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Introduction

Aedes (Stegomyia) aegypti (Linnaeus, 1762) is the primary vector 
of the arboviruses dengue (DEN-1, DEN-2, DEN-3 and DEN-4), Zika, 
chikungunya and urban yellow fever (Powell, 2016). In 2022, 1,390,673 
probable cases of dengue, 170,199 of chikungunya and 9,256 of Zika were 
recorded in Brazil (Ministério da Saúde, 2022). Records of Ae. aegypti 
populations being resistant to synthetic chemical insecticides, such as 
temephos and malathion, have led to the replacement of these with 
new insecticides (larvicides and adulticides), which have less impact 
on non-target organisms (Valle et al., 2019).

Studies indicate that plant extracts (Rafael et al., 2008; Nawaz et al., 
2011), such as essential oils (EOs) (Oliveira et al., 2013; Martianasari 
and Hamid, 2019; França et al., 2020; Oliveira et al., 2022) and derived 
molecules, can be effective alternatives for the control of Ae. aegypti 

(Pinto et al., 2012; Domingos et al., 2014; Silva et al., 2019; Santos et al., 
2020; Silva et al., 2021) and Aedes albopictus (Meireles et al., 2016). 
Piper aduncum essential oil (EO) caused high lethality in larvae and 
adults of Anopheles marajoara and Ae. aegypti (Almeida et al., 2009; 
Oliveira et al., 2013). In addition to this species, Piper arboreum and Piper 
marginatum caused the mortality of Ae. aegypti larvae (Santana et al., 
2015). Piper betle inhibited the hatching of eggs and showed larvicidal 
and adulticidal activity against Ae. aegypti (Martianasari and Hamid, 
2019). Piper longum showed ovicidal and larvicidal effects against Ae. 
aegypti, Anopheles stephensi and Culex quinquefasciatus (Dey et al., 
2020). Piper capitarianum caused morphological changes, such as 
darkening of the cuticle, loss of segments and displacement of the head 
in the larvae of Ae. aegypti and Ae. albopictus (França et al., 2020). The 
essential oils of P. aduncum, P. marginatum, Piper gaudichaudianum, 
Piper crassinervium and Piper arboreum showed up to 90% lethality 
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A B S T R A C T

The new molecules piperidyl dillapiole and propyl ether dillapiole were evaluated in Aedes aegypti as an 
alternative for the control of populations of this mosquito. A total of 1,690 samples, comprising 780 eggs, 780 
larvae and 130 adults, were treated with both substances for 4 h, 24 h and 90 min, respectively. The dillapiole 
(80 µg/mL), temephos (0.012 µg/mL) as positive control, and the negative control (water + DMSO 0.05%). The 50% 
lethal concentrations (LC50) of propyl ether dillapiole and piperidyl dillapiole in eggs were 18.07 and 49.97 µg/mL 
and, in larvae, the LC50 of these substances were 29.15 and 72.93 µg/mL, which caused darkening of the cuticle 
and displacement of the head. In the adults, the LC50 of the two substances after 90 min was 148.25 and 263.26 
µg/mL, respectively. The insertion of the propyl and piperidine radicals into the dillapiole molecule resulted in 
the substances propyl ether dillapiole and piperidyl dillapiole, both of which had a toxic effect on Ae. aegypti. 
However, propyl ether dillapiole, which has propylene in its side chain, showed greater ovicidal, larvicidal and 
adulticidal activity when compared to piperidyl dillapiole. These results are promising as an alternative form of 
control of Ae. aegypti, which is the primary vector of human arboviruses.
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against the larvae of Ae. aegypti (Pereira Filho et al., 2021). Piper 
purusanum inhibited egg hatching and caused mortality of the larvae of 
Ae. aegypti, Ae. albopictus, Anopheles albitarsis, Anopheles triannulatus, 
Anopheles darlingi and Anopheles nuneztovari (Oliveira et al., 2022).

Piper aduncum, a shrub of the Piperaceae family, is commonly used 
by the indigenous peoples of the Amazon in traditional medicine as an 
antiseptic for skin cuts, in the control of bleeding and as an insect repellent 
(Pohlit et al., 2004). Samples of this oil present 58% to 98% dillapiole 
as the main component (Maia et al., 1998). The dillapiole molecule 
(C12H14O4), which is composed of methylenedioxyphenylpropene and 
whose methylenedioxyphenyl group is also present in the molecules 
safrol (C10H10O2), myristicin (C11H12O3) and sarisan (C11H12O3), confers 
insecticidal action to these compounds (Bernard et al., 1995; Fazolin et al., 
2007; Pinto et al., 2012). The sarisan molecule presents a toxic action 
against Musca domestica and Culex pipiens pallens (Zhang et al., 2005), 
while safrole and myristicin have a larvicidal effect on Ae. aegypti and 
Culex pipens (Perumalsamy et al., 2009). Dillapiole has proven larvicidal 
(Bernard et al., 1995; Pohlit et al., 2004) and adulticide action in Ae. 
aegypti (Pinto et al., 2012). This substance has a synergistic effect when 
used with commercial synthetic insecticides against Ae. aegypti and 
An. albitarsis (Tomar et al., 1979a, 1979b; Gomes et al., 2016).

Modifications in the side chain (allyl) of carbons of the dillapiole 
molecule have given rise to semisynthetic derivatives, which have a 
synergistic effect in Tribolium castaneum when used with pyrethrin 
(Mukerjee et al., 1979; Tomar et al., 1979a, 1979b), and in the larvae of 
Aedes atropalpus when used with α-tertienyl (Majerus, 1997; Belzile et al., 
2000). Ethyl, methyl, propyl, n-butyl and isodillapiole derivatives have 
shown adulticidal activity in Ae. aegypti (Pinto et al., 2012). Ethyl ether 
and n-butyl ether dillapiole have also shown ovicidal, larvicidal and 
genotoxic effects in this mosquito (Domingos et al., 2014) and in Ae. 
albopictus (Meireles et al., 2016). In Ae. aegypti, methyl ether dillapiole 
was observed to be toxic (Silva et al., 2019) and genotoxic (Silva et al., 
2021), and isodillapiole presented genotoxic action (Santos et al., 2020). 
The 4-nerolidylcatechol (4-NC) from Piper peltatum was toxic against Ae. 
aegypti, Culex quinquefasciatus and Anopheles darlingi (Nascimento et al., 
2024). The search for effective methods of population control of Ae. 
aegypti is a continuous one. The study of new substances of botanical 
origin, such as those derived from dillapiole, is fundamental for the 
discovery of biolarvicides to complement the entomological control 
of this mosquito. Therefore, it is crucial to investigate the insecticidal 
effect of new substances, such as propyl ether dillapiole and piperidyl 
dillapiole, which have in their structure the methylenedioxyphenyl 
group, one that is known for its insecticidal potential. As such, the 
objective of this research was to evaluate for the first time the toxic 
effect of propyl ether dillapiole and piperidyl dillapiole in eggs, larvae 
and adults of Ae. aegypti from the central Amazon.

