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Abstract

Dengue, Zika, chikungunya and yellow fever are the most important vector-borne diseases worldwide transmitted to humans by
Aedes aegypti (L.) (Diptera Culicidae). Thus, the control of this vector is of vital importance in order to avoid epidemics in tropical
and neo-tropical areas. To find new and effective larvicidal formulations for control programs against mosquito populations, aque-
ous dispersions containing thymol and eugenol were characterized and tested against Ae. aegypti larvae. The dispersion and stabi-
lization of thymol and eugenol in water was possible using a triblock copolymer with two lateral blocks of poly(ethylene oxide) and
a central block of poly(propylene oxide), the so-called poloxamer 407, which allows obtaining oil in water (o/w) emulsion. Dynamic
Light Scattering (DLS) points out that emulsions containing eugenol were in most cases monodisperse with an average apparent
hydrodynamic diameter of the droplets in the 20-25 nm without destabilization after 28 months from their preparation, which plays
a key role for the potential application of the studied formulations. On the other side, those emulsions containing only thymol as oil
phase had higher polydispersity, suggesting a central role of eugenol in the dispersion of thymol in water. Furthermore, the combined
effect of thymol and eugenol against Ae. aegypti larvae was evaluated. The nanoemulsion containing thymol as main component of
the oil phase (100%) showed the lowest LCso and the introduction of eugenol to the nanoemulsions facilitated the dispersion and
stability of thymol in water, even though reducing the effectiveness of the emulsions. The findings on the larvicidal effects of the
combined application of the monoterpenes tested could be considered a promising contribution to the development of botanical-

derived larvicidal formulations against mosquitos.
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Introduction

The mosquito Aedes aegypti (L.) (Diptera Culicidae) is
among the main vectors of different diseases affecting
humans, including dengue, chikungunya, Zika and yel-
low fever (Gubler and Clark, 1995; Weaver et al., 2016;
Ferreira-de-Brito et al., 2016). Dengue fever and dengue
hemorrhagic fever are the most important and serious
mosquito-borne diseases in Argentina (Masuh, 2008).
However, the absence of vaccines for treating dengue fe-
ver requires the control of its vectors as an essential tool
for ensuring the interruption of the epidemics outbreaks
in tropical and neo-tropical areas. Nevertheless, the U.S.
Food and Drug Administration announced the first vac-
cine for dengue fever, but with major restrictions (Godoi
et al., 2017). Current approaches to control mosquitoes
rely primarily on source reduction and the application of
insecticides against either mosquito larvae or adults. This
strategy has been employed for more than two decades,
especially with the use of pyrethroids and organophos-
phates (Lucia et al., 2007). Concerning the latter, the ap-
plication of the larvicide temephos as sand granules
(Abate® 1% SG) has been demonstrated to be effective
for weeks (Carvalho and Silva, 2000; Chen et al., 2009).

However, it is highly rejected by residents due to its
strong odour and slight turbidity of the drinking water
containers where it is applied. The biological larvicides
based on Bacillus thuringiensis israelensis (Bti) and in-
sect growth regulators like methoprene and novaluron
have been shown to be effective against several mosquito
species (Boyce et al., 2013; Lau et al., 2015), but are ex-
pensive for large-term treatments (Ritchie et al., 2010).
In recent years, an extensive research has been focused
on seeking new, low-risk, eco-sustainable formulations
for insect pest control. Insecticidal formulations based on
essential oils (EOs) and their relative compounds seems
promising alternatives for this purpose (Regnault-Roger
et al., 2012; Mossa, 2016; Pavoni et al., 2019; Samar,
2019). EOs are lipophilic secondary metabolites obtained
from aromatic plants, with terpenoids being their main
components (Tisserand and Balacs, 1995; Isman, 1999).
Despite the potential interest, the number of practical
applications for botanical insecticides is rather limited,
mainly due to the scarce knowledge about their effective-
ness with respect to currently used synthetic insecticide
formulations (Isman and Grieneisen, 2014). Moreover,
the low solubility of EOs in water together with their
chemical instability make their handling and transport



difficult, reducing the practical application of these new
formulations.

