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Abstract:  The control against mosquitoes should be specifically directed at the larvae. Combating the adults is tempo-
rary, ineffective and polluting the environment, while larval treatment is more localised in time and space and 
is thus less dangerous. The aim of our work is to evaluate the insecticidal activity under laboratory conditions 
of a new natural anti-mosquito formulation (neem oil, a.i azadirachtin A 0.3%) against Aedes albopictus. The 
neem oil (azadirachtin A 0.3%) was tested in water at different dosages: 5 mg; 10 mg; 25 mg; 50 mg and 75 
mg on larvae at the stages L1–L2, L3–L4 and pupae. Four replicas were conducted. The LD50 and LD90 
levels were 14 mg (95%; CI = 5–19 mg) and 70 mg (95%; CI = 27.9–98.1 mg), respectively, for the larvae 
at the stages L1–L2 and 20 mg (95%; CI = 4.4–24.4 mg) and 30 mg (95%; CI = 3.6–50.4 mg), respectively, 
for the larvae at the stages L3–L4. Regarding the treatment at the pupal stage, after the first 24h, there is a 
higher mortality rate compared to the control, showing its effectiveness as pupicidе.
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Introduction
The Asian tiger mosquito Aedes albopictus (Skuse, 
1894) is native to Southeast Asia but has spread to 
all continents except Antarctica. It has been recorded 
in Italy since 1990 (Sabatini et al. 1990, Romi 2001, 
Romi et al. 2009a). Aside from their importance as 
potential vectors of the dengue virus, tiger mosqui-
toes can pass the encephalitis virus to humans and 
animals and several arboviruses (Boromisa et al. 
1987, Benelli 2015, Benelli & Mehlhorn 2016) 
and carry a host of filarial species such as Dirofilaria 
immitis (Leydi, 1856), D. repens (Railliet & Henry, 
1911), and Setaria labiatopapillosa (Alesandrini, 
1848) (Cancrini et al. 1995, 2003a, 2003b, 2007). 
Mosquitoes are also a cause of irritation, blood loss 
and allergic reactions, and can disrupt the normal 

behaviour of livestock. Mosquito bites can result in 
decreased weight gain and milk production in cattle 
(Foster et al. 2019). 

Mosquito control should be specifically di-
rected against the larvae. Combating the adults is 
temporary, ineffective, and polluting for the envi-
ronment, while larval treatment is more localised 
in time and space and is thus less dangerous. Com-
mon antilarval products are synthetic molecules 
(methoprene, piryproxifen, diflubenzuron) or natu-
ral compounds such as a crystal protoxin of Ba-
cillus thuringiensis var. israelensis (Bti) produced 
during the sporulation process. This product is the 
most commonly used because it is considered to 
be harmless to humans, fish, and other non-target 
insects. However, the antilarval activity of Bti is 
very short (Romi et al. 2009b). 
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Substances with insecticidal activity are usual-
ly synthesised, and these present problems concern-
ing the level of insecticide-resistance, the environ-
mental impact on ecosystems and their toxicity for 
warm-blooded animals and humans (Macchioni et 
al. 2008; 2019, Nicoletti et al. 2012a). In general, 
natural compounds have a lower residual capacity 
and environmental impact than synthetic drugs; re-
cent studies have evaluated and confirmed the ac-
tivity of numerous plant-derived natural products 
as valuable sources of novel bioactive substances 
against fungi, protozoa, helminths, and even arthro-
pods (Nicoletti et al. 2012a, 2012b). Numerous 
plant products have been reported for killing larvae 
of mosquitoes and provide excellent alternatives for 
mosquito control (Brown 1986).

