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Abstract 

[Objective] The objective of this study was to determine the larvicidal activity against A. aegypti of ethanolic 
extracts of plants commonly found in Costa Rica. [Methodology] Larvicidal activity of ethanolic extracts 
of plants was determined in this study using the WHO/VBC/81.807: WHO/VBC/81. from 1981. An analysis 
PROBID for dose response was conducted to determine LC50 of the most prominent extracts. [Results] A 
total of six extracts with the highest toxicity were chosen, with the stem extract of Ipomoea cairica having the 
lowest LC50 of 0.0341 mg/mL, followed by I. cairica leaf extract with an LC50 of 0.121 mg/mL. The larvicidal 
activity of ethanolic extracts of plants was determined in this study, with an emphasis on the larvicidal 
potential of I. cairica as an environmentally friendly alternative for the control of A. aegypti. [Conclusions] 
The larvicidal activity for ethanolic extracts of different plants, with an emphasis on the larvicidal potential 
of I. cairica as an environmentally friendly alternative for the control of A. aegypti.
Keywords: Aedes aegypti; ethanolic extracts; secondary metabolites; Ipomoea cairica; larvicidal activity

Resumen 

[Objetivo] El objetivo de este estudio fue determinar la actividad larvicida contra A. aegypti de extractos 
etanólicos de plantas comúnmente encontradas en Costa Rica. [Metodología] La actividad larvicida 
de extractos etanólicos de plantas fue determinada mediante la metodología WHO/VBC/81.807: WHO/
VBC/81. de 1981 de la Organización Mundial de la salud. Un análisis PROBID para determinar la respuesta 
a distintas dosis fue llevado a cabo y así determinar los valores de dosis letal media (LC50) para los extractos 
más prominentes [Resultados] Un total de seis extractos con la mayor toxicidad fueron escogidos, siendo 
el extracto de los tallos de Ipomoea cairica lo que mostraron el menor valor de LC50 con 0.0341 mg/
mL, seguido por el extracto de las hojas de I. cairica con un LC50 de 0.121 mg/mL. [Conclusiones] La 
actividad larvicida de los extractos etanólicos de plantas fue determinada en este estudio con un énfasis 
en el potencial de la I. cairica como una alternativa ambientalmente amigable para el control de A. aegypti.
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Palabras claves: Aedes aegypti; compuestos no volátiles; I. cairica; actividad larvicida.

Resumo 

[Objetivo] Este estudo teve como objetivo determinar a atividade larvicida contra A. aegypti de extratos 
etanólicos de plantas comumente encontradas na Costa Rica. [Metodologia] A atividade larvicida de 
extratos etanólicos de plantas foi determinada usando a metodologia da OMS/VBC/81.807: WHO/VBC/81. 
1981 da Organização Mundial da Saúde. Uma análise PROBID para determinar a resposta a diferentes doses 
foi realizada para estabelecer os valores da dose letal média (LC50) para os extratos mais proeminentes. 
[Resultados] Foi escolhido um total de seis extratos com a maior toxicidade, com o extrato de hastes de 
Ipomoea cairica mostrando o menor valor LC50 a 0,0341 mg/mL, seguido pelo extrato de folhas de I. cairica 
com um LC50 de 0,121 mg/mL. [Conclusões] A atividade larvicida dos extratos etanólicos de plantas foi 
determinada neste estudo com ênfase no potencial da I. cairica como uma alternativa ambientalmente 
amigável para o controle de A. aegypti.
Palavras-chave: Aedes aegypti; compostos não voláteis; I. cairica; atividade larvicida.

Introduction

Aedes aegypti is one of the most im-
portant vectors in the maintenance and 
transmission of viruses such as chikungun-
ya, Zika, yellow fever, Mayaro and den-
gue (Paniz-Mondolfi, Rodriguez-Morales, 
Blohm, Marquez, & Villamil-Gomez, 2016), 
the latter producing the most prevalent and 
dangerous emerging arboviral disease (Pat-
terson, Sammon, & Garg, 2016). The Pan 
American Health Organization (Pan Ameri-
can Health Organization, 2019) has reported 
an increase in dengue cases in the Americas 
over the last four decades, and nearly 500 
million people are at risk of contracting the 
disease. More than 1.6 million cases were 
recorded in the Americas in 2020 alone, of 
which 9,438 were reported in Costa Rica 
as of October of that year (Gonzalez, 2021; 
Pan American Health Organization, 2020).

This increase in the number of cases 
impacts public health and presents a high 
economic cost for countries because pro-
ductivity and household income are reduced 
by disability or death, investment in vector 
control equipment (human resources and 

infrastructure) and the follow-up and treat-
ment of sick people (World Health Organi-
zation, 2017).