EOs and their components can act either active ingredi-
ents or adjuvants in pesticide formulations. The latter use
has attracted lately increasing interest because the exist-
ence of synergistic effects against various insect pests has
been reported after the combined application of different
EOs or its components with various synthetic insecticide
(Tong and Bloomquist, 2013; Faraone et al., 2015; Norris
et al., 2015; Gross et al., 2017). These synergistic effects
might be mainly explained on the basis of two different
aspects: (i) terpenoids are good penetration enhancers for
both lipophilic and hydrophilic compounds (Williams and
Barry, 1991), and (ii) terpenoids inhibit metabolic en-
zymes such as cytochrome P4so monooxygenases and car-
boxylesterases (Tong and Bloomquist, 2013).

The enhancement of the dispersion in water of poorly
soluble compounds remains an important challenge,
which has driven the research on the development of sev-
eral methodologies, such as physical and chemical mod-
ifications of compounds, particle size reduction, crystal
engineering, salt formation, solid dispersion, use of sur-
factant or complexation (Savjani et al., 2012; Khadka et
al., 2014). An alternative for encapsulation of lipophilic
active ingredients is the use of polymeric micelles con-
sisting of amphiphilic block copolymers into which ac-
tive ingredients (a.i.) can be physically incorporated
(Kim and Park, 2010). The simplicity of the physical in-
corporation or solubilisation of active ingredients within
block copolymer micelles has driven to a further devel-
opment of this approach for encapsulation of active mol-
ecules (Batrakova et al., 2006; 2008). This allows one to
take advantage of the versatility of polymer micelles for
encapsulation, which makes it possible the use of am-
phiphilic block copolymer micelles as a good chemical
environment for dispersing EO compounds in an aqueous
environment. This colloidal dispersion is sometimes re-
ferred as oil-in-water emulsion (o/w), as result of the oil
entrapment within the hydrophobic domains of the poly-
mer micelles. This may be considered a promising alter-
native for preparing new formulations for pest control,
enabling the facilitated distribution and bioavailability of
the active ingredients (Moretti et al., 2002; Ragaei and
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Sabry, 2014; Campolo et al. 2017).

A previous study has evidenced considerable bioactiv-
ity of polymeric formulations containing low concentra-
tions of EOs compounds (1.25 wt%) against permethrin-
resistant head lice, Pediculus humanus capitis De Geer
(Anoplura Pediculidae) (Lucia et al., 2017). Thus, the use
of poloxamer 407 (P407), a triblock copolymer contain-
ing two lateral blocks of poly(ethylene oxide) and a cen-
tral one of poly(propylene oxide), can be considered as a
good alternative for obtaining a good EO encapsulation
yield, with the copolymer acting as adjuvant in the for-
mulation. At the best of our knowledge, there is no avail-
able data regarding bioactivity of polymeric nanoformu-
lations based on a combination of monoterpenes against
larvae of Ae. aegypti as alternative to synthetic insecti-
cides. The goal of the present work was to develop binary
nanoemulsions containing eugenol and thymol stabilized
by a triblock copolymer to be applied against the larvae
of Ae. aegypti. It is expected that the combination of
monoterpenes can provide the basis for designing new,
efficient formulations for insect-pest management.

Materials and methods

Chemicals

Eugenol (purity > 99%), thymol (purity 99.5%) and
P407, also known as Pluronic® F-127, were purchased
from Sigma-Aldrich (Germany). P407 is a triblock co-
polymer formed for two lateral blocks of poly(ethylene
oxide) (PEO) containing 101 monomers and a central
block of poly(propylene oxide) (PPO) containing 56,
leading to an average molecular formula
[PEO10iPPOssPEO10:] and a molecular weight around
12.5 kDa. All chemicals were used as received without
further purification. The molecular formulas for eugenol,
thymol and P407 are shown in figure 1.

