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ABSTRACT

Aedes aegyptiis one of the main vectors of human ar-
boviruses, thus is essential to discover new alterna-
tive tools for its control. Therefore, this study aimed
to evaluate the larvicidal effects of the ethanolic ex-
tract of Piper arboreum leaves (EEPA) against Aedes
aegypti. The extract was prepared in a 70% ethanol
extractive solution and was rota-evaporated to ob-
tain the crude extract. In the larvicide assay the third
instar larvae (n = 20) were exposed to varying EEPA
concentrations (25-200 pg/mL) for 24 h. The larvae
were then transferred to fresh glass cups contain-
ing only chlorine-free water to assess the mortality
rates over 72 h. In addition, larval morphology was
evaluated in the experimental groups to determine
alterations. Finally, the toxicity of EEPA was assessed
in tests with Artemia salina. Our results showed
that the larval mortality ranged from 17-100% in a
dose-dependent manner after 72 h. The highest con-
centrations (150 and 200 ug/mL) were more effective
than 25 pg/mL and the negative control group. The
lethal concentration capable of killing 50% larvae
(LC50) obtained for EEPA was 80.54 pg/mL (95%Cl:
60.81-106.7 ug/mL). Morphological analyses re-
vealed damage to the chitin layer of larvae exposed
to EEPA, particularly at higher concentrations. The
toxicity test of EEPA on A. salina showed an LC50 of
58 ug/mL (95%Cl: 45-70.5ug/mL), which indicates
elevated toxicity. Therefore, our results demonstrate
that EEPA has moderate larvicidal activity against A.
aegypti; however, further studies are needed to re-
duce its toxicity against non-target organisms.
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RESUMO

Aedes aegyptié um dos principais vetores de arboviroses humanas, sendo essencial descobrir novas
alternativas para seu controle. Portanto, este estudo teve como objetivo avaliar o efeito larvicida do
extrato etandlico das folhas de Piper arboreum (EEPA) contra o Aedes aegypti. O extrato foi prepara-
do em solugdo extrativa de etanol 70% e rota-evaporado para obtenc¢do do extrato bruto. No ensaio
larvicida, larvas de terceiro instar (n = 20) foram expostas a concentracgdes variadas de EEPA (25-200
pg/mL) por 24 h. As larvas foram entdo transferidas para béqueres de vidro contendo apenas agua
sem cloro para avaliar as taxas de mortalidade ao longo de 72 horas. Além disso, a morfologia larval
foi avaliada nos grupos experimentais para determinar alteragdes. Por fim, a toxicidade do EEPA foi
avaliada em testes com Artemia salina. Nossos dados demonstraram que a mortalidade larval variou
de 17 a 100%, de maneira dose-dependente, ap6s 72 horas. As concentracdes mais altas (150 e 200
ug/mL) foram mais eficazes que 25 pg/mL e o grupo controle negativo. A concentragdo letal capaz
de matar 50% das larvas (CL50) obtida para EEPA foi de 80,54 pg/mL (IC 95%: 60,81-106,7 ug/mL).
Anélises morfolégicas revelaram danos a camada quitinosa das larvas expostas ao EEPA, principal-
mente em concentragdes mais elevadas. O teste de toxicidade EEPA em A. salina mostrou uma CL50
de 58 pg/mL (IC 95%: 45-70,5 pg/mL), o que indica elevada toxicidade. Portanto, nossos resultados
demonstram que o EEPA tem atividade larvicida moderada contra A. aegypti; no entanto, mais estu-
dos sdo necessarios para reduzir sua toxicidade contra organismos ndo-alvo.

PALAVRAS-CHAVES

Arboviroses; extrato vegetal; controle vetorial; metabélitos secundérios.

