitoes could become intoxicated.  The mode of infection of neem-based varnish 
still is not clear.  One proposal is that adults become intoxicated when they groom 
themselves (Norris et al. 2018).  Another might be absorption of active neem 
compounds by the cuticle and spiracles of mosquitoes (Schmutterer 1985). 

In conclusion, this is the first report where susceptibility of adult male and 
female Ae. aegypti to neem bioformulation was evaluated.  Neem-based varnish was 
effectively toxic, killing 88 and 84% of adult Ae. aegypti males and females, 
respectively.  Further evaluation of mosquito toxicology to neem-based varnish is 
recommended.  It also is important to study methods of exposure of Ae. aegypti to 
neem-based varnish for use as a biological control agent against dengue, 
chikungunya, and zika vectors in the field. 
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