The water used for materials cleaning and samples
preparation was ultrapure deionized water (Milli-Q wa-
ter) obtained by a multicartridge purification system
(Younglin 370 Series, South Korea). This water presents
a resistivity higher than 18 MQ cm and a total organic
content lower than 6 ppm.
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Figure 1. Molecular formulas of eugenol (a), thymol (b) and P407 (c).
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Table 1. Composition of the different emulsions studied.

Nanoemulsion @ P407 Thymol Eugenol Water

(Wt%) (Wt%) (Wt%) (Wt%)
Eo0) 5 0 (0) 1.25 (1) 93.75
T@s5)E@s) 5 0.3125 (0.25) 0.9375 (0.75) 93.75
T0)E(s0) 5 0.6250 (0.5) 0.6250 (0.5) 93.75
T@5)Ees) 5 0.9375 (0.75) 0.3125 (0.25) 93.75
T00) 5 1.25 (1) 0 (0) 93.75

2 numbers in brackets indicate the weight fraction of each EO compounds in relation to the total composition of the oil

phase (1.25 wt% of emulsion composition).

Samples preparation

Samples were prepared in tubular glass vials (10 mL)
following a procedure adapted from our previous publi-
cation (Lucia et al., 2017). For this purpose, P407 aque-
ous solutions (concentration 10.25 wt%) were prepared
by weight in a vial and then it were subjected to stirring
at 500 rpm overnight to ensure copolymer solubilisation.
Afterward, EO compounds, namely eugenol, thymol or
their mixture, were poured into the vial to obtain a mix-
ture with an EO concentration of 2.5 wt%. This process
leads to the formation of opalescent dispersions, which
are diluted by addition of Milli-Q water (1:1 ratio) to ob-
tain the final transparent emulsion. The compositions of
the different samples studied are summarized in table 1.

Size of the nanoemulsions droplets

The average particle size and the distribution of the par-
ticle size of each sample was determined using the dy-
namic light scattering (DLS), that estimates fluctuations
in the intensity of light scattering following a Brownian
motion of the particles (Berne and Pecora, 2013). Fur-
thermore, DLS was also used for evaluating the stability
of after 1 week and 28 months of aging.

Insects

A colony of Ae. aegypti (Rockefeller Strain, Vene-
zuela) was used for bioassays. The colony was main-
tained since 2018, free of exposure to pathogens, insecti-
cides, or repellents, at 25 £ 1 °C, 65-80% of relative hu-
midity (RH), and a L12/D12 photoperiod in the bioterium
of PIET-INEDES (CONICET-UNLu). All larval instars
were fed on a mixture of rabbit pellets and yeast in a 3:1
proportion. Adult mosquitoes were fed on raisins, and a
human arm was offered three times a week for females to
produce their eggs.

Larvicidal bioassays

The larvicidal bioassays were performed following a
method adapted from our previous study (Lucia et al.,
2007). For this purpose, tested emulsions were added di-
rectly to drinking water. Different volumes (0.5 to 4 mL)
of' each emulsion were incorporated into drinking water to
obtain a final volume of 225 mL in a 500-mL plastic jar.
Then, 25 mL of water containing 20 late third-instar or
early four-instar larvae of Ae. aegypti were added into the
jar. As control, P407 aqueous solutions (concentration
10.25 wt%) were prepared by weight in a vial and mixed
with drinking water. Food supply was offered ad libitum
to larvae. The emulsions of EOs were tested at different

final concentrations in a range of 1-250 ppm. All bioas-
says were performed in a laboratory under controlled con-
ditions (25 + 1 °C, 70 + 5% RH and a L12/D12 photoper-
iod). Mortality was recorded after 24 hours exposure. The
dead larvae in four tests were combined and expressed as
a percentage of larval mortality for each concentration.
Mortality criteria of larvae consisted of insects that failed
to move or were unable to rise to the surface within a
1 minute or not showing the characteristic diving reaction
when the water was disturbed (Lucia et al., 2008).