Neem trees Azadirachta indica (Juss, 1830) 
are fast-growing evergreen trees that are native to 
India and belong to the family Meliaceae. For over 
2000 years, the tree has been known as one of the 
most versatile medicinal plants, with a wide spec-
trum of biological activity. All parts of the tree have 
been used as traditional medications for household 
remedies against various human ailments, dating 
from antiquity (Ogbuewu et al. 2011). Neem seeds 
contain approximately 99 biologically active com-
pounds, of which azadirachtin, nimbin, nimbidin and 
nimbolides are the main molecules (Dua et al. 2009). 
The neem oil is extracted from the seeds of A. indi-
ca, whose active ingredient is azadirachtin, a natural 
organic substance that acts primarily through inges-
tion and secondarily by contact. As reported by EPA 
(2012), the effective properties of 100% Cold Pressed 
Neem oil against a huge range of pests of medical 
and veterinary importance led to consider this oil the 
most interesting active ingredients that can be used 
in biotechnical processes, and in organic farming 
against certain species of insects including mosqui-
toes, whereas, useful insects, like bees, are not affect-
ed. Furthermore, its low impact on both vertebrate 
health and the environment as reported by which 
declared that there is no concerns for any non-target 
organisms increased his consideration (Nicoletti et 
al. 2012b). Its toxicity is extremely low for humans 
and for vertebrates including fish. The confirmed 
oral LC50 in rats is higher than 5000 mg/kg and the 
confirmed dermal LC50 in rabbits is above 2000 mg/
kg) (Raizada et al. 2001). The environmental impact 
is also very low: it shows remarkable selectivity to-
wards useful entomofauna including bees and there-
fore it is also compatible with biological approaches. 
In the soil it degrades in few days. In addition, the 
insect growth regulatory activity of neem weakens 
the cuticle defence system of the larvae causing easy 

penetration of pathogenic organisms into the insect 
system (Dua 2009). Some of experiments and im-
portant veterinary applications against parasites 
and bloodsucking arthropods are reported, evidenc-
ing that the research on neem activities is far to be 
completed (Akihisa et al. 2009, Al-Samarrai et al. 
2012, Chava et al. 2012, Montezano et al. 2014, 
Del Serrone et al. 2015, Ramachandramohan & 
Mamatha 2015, Shanmugapriyan & Dhanalak-
shmi 2015, Alzohairy 2016).

The aim of our work is to assay new natu-
ral anti-mosquito formulation based on neem oil 
(azadirachtin A) under laboratory conditions.

Materials and Methods
Experimental design and collection of insects
The larvae and pupae used in the experiment were 
derived from Ae. albopictus eggs captured through 
ovitraps (Entomox Srl, Pisa) placed in selected areas 
of Pisa (Italy) (latitude 43°42’42”48 N, Longitude 
10°24’52”92 E) where the presence of mosquitoes 
was observed during previous inspections. Masonite 
strips (3x15 cm) were suspended vertically in black 
pots filled with 350 ml of water to provide a suit-
able surface for eggs deposition. Every week, the 
pots were rinsed and filled and the strips changed 
and checked for eggs presence. The test containers 
were held at 25–28 °C and preferably a photoperiod 
of 12 h light followed by 12 h dark. 

To obtain both larvae and pupae, the strips 
were left to dry at room temperature for three days, 
then placed individually into plastic trays contain-
ing dechlorinated tap water, after which first-stage 
larvae were obtained and the strips were again left 
to dry. This alternating wet and dry procedure was 
repeated twice (Toma et al. 2008). In the experiment 
three groups, larvae at the stages L1–L2, L3–L4 and 
pupal stage of Ae. albopictus were tested with the 
following dosages of neem oil: 5 mg, 10 mg, 25 mg, 
50 mg and 75 mg. The Neem oil used in the experi-
ment is cold-extracted to maintain the integrity of 
the active substance (azadirachtin), and is soluble in 
water (0.3% azadirachtin A).

Insecticidal bioassays
The experimental unit consisted of plastic cup con-
taining 500 ml of solution composed of tap water 
at room temperature and neem oil (Azadirachtin 
A 0.3% in 1 liter, containing the emulsifier Sorbi-
tan, tri-9-octadecenoate, poly(oxy-1,2-ethanediyl) 
(Macchioni et al. 2019) and 25 larvae at the stages 
L1–L2 and L3–L4, or at the pupal stage for each 
cup. Each bioassay included a control where no 
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neem oil but water with emulsifier was applied. The 
treatments were repeated four times.