RESUMEN

Aedes aegypties uno de los principales vectores de arbovirus humanos, y es fundamental descubrir nue-
vas alternativas para su control. Por lo tanto, este estudio tuvo como objetivo evaluar los efectos larvicidas
del extracto etanélico de hojas de Piper arboreum (EEPA) contra Aedes aeqypti. El extracto se preparé en
una solucién de extraccién con etanol al 70% y se evapord rotatoriamente para obtener el extracto crudo.
En el ensayo larvicida, las larvas de tercer estadio (n = 20) fueron expuestas a concentraciones variables
de EEPA (25-200 pg/mL) durante 24 h. Luego, las larvas fueron transferidas a vasos de vidrio que con-
tenfan solo agua libre de cloro para evaluar las tasas de mortalidad durante 72 h. Ademas, se evalué la
morfologia larvaria en los grupos experimentales para determinar alteraciones. Finalmente, se evalué la
toxicidad del EEPA en pruebas con Artemia salina. Nuestros resultados demostraron que la mortalidad
larvaria vari6 de 17 a 100% de manera dosis-dependiente después de 72 h. Las concentraciones mas altas
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(150 'y 200 pg/mL) fueron mas efectivas que 25 pg/mL y el grupo control negativo. La concentracion letal
capaz de matar el 50% de las larvas (CL50) obtenida para EEPA fue 80,54 pg/mL (IC del 95%: 60,81-106,7
ug/mL). Los andlisis morfolégicos revelaron dafio a la capa de quitina de las larvas expuestas a EEPA,
particularmente a concentraciones mas altas. La prueba de toxicidad de EEPA en A. salina mostré una
CL50 de 58 pg/mL (IC del 95%: 45-70,5 pg/mL), lo que indica una alta toxicidad. Por lo tanto, nuestros
resultados demuestran que EEPA tiene una actividad larvicida moderada contra A. aegypti; sin embargo,
se necesitan mds estudios para reducir su toxicidad contra organismos no objetivo.

PALABRAS CLAVE

Arbovirus; extracto de plantas; control de vectores; metabolitos secundarios.

1INTRODUCTION

Aedes aegypti Linnaeus, 1762 is considered one of the main vectors of human arboviruses (viru-
ses transmitted by arthropods), such as Dengue, Zika, Chikungunya, and Yellow Fever (TERRA et al.,
2017; SCOLARI et al., 2019; WHO, 2024). Among them, Dengue fever is the most important arbovirus
infection to which approximately half of the world population is exposed in more than 80 countries
(AKINSULIE; IDRIS, 2024). Indeed, its incidence has increased eight-fold over the past two decades
(WHO, 2022). This increase is associated with factors such as globalization, the adaptation of vectors
to growing urbanization, and environmental changes (GOULD et al., 2017; CHIKEZIE et al., 2024).

Owing to the absence of effective vaccines and specific treatments for most diseases transmitted
by A. aegypti, the main alternative for preventing the spread of arboviruses is to control these vectors
(MOYES et al., 2017; MORAIS et al., 2020). Thus, insecticides based on synthetic compounds such as
organophosphates, pyrethroids, and carbamates have been used for many years. However, owing to
the uncontrolled and continuous use of these insecticides, resistance has rapidly emerged in some
strains of A. aegypti (MELO-SANTOS et al., 2010; MOYES et al., 2017; ZULFA et al., 2022). Because
of the production of various secondary metabolites, plants have gained focus of the studies seeking
novel non-toxic and biologically active compounds against A. aegypti (SILVERIO et al., 2020), which
can help prevent the spread of resistance in these mosquitoes and preserve environmental health.

The Piperaceae family is one of the main groups of plants studied with biotechnological potential,
with the genus Piper being the most representative, with approximately 700 species (PESSINI ef al.,
2003; LARA JUNIOR et al., 2012). Among the species found in Brazil, 2 arboreum (known as ‘Pimenta
de macaco’) has a wide distribution, occurring from the northern to the southern region (GUIMARAES
et al., 2015). Some biological effects of P arboreum have been previously described, such as antima-
larial (YIMTCHUI et al., 2024), antibacterial, antioxidant (KRISHANA et al., 2024), and anthelmintic
(SILVA ALVES et al., 2020); however, the larvicidal action of P arboreum against A. aegypti has not
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yet been evaluated. Therefore, this study aimed to describe the larvicidal effects and toxicity levels
on non-target organism of the ethanolic extract of Piper arboreum (EEPA) leaves against A. aegypti.