Statistical analysis

The percentage of larvae affected, and the percentage of
mortality were determined and a Probit analysis was cal-
culated to estimate lethal concentrations affecting 50%
and 90% of the individuals (LCso and LCoo). Lethal con-
centrations (LCs) correspond to the concentration of thy-
mol, eugenol or their mixtures dispersed in the aqueous
nanoemulsion and were expressed as parts per million in
the final concentration (ppm). These values were consid-
ered statistically significant when the 95% confidence
limits did not overlap. Data were processed using the
PoloPlus v.2.0 software (LeOra Software, Berkley, CA).

Binary interaction of the nanoemulsions

For this purpose, a comparison of between the observed
and theoretical LCso values was performed. This latter
was obtained following the description given by Wadley
(1967):

Theoretical LC,, = a+bCt...+n

a b c n
+ + +ot
LCq(a) LCy(b) LCy(c) LCy ()

» (D

where the letters (from a to n) indicate the components
involved in the mixture. The ratio between the theoretical
and the experimental value of the LCso [R = LCsq (theo-
retical) / LCso (experimental)] was determined. Accord-
ing to Wadley (1967), R values > 1.5 indicate a synergis-
tic interaction between the components of the mixtures,
1.5 > R > 0.5 additive interaction and R values < 0.5 in-
dicate an antagonistic interaction.

Results and discussion

Characterization and stability of the nanoemulsions

The transparent character of the obtained dispersions
enables their characterization using DLS, which allows
one to estimate the size of the droplets as the apparent
hydrodynamic diameter d4®. The corresponding dn"P
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Figure 2. d®P Distributions for selected emulsions after 1 week (continuous lines) and 28 months (dotted lines) of
their preparation: E(io0) (left panel), T(s0)E(so) (central panel) and T(io0) (right panel).

distributions obtained using DLS measurements are
shown in figure 2. It is worth mentioning that the initial
characterization of the obtained nanoemulsions was per-
formed one week after their preparation in order to ensure
that this emulsion had good stability and were not af-
fected by any potential destabilization of the systems.

The results evidenced the monodisperse character (pol-
ydispersity index, PDI ~ 0.1) of emulsions with eugenol
concentration > (.5. On the other hand, the absence of eu-
genol (emulsion 100 wt% thymol) led to the appearance
of polydisperse emulsions, in which droplets with two
well separated dn®Pdistributions, centred on 25 nm and
200 nm were found. This suggested that eugenol plays an
important role for improving the dispersion of thymol in
an aqueous medium, thus resulting in monodisperse drop-
lets providing during the preparation process of emulsions
an accurate environment for the solubilisation of the solid
thymol (melting point around 50 °C) within the oil phase.

The results for the average dw? obtained from the anal-
ysis of the DLS experiments showed that in all the cases
in which monodisperse emulsions were obtained, droplets
with average sizes < 25 nm were found, with a slight in-
crease with the thymol concentration. On the other hand,
emulsions containing only thymol present an average
dn®P value for the smallest population above 25 nm. The
increase of the width of the distribution (error bars)
showed that the increase of the weight fraction of thymol
increase the polydispersity of the droplets, confirming the
worsening of the dispersibility of thymol when it becomes
the main compound of the formulation. In addition to the
simple characterization of the size of the obtained formu-
lations, the development of systems with potential tech-
nological application also requires the existence of long-
term stability. For this purpose, the stability of the emul-
sions after an aging of 28 months was evaluated for visual
inspection and quantified by DLS. The visual inspection
of emulsions did not show any evidence of macroscopic
phase separation in the studied samples. However, we
were unable to exclude that the formulations may undergo
some destabilization process. In order to elucidate the role
of the storage time on the formulation stability, DLS ex-
periments of samples after 28 months of aging were per-
formed. Figure 2 shows selected dn@P distributions.