Vector control is a preventive and ef-
fective way of reducing the transmission 
of diseases by arthropods and promoting 
human and economic development (World 
Health Organization, 2004, 2017). The 
main control method implemented in the 
Americas has been the use of pesticides 
based on different chemical groups, such as 
organochlorines, organophosphates, carba-
mates and pyrethroids. However, excessive 
pesticide use, the absence of surveillance of 
doses used and the susceptibility of the vec-
tor to insecticides have resulted in the emer-
gence of resistant A. aegypti populations 
(Lounibos & Kramer, 2016; Manjarres-Su-
arez & Olivero-Verbel, 2013). The indis-
criminate use of these chemicals also has 
harmful effects on ecosystems and public 
health (World Health Organization, 2017). 
Costa Rica does not have an insecticide sus-
ceptibility surveillance program. However, 
the results of sporadic studies have shown 
no resistance in A. aegypti to temephos or 
deltamethrin but resistance to cypermethrin 
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in a strain in Orotina (Bisset et al., 2013; 
Calderón & Troyo, 2016; Calderón-Argue-
das & Troyo, 2014; Vargas Miranda, Troyo, 
& Calderón Arguedas, 2019).

Considering the current situation re-
garding vector control, it is important to de-
velop natural chemical alternatives that help 
reduce the vector population, while gener-
ating minimal resistance, and less toxic to 
mammals, less harmful to the environment 
and more affordable (Muñoz V., Staschen-
ko, & Ocampo D., 2014; Silvério, Espíndo-
la, Lopes, & Vieira, 2020).

Research studies based on natural ac-
tive principles in the Americas have mainly 
focused on the larvicidal activity and repel-
lency of essential oils (Pilon et al., 2022). 
However, such information is not avail-
able for Costa Rica (Hasan, Jaal, Ranson, 
& McCall, 2015; Leyva-Silva et al., 2017; 
Manjarres-Suarez & Olivero-Verbel, 2013; 
Muñoz V. et al., 2014; Rey & Lounibos, 
2015; Vargas Miranda et al., 2019).

Therefore, the aim of the present 
study is to determine the larvicidal activity 
against A. aegypti of ethanolic extracts of 
plants commonly found in Costa Rica.

Methodology

This study was carried out at the Phyto-
chemistry Laboratory in the School of Chem-
istry of the National University of Costa Rica.

• Plant samples

The 13 selected plants fulfilled at least 
two of the following inclusion criteria: be-
ing a diverse source of secondary metabo-
lites; having a known ethnomedical use for 
the biological control of bacteria and/or ar-
thropods; and being widely distributed and/
or affordable in Costa Rica (Table 1).

Table 1. Plant species used by family and habit
Species Family Habit

Ipomoea cairica Convolvulaceae Vine
Piper umbellatum Piperaceae Herb
Piper marginatum Piperaceae Shrub
Zanthoxylum setulosum Rutaceae Tree
Argemone mexicana Papaveraceae Erect herb
Bocconia frutescens Papaveraceae Shrub to small tree
Quassia amara Simaroubaceae Shrub to small tree
Neurolaena lobata Asteraceae Epiphyte
Solanum mammosum Solanaceae Shrub
Erythroxylum macrophyllum Erythroxylaceae Shrub
Croton draco Euphorbiaceae Herb or Shrub
Pimenta dioica Myrtaceae Tree
Rosmarinus officinalis Lamiaceae Shrub
Kalanchoe sp. Crassulaceae Herb-shrub

Note: derived from research.

Samples of stems, leaves and, in some 
cases, seeds, were collected at the Quin-
ta Diamante Sociedad de Responsabilidad 
Limitada Experimental Station in Pérez 
Zeledón, San José. The Ipomoea cairica 
sample was collected in the San Miguel de 
Santo Domingo sector of Heredia. All the 
samples were collected and processed under 
CONAGEBIO permit no. R-012-2020-OT-
CONAGEBIO. The samples were dried in 
an oven at 40 °C and ground in a knife mill 
with a 1-mm sieve.
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• Extraction

Three extractions of dry and ground 
material were performed using 95% ethanol 
in an ultrasonic bath at 40 °C. The extract 
was filtered using gravity filter paper. The 
collected filtrate was concentrated using a 
vacuum rotary evaporator at a temperature 
not higher than 40 °C. The extracts were 
then freeze dried to produce dry and stable 
samples. The dry samples were weighed, 
and homogeneous solutions of known con-
centrations of each extract were prepared 
and applied to the larvae, as described in the 
following section.