During the experiment the larvae were fed with 
dry cat food consisting of chicken protein (38%), fat 
(16%), fiber (3%), and inorganic substance (8%), for 
a larva quantity of 2.5 g. To prevent the formation of 
a film caused by an excess of provided food, which 
is harmful to the larvae as it prevents breathing on 
the surface of the water, in the first six days food 
was given according to larvae age: first and second 
day 10%, third day 15%, fourth day 21%, and fifth 
and sixth days 22% (Carrieri et al. 2003). If food 
was still observed in the cups, no more was added to 
avoid the film formation.

After 24 hr contact at room temperature, the 
number of dead larvae in each cup was counted 
and reported as the average of the four replicates 
for each dosage. The larvae were considered dead 
if they were immobile and unable to reach the wa-
ter surface (Macêdo et al. 1997). The observations 
were carried out until all the larvae either had died 
or developed adults. 

Statistical analysis
The mortality percentage was calculated based on 
the formula of mean number of deceased larvae/
mean number of initial larvae.

The experiments were established under a 
completely randomized design. The data were tested 
to verify the normality of errors (Shapiro-Wilks test) 
and the homogeneity of variances (Bartlett test).

Data were subjected to analysis of variance 
ANOVA, in which different dosage levels (5 mg, 10 
mg, 25 mg, 50 mg, 75 mg; control) and the day of 
the survey along with their interactions were con-
sidered as fixed effects, with mortality percentage 
of larvae at the stages L1–L2 or L3–L4 or pupae as 
the dependent variable, using the statistical package 
JMP (SAS 2007). Tukey-Kramer HSD (honestly 
significant difference) test was used to test differ-
ences in group means.

The dosages leading to 50% and 90% mortal-
ity (LD50 and LD90) were determined for larvae at 
the stages L1–L2 and L3–L4 by probit analysis. Sta-
tistical analysis was undertaken using the statistical 
package Graph Pad Prism 8 ®.

Results
Larvicidal activity of neem oil against of larva at 
the stages L1–L2
Dosages with 75 mg, 50 mg, and 25 mg (Table 1) 
caused almost 100% of the larvae mortality. At the 
75 mg dosage, all larvae died within one week, 

while for the other two dosages, 50 mg and 25 mg, 
they died within 19 days. At the dosage of 10 mg, 
the percentage of larvae mortality was 71% within 
22 days, while at the dosage of 5 mg it was 49% 
within 18 days. At 25 mg, 10 mg and 5 mg dosages, 
the larvae lived longer than those in the control. In 
fact on the eighth day of the control all of the larvae 
had either developed into adults (48%) and succes-
sively killed or were dead for natural causes (52%). 
At the dosages of 5 mg and 10 mg, the difference 
between the mortality of larvae in the experiment 
and in the control for the entire period was not sta-
tistically significant.

The dosages 25 mg, 50 mg and 75 mg were, 
however, all equally effective (there are not statis-
tically significant differences between them), and 
eliminated all the larvae in the majority of cases. 
Highly significant differences (df=5; F=3.443; 
P=0.0067) were found between each of these dosag-
es and the control (Table 1). We could observe that 
at a dosage of 25 mg neem oil had good larvicidal 
activity comparable with the highest dosages test-
ed. However, when analysing the results up to the 
eighth day of treatment (Table 2), significant differ-
ences in the timing of elimination of larvae between 
the different dosages can be observed.

In the first 24 hours, there were no dead larvae 
in the control but there was a decrease in the num-
ber of larvae presented in all neem oil dosages. In 
particular, the resulting mortality value (57%) at the 
75 mg of dosage was significantly (df=35; F=3.836; 
P=0.0042) higher than the other dosages. Lethal 
dosage at 50% and 90% (LD50 and LD90) of larvae 
at the stages L1-L2. In Table 3 the results obtained 
using the statistical package Graph Pad are reported. 
The LD50 can be seen to correspond to a dosage of 
14 mg while the LD90 corresponds to a dosage of 70 
mg of neem oil.

