
Page 1/29

Essential Oil of Piper Purusanum C.DC (Piperaceae)
and Its Main Sesquiterpenes: Biodefensives Against
Malaria and Dengue Vectors, Without Lethal Effect
on Non-target Aquatic Fauna
André C. de Oliveira 
(

andrebiologo2011@gmail.com
)

Universidade Nilton Lins
 https://orcid.org/0000-0001-9258-3108
Rejane C. Simões 

Fundação de Vigilância em Saúde do Amazonas Dra Rosemary Costa Pinto
Carlos A. P. Lima 

INPA: Instituto Nacional de Pesquisas da Amazonia
Felipe M. A. da Silva 

UFAM: Universidade Federal do Amazonas
Sergio M. Nunamura 

INPA: Instituto Nacional de Pesquisas da Amazonia
Rosemary A. Roque 

INPA: Instituto Nacional de Pesquisas da Amazonia
Wanderli P. Tadei 

INPA: Instituto Nacional de Pesquisas da Amazonia
Rita C. S. Nunomura 

UFAM: Universidade Federal do Amazonas

Research Article

Keywords: Amazon, plant, biological control, Aedes, Anopheles

Posted Date: January 6th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1157100/v1

License:


This work is licensed under a Creative Commons Attribution 4.0 International
License.
 
Read Full License

Version of Record: A version of this preprint was published at Environmental Science and Pollution
Research on February 18th, 2022. See the published version at https://doi.org/10.1007/s11356-022-

https://doi.org/10.21203/rs.3.rs-1157100/v1
mailto:andrebiologo2011@gmail.com
https://orcid.org/0000-0001-9258-3108
https://doi.org/10.21203/rs.3.rs-1157100/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11356-022-19196-w


Page 2/29

19196-w.

https://doi.org/10.1007/s11356-022-19196-w


Page 3/29

Abstract
The mosquitoes vectors of the genus Aedes and Anopheles present resistance to several commercial
insecticides, which are also toxic to non-predators targets. On the other hand, essential oils are a
promising source of insecticides. Thus, in this work, the essential oil from the leaves of Piper purusanum
was characterized by gas chromatography based approaches and evaluated as biodefensive against
malaria and dengue vectors. The main compounds of P. purusanum essential oil were β-caryophyllene
(57.05%), α-humulene (14.50%) and germacrene D (8.20%). The essential oil inhibited egg hatching (7.6 ±
1.5 to 95.6 ± 4.5%) caused larval death (LC50 from 49.84 to 51.60 ppm) and inhibited the action of
acetylcholinesterase (IC50 of 2.29 µg/mL), which can be related to the mechanisms of action. On the
other hand, the biological activity of β-caryophyllene, α-humulene and germacrene D were higher than the
essential oil. In addition, these sesquiterpenes and essential oil did not show a lethal effect on
Toxorhynchites splendens, Anisops bouvieri, Gambusia affinis and Diplonychus indicus (LC50 from
2098.80 to 7707.13 ppm), although D. indicus is more sensible (SI/PSF from 48.56 to 252.02 ppm) to
essential oil, representing a natural alternative against these relevant vectors. 

Introduction
Malaria and dengue are fatal infections diseases caused by etiological agents of the Plasmodium
(Plasmodidae) and Flavivirus (Flaviviridae) genera, which in 2019 caused respectively 229 and 390
million infections in all the world (PAHO 2020a; WHO 2021), while in South of America, 65% of these
infections occurred in Brazil (WHO 2020; PAHO 2020b). In Brazil, malaria is mainly transmitted by the
mosquito of the species Anopheles darlingi, while An. nuneztovari, An. triannulatus and An. albitarsis are
secondary transmitters (Consoli and Lourenço 1994). These mosquitoes are endemic to the rural area of
the State of Amazonas, which concentrates 99% of cases of the disease, with 157.454 infections and 37
deaths reported only 2019 (Ministry of Health 2021a, b). On the other hand, dengue is endemic to urban
areas due to the characteristics of the main vector, Aedes aegypti, while Ae. albopictus is classified as a
secondary vector (WHO 2021). In 2019, Brazil notified to the World Health Organization, 1.544.987
infections and 1.077 deaths were caused by dengue (Ministry of Health 2019). Difficulties in controlling
dengue and malaria occur because the vectors are resistant to commercial insecticides, which are also
toxic to non-target predators (Braga and Valle 2007; Melo-Santos et al. 2010; Nogueira et al. 2010;
Aguirre-Obando et al. 2016). This resistance was identified as one determining factor for the
dissemination of malaria and dengue epidemics that occurred in Brazil between 2010 and 2016 (Ministry
of Health 2021a, b). Actually, plant-based products, especially essential oils, are promising natural
insecticides (Qin et al. 2010; Marques et al. 2017; Janarium et al. 2018), for example, essential oils from
Zanthoxylum limonella Alston (Rutaceae) against Ae. aegypti (Soonwera et al. 2017) and Kaempferia
galanga L. (Zingiberaceae) evaluated against Ae. vittatus and An. maculatus (Culicidae) (AlSalhi et al.
2020).
The Piper genus is the largest in the Piperaceae family, with approximately 2.000 plant species
(Marques and Kaplan 2015), to which essential oils have shown promising biological activities against
mosquitoes of the Aedes and Anopheles genera (Matasyoh et al. 2011; Villamizar et al. 2017; Kanis et al.
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2018). P. purusanum C.DC have a restricted distribution in the State of Amazonas, Brazil (Guimarães et
al. 2020), with no chemical and biological knowledge reported so far. Thus, in the present work, the
essential oil from the leaves of P. purusanum was characterized by GC-MS and GC-FID, and evaluated as
biodefensive against malaria and dengue vectors based on inhibition egg hatching, larvicidal and
anticholinesterase activities, and toxicity against non-target predators. In addition, the main compounds
from essential oil were also evaluated as potential biodenfensive agents.