• Evaluation of larvicidal activity

The larvicidal activity was deter-
mined using a method described in the 
WHO/VBC/81.807 report of the World 
Health Organization (World Health Orga-
nization, 1981). The third to fourth instar 
larvae of the Rockefeller strain of A. aegyp-
ti susceptible to insecticides were used. To 
ensure physiological homogeneity for each 
trial, the larvae were obtained from eggs 
that were hatched simultaneously and raised 
under the same feeding and environmental 
conditions. Four replicates per sample con-
centration were used, with approximately 
20 larvae each and a total volume of 25 mL 
of the mixture methanol: water 2:98 v:v. A 
positive control containing 50 ppm (mg/L) 
temephos and a negative control containing 
a mixture of methanol : chlorinated tap water 
(2:98) were used. Mortality was read at 24 
hours. The extracts were initially evaluated 
at a concentration of 100 ppm. As this study 
was exploratory, the six extracts with the 
highest mortality were analyzed. For plant 
extracts in which a mortality percentage 
≥7.9% was obtained, a response evaluation 

was performed at concentrations ranging 
from 50 ppm to 400 ppm. The LC50 and 
LC90 were obtained by a PROBIT analysis 
using XLSTAT version 2021.2 software19.

Analysis and results

The evaluation results for 100-ppm 
extracts of the 13 plant species are shown 
in Table 2. Ten of the species showed a non-
zero percentage of larvicidal activity at 24 
hours. Ipomoea cairica, Zanthoxylum setu-
losum, Piper umbellatum, Rosmarinus offic-
inalis and Kalanchoe sp. exhibited a mortal-
ity greater than or equal to 7.9%. I. cairica 
had the highest mortality at 100%.

In all the tests, both the positive con-
trol containing temephos and the negative 
control containing water (or the corre-
sponding mixture of solvents) exhibited the 
expected mortality rates of approximately 
100% and 0%, respectively, indicating op-
timal conditions for all the tests.

Figure 1 is a regression plot of the 
A. aegypti larval mortality versus the log-
arithm (base 10) of the natural insecticide 
concentration. The slope of the regression 
plot indicates the degree of homogeneity of 
the population response to the stimulus, that 
is, the higher the slope is, the higher the ho-
mogeneity of the population response to the 
stimulus (Leyva et al., 2008). The highest 
slope was obtained for I. cairica at 2.7727, 
followed by Z. setulosum at 2.5495. The 
slope obtained from the regression equation 
can be used to determine the concentration 
range over which a substance with larvicid-
al activity can exert a well-defined mortality 
effect. The slopes determined in this study 
were lower in comparison with literature 
values (Amariles Barrera, García Pajón, & 
Parra Henao, 2013; Leyva et al., 2008).
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Table 2. Larvicidal effect produced by ethanolic extracts of plants at 100 ppm on A. aegypti 
Rockefeller strain larvae

Species Plant part* Dead larvae Total larvae Mortality percentage at 24 h
Ipomoea cairica L

S
32
80

80
80

40.0 ± 0.0
100.0 ± 0.0

Piper umbellatum L 7.0 76.0 9.2 ± 2.6
S 8.0 81.0 9.9 ± 0.2

Zanthoxylum setulosum L 8.0 81.0 9.8 ± 3.8
S 2.0 80.0 2.5 ± 5.0

Argemone mexicana SD 0.0 76.0 0.0 ± 0.0
L 4.0 76.0 5.3 ± 0.1
S 2.0 76.0 2.6 ± 3.0

Bocconia frutescens M 1.0 76.0 1.3 ± 2.6
L 0.0 76.0 0.0 ± 0.0
S 0.0 76.0 0.0 ± 0.0

Quassia amara L 0.0 76.0 0.0 ± 0.0
S 0.0 76.0 0.0 ± 0.0

Neurolaena lobata L 0.0 76.0 0.0 ± 0.0
S 2.0 76.0 2.6 ± 3.0

Solanum mammosum L 4.0 76.0 5.3 ± 0.1
S 0.0 76.0 0.0 ± 0.0

Erythroxylum macrophyllum L 1.0 76.0 1.3 ± 2.6
S 0.0 76.0 0.0 ± 0.0

Croton draco L 0.0 76.0 0.0 ± 0.0
S 0.0 76.0 0.0 ± 0.0

Pimenta dioica L 0.0 76.0 0.0 ± 0.0
S 0.0 76.0 0.0 ± 0.0

Rosmarinus officinalis L 6.0 76.0 7.9 ± 3.0
Kalanchoe sp. L 2.0 76.0 2.6 ± 3.0
+ Control (temephos) 80.0 80.0 100.0 ± 0.0
– Control (water) 1.0 80.0 1.3 ± 0.5

*Legend: L = leaves; S = stems; M = midrib; SD = seeds. The uncertainty in the mortality data are expressed as 
the standard deviation for four replicates. Note: derived from research.