The analysis of the dependence of the average dn®" on
the weight fraction of the EO emulsions before and after
aging showed that samples containing eugenol as main

156

component did not present any significant change on
their homogeneity after 28 months of aging, maintaining
their monodisperse character and a constant droplets size
(figure 3). Furthermore, for emulsions containing a
weight fraction of 0.25 of eugenol in the oil phase, it was
found the disappearance of the dp® distribution related
to the biggest droplets, and the narrowing of the size dis-
tribution with aging by a factor of 2. This might be a sig-
nature of the homogenization of the size of the emulsion
drops to reach the steady state. On the other hand, the
dn®P values for emulsions containing only thymol as oil
phase evidenced a poorer stability in comparison to those
containing eugenol, with the increase of the average dn@"
of the droplets size (and more significant on droplets of
the biggest size). This may be associated with the insta-
bility of these emulsions that favoured the droplet coales-
cence and the increase of its average size, and that may
be considered as a further evidence of the important role
ofeugenol as a facilitating agent for the dispersion of thy-
mol in aqueous medium.

Larvicidal activity against Ae. aegypti

The toxicity of the emulsions on Ae. aegypti larvae is
shown in table 2. The lethal concentration affecting 50%
and 90% of the exposed larvae (LCso and LCqg) ranged
approximately from 11 to 90 ppm and from 28 to 118
ppm, respectively. All the tested emulsions produced
acute toxicity in mosquito larvae. However, significant
differences were found in their performance.

The results showed that emulsions with thymol as main
component of the oil phase had higher larvicidal activity
than those containing eugenol as main component. For
emulsions with an oil phase formed exclusively by thy-
mol (T100), LCso was estimated to be 11.1 ppm, which
decreased by a factor close to 3 (27.5 ppm) when eugenol
was included at 25% (T7sEzs). On the other side, when
eugenol was incorporated into the nanoemulsions at a
concentration of 50% (TsoEso) and 75% (T2sE7s) of the oil
mixture, the LCso decrease by a factor of 4 and 5 respec-
tively, in comparison to the emulsion containing only
thymol, without any significant difference in their activ-
ity with the eugenol content. Thus, the larvicidal activity
is stronger in nanoemulsions containing only thymol,
while the complete substitution of thymol for eugenol
drive to a worsening of the effectivity of the formulations
against Ae. aegypti larvae.
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Figure 3. Dependence of the average du*® for the different distributions obtained from the analysis of DLS experi-
ments on the weight fraction of each EO compound, namely eugenol or thymol, in the oil phase for the studied
emulsions after 1 week (a) and 28 months (b) of their preparation. In both panels, the white bars correspond to the
distribution with the smallest droplets size and the black ones correspond to the distribution with the highest droplet
size in those case in which such second distribution was found. Notice that the error bars in this case provides infor-

mation about the width of the dn@P distributions.

Table 2. Larvicidal activity of emulsions of thymol, eugenol and their mixtures against larvae of Aedes aegypti.

b
Emulsion ? LCso, ppf‘l)lbserved Iicc%, ppm (Siké%a) v df Theor?[t)i;:ﬁ)LCSO R
(95% CI) (95% CI)
Eqton . e 5 00015 2 10£2 302 2 480 89.4 1
TesEas) ( 46'511_'536.2) (73_%1_'985'7) 6308 299 18 400 29.2 0.6
TeoEo : 0650 3 soce o 7Ol 4LL 18 400 15.9 04
TesEes) o i 0 ( e o  S1£07 193 14 320 12.4 04
Taoo) (9?31_'113) (23'268_'345.8) 4506 342 22 480 1.1 1

# Numbers in brackets indicate the weight fraction of each EO compound (T: Thymol and E: Eugenol) in relation to
the total composition of the oil phase (1.25 wt% of emulsion composition concentration); ® LCso and LCo obtained by
probit analysis with a confidence interval (CI) at 95%); ¢ Wadley’s calculation of expected LCsg calculated according
equation (3); ¢ Synergy ratio from Wadley’s calculation: R > 1.5 indicates synergistic interaction, 1.5 >R > 0.5, addi-
tive interaction and R < 0.5, indicates an antagonistic interaction; n: Number of larvae tested for each emulsion (mix-
ture), each assay was independently repeated 4 times in group of 20 larvae but the tested concentrations differ according

to the mixture.