2 METHODS

2.1 PLANT MATERIAL AND ETHANOLIC EXTRACT PRODUCTION

The leaves of Piper arboreum used to produce the ethanol extract were collected in the morning
(9:00 AM) in the city of Sdo Lufs, Maranhao, Brazil (02°33’ 38.5”S and 044°14°19.6’ W). The plant species
was confirmed by specialists from the Rosa Mochel Herbarium at the State University of Maranhao
(UEMA) and deposited under voucher number 4929. The extract was prepared as previously described
by Silva Alves et al. (2020), obtaining a yield of 16%. Briefly, the plant material was collected, cleaned,
dried and powdered. The powder was macerated with a 70% hydroethanolic solution, a traditional ex-
traction used in Brazilian folk medicine (RODRIGUES et al., 2020) and mixed every 12 h for a total of 48
h at a ratio of 1:5 (w/v). The extract was first filtered five times and then concentrated under reduced
pressure to obtain a dry extract (NEIVA et al., 2014). The extract was stored under refrigeration (4 °C)
until use. The presence of phytocompounds in ethanolic leaf extracts of P arboreum was performed
by High-Performance Liquid Chromatography (HPLC), according to the previous published data (SILVA
ALVES et al., 2020). This research was registered in the National System for the Management of Genetic
Heritage and Associated Traditional Knowledge (registration number AB9E2EC).

2.2 COLLECTION EGGS OF AEDES AEGYPTI

The eggs of Aedes spp. were captured using ovitraps set up in the peri-urban area of houses lo-
cated in Sdo Raimundo das Mangabeiras, according to Noleto et al. (2020). To confirm the A. aegypti
species, 10% of the eggs from each collection point were stimulated to hatch, and L3 larvae were
morphologically evaluated according to Forattini (2002). Only the batches of eggs with 100% confir-
mation of A. aegypti were used in the bioassays. In this study, we used larvae of wild origin because
they more precisely simulate real natural conditions to test plant extracts (LUZ et al., 2022).

2.3 LARVICIDAL BIOASSAY

The larvicidal effect of the ethanol extract of P arboreum (EEPA) was evaluated according to the
methodology proposed by the World Health Organization (WHO, 2005), with slight modifications.
Briefly, a total of 20 third instar larvae (L3) were exposed to concentrations of 25, 50, 100, 150, and
200 pg/mL of EEPA in a glass beaker containing a final volume of 500 mL of chlorine-free water. For
the negative control, the same number of larvae were placed in 500 mL of chlorine-free water. In the
positive control, the larvae (n = 20) were maintained in contact with Pyriproxifen (Sumilarv®) at a
concentration of 10 pg/mL, as recommended by the manufacturer. The mortality rate was calculated
as the percentage of dead larvae compared to the total number of larvae evaluated. These data were
used to calculate the lethal concentration capable of killing 50% of the larval population (LC50).
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To determine the level of action of EEPA against A. aegyptilarvae, we used the classification es-
tablished by Komalamisra et al. (2005). This classification is based on LC50 values, as follow describe:
LC50 < 50 pg/mL = strong activity; LC50 50-100 pg/mL = moderate activity; LC50 100-750 pg/mL =
low activity; and LC50 >750 ug/mL = inactive. At the end of the larvicidal bioassay, larvae from each
group were fixed in 70% ethanol and evaluated under an optical microscope to verify possible mor-
phological damage. The experiment was performed in triplicate (technical replicates) and repeated
three times (biological replicates).

2.ATOXICITY ASSAY IN ARTEMIA SALINA

A toxicity test on the marine microcrustacean A. salina was performed according to the protocol
proposed by Meyer et al. (1982). Ten nauplii were used at each tested concentration (25, 50, 100, 150,
and 200 ug/mL), in six-well cell culture plates (Flat Bottom Plate - SARSTEDT, Inc. USA). Mortality
rate was evaluated after 24 h using a stereoscopic microscope. Mortality data were used to calculate
the LC50 and verify the level of toxicity of the extract, using the following classification: high toxici-
ty (<100 pg/mL), moderate toxicity (100-500 pg/mL), low toxicity (500-1000 pg/mL) and non-toxic
(>1000 pg/mL) (MEYER et al. 1982; RAJABI et al. 2015). The bioassay was performed in triplicate and
repeated twice.