Materials And Methods
Instruments and chemicals

A knife mill (SL-31, Solab, Brazil), a heating mantle (52E, Fisatom, Brazil) and a chiller (Julabo GMBH,
Biovera, Brazil) were used in the essential oil distillation procedure. A pH meter (PHS3BW, Bel Engineering,
Brazil) and a refractometer (Master-T, Atago, Brazil) were used to measure the physical chemistry
properties of the essential oil.  A GC-MS system constituted by a Trace GC Ultra gas chromatograph
coupled to an ISQ mass spectrometer (Thermo Scientific, USA) and a GC-FID system (G-1860 Plus,
Agilent equipment, USA) were used for the chemical analysis of the essential oil. A microplate reader
(ELx800, Biotek, USA) was used in the acetylcholinesterase (AChE) assay. A microscope (Stemi 200-C,
Zeizz, Germany) was used in the egg hatch inhibition test.

The AChE from Electrophorus electricus (200-1.000 units/mg protein), 5,5'-dithiobis-2-nitrobenzoic acid
(DTNB) (98%), acetylcholine iodide (AChI) (97%), tris(hydroxymethyl)aminomethane (99.8%), β-
caryophyllene (80%), α-humulene (90%), MeOH (99.8%), temephos (Pestanal® 95%), anhydrous sodium
sulfate (Na2SO4) (99%), n-alkanes series (C8-C30) (Supelco) and dimethylsulfoxide (DMSO) (99.7%) were
purchased from Merck, Brazil. The germacreno D (99%) was purchased from Jinlan Pharm-Drugs
Techlonogy, Hangzhou, China.

Plant collection and distillation of essential oil

The leaves of P. purusanum were collected in September, 2015, in Manaus, Amazonas, Brazil (Latitude
2°46'58.2''S, Longitude 60°05'2.8''W). The voucher (HUAM No. 11425) was deposited in the herbarium at
Federal University of Amazonas. For the essential oil extraction, 50 g of the powdered leaves of P.
purusanum were subjected to hydrodistillation using a Clevenger-type apparatus for 1 h. The essential oil
was dried using anhydrous sodium sulfate (Na2SO4) and stored in an ambar glass vial at - 4 °C until
analysis (de Oliveira et al. 2020). The values of pH, refractive index (Anjali et al. 2012), density and yield
also were determined (Girard et al. 2007). All of the procedures were conducted in triplicate. 

GC-MS and GC-FID analyses of essential oil

The GC-MS and GC-FID analyses of essential oil from P. purusanum were performed according to with
previously reported methodology (de Oliveira et al. 2020). The retention index (RI) was obtained using the
n-alkanes series (C8-C30) and the Van Den Dool and Kratz equation (Van Den Dool and Kratz, 1963). The
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identification of each compound was done by comparison of the obtained retention index with the ones
found in the literature (Adams 2017; NIST 2020).