Larvicidal activity of Neem oil against larvae at 
the stages L3-L4
As shown in Table 2, in the control all larvae were 
developed into adults, while all dosages of neem oil 
tested had good larvicidal activity, resulting in a sig-
nificant statistical difference from the control (df=5; 
F=4.243; P=0.0056). Dosages of 75 mg and 50 mg 
100% larval mortality in one week, while at dosages 
of 25 mg, 10 mg, and 5 mg the mortality was 94% 
in 16 days, 71% in 18 days, and 41% in 25 days, 
respectively, highlighting a delay in larval develop-
ment compared to the control. 

Larvae at the stages L3–L4, similarly to those 
in the previous stages, live longer than those of the 
control in dosages of 25 mg, 10 mg and 5 mg. From 
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Table 1. Number of dead larvae at L1-L2 and L3-L4 larval stages with the relative percentages per dosage (Means± SE).

Dosage
L1 and L2 larval stages L3 and L4 larval stages

No of dead larvae
Means ± SE Mortality rate No of dead larvae

Means ± SE Mortality rate

5 mg 12.25±1.109B 49% 10.25±0.478D 41%
10 mg 17.75±3.614ABb 71% 17.75±0.750C 71%
25 mg 25.00±0.00Aa 100% 23.50±0.288B 94%
50 mg 23.25±0.436Aa 93% 25.00±0.00A 00%
75 mg 25.00±0.00Aa 100% 25.00±0.00A 100%

Control 13.00±2.380B 52% 0.00±0.00E 0%

Means within the column followed by different letters show significant differences (A–E: P<0.01; a, b: P<0.05).

Table 2. Percentage of mortality for day of treatment of larvae at L1 and L2 larval stages. 

Day 
Neem oil dosage

Control tests
5 mg 10 mg 25 mg 50 mg 75 mg

% Dead larvae % Dead larvae % Dead larvae % Dead larvae % Dead larvae % Dead larvae
1 17BC 23B 25B 27B 57A 0C

2 32BC 35BC 60AB 68AB 97A 25CD

3 37BC 40ABC 72AB 73A 99A 29CD

4 40B 40B 76A 77A 99A 39B

5 42B 40B 80A 88A 99A 45B

6 45B 43B 80A 90A 99A 50B

7 47B 59B 82A 94A 100A 52B

8 48B 61B 85A 94A  52B

Means within the same row followed by different letters show significant differences (A–D: P<0.01).

Table 3. Lethal dosage at 50% and 90% on larvae at L1–L2 and L3–L4 larval stages, confidence intervals and Slope 
± Standard Error (SE).

Stage LD50

Confidence intervals
LD90

Confidence intervals
Slope ± SE

lower bound upper bound lower bound upper bound
L1-L2 14 5 19 70 28 98 2.86±0.282
L3-L4 20 4.4 24.4 30 4 50 4.46±0.611

Table 4. Percentage of mortality for day of treatment of larvae at L3 and L4 larval stages . 

Day 
Neem oil dosage

Control tests
5 mg 10 mg 25 mg 50 mg 75 mg

% Dead larvae % Dead larvae % Dead larvae % Dead larvae % Dead larvae % Dead larvae
1 13C 23BC 43B 70A 83A 0BC

2 13D 23C 52B 77A 81A 0D

3 13D 25B 60B 82A 88A 0D

4 13C 25B 72A 83A 88A 0C

5 13C 28B 75A 89A 88A 0C

6 13C 34B 84A 92A 100A 0C

7 21C 41B 97A 100A 0C

8 22C 42B 98A 0D

9 23C 43B 98A 0D

10 24C 43B 98A 0D

11 26C 44%B 98%A 0%D

Means within the same row followed by different letters show significantly differences (A–D: P<0.01).
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analysing the results up to the eleventh day of treat-
ment (Table 4), significant differences in the timing 
of elimination of larvae in the different dosages were 
found. In the first three days the dosages of 50 mg 
and 75 mg of neem oil caused a significantly higher 
number of deaths compared to the control and to the 
other dosages (df=50; F=5.864; P=0.0038). 

Up to the fourth day, the dosage of 25 mg had 
the same effect as the two previous dosages.

The lower dosages (5 mg and 10 mg) had a 
lower significant larvicidal effect in comparison to 
the higher dosages, but the results were effective 
with respect to the control.