2.5 STATISTICAL ANALYSIS

Data normality was verified using the Shapiro-Wilk test. The means of the number of dead larvae
were compared between groups using analysis of variance (ANOVA) and Bonferroni post-hoc tests.
LC50 was calculated using nonlinear regression from the interpolation of mortality data (%) compa-
red to the tested dose (on a logarithmic scale). Statistical significance was set at p<0.05. To perform
these tests, we used GraphPad Prism software version 8 (Prism Software, Irvine, California, USA).

3 RESULTS

Aedes aegyptilarvae exposed to different concentrations of P arboreum ethanolic extract exhibi-
ted dose-dependent mortality. During the first 24 h, the larval mortality ranged from 17-90% in the
test groups. Furthermore, the two highest concentrations (150 and 200 pg/mL) induced significantly
higher mortality than the negative control group and showed similar results to those of the positive
control group. The larvae mortality observed at a concentration of 200 pg/mL was also statistically
higher than that recorded at the lowest concentration used (25 pg/mL) (Figure 1A).

The biological effects of EEPA were enhanced within 48 h. Larval mortality was 17-100% in the
test groups. Concentrations of 150 and 200 pg/mL yielded a statistically higher larval mortality
rate than the negative control group but similar to the positive control group. However, the 200 pg/
mL concentration also induced higher mortality in A. aegyptilarvae compared to the 25 and 50 pg/
mL concentrations (Figure 1B).
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At 72 h, the larval mortality remained between 17 and 100%. Furthermore, the two highest con-
centrations remained the most effective when compared to the negative control group and showed
similar efficacy to the positive control group (Figure 1C). However, the concentrations of 150 and 200
pg/mL induced higher mortality than those of 25 and 50 pg/mL (Figure 1C). In all the time points
evaluated, the positive control group was more effective than the two lower concentrations of EEPA
(25 and 50 pg/mL).

Owing to the better efficacy observed after 72 h, this point was used to calculate the EEPA LC50.,
which was found to be 80.54 pg/mL (95% Cl: 60.81-106.7 ug/mL) (Figure 1D). Therefore, these data
classify our extract with moderate larvicidal activity, according to Komalamisra et al. (2005).

Figure 1 - The mortality rate of Aedes aegyptilarvae exposed to different concentrations of ethanolic
extract from Piper arboreum leaves. Statistically significant (p<0.05) compared to the negative con-
trol group (#), positive control group (@) and 25 - 100pug/mL groups (*).
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Complementarily, we also evaluated the morphology of A. aegyptilarvae exposed to varying EEPA con-
centrations. Our results demonstrated that the larvae in the control group did not exhibit morphological
damage (Figure 2A). However, in the experimental group (Figures 2B, C), a greater frequency of damage
to the chitin layer of the larvae (mechanical barrier) was observed, particularly at higher concentrations.
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Figure 2 - Representative photographs of morphological features of Aedes aegyptiL3 larvae exposed
to varying concentrations of ethanolic extract of Piper arboreum leaves. Morphology without change
in larvae from the control group (A). Presence of morphological damage to the chitin layer (arrows) in
experimental group larvae (B and C). The images were observed under a stereomicroscope. Bar =1 mm.

In our tests using A. saline, we found that after 24 h of the experimental procedure, mortality
varied between 80% and 100% in a dose-dependent manner. Thus, the LC50 was 58 pg/mL (95%
Cl: 45-70.5 pg/mL), which classifies our extract as highly toxic, according to Meyer et al. (1982)
and Rajabi et al. (2015).

4 DISCUSSION

Aedes aegypti mosquitoes are a global problem, as they are vectors of several arboviruses of medi-
cal importance, such as Dengue, Zika, Chikungunya, and Yellow Fever (ZARA et al., 2016; MATTHEWS,
2019; WHO, 2024); therefore, controlling these vectors is essential. Thus, our study demonstrates for
the first time that the ethanolic extract of Piper arboreum leaves have moderate biological activity
against A. aegyptiand could be a potential bioproduct to control this mosquito in specific environments.