Mosquitoes rearing 

The Ae. aegypti and Ae. albopictus mosquitoes were reared at the Laboratório de Malária e Dengue at
INPA under controlled temperature (26 ± 3 °C), relative humidity (85%) and photoperiod (24 h) (Silva et al.,
2014). Mosquitoes of the species An. triannulatus, An. darlingi, An. nuneztovari and An. albitarsis were
collected following the WHO methodology (WHO 1975) at the Ramal Brasileirinho (Latitude 3°0'42.9''S,
Longitude 59°52'29.9''W), Manaus, Amazonas, Brazil. These mosquitoes were identified using taxonomic
keys (Gorham et al. 1973; Faran and Linthicum 1981; Consoli and Lourenço 1994) and reared in the same
conditions. The blood meal of female mosquitoes was performed in Mesocricetus auratus (Cricetidae)
hamsters.

Egg hatch inhibition assay

Egg hatch inhibition was evaluated following the method described by Rajkumar et al. (2011) with some
modifications. Briefly, the eggs (n = 100) were divided into five groups (20 eggs each), distributed in
plastic cups (200 mL) and treated for 3 h with concentrations from 1.95 to 31.25 ppm of the essential
oil, β-caryophyllene, germacrene D and α-humulene prepared in 1 mL of DMSO. Each concentration
contained five replicates. Subsequently, the eggs were transferred to plastic cups containing 100 mL of
distilled water. DMSO and temephos also were evaluated at these concentrations. Eggs were observed
under a microscope after 120 h to evaluate the percentage of inhibition at each concentration using the
formula: number of unhatched eggs / Total number of eggs exposed x 100. 

Larvicidal assay

The larvicidal activity was carried out following the WHO (2005) protocol. The 3rd instar larvae (n = 100)
were distributed in plastic cups (500 mL) containing 249 mL of distilled water and essential oil
concentrations (25 to 125 ppm), β-caryophyllene, germacrene D and α-humulene (10 to 50 ppm) prepared
in 1 mL of DMSO. Concentrations were followed by five replicates. DMSO was evaluated at
concentrations from 25 to 125 ppm, while temephos was evaluated at concentrations from 0.78 to 12.5
ppm. The percentage of activity at each concentration was calculated after 24 h using the equation (1).

Toxicity assessment in non-target predators

The toxicity of essential oil, β-caryophyllene, germacrene D and α-humulene was evaluated following the
methodology described by Sivagnaname and Kalyanasundaram (2004), with some modifications. Briefly,
the species A. bouvieri (Hemiptera), D. indicus (Heteroptera), T. splendens (Culicidae) and G. affinis
(Poeciliidae) were collected at INPA and identified using a taxonomic key (Hamada et al. 2014). Besides,
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these samples were acclimated in a tank glass (90 cm in diameter and 40 cm deep) containing 5 L of
potable water for 24 h and distributed in plastic cups containing 499 mL of potable water and
concentrations of 250 to 2000 ppm prepared in 1 mL of DMSO. The negative control was evaluated at
these concentrations, while temephos was evaluated at concentrations from 0.78 to 12.5 ppm. Mortality
and slow movements were monitored for 20 days. The Suitability index (SI) or Predator safety factor
(PSF) was calculated for each species of predator using the equation (2) (Deo et al. 1988).

Acetylcholinesterase inhibition assay (AChE)

Inhibition of AChE was performed by the colorimetric methodology described by Ellman et al. (1961) with
modifications. Briefly, neostigmine (1 mg) and AChE (10 μL) were prepared in phosphate buffer (1 mL) of
a 0.1M solution at pH 8, while β-caryophyllene, germacrene D, α-humulene and essential oil (1 mg) were
prepared in MeOH (1 mL) and evaluated at concentrations from 0.07 to 10 ppm. The test was performed
in triplicate using a 96-well microplate incubated in an environment protected from light for 15 minutes.
Negative and positive controls were evaluated under these conditions. Absorbance readings were taken
ten times at a wavelength of 405 nm for 30 min with an interval of 5 min. The percentage of inhibition at
each concentration was calculated according to the equation (3).

where: A1 is the absorption of the samples and the enzyme, A2 is the absorption of the enzyme without
the sample, and A3 is the sample absorption without the enzyme.

Statistical analysis

Probit analysis (Finney 1971) was used to identify the LC50 and LC90 using the PoloPlus program (Leora
Software Berkeley, CA, USA). In the AChE assay, absorbances were normalized and analyzed using the
non-linear regression method to identify the IC50. All data were analyzed using ANOVA followed by Tukey
test (p < 0.05) through the GraphPad Prism statistical program version 7 (de Oliveira et al. 2020). 