Lethal dosage at 50% and 90% (LD50 and LD90) 
of larvae at the stages L3–L4
The percentages of larvae at the stages L3–L4 that 
died in 72 h for each replica (A, B, C, D) was per-
formed and these data were used to calculate the le-
thal dosages at 50% and 90% (Table 3). The results 
show that the LD50 corresponds to a dosage of 20 mg 
of neem oil while the LD90 corresponds to a dosage 
of 30 mg.

Pupicidal activity of neem oil
The results on the mortality of pupae treated at dif-
ferent dosages of neem oil (Table 5) show that over-
all, after the first 24 h, the number of dead pupae was 
significantly higher compared to the control variant.

Discussion
The results have shown that with the increase in 
neem oil dosage, there are a greater number of 
deaths of the larvae in all stages. The effect of the 
treatment is therefore dosage-dependent as also 
found by Benelli et al. (2015) and by Kempraj & 
Bhat (2008).

The larvae at the stages L1–L2 treated with 5 
mg of neem oil had a higher mortality level than the 
larvae at the stages L3–L4 (subjected to the same 
dosage). Conversely, for all the other dosages there 
is no difference in mortality between the two groups 
L1–L2 and L3–L4. By analysing the two control 
groups, we can observe that the first group had a 
mortality rate of 52% while in the second group the 
larvae were all alive. This may be due to the differ-
ent larval ages. Those in the early stages are physi-
ologically and naturally more vulnerable than the 
larvae in the later stages. It has been also observed 
that the average life span of larvae at all stages at 
various dosages of neem oil, before flicking or dy-
ing, is generally longer than that of the control. In 
fact, in the control the larvae conclude their cycle by 

flicking within a week, while with the various dos-
ages of neem oil the time is in general longer. This 
observation is reported in other studies, which show 
that neem oil prolongs the larval and pupal stages 
(Sagar & Sehgal 1997).

The effect of neem oil on the extension of life 
span is particularly evident for the larvae at the stag-
es L1–L2. At these stages, the LD90 is particularly 
high, showing that a high dose of the substance is 
required to eliminate 90% of the larvae within 72 
hours. The effect of neem oil on the extension of 
larvae life span is therefore higher than the mortality 
effect. However, in the larvae at the stages L3–L4 
the LD90 is very low, confirming the greater effect of 
the oil on the mortality of the larvae.

Azadirachtin, the main active substance in 
neem oil, interferes with the synthesis and release of 
the moult hormone, causing an inhibition of larval 
development (Isman 2006). Champagne et al. (1998) 
reported that the active substance azadirachtin in-
fluences the growth and metamorphosis of various 
insects, interfering with the production of ecdysone 
and the juvenile hormone.

In our experiments, treatment with neem oil at 
the pupal stage has been very effective in the first 24 
h at a lower dosage (5 mg) and a high mortality rate 
has been recorded compared to the control. This re-
sult is interesting because it is typically reported that 
treatments with insect growth regulators (IGRs) do 
not kill the pupae in a short time (Romi et al. 2009a).

As far as we know, no experiments have been 
conducted in which natural substances are tested on 
larvae at the first stage or on pupae (Anjali et al. 
2012, Benelli et al. 2015, Dua et al. 2009). Our 
experiment included all the larval stages (L1, L2, L3 
and L4) and the pupal stage at the same time. 

Conclusion
This experiment using neem oil on larvae at all 
stages can be considered a preliminary study that 
can lead to further investigations of the effective-

Table 5. Average mortality of pupae treated with different 
dosages of neem oil.

Day
Neem Dosage  

5 mg 10 mg 25 mg 50 mg 75 mg Control
1 23.00 23.25 25.00 25.00 24.50 0.00
2 24.00 24.50 - - 24.50 0.00
3 24.75 - - - 25.00 0.25
4 25.00 - - - - 0.50
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ness of neem oil on Ae. albopictus and others culi-
cids. Additional tests with a larger number of repli-
cas will be necessary to obtain more accurate data. 
Based on our preliminary results we conclude that 
neem oil showed strong insecticide action against 
larvae and pupae of the Asian tiger mosquito and it 
is a promising alternative control method for mos-
quito larvae. 
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