Materials and methods

Acquisition of Piper aduncum and extraction of its essential oil

Leaves and thin stems of P. aduncum were obtained from Embrapa 
Amazônia Occidental, Km 23, state highway AM-010, in the municipality 
of Manaus, state of Amazonas, Brazil. A total of 20 kg of P. aduncum 
(dried in an oven at 40 °C) was used for steam distillation in a semi-
industrial oil distiller (SIEMA, Litiara), which resulted in the extraction 
of 230 mL of essential oil (EO). From 10 mL (1.082 g/mL) of this EO, 
a dillapiole-rich fraction (85% w/v) was isolated using a silica gel 60 
chromatographic column (20 cm high; 1.5 cm in diameter) and eluted 
with hex: AcOEt (9:1).

Preparation of propyl ether dillapiole and piperidyl dillapiole derivatives

Propyl ether dillapiole was obtained using the oxymercury method, 
according to Pinto et al. (2012). Dillapiole (149.7 mg) was dissolved 
in tetrahydrofuran (THF), a suspension of Hg(OAc)2 in propyl alcohol 
(C3H8O), and with magnetic stirring under nitrogen at 0 °C at room 
temperature for 72 h. The organomercurial intermediate was then 
reduced by adding an alkaline solution of NaBH4 for 5-10 min. The Hg 
was removed by filtration, whose filtrate was extracted with CHCl3. 
The combined CHCl3 phases were washed with H2O, sat. aq. and dried 
with anhydrous MgSO4.

Piperidyl dillapiole was obtained by the Mannich reaction. Dillapiole 
(103.5 mg), dissolved in dimethyl sulfoxide - DMSO (C2H6SO, 1 mL), 
piperidyl (1 mmol) and 37% formaldehyde (1 mL), was heated to 
50 °C and maintained under stirring (Fisatom, 753A, series 389215) 
for 24 h (adapted from Kumar et al. 2019). The reaction was washed 
in distilled water (20 mL) and extracted with dichloromethane - DCM 
(2x with 20 mL). The organic phase was washed with saturated NaCl 
(20 mL) and extracted with DCM. The DCM phase dried using anhydrous 
Na2SO4 was filtered and evaporated.

The derivatives had their reactions confirmed using thin layer 
chromatography (TLC), after reading in a chamber (Spectroline®, CX-20) 
with ultraviolet light (254 nm). Propyl ether dillapiole and piperidyl 
dillapiole were purified via a silica gel chromatographic column 60 
(0.040-0.063 mm, 200-400 mesh ASTM from Merck) and elution with 
hexane: AcOEt (95:5, 1:1 and 8:2, 7:3). These substances were identified 
using the nuclear magnetic resonance (NMR) spectra of hydrogen 
(1H) and carbon (13C), in a spectrometer (Varian, INOVA 500) 500 and 
125 MHz, with tetramethylsilane (TMS) as the internal standard and 
deuterated chloroform as the solvent. The propyl ether dillapiole and 
piperidyl dillapiole were diluted in DMSO (10 mg/mL), (Sigma Aldrich®) 
at 5%, and the stock solution was stored in a refrigerator (-20 ºC) for 
later use in bioassays. The physicochemical properties of propyl ether 
dillapiole and piperidyl dillapiole were calculated using the SwissADME 
software (Swiss Institute of Bioinformatics©).

Capture of Aedes aegypti

Eggs and larvae of Ae. aegypti were collected inside households and in 
the peridomicile area in the Coroado district (3°05’38.0” S 59°59’02.8” W), 
which is in east of the city of Manaus, capital of the state of Amazonas, 
Brazil. Ovitrap traps were used, which had boards (25.4 mm x 152.4 mm) 
and contained a 10% solution of Guinea grass (Panicum maximum) in 
drinking water. Collections were performed under authorization from 
the Biodiversity Information and Authorization System (Sisbio) of the 
Chico Mendes Institute for Biodiversity Conservation (ICMBio) (number 
77078, December 2020, Brazil). The immature samples were transported 
to the insectarium of the Laboratory of Cytogenetics, Genomics and 
Evolution of Mosquito Vectors (LCGEM), Coordination of Health and 
Social Well-being (COSBE), Campus I, at the National Institute for 
Amazonian Research (INPA), Manaus, Amazonas.

Formation of colonies of Aedes aegypti at the INPA Insectarium

The specimens of Ae. aegypti that were captured in the field were 
bred in the INPA Insectarium at a controlled temperature of 27 ± 2 °C, 
relative humidity of 70 ± 5% and photoperiod 12:12 (FAO, 2017). The 
larvae were maintained in drinking water and fed with fish feed 
(TetraMin® Tropical Flakes®) until the prepupal stage. The insects were 
then transferred to containers covered with nets. Adults were identified 
according to taxonomic keys (Rueda, 2004), and then transferred to 
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cages for breeding and oviposition and fed with 10% sucrose solution 
(w/v). The females performed blood feeding on hamsters (Mesocricetus 
auratus), twice a week. The hamsters (120 g each) were anesthetized 
intramuscularly with a solution of ketamine hydrochloride 10% (v/v) 
and xylazine hydrochloride 2% (v/v), according to the guidelines of the 
Ethics Committee on the Use of Animals (CEUA) at the INPA Central 
Vivarium (protocol number 013/2020).