We showed that EEPA induced larval mortality ranging from 17-100%, with an LC50 of 80.54 ug/
mL. According to Komalamisra et al. (2005), this LC50 classified the EEPA with moderate larvicidal
activity. Based on the recent literature review (LIMA et al., 2024), the LC50 of bioproducts derived
from Piper against Aedes larvae was lower than 400 pg/mL. In this review (LIMA et al., 2024), the
methanolic extract of P, ribesioides twigs showed the lower LC50 (1174.34 pg/mL) (KUMRUNGSEE et
al.,, 2018). On the other hand, the ethanolic extract of P hispidum leaves has the best larvicidal effect
(LC50 = 0.169ug/mL) (PORTO et al., 2017). In addition, a previous study showed that the hexane and
hydroethanolic extract of P cubeba fruits presented an LC50 of 185.84 ppm (ug/mL) and 191.1 ppm,
respectively, against A. aegyptilarvae (GOMES et al., 2023). In contrast, lower LC50 values (34.87 pg/
mL) were observed after 3 h of analysis for the methanolic extract of 2 nigrum leaves (LIJA-ESCALINE
et al., 2015). Thus, these studies confirmed that LC50 values can vary according to the extraction
method, vegetable parts, and Piperspecies (LIMA et al., 2024).
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The larvicidal action observed in our study may be associated with morphological damage to A. aegypti
larvae. We found that larvae treated with EEPA at different concentrations showed morphological damage
to their external chitin layers compared with the control group. Indeed, extracts from the fruits of P cubeba
and the essential oil of P capitarianum have been shown to induce internal and external morphological
damage in A. aegyptilarvae (FRANCA et al., 2021; GOMES et al., 2023). The chitin layer that covers the
body of mosquito larvae protects against dehydration, infection, and physical damage; therefore, the survi-
val of these insects is associated with this chitin layer (GOMES et al., 2023). Hence, its structural deformity
induced by EPPA in our study may be associated with the death of mosquito larvae.

The morphological damage observed in the present study may be related to secondary metabo-
lites of EEPA. In our previous study (SILVA ALVES et al., 2020), we demonstrated that EEPA predomi-
nantly contained amides, flavonoids, and phenolic compounds. Studies have indicated that phenolic
compounds and flavonoids associated with other substances, such as triterpenes and tannins, may
be associated with inhibiting the growth of insects (MITCHELL et al., 1993; KIM et al., 2000). Fur-
thermore, hinokinin extracted from fruits of 2 cubebais capable of inducing morphological damage
in A. aegyptilarvae (GOMES et al., 2023). However, more studies are needed to better elucidate the
compounds present in EEPA, so that it is possible to find the likely bioactive substance and its more
precise mechanism of action responsible for the death of A. aegyptilarvae that we found in this study.

Finally, natural products must have toxic effects observed in non-target organisms before being
tested in nature. In the present study, we used a bioassay with Artemia salina, as it is a species that
presents a clear response to small variations in the quality of the environment (MEYER et al., 1982;
NUNES et al., 2006; RIBEIRO et al., 2019); therefore, it is an excellent bioindicator. Thus, our data
demonstrated that EEPA exhibits high toxicity against A. salina, limiting its use in field-based expe-
rimental studies. However, further research is necessary to better evaluate EEPA’s toxicity in other
biological models. Additionally, isolating the major compounds from EEPA or exploring alternative
botanical extraction methods could help reduce its toxicity.

5 CONCLUSION

In summary, our results demonstrated that EEPA has moderate biological activity against A. ae-
gyptilarvae. In addition, we verified that the probable mechanism of action of EEPA is morphological
damage to the larvae. However, EEPA in this current formulation has remarkable toxicity. Therefore,
further studies are necessary to explore new extraction methods that may reduce EEPA toxicity and
to identify the primary larvicidal substances present in this extract that exhibit no adverse effects
against non-target organisms.
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