Figure 1. PROBIT plots of the logarithmic (base 10) concentration (ppm) of the ethanolic 
extracts of the evaluated plants versus mortality (PROBIT units).
Note: derived from research.
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The LC50 and LC90 values for the eval-
uated ethanolic extracts are shown in Table 
3. The species I. cairica species exhibited 
the lowest LC50, indicating that this extract 
elicited the highest mortality response at 
low concentrations.

R. officinalis and Kalanchoe sp. Other eth-
anolic extracts produced mortality for only 
one part of the studied plant: for example, 
a mortality of 5.3 ± 0.1% was observed 
for the ethanolic extract of the leaves of S. 
mammosum, whereas no mortality was ob-
served for at the same concentration of the 
ethanolic extract of the stems. This result 
suggests that secondary metabolite compo-
sitions differ among plant parts, in terms of 
both concentration and type (Araya, Carva-
jal, Alvarez, Orozco, & Rodriguez, 2017; 
Leal et al., 2020; Rangiah & Gowda, 2019). 
It is notable that, despite the extract method 
used that does not concentrate volatile frac-
tion of the compounds present in the plant, 
it was possible to find a highly lethal com-
ponents int the extract with LC50 values like 
the ones reported in studies where evaluate 
the toxicity of volatile fractions of plants 
such as essential oils (Pilon et al., 2022).

A significant degree of toxicity was 
previously reported for Z. setulosum, mainly 
against Artemia salina, with an LC50 of 3.9 
mg/mL(Boehme, Noletto, Haber, & Setzer, 
2008). Hydro distillation was used to ex-
tract terpenes, terpenoids and derivatives in 
the respective study, because the aim was to 

Table 3. LC50 and LC90 data expressed as parts per thousand (mg/mL) for the ethanolic 
extract evaluated against A. aegypti larvae

Plant LC50 in mg/mL (*95% 
CI)

 LC90 in mg/mL
(*95% CI)

 Diagnostic dose in mg/mL
(*95% CI)

Ipomoea cairica
(stems)

0.0341
(0.0293-0.0393)

0.0578
(0.0496-0.0674)

0.978
(0.840-1.140)

Ipomoea cairica
(leaves)

0.121
(0.089-0.166)

0.337
(0.246-0.462)

3.707
(2.52-4.89)

Zanthoxylum setulosum
(leaves)

0.268
(0.185-0.386)

0.854
(0.592-1.232)

24.21
(16.78-34.93)

Rosmarinus officinalis (leaves) 3.41
(1.12-10.36)

36.03
(11.85-109.54)

2709.79
(891.29-8237.12)

Kalanchoe sp.
(leaves)

11.14
(2.405-51-605)

320.26
(69.15-1483.2)

54445
(11755-252153)

Piper umbellatum (stems) 39.60
(6.86-228.52)

3885.69
(673.30-22424.70)

1797603
(311483-10374157)

*CI: Confidence interval. Note: derived from research.

The results of the larvicidal study 
revealed a diverse mortality response in 
the third and fourth instar larvae of the A. 
aegypti Rockefeller strain to 100 mg/mL 
(ppm) ethanolic extracts of the selected 
plants. The mortality rates observed for the 
ethanolic extracts of I. cairica were 40.0% 
for leaves and 100% for stems. By contrast, 
the mortality rates observed for the ethan-
olic extracts of P. dioica, C. draco and Q. 
amara were 0.0% for both leaves and stems 
at the same concentration in all cases. This 
result was expected because differences in 
the chemical compositions of the plants af-
fect the presence of substances with larvi-
cidal effects in the extracts, which generates 
variations in larval mortality (Jirovetz et al., 
2007; Mora, Castro, Chavarría, Murillo, & 
Poveda, 2011; Patel & Patel, 2018; Setzer 
et al., 2007). The ethanolic extracts with 
the highest larvicidal activity were those 
of I. cairica, followed by P. umbellatum, 
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consideration because a large slope shows 
greater effects, i.e., higher mortality, at low 
concentrations, as shown in Figure 1.