Filter paper and 20 mL of drinking water were placed in 50 mL containers 
for oviposition of pregnant females. The eggs obtained from Ae. aegypti 
were used to form two consecutive generations (G1 and G2) in order to 
minimize the presence of chemical insecticide molecules administered by 
the mosquito vector control programs in the city of Manaus. In addition, 
the susceptibility of the G2 specimens to the organophosphate temephos, 
which was used as a positive control in this study, was confirmed. The G3 
eggs (n=1,000) were used in the bioassays of this research.

Aedes aegypti ovicidal bioassays

Ovicidal bioassays using propyl ether dillapiole and piperidyl dillapiole 
were performed according to Silva et al. (2019) and Oliveira et al. (2022), 
with adaptations. Of the total 780 eggs of Ae. aegypti, 600 were used 
for both substances; 300 for propyl ether dillapiole, at concentrations 
of 100, 50, 25, 12.5 and 6.25 µg/mL (v/v) and 300 eggs for piperidyl 
dillapiole at concentrations of 200, 100, 50, 25 and 12.5 µg/mL (v/v). 
The remaining eggs (n=180) were distributed in the dillapiole at 80 µg/
mL, used to compare with its derivatives, temephos – TM (Fersol 500 
CE, Fersol Indústria e Comércio S/A, SP, Brazil) at 0.012 µg/mL (v/v) as 
positive control (PC), and the negative control (NC), which was distilled 
water in DMSO, Sigma Aldric, at 0.5% (v/v).

The bioassays were performed in triplicate with 20 eggs in each 
replica (n=60), and 10 mL of solution of each of the ten concentrations 
of both substances. After 4 h of exposure to the substances, the eggs 
were transferred to containers containing drinking water. Egg hatching 
was recorded 24 hours after the start of the bioassay. To determine the 
inhibition of viability of the eggs exposed to different concentrations 
of propyl ether dillapiole and piperidyl dillapiole, the percentage of 
unhatched eggs was calculated by dividing the number of hatched 
larvae by the total number of eggs multiplied by 10.

Aedes aegypti larvicidal bioassays

The larvicidal bioassay with propyl ether dillapiole and piperidyl 
dillapiole was performed according to the recommendations of the World 
Health Organization (WHO, 2005), with adaptations for the number of 
larvae and replications. A total of 600 larvae were used for both substances, 
300 for the five concentrations of propyl ether dillapiole at 100, 50, 25, 
12.5 and 6.25 µg/mL (v/v) and 300 for piperidyl dillapiole at 200, 100, 50, 
25 and 12.5 µg/mL. The other larvae (n=180) were distributed dillapiole 
80 µg/mL, used to compare with its derivatives, in the positive control 
(PC) temephos at 0.012 µg/mL, and in the NC, which was distilled water 
in DMSO 0.05%. The bioassay was performed in triplicate with 20 larvae 
per replica (n=60) in 20 mL of the solution of the substances.

After 24 hours of exposure, the number of dead larvae and those 
that did not respond to mechanical stimuli were counted and the 
mortality percentage was calculated to determine the larvicidal effect 
of dillapiole derivatives.

Morphological analysis of larvae of Aedes aegypti

After the larvicidal bioassay described above, a total of 90 larvae of Ae. 
aegypti had their external morphology analyzed, being ten per concentration 

of propyl ether dillapiole at 100, 25 and 6.25 µg/mL (n=30) and ten per 
concentration of piperidyl dillapiole at 200, 50 and 12.5 µg/mL (n=30), 
in addition to the dillapiole at 80 µg/mL (n=10) for comparison with its 
derivatives, positive control temephos at 0.012 µg/mL (n=10), and the 
negative control (n=10) in water and DMSO 0.05%. Microphotographs 
of morphological malformations (displacement of the head, darkening 
of the cuticle of the body, elimination of the intestinal contents and 
darkening of the siphon) were obtained using a stereoscopic microscope 
(Carl Zeiss Stemi 2000, Oberkochen, Germany, AxioCam MRc camera, 
Blue Edition version), and analyzed according to França et al. (2020).

Aedes aegypti adulticidal bioassay

The adulticidal bioassay was carried out according to the guidelines 
of the Centers for Disease Control and Prevention (CDC, 2012). In the 
adulticidal bioassay, piperidyl dillapiole at concentrations of 1,000, 500, 
250, 125 and 60 µg/mL and propyl ether dillapiole at concentrations 
of 600, 300, 150, 75 and 37 µg/mL, the dillapiole at 80 µg/mL used to 
compare with its derivatives, positive control with the insecticide Cielo 
ULV® (Clarke Mosquito Control Products, Inc. Charles, IL 60174 USA) at 
0.01 µg/mL (v/v), and the negative control solubilized in acetone 99.8% 
were impregnated on the walls in 250 mL bottles (Schott Duran®) the, in 
triplicate. After 12 hours, 10 fed females aged 3 to 5 days were transferred 
to each bottle, that allowed the entry of air, totaling 390 samples. Of the 
mosquitoes knocked out in each bottle, from time 0, every 15 min, up 
to 90 min, the percentage of mortality (immobility of movements) was 
calculated. The total number of dead individuals was divided by the total 
number at the beginning of the test and multiplied by 100.

Statistical analysis

The LC50 and LC90 for unviability of eggs, mortality of Ae. aegypti 
larvae and adults were estimated using the Generalized Linear Model 
(GLM) of concentration-response (Probit) of the R software (R Core 
Team, version 4.4.0, 2024). Mortality data were submitted to ANOVA 
and the Tukey test (p < 0.05) using GraphPad Prism® software (version 
8.0, GraphPad Software Inc., San Diego, California, USA).

Results

Characterization of dillapiole derivatives

The new semisynthetic derivatives propyl ether dillapiole and piperidyl 
dillapiole were confirmed by 1H and 13C NMR spectra. The propyl ether 
dillapiole presents 1H NMR (CDCl3; 500 MHz) of 6.40 s, 2.83 dd, 2.53 dd, 
3.56 sext, 1.11 d, 5.88 s, 3.43 sext, 3.34 sext, 1.55 sext, 0.88 t, 3.76 s, 4.01 
s; 13C NMR (CDCl3; 125 MHz): 125.5, 136.1, 137.7, 144.9, 144.5, 103.9, 37.2, 
76.2, 19.9, 101.2, 70.7, 23.5, 10.9. Piperidyl dillapiole presents 1H NMR 
(CDCl3; 500 MHz) of 6.38 s; 2.85 dd; 2.51 dd; 3.49 sext; 1.11 d; 5.88 s; 
3.76 s; 4.01 s; 3.33 s. 13C NMR (CDCl3; 125 MHz): 19.9; 37.5; 57.1; 60.8; 
61.9; 78.4; 101.9; 104.5; 125.9; 136.9; 138.4; 145.7; 145.3.

The radical propyl ether (C3H7O) was added to dillapiole (Fig. 1A) 
and produced the molecule propyl ether dillapiole 4,5-dimethoxy-6-(2-
propoxypropyl)-1,3-benzodioxole, with its chemical structure modified 
to propylene (Fig. 1B), and had the aspect of a light-yellow oil. Similarly, 
the piperidyl radical (C5H11N) was added to the dillapiole molecule and 
produced the piperidyl dillapiole molecule 1-[6,7-dimethoxy-5-(prop-
2-en-1-yl)-1,3-benzodioxol-4-yl] piperidin (Fig. 1C).

The pure propyl ether dillapiole had a yield of 41.8 mg, which 
equates to a yield of 77%, while piperidyl dillapiole had a yield of 
75.5 mg (74%). The physicochemical data of propyl ether dillapiole and 
piperidyl dillapiole are presented in Table 1.
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Ovicidal activity of dillapiole derivatives in Aedes aegypti

Propyl ether dillapiole and piperidyl dillapiole caused inhibition 
of the hatching of Ae. aegypti eggs, after 4 h of exposure to these 
compounds. The inhibition of egg hatching by propyl ether dillapiole 
ranged from 18 to 93% at the lowest (6.25 µg/mL) and highest 
concentrations (100 µg/mL), respectively (Fig. 2A). Inhibition by piperidyl 
dillapiole ranged from 13 to 88%, in the lowest (12.5 µg/mL) and highest 
concentrations (200 µg/mL), respectively (Fig. 2B). In the dillapiole at 
80 µg/mL and temephos at 0.012 µg/mL, inhibition of hatching was 
95% and 98%, respectively. In the negative control (water and DMSO 
0.05%), the hatching inhibition was 2% (Fig. 2).

Propyl ether dillapiole showed significantly higher egg unviability 
(p < 0.05) in relation to the negative control. Only at the concentration 
100 µg/mL was egg inviability significantly (p = 0.05) similar to the 
positive controls (dillapiole 80 µg/mL and temephos at 0.012 µg/mL). 
The piperidyl dillapiole at concentrations of 25, 50, 100 and 200 µg/
mL showed statistically greater inhibition of egg hatching (p < 0.05) 
than the negative control. Only at the concentration 200 µg/mL was egg 
inviability significantly (p = 0.05) similar to the dillapiole and temephos.

Larvicidal effect of dillapiole derivatives in Aedes aegypti

There was mortality of third-instar Ae. aegypti larvae after 24 h 
of exposure to propyl ether dillapiole and piperidyl dillapiole. Propyl 
ether dillapiole caused mortality that ranged from 10% to 93% at 
concentrations of 6.25 µg/mL to 100 µg/mL respectively (Fig. 3A). The 
piperidyl dillapiole caused mortality that ranged from 17% to 85% at 
concentrations from 12.5 µg/mL to 200 µg/mL, respectively (Fig. 3B). The 
dillapiole at 80 µg/mL and temephos at 0.012 µg/mL caused inviability 
of 95% and 98.33% of the larvae, respectively, while in the negative 
control (NC) mortality was 3%.

All treatments with propyl ether dillapiole had significant mortality 
(p < 0.05) when compared to the negative control. Only the concentration 
100 µg/mL was significantly (p = 0.05) similar to the dillapiole at 80 µg/mL 
and temephos at 0.012 µg/mL; the other concentrations were significantly 
lower in relation to these controls. Mortality at concentrations of 25, 
50, 100 and 200 µg/mL of piperidyl dillapiole was significantly higher 
(p < 0.05) in relation to the negative control (water + DMSO 0.05%); 
only the concentration 200 µg/mL was significantly (p = 0.05) similar 
to the temephos at 0.012 µg/mL and dillapiole at 80 µg/mL.

Table 1 
Physic-chemical properties of propyl ether dillapiole and piperidyl dillapiole obtained via the SwissADME tool.

Properties Propyl ether dillapiole Piperidyl dillapiole Dillapiole

Formula C15H22O5 C17H23NO4 C12H14O4

Molecular weight 282.33 g/mol 305.37 g/mol 222.24 g/mol

Number of heavy atoms - 22 16

Number of arom. heavy atoms - 6 6

Fraction Csp3 0.60 0.53 0.33

Number of rotatable bonds 7 5 4

Number of H-bond acceptors 5 4 4

Number of H-bond donors 0 0 0

Molar Refractivity 75.58 89.04 59.59

Log Po/w (iLOGP) 3.55 (lipophilicity) 3.65 (lipophilicity) 2.82 (lipophilicity)

Water Solubility:

Log S (ESOL) -3.32 -3.95 -2.96

Solubility 1.36e-01 mg/ml; 4.83e-04 mol/L 3.44e-02 mg/ml; 1.13e-04 mol/L 2.42e-01 mg/ml; 1.09e-03 mol/l

Class Soluble Soluble Soluble

Figure 1 Chemical structure of the dillapiole molecule (A), isolated from Piper aduncum essential oil from the Brazilian Amazon, and its semisynthetic derivatives: (B) propyl 
ether dillapiole and (C) piperidyl dillapiole. Source: Authors (2024).
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Lethal concentrations in eggs and larvae of Aedes aegypti

In eggs, the LC50 and LC90 for propyl ether dillapiole were 18.7 and 
85.63 µg/mL and for piperidyl dillapiole were 49.97 and 268.33 µg/mL, 
respectively, after 4 h of exposure (Figs. 4A and 4B; Table 2). In the 
third-instar Ae. aegypti larvae that were exposed for 24 h, the LC50 
and LC90 for propyl ether dillapiole were 29.15 and 132 µg/mL and 
for piperidyl dillapiole were 72.93 and 460.67 µg/mL, respectively 
(Figs. 4C and 4D; Table 2).