Results And Discussion
Essential oil analysis

The essential oil was extracted from P. purusanum leaves with a yield of 4.2 ± 0.7%, pH of 5.3 ± 1.9,
density of 0.974 g/cm3 and refractive index of 1.941. The GC-MS and GC-FID analysis pointed
sesquiterpenes oxygenated and sesquiterpenes hydrocarbons, especially β-caryophyllene (57.50%), α-
humulene (14.50%), germacrene D (8.20%) (Fig. 1), E-nerolidol (4.20%) and caryophyllene oxide (3.46%)
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as the main compounds in the essential oil (Table 1). This chemical profile is similar to that observed in
the essential oils of the species P. amalago L., P. umbellatum L., P. dilatatum LC, Rich, P. leptorum Kunth, P.
amplum Kunth, P. gaudichaudianum Kunth and P. crassinervium Kunth, which demonstrated significant
anti-cancer, anti-inflammatory, antibacterial, repellent, anti-fungal, anti-malarial, anti-leishmanial, and
larvicidal activities (Guerrini et al. 2009; Andrade et al. 2011; Kelly et al. 2014; Vaz et al. 2016; Ventorim et
al. 2016; Ravi et al. 2006; Raphael et al. 2013; Sperotto et al. 2013; Nararak et al. 2020). 

Egg hatch assay

The leaves essential oil of P. purusanum from 15.62 to 31.25 ppm showed higher activity in inhibiting the
hatching of eggs (Table 2) of Ae. aegypti, Ae. albopictus, An. albitarsis, An. triannulatus, An. darlingi and
An. nuneztovari (63.3 ± 5.1 to 98.0 ± 3.4%) than temephos (7.0 ± 2.1 to 57.0 ± 1.1%) (p < 0.05), as well as
to β-caryophyllene (0.6 ± 0.5 to 54.6 ± 7.2%), α-humulene (1.0 ± 1.0 to 61.3 ± 5.8%) and germacrene D
(1.3 ± 1.5 to 54.6 ± 2.5%) (p < 0.05) sesquiterpenes. Similar results to the essential oil of P. purusanum
were observed in the species Limonia acidissima L. (Rutaceae), Sophora alopecuroides (Fabaceae) and
Coleus aromaticus (Lamiaceae), whose main compounds were niloticin, sophocarpin, and β-
caryophyllene, respectively (Reegan et al. 2014; Baranitharan et al. 2017; Shoukat et al. 2020).

The inhibition of hatching of eggs caused by essential oils and commercial insecticides occurs by
inhibiting the synthesis of ecdysone, juvenile hormone, and chitin, which causes the death of the embryon
due to malformation (Suman et al. 2013). Furthermore, these promising agents also obstruct the chorion,
preventing the exchange between CO2 and O2 gases resulting in the accumulation of CO2 within the eggs
causing embryo death from anoxia (de Oliveira et al. 2020; Kala et al. 2019; Mehlhorn et al. 2011).

Larvicidal assay

The essential oil of P. purusanum showed high activity against An. nuneztovari, An. triannulatus, An.
darlingi and An. albitarsis larvae (LC50 from 49.84 to 51.61 ppm) (Table 3), as well as against Ae. aegypti
and Ae. albopictus larvae (LC50 from 42.62 to 53.41 ppm) (Table 4). On the other hand, the β-
caryophyllene, α-humulene and germacrene D showed higher activity against Anopheles (LC50 from 24.49
to 33.08 ppm) and Aedes larvae (LC50 from 28.11 to 35.96 ppm) than essential oil (p < 0.05). However,
the activity of essential oil and sesquiterpenes were lower (p < 0.05) than temephos (LC50 from 3.85 to
5.45 ppm) and Aedes larvae (LC50 from 3.21 to 2.75 ppm).

The larvicidal activity of the essential oil of P. purusanum is in agreement with previously published data
to species P. capense LF (LC50 from 34.9 to 85.10 ppm), P. corcovadensis (Miq.) (LC50 from 30.52 ppm)
and P. alatipetiolatum Yunck (LC50 of 33.74 ppm) (Piperaceae), which presented significant activity
against Aedes, Anopheles and Culex larvae (Govindarajan et al. 2011; Matasyoh et al. 2011; da Silva et al.
2016; de Oliveira et al. 2020). Furthermore, the larvicidal activity of β-caryophyllene, α-humulene and
germacrene D corroborates other larvicidal studies (Ravi et al. 2006; Govindarajan and Benelli 2016a, b).
Although caryophyllene oxide, α-terpineol, β-selinene and E-nerolidol were not investigated in our study,
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they are important larvicidal agents (Cheng et al. 2004; Pavela 2015; Huang et al. 2019), and could
contribute through a synergic effect to the improvement of the larvicidal activity.