The ethanolic extract of I. cairica 
was expected to exhibit lower LC50 and 
LC90 values than the other evaluated eth-
anolic extracts because the largest slope 
of the PROBIT curves was obtained for I. 
cairica. Thus, I. cairica produced similar 
mortalities at low extract concentrations, 
and the aforementioned factors made the 
highest contribution to the linear regression 
analysis. Alkaloids, carbohydrates, tannins, 
phenolic compounds, proteins, amino ac-
ids, terpenoids, sterols, saponins, lignans 
and coumarins have been found in I. cair-
ica 34,35. The two simple coumarins that 
have been found in I. cairica are scopoletin 
(7-hydroxy-6-methoxychromen-2-one) and 
umbelliferone 7-(hydroxychromen-2-one)
(Olga & Braz-Filho, 1997). This result is 
important because the toxic activity of nat-
ural extracts has been correlated with the 
presence of coumarins in many studies and 
may explain the activity reported in the 
present study (Ahbirami, Zuharah, Thiag-
aletchumi, Subramaniam, & Sundarasekar, 
2014; Prabha & Nagarajan, 2016; Wang, 
Kim, Wang, Shu, & Ahn, 2012).

Conclusions

The plants that produced ethanolic ex-
tracts with the highest larvicidal responses 
(I. cairica, P. umbellatum, Z. setulosum, R. 
officinalis and Kalanchoe sp.) were evalu-
ated in the last stage of the study. With the 
exception of R. officinalis, these plants are 
not used for culinary or other commercial 
purposes and therefore have no significant 
commercial value.

Natural extracts with larvicidal activ-
ity are an alternative to synthetic products 

extract mainly essential oils, and therefore, 
the volatile fraction of the plant. The aim of 
the present study was to obtain mainly the 
nonvolatile fraction of plants because multi-
ple bioactivities have been reported (Araya 
et al., 2017; Gutierrez, Arenas, Barrera, & 
Martínez, 2007; Parra et al., 2018) for a 
large number of secondary metabolites that 
are not necessarily volatile, such as poly-
phenols, nitrogenous compounds and alka-
loids (Pilon et al., 2022). Thus, there was 
an important methodological difference be-
tween the two studies. In addition, toxicity 
was measured in the two studies using dif-
ferent species, both belonging to the phy-
lum Arthropoda, but to different orders.

The significant LC50 of the ethanolic 
extract of Z. setulosum was lower than that 
of the other evaluated species; however, the 
ethanolic extract of I. cairica exhibited an 
even lower LC50. I. cairica had a relatively 
high diagnostic dose (DD) of 0.978 mg/mL 
compared to those reported for commer-
cial insecticides, such as temephos, which 
can reach 1 mg/L (World Health Organi-
zation, 2009). However, as a crude extract 
of I. cairica was used in this study, either 
the compounds producing larvicidal activ-
ity were present in small proportions in the 
extract or a combination of various metab-
olites generated synergistic activity (Kezi-
ah, Nukenine, Yingyang Danga, & Esimon, 
2016; Liu et al., 2002).

The slope of the PROBIT plot is high-
er for the ethanolic extract of P. umbella-
tum leaves than for the extracts of R. offic-
inalis and Kalanchoe sp. However, the low 
linearity of the fit (R2 = 0.4747) reflects a 
weak correlation in the P. umbellatum data, 
that is, a poor fit between the concentration 
and mortality compared to that for the R. 
officinalis and Kalanchoe sp. extracts. The 
slope of the PROBIT plot is an important 
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in commercial use. Synthetic insecticides 
that do not degrade easily exert pressure 
on biological systems, whereas a product 
of natural origin is incorporated back into 
an ecosystem after completing its function 
(Greenop, Cook, Wilby, Pywell, & Wood-
cock, 2020).

The use of field samples, in addition 
to the Rockefeller strain, for testing has ep-
idemiological utility for assessing cross-re-
sistance to the active principles of I. cairica 
in Costa Rica (Haziqah-Rashid et al., 2019).

The results of this study are an im-
portant contribution in the exploitation of 
natural extracts with larvicidal activity. As 
no studies have been performed to evaluate 
the larvicidal activity of nonvolatile plant 
extracts, the main approach used in this 
study was to evaluate essential oils instead 
of compounds that cannot be extracted by 
conventional hydro distillation methods and 
for which bioactivity has been reported in 
various cases(Boehme et al., 2008; Muñoz 
V. et al., 2014; Pinto, Menezes, Melo, & 
Feitosa, 2016). The results of this study 
show larvicidal activity for ethanolic ex-
tracts of different plants, with an emphasis 
on the larvicidal potential of I. cairica as an 
environmentally friendly alternative for the 
control of A. aegypti.
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