On the basis of the obtained results, it was possible to
determine the type of interactions between thymol and
eugenol in their mixtures. The results showed than in
most of the cases, the mutual interaction between eugenol
and thymol had an antagonist effect in relation to the pure
components, and presented only a significant additive ef-
fect in terms of larvicidal activity, when eugenol was the
main component (T2sE7s).

According to Pavela (2015), EOs with LCy < 100 ppm
should be considered as highly promising alternatives for

developing plant-borne larvicides against mosquitoes.
Thus, most of studied combinations evaluated here can be
considered as highly effective larvicides, as their LCq val-
ues were in most cases below 100 ppm. It is worth men-
tioning that the studied emulsions do not evidence any pu-
picidal activity, which may be explained by the fact that
pupae are more resistant than larvae, LCso being between
10 and 100 fold higher than for larvae (Andrade-Ochoa et
al., 2018). It is important to mention that for the solution
0of P407 alone the LCs value for pupae was 570 ppm.
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In summary, this work focused on the preparation of
emulsions of eugenol and thymol in water using as stabi-
lizing agent poloxamer P407. DLS experiments showed
that the presence of eugenol facilitated the dispersion of
thymol in water as monodisperse emulsion with good
long-term stability (28 months). This lead to new possi-
bilities for engineering this type of system in the design of
new ready-to-use formulations for insect pest control,
with long-term stability that can be stored for more than 2
years without any significant modification. This combina-
tion with their aqueous based character provides the bases
for the application of such systems. Furthermore, high wa-
ter content facilitates the availability of the formulation in
the environment by reducing the risks and hazard for ei-
ther human or animals and plants. On the other side, the
simplicity of the methodology used for the preparation of
the formulations provides further advantages for the de-
velopment of these formulations, limiting the use of com-
plex machinery, e.g. high pressure homogenizer, and fa-
cilitating the in situ preparation of the formulations which
reduces the costs associated with their preparation and
transport. Emulsions containing thymol were found to be
effective against Ae. aegypti larvae, with a LCy lower
than 100 ppm. This makes them promising alternatives for
the development of botanical-derived larvicides. It is
worth mentioning that the introduction of eugenol in
emulsions facilitate the dispersion of thymol in water,
even though it reduces the effectiveness of the emulsions.
It is therefore necessary to optimize the formulations in
order to ensure the good dispersion of thymol, with the
highest insecticidal activity, without compromising the
activity of the obtained emulsions.

As mentioned by Isman (2008), developing countries
impose less restrictive regulatory constraints so hazard
for human pesticide poisonings are most prevalent. How-
ever, the relative high costs of conventional mosqui-
tocidals (larvicides and adulticides) and the supplying
problems of these products led to interruption of vector
control programs. Because of it, there is a great need for
the development of new larvicides easily available in de-
veloping countries and less toxic to both humans and
non-target organisms (Benelli, 2016; Benelli and
Mehlhorn, 2016; Masetti, 2016). Most of the research on
the impact of EOs on non-target animals were performed
on fishes (Govindarajan et al., 2016; Pavela and Go-
vindarajan, 2016; Baskar et al., 2018), and very little on
arthropods. This latter might be due to the mode of action
of EOs and their compounds targeting several sites of the
nervous system like acetylcholinesterase (AChE),
GABA and octopamine receptors (Enan, 2001; Picollo et
al., 2008; Regnault-Roger et al., 2012). Since these re-
ceptors are present in all arthropods, there are few
chances to find high level of selectivity of EO in relation
to non-targeted arthropods (Masetti, 2016).