During the experiments, the larvae showed tremors, slow movements, extrusion of the peritrophic
membrane and darkening of the whole body. These changes also observed in other essential oil studies
are triggered by the collapse of the central nervous system after inhibition of the enzyme
acetylcholinesterase, as well as inhibition of the digestive and hormonal system (Abed et al. 2007; Barreto
et al. 2007; Al-Mehmadi and Al-Khalaf 2010). 

Toxicity to non-target predators

The results of toxicity against non-targed predators A. bouvieri, T. splendens, G. affinis and D. indicus
were presented in table 5 and showed that the LC50 values of the essential oil from P. purusanum (LC50

from 2506.56 to 7707.13 ppm), β-caryophyllene (LC50 from 4418.14 to 6335.83 ppm), α-humulene (LC50

from 2386.94 to 6082.02 ppm) and germacrene D (LC50 from 2098.80 to 5429.94 ppm) were lower than
temephos (LC50 of 4.85 to 5.81 ppm). In addition, the SI/PSF values against Anopheles was from 48.57
to 252.02 (Table 6) and SI/PSF values against Aedes was from 46.93 to 216.36 (Table 7), suggesting
that the LC50 values of the essential oil, β-caryophyllene, α-humulene and germacrene D are not toxic to
these predators (Table 3 and 4). Moreover, the swimming activity of predators was not affected by
essential oil and sesquiterpenes during the 20 days. 

The species A. bouvieri, T. splendens, G. Affinis, D. Indicus and Poecilia reticulata (Poeciliidae) are
important bioindicators of the toxicity of natural plant products (Govindarajan 2016; Benelli et al. 2018).
For example, the extract of Monofilla atlantia (Roxb.) A.DC (Rutaceae) (LC50 from 0.14 to 23.36 mg/mL)
(Sivagnaname and Kalyanasundaram 2004) and the compound thymol (LC50 from 12.51 to 10.99
mg/mL) were more toxic against P. reticulata than 1,8-cineole (LC50 from 3997.07 to 1701.93 mg/mL)
(Bullangpoti et al. 2018).

Acetylcholinesterase inhibition assay (AChE)

The AChE inhibitory activity of P. purusanum essential oil (IC50 of 2.29 ppm) was higher than β-
caryophyllene (IC50 of 5.37 ppm), α-humulene (IC50 of 4.36 ppm) and germacrene D (IC50 of 10.91 ppm)
(Table 8). Besides, the AChE inhibitory activity was IC50 of 0.77 ppm for neostigmine. The enzymatic
action of the essential oil of P. purusanum corroborates with species P. hispidum Sw., (IC50 of 0.01 ppm),
P. anonifolium Kunth, (IC50 of 0.01 ppm), P. aleyreanum C.DC (IC50 of 10 ppm) (Kelly et al. 2014) and P.
betle L. (IC50 of 0.11 to 0.47 ppm) (Karak et al. 2018).

The literature demonstrates that several compounds obtained from plants and essential oils present high
AChE inhibitory activity, for example, Acorus calamus L.  (Acoraceae) (IC50 of 9.48 ppm), Cyperus
rotundus L. (Cyperaceae) (IC50 of 22.05 ppm), Azadirachta indica A. Juss. (Meliaceae) (IC50 of 5.8 ppm)
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(Vinutha et al., 2007), 1,8-cineole (IC50 of 670 µM), (+)-a-pinene (IC50 of 630 µM) and (+)-pulegone (IC50 of
890 µM) (Houghton et al. 2006).

Inhibition of AChE results in exhaustive stimulation of neurons due to the accumulation of acetylcholine
in the synaptic slit, causing the collapse of the central nervous system, and resulting in exhaustive
muscle contraction, involuntary muscle contractions, tremors, later lethargic movements that follow the
death of the mosquitoes (Vinutha et al. 2007; Al-Mehmadi and Al-Khalaf 2010). These reactions were
also observed with Anopheles and Aedes larvae, as well as extrusion of the peritrophic membrane and
darkening of the larvae during exposure to P. purusanum essential oil, β-caryophyllene, α-humulene and
germacrene D. Due to the complexity of the chemical composition of essential oils, the mechanisms of
action are attributed to the various compounds and their ability to penetrate the insects body, acting on
specific enzymes of the central nervous system (AlSalhi et al. 2020), digestive and hormonal (Lee et al.
2002; Barreto et al. 2007). The extrusion of the peritrophic membrane is classified as a defense