Morphological analysis of Aedes aegypti larvae

In third instar larvae of Ae. aegypti treated with 200 and 50 µg/
mL of piperidyl dillapiole and 100 and 25 µg/mL of propyl ether 
dillapiole, as well as in the temephos at 0.012 µg/mL and dillapiole at 
80 µg/mL, external morphological changes occurred: darkening of the 
cuticle (35 ± 8%), head displacement (25 ± 12%) and loss of abdominal 
segments (15 ± 10%), with destruction of the exoskeleton of the larvae, 
especially those treated with propyl ether dillapiole at 100 µg/mL. In 
larvae exposed to concentrations of 12 µg/mL of piperidyl dillapiole 
and 6.25 µg/mL of propyl ether dillapiole, there were no changes in 
their external morphology after 24 h. The same occurred in the negative 
control based on water and DMSO 0.05% (Fig. 5).

Adulticidal effect of dillapiole derivatives in Aedes aegypti

Table 3 shows the mean mortality percentage of female Ae. aegypti 
after being exposed to piperidyl dillapiole, propyl ether dillapiole, 
dillapiole and temephos.

In the first contact with of piperidyl dillapiole, mortality ranged from 
10 ± 2.50% to 55.50 ± 5.55% at the four highest concentrations (1,000, 
500, 250 and 125 µg/mL). After 90 min, mortality ranged from 30 ± 3.50% 
to 97 ± 3.00% at concentrations of 125 µg/mL at 1000 µg/mL. In the first 
15 minutes of exposure, propyl ether dillapiole caused mortality of 5 
± 2.00% at the lowest concentration (37 µg/mL) and 60 ± 5.00% at the 
highest concentration (600 µg/mL). In 90 min, mortality was above 90% 
at concentrations 150, 300 and 600 µg/mL. The positive control (Cielo 
ULV®) at 0.01 µg/mL caused mortality of 92 ± 2.10% in the first 15 minutes 
and 100 ± 1.50% after 60 min. In the dillapiole (80 µg/mL) mortality 
ranged from 60 ± 4.00% in the first 15 min to 98 ± 1.50% after 75 min.

In the six analyzed times, there was a significant difference (p < 0.05) 
in mortality of adult Ae. aegypti in the treatments of 1,000, 500 and 
250 µg/mL of piperidyl dillapiole and 600, 300, 150 and 75 µg/mL of 
propyl ether dillapiole in relation to the negative control. There was 
no significant difference (p = 0.05) in the treatment of 1,000 µg/mL of 
piperidyl dillapiole after 45 min in relation to this same time in the 
positive control (Cielo ULV® at 0.01 µg/mL and dillapiole at 80 µg/mL). 

Figure 2 Percentage (mean ± standard deviation) of inhibition of hatching of Ae. aegypti eggs exposed for 4 hours to different concentrations of dillapiole derivatives: (A) - propyl 
ether dillapiole and (B) - piperidyl dillapiole. Abbreviations: PED - propyl ether dillapiole; PPD - piperidyl dillapiole; DIL - dillapiole at 80 µg/Ml; TM – temephos at 0.012 µg/mL); 
NC - negative control (water and DMSO 0.05%). a, b, c, d, e, f: different letters represent statistical differences according to the Tukey test at p < 0.05. Source: Authors (2024).

Figure 3 Percentage (mean ± standard deviation) of Ae. aegypti larvae mortality after 24 hours of exposure to different concentrations of dillapiole derivatives: (A) propyl ether 
dillapiole and (B) piperidyl dillapiole. Abbreviations: PED - propyl ether dillapiole; PPD - piperidyl dillapiole; DIL - dillapiole at 80 µg/mL and PC 2 – temephos at 0.012 µg/mL; 
NC - negative control (water and DMSO 0.05%). a, b, c, d, e, f: different letters represent statistical differences by the Tukey test at p < 0.05. Source: Authors (2024).
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Figure 4 Estimates of the LC50 and LC90 for eggs (A e B) and larvae (C and D) of Aedes aegypti exposed to propyl ether dillapiole (A and C) and piperidyl dillapiole (B and D) for 4 
and 24 h, respectively. Abbreviations: PED: Propyl ether dillapiole; PPD: Piperidyl dillapiole; LC: lethal concentration; CI: 95% confidence interval.

Figure 5 External morphology of Ae. aegypti larvae after 24 hours of bioassay. (a) negative control (water and DMSO 0.5%); (b) dillapiole at 80 µg/mL; (c) temephos at 0.012 µg/mL; 
(d - f) propyl ether dillapiole at 100 µg/mL; and (g - i) piperidyl dillapiole 200 µg/mL. (a) head (H), thorax (TH), abdomen (AB), respiratory siphon (S) and anal papilla (AP), un-
changed. (b - e, g - i) displacement of the head, pointed by the arrow. (b - d, f - h) darkening of the exoskeleton in the chest and abdominal segments I to III regions. (d, e, f, h and 
i) deterioration of the exoskeleton thorax and abdominal segments I to III. Source: Authors (2024).
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The concentrations 600 and 300 µg/mL of propyl ether dillapiole did 
not show significant difference (p = 0.05) in relation to dillapiole up to 
15 min or in relation to the insecticide Cielo ULV®, after 60 min. From 
60 to 90 min, mortality at concentrations 600, 300 and 150 µg/mL 
was statistically similar (p = 0.05) to those of the controls Cielo ULV® 
and dillapiole.

Estimates of the LC50 and LC90 (confidence intervals) for propyl ether 
dillapiole in adults were 148.25 µg/mL (54.49–242.01) e 364.28 µg/mL 
(271.05–457.51) (F = 35.24; df = 5; p < 9.06e-07), and for piperidyl 
dillapiole were 263.26 µg/mL (263.60–456.91) and 748.28 µg/mL 
(651.89–844.67) (F = 57.31; df = 5; p < 5.87e-08), respectively, after 
90min of exposure (Figs. 6A and 6B).

Discussion

The physicochemical characteristics of propyl ether dillapiole and 
piperidyl dillapiole molecules are in agreement with Lipinski’s rule. 
The molecules with logP (lipophilicity/water solubility) ≤ 5; aqueous 
solubility (logS) ranging from -4~0.5 log mol/L; number of hydrogen 
bond acceptors ≤ 10; number of hydrogen bond donors ≤ 5, number of 
rotating bonds ≤ 10 and molecular weight ≤ 500 g/mol (Lipinski et al., 
2001) show good interaction with cell receptors (Fernandes et al., 2016). 
Such properties may allow the propyl ether dillapiole and piperidyl 

dillapiole molecules to cross the cell membrane of the Ae. aegypti, 
thus causing dose-dependent toxicity in this mosquito.

The use of synthetic chemical insecticides represents a challenge for 
mosquito surveillance campaigns and vector control of Ae. aegypti due 
to frequent reports of populations that are resistant to these compounds 
(Valle et al., 2019). Promising studies with plant extracts, such as essential 
oils, isolates and plant-derived molecules, especially of the genus 
Piper sp., have shown activity against eggs, larvae, pupae and adults of 
Ae. aegypti (Rafael et al., 2008; Pinto et al., 2012; Oliveira et al., 2013; 
Domingos et al., 2014; Ríos et al., 2017; Scalvenzi et al., 2019; Silva et al., 
2019; França et al., 2020; Oliveira et al., 2022; Nascimento et al., 2024).

Plant substances, such as the neem-based compound ‘NeemAzal’ 
used against Ae. aegypti, alter proteins, ion channels, nucleic acids and 
other cellular components of mosquitoes causing changes in the central 
nervous system, leading to the death of the insect (Hillary et al., 2024). 
These effects may have occurred in Ae. aegypti, after exposure to propyl 
dillapiole ether and piperidyl dillapiole, observed in this study through 
the ovicidal effect, larvicidal with changes in larval morphology and 
adulticidal effect.

Dillapiole and its derivatives have a potential application in the 
vector control of Ae. aegypti (Rafael et al., 2008; Domingos et al., 2014; 
Silva et al., 2021), as observed in the present study with the substances 
piperidyl dillapiole and propyl ether dillapiole. The toxicity of dillapiole 

Table 3 
Mean percentage and standard deviation (SD) of mortality of female Ae. aegypti exposed for 90 mins to different concentrations of dillapiole derivatives (piperidyl and propyl 
ether dillapiole).

Time 
(min)

No. of 
females NC

Percentage of mortality (means ± SD) of female Aedes aegypti

Comparatives
µg/mL Concentrations µg/mL

Dil 80 Cielo 0.01 60 125 250 500 1000

Piperidyl dillapiole 0 mins 30 0 ± 0.00aA 60 ± 4.00aB 92 ± 2.10aC 0 ± 0.00aA 10 ± 2.50aA 27 ± 3.00aD 30 ± 4.22aD 55 ± 5.50aB

15 mins 30 0 ± 0.00aA 78 ± 3.50bB 95 ± 1.80aC 0 ± 0.00aA 17 ± 3.00aC 40 ± 2.55bD 40 ± 2.55abD 70 ± 3.45bB

30 mins 30 0 ± 0.00aA 78 ± 5.00bB 98 ± 2.00aC 0 ± 0.00aA 20 ± 4.30aD 47 ± 2.70bE 43 ± 2.00bE 78 ± 2.40bB

45 mins 30 0 ± 0.00aA 90 ± 3.00cB 98 ± 2.00aB 3 ± 1.00aA 23 ± 2.50abC 53 ± 2.00cD 47 ± 5.00bcD 87 ± 2.40cB

60 mins 30 0 ± 0.00aA 95 ± 2.00cB 100 ± 1.50aB 3 ± 1.00aA 27 ± 3.00bC 53 ± 2.00cD 54 ± 6.00cdD 91 ± 2.40cB

75 mins 30 0 ± 0.00aA 98 ± 1.50cB 100 ± 1.50aB 3 ± 1.00aA 30 ± 3.50bcC 53 ± 2.00cD 63 ± 3.00deD 93 ± 3.00cB

90 mins 30 0 ± 0.00aA 98 ± 1.50cB 100 ± 1.50aB 6 ± 1.50aA 30 ± 3.50bcC 53 ± 2.00cD 73 ± 2.85eE 95 ± 3.00cB

No. of 
females NC Dil 80 Cielo 0.01 37 75 150 300 600

Propyl ether dillapiole 0 mins 30 0 ± 0.00aA 60 ± 4.00aB 92 ± 2.10aC 5 ± 2.00aA 20 ± 3.00aD 38 ± 1.00aE 51 ± 1.50ªB 60 ± 5.00aB

15 mins 30 0 ± 0.00aA 78 ± 3.50bB 95 ± 1.80aC 8 ± 1.80aA 25 ± 2.50aD 41 ± 3.50aE 61 ± 4.50abF 77 ± 2.50bB

30 mins 30 0 ± 0.00aA 78 ± 5.00bB 98 ± 2.00aC 10 ± 3.00aA 25 ± 2.50aD 52 ± 2.00bE 65 ± 2.00bE 84 ± 2.50bC

45 mins 30 0 ± 0.00aA 90 ± 3.00cB 98 ± 2.00aC 10 ± 3.00aA 31 ± 4.00abD 65 ± 3.00cE 68 ± 350bE 91 ± 3.00bcBC

60 mins 30 0 ± 0.00Aa 95 ± 2.00cB 100 ± 1.50ªB 12 ± 2.50aC 38 ± 1.50bD 73 ± 2.50cdE 79 ± 1.50cE 95 ± 3.00bcB

75 mins 30 0 ± 0.00Aa 98 ± 1.50cB 100 ± 1.50ªB 18 ± 4.00bC 50 ± 6.00cD 82 ± 5.00dE 88 ± 4.00dE 98 ± 4.50cB

90 mins 30 0 ± 0.00aA 98 ± 1.50cB 100 ± 1.50ªB 25 ± 2.00cC 73 ± 4.50dD 91 ± 2.00eB 95 ± 1.50eB 99 ± 2.00cB

µg – microgram; mL – microliter; N – number; mins – minutes; Dil – dillapiole; NC - negative control. Different lowercase letters (a, b, c, d) in the column indicate significant differences 
(p < 0.05) between mean contact times. Different capital letters (A, B, C, D) in the line indicate significant differences (p < 0.05) between means of treatment versus controls.

Table 2 
Estimates of the LC50 and LC90 (µg/mL) with confidence interval for the biolarvicides piperidyl dillapiole and propyl ether dillapiole for use against eggs and larvae of Aedes 
aegypti in exposure bioassays.

Samples Slope ± SE LC50 (CI 95%) µg/mLa LC90 (CI 95%) µg/mLb χ2c (df)d

Ovicidal effect

Propyl ether dillapiole 1.89 (0.28) 18.07 (12.42-24.81) 85.63 (54.45-201.88) 5.30 (3)*

Piperidyl dillapiole 1.75 (0.09) 49.97 (34.95-71.43) 268.33 (122.05-472.49) 0.64 (3)*

Larvicidal effect

Propyl ether dillapiole 1.94 (0.34) 29.15 (21.26-40.97) 132 (81.20-338.81) 8.05 (3)*

Piperidyl dillapiole 1.60 (0.27) 72.93 (50.64-115.72) 460.67 (235.13-1971.80) 5.78 (3)*

Note: CI, 95% confidence interval. a, b LC50 and LC90: concentrations (µg/mL) required to eliminate 50 or 90% of the larvae or to make eggs inviable, respectively; c χ2, Pearson’s chi-square 
value; d df, degrees of freedom; p > 0.05*p > 0.05
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against Ae. aegypti is related to the methylenedioxyphenylpropene 
group that is present in this substance (La Camera et al., 2004). The 
modified side chain (propane) of this molecule gave rise to derivatives, 
including propyl ether dillapiole, which demonstrated a synergistic 
effect with the insecticide pyrethrin against the beetle T. castaneum, 
with an LC50 of 90 µg/mL (Mukerjee et al., 1979; Tomar et al., 1979a, 
1979b). The propyl molecule with α-tertienyl had its synergism factor 
increased in Ae. atropalpus (Majerus, 1997; Belzile et al., 2000). The 
addition of etheric radicals to the dillapiole molecule gave rise to the 
semisynthetic derivatives ethyl ether, n-butyl ether and methyl ether 
dillapiole, with adulticidal effect in Ae. aegypti (Pinto et al., 2012), and 
ovicidal, larvicidal and genotoxic actions were observed in this mosquito 
(Domingos et al., 2014; Silva et al., 2019; Santos et al., 2020; Silva et al., 
2021) and Ae. albopictus (Meireles et al., 2016).

In this study, the propyl and piperidyl radicals, inserted in the side 
chain and aromatic ring (phenyl) of dillapiole, originated the ether 
molecules propyl dillapiole and piperidyl dillapiole, respectively, and 
maintained the methylenedioxyphenyl group in their structure. Propyl 
ether dillapiole and piperidyl dillapiole in concentrations of 100 and 200 
µg/mL caused 93% and 88% inviability of Ae. aegypti eggs, respectively. 
These results corroborate those of Domingos et al. (2014) who reported 
the 100% inviability of Ae. aegypti eggs treated with n-butyl ether 
dillapiole (12 µg/mL) and ethyl ether dillapiole (40 µg/mL). Meireles et al. 
(2016) recorded 100% hatching inhibition of Ae. albopictus exposed to 
concentrations of 12.5 µg/mL and 20 µg/mL of n-butyl ether dillapiole 
and ethyl ether dillapiole, respectively. Silva et al. (2019) observed 
97% inviability of Ae. aegypti eggs after exposure to a concentration of 
140 µg/mL of methyl ether dillapiole, with an LC50 of 60 µg/mL. Data 
from such studies indicate that dillapiole derivatives were more active 
than propyl ether dillapiole and piperidyl dillapiole, which caused 95% 
and 85% inviability of eggs at concentrations of 100 and 200 µg/mL. 
On the other hand, the percentage of inviability of eggs exposed to 
the derivatives tested in this study was similar to what was observed 
by Oliveira et al. (2022), who used the essential oil of P. purusanum, 
which produced 81.6% inviability in eggs of Ae. aegypti, Ae. albopictus, 
An. albitarsis, An. triannulatus, An. darlingi and An. nuneztovari in 
concentrations ranging from 15.62 to 31.25 µg/mL.

Larvae of Ae. aegypti tested with the essential oils of P. arboreum, P. 
marginatum and P. aduncum at a concentration of 500 µg/mL showed 
mortality, with an LC50 of 34 to 55 µg/mL (Santana et al., 2015). The EO 
of P. betle at 1,500 µg/mL caused 93% mortality of Ae. aegypti larvae, 

with an LC50 of 720 µg/mL, with severe damage to the midgut and 
external morphology, in addition to increased levels of the enzymes 
glutathione S-transferase (GST) and cytochrome P450 (Vasantha-
Srinivasan et al., 2017). The changes observed in the morphology of Ae. 
aegypti larvae can be attributed to the lipophilicity of propyl dillapiole 
and piperidyl dillapiole ether, which facilitates the systemic absorption 
of these substances by the mosquito cuticle, resulting in toxicity. 
These findings are in accordance with previous studies (Hashem et al., 
2018; Soonwera et al., 2022), which associated this effect in Tribolium 
castaneum and Ae. aegypti, respectively, to the lipophilicity of molecules 
present in the essential oil of the tested plants.

The high mortality of Ae. aegypti larvae caused by the phenylpropanoids 
dillapiole, (E)-anethole and β-asarone demonstrates the toxic effect of 
the EOs of Piper hemmendorffii, Piper crassinervium and P. aduncum 
on larvae of this mosquito, as they caused the destruction of its midgut 
and darkening of the cuticle (Pereira Filho et al., 2021). The essential oil 
of P. capitarum caused the mortality of Ae. aegypti and Ae. albopictus 
with a LC50 of 87.6 µg/mL and 76.1 µg/mL, respectively (França et al., 
2020). The essential oil of P. purusanum showed high activity against 
An. Nuneztovari, An. Triannulatus, An. Darlingi and An. Albitarsis larvae, 
with an LC50 that ranged from 49.84 to 51.61 µg/mL (Oliveira et al., 2022). 
4-NC from Piper peltatum has a toxic effect against Cx. quinquefasciatus, 
An. darlingi and Ae. aegypti, with LC50 52.3 ± 1.0 to 62 ± 0.8 µg/mL 
(Nascimento et al., 2024). These concentrations are similar to those 
observed in this study, using dillapiole derivatives, and propyl ether 
dillapiole was more toxic.

Propyl ether dillapiole at 100 µg/mL and piperidyl dillapiole at 
200 µg/mL after 24 h resulted in the death of 95 and 83% of Ae. aegypti 
larvae, respectively and an LC50 of 29.15 and 72.93 µg/mL. Rafael et al. 
(2008) tested dillapiole, the precursor molecule of these derivatives, 
which caused 67% mortality of Ae. aegypti larvae at a concentration of 
400 µg/mL. In the study by Pereira Filho et al. (2021), there was 100% 
mortality of three populations of Ae. aegypti, which was exposed to 
dillapiole after 24 h, with an LC50 ranging from 15.06 to 17.75 µg/mL. 
When used in this study, dillapiole at 80 µg/mL caused 95% mortality, 
which is equal to that of propyl ether dillapiole at 100 µg/mL.

On the other hand, the substances tested in this study were less toxic 
than the derivatives n-butyl ether and ethyl ether dillapiole, which presented 
an LC50 of 18.6 and 61.8 µg/mL against Ae. aegypti (Domingos et al., 2014) 
and of 25.60 and 55.86 µg/mL against Ae. albopictus (Meireles et al., 2016), 
after 24 hours of exposure, the same period adopted in this study. The LC50 

Figure 6 Estimates of the LC50 and LC90 (µg/mL) with confidence interval for the biolarvicides propyl ether dillapiole (A) and piperidyl dillapiole (B) for use against adults of Aedes 
aegypti in contact bioassays. Abbreviation: LC: lethal concentration.
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of methyl ether dillapiole in Ae. aegypti larvae after 24 h was 97 µg/mL 
(Silva et al., 2019). The essential oils of several species of Piper caused high 
toxicity, with an LC50 ranging from 23.50 µg/mL (P. aduncum) to 63.55 µg/mL 
(P. crassinervium) (Pereira Filho et al., 2021).

Propyl ether dillapiole has greater potential for use as a biolarvicide 
against Ae. aegypti in relation to piperidyl dillapiole due to its greater 
toxicity. Both molecules have good larvicidal activity within the 
limit established by Cheng et al., (2003). For these authors, larvicidal 
substances with an LC50 < 100 µg/mL are considered active and those 
with an LC50 < 50 µg/mL as highly active. Therefore, based on the LC50 
calculated in the present study, propyl ether dillapiole and piperidyl 
dillapiole can be considered highly active and active in the control of 
Ae. aegypti larvae since their LC50 were 29.15 and 72.93 µg/mL.

Added to this, the fact that propyl ether dillapiole and piperidyl dillapiole 
are stable molecules and have a known structure and physicochemical 
characteristics makes them potentially favorable to be produced and 
used. There are no reports in the literature about piperidyl ether dillapiole 
being used against Ae. aegypti or in non-target organisms, therefore 
this study is the first to analyze the insecticidal effect of this substance.

A larvicidal and adulticidal effect and morphological changes 
(shrinkage in the abdominal segments and elimination of intestinal 
contents) in Ae. aegypti and Ae. albopictus after treatment with the 
EO of P. capitarianum Yunck were recorded by França et al. (2020). In 
the present study, mortality of Ae. aegypti larvae and changes in their 
external morphology (darkening of the cuticle and head displacement) 
occurred after exposure to the two dillapiole derivatives for 24 h, with 
higher mortality in of the larvae subjected to dillapiole propyl ether.

Compounds containing piperidine in their structure showed 
adulticidal effect in Ae. aegypti, with an LC50 of 0.8 to 29.2 µg/mL per 
mosquito (Pridgeon et al., 2007). In this study, this molecule was added 
to the aromatic ring of dillapiole and conferred ovicidal, larvicidal and 
adulticidal activity. These data corroborate those of Pinto et al. (2012) 
who reported high mortality caused by dillapiole and its derivatives 
isodillapiole, methyl ether, propyl ether, n-butyl ether and propyl ether, 
whose LC50 were 0.381, 0.136, 0.295, 0.315 and 0.438 µg/cm3, respectively. 
Extracts of black pepper (Piper nigera) caused 84% mortality of adults 
of Ae. aegypti and 44.7% of Anopheles stephensi, after 48 h of exposure, 
with an LC50 of 1.56 and 5.11%, respectively (Nawaz et al., 2011). The 
essential oil of P. betle, at a concentration of 2.5 µL/mL, caused 100% 
mortality of adult Ae. aegypti, with an LC50 of 0.955 µL/mL, after 30 min 
of exposure (Martianasari and Hamid, 2019). The insecticidal effect of 
dillapiole, safrole and myristicin on Ae. aegypti has been associated with 
the methylenedioxyphenyl group, which is present in these molecules 
(Perumalsamy et al., 2009; Tohge et al., 2017).

Modifications in the double bond (propene) of dillapiole and the 
insertion of other radicals gave rise to semisynthetic compounds, which 
had actions with different levels of activity against eggs, larvae and 
adults of Ae. aegypti (Pinto et al., 2012; Domingos et al., 2014; Silva et al., 
2019) and Ae. albopictus (Meireles et al., 2016). In this study, propyl 
ether dillapiole and piperidyl dillapiole showed ovicidal, larvicidal 
and adulticidal effects and caused morphological alterations in the 
larvae of Ae. aegypti; however, propyl ether dillapiole, with propane 
in its side chain, showed greater toxic activity in relation to piperidyl 
dillapiole, which may impede the reproductive success of Ae. aegypti. 
These pioneering data are a powerful tool for enhancing future studies 
of the effects of both substances in this mosquito and in other species 
of epidemiological importance, as well as in non-target organisms.

Conclusions

The new derivatives piperidyl dillapiole and propyl ether dillapiole 
showed ovicidal, larvicidal and adulticidal activity, and caused also, 

noticeable systemic morphological alterations in the larvae of Ae. aegypti 
under laboratory conditions. Both molecules are promising as an alternative 
form of control of populations Ae. aegypti, especially the propyl ether 
dillapiole with the single bond (propane) and propyl radical in the side 
chain, which showed greater insecticidal activity in this mosquito.
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