The toxicity of Origanum scabrum Boiss. et Heldr. (La-
miaceae) whose main constituents were carvacrol and
thymol were tested on vector mosquitoes, two mosquito
predators and a fish (Govindarajan et al., 2016). The au-
thors found that the EO was less harmful to the non-target
organism in comparison to mosquito species. In addition,
the swimming behaviour and survival of the Dyplonichus
indicus Venkatesan et Rao (Hemiptera Belostomatidae),
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Anisops bouvieri Kirkaldy (Hemiptera Notonectidae) and
Gambusia affinis (Baird et Girard) (Cyprinodontiformes
Poeciliidae) were not altered after the exposure at LCsg
and LCo values of the EO. Another study analyzed the
toxicity of the EO Atalantia monophillia (L.) (Rutaceae),
whose main constituents were eugenol and sabinene, on
three mosquito vectors and non-target zebrafish Danio re-
rio (Hamilton) (Cypriniformes Cyprinidae) (Baskar et al.,
2017). The EO showed a high larvicidal and repellent ac-
tivity against the mosquitoes and a limited impact on
zebrafish.

In 2013, a vegetation spray containing 1% eugenol in a
sugar solution was introduced for the control of mosqui-
toes in the USA as Terminix AllClear®, an attractive tar-
geted sugar bait (ATSB) (Entwistle, 2014). Qualls et al.
(2014) demonstrated that a single application of the prod-
uct on vegetation around a golf course centre in Florida
reduced the density of the most abundant mosquito specie,
Anopheles crucians Wiedemann, over a 4-week period
and had no significantly effect on non-target organisms.

Concerning studies of the toxicity of eugenol and thy-
mol against non-target arthropods, thymol seemed to be
relatively safe to adult bees when compared with syn-
thetic pesticides (Gashout and Guzman-Novoa, 2009).
For example, Albo et al. (2003) reported that thymol was
50 times less toxic to workers bees than the organophos-
phate dimethoate, and Iwasa et al. (2004) demonstrated
LCso values < 15 pg/bee for neonicotinoid insecticides.
These results suggest that the potential use of this com-
pound in bee colonies would not result in higher toxicity
levels to bees and larvae than those from the most em-
ployed commercial synthetic varroacides worldwide
(Gashout and Guzman-Novoa, 2009).The high effectiv-
ity of thymol controlling Varroa jacobsoni Oudemans
(Acari Varroidae) has resulted in the development of sev-
eral commercial varroacidal formulations (Imdorf et al.,
1999). In addition, clove oil and its major constituent eu-
genol have shown high effective acaricidal properties
against Varroa destructor Anderson et Trueman (Acari
Varroidae) mites that infest honey bees (Apis mellifera
L.) colonies (Maggi et al., 2010).

The tested emulsions herein were highly toxic to Ae. ae-
gypti larvae, but both thymol and eugenol are considered
safe and are exempted from the requirements of the Fed-
eral Insecticide, Fungicide, and Rodenticide Act (FIFRA-
EPA) regulations. Moreover, both constituents have a
‘Food and Agriculture Organization Generally Recog-
nized as Safe (for human consumption) (FAO-GRAS)’
status at a concentration up to 50 mg/kg. According to EU
regulation No. 2377/90, eugenol is within group II of the
non-toxic veterinary drugs, which do not require a maxi-
mum residue limit (MRL) (Girisgin et al., 2014). How-
ever, if promising larvicidal effectiveness is demonstrated
for an EO or its constituents for which health hazards were
not established, specific ecotoxicological assays should be
carried out before starting any field trials (Masetti, 2016).

Therefore, the study and development of new EOs for-
mulations with enhanced half-life and solubilisation
should be further carried out. The EOs applications
against mosquito larvae could be a valid alternative to
conventional insecticides treatments hazardous to the en-
vironment and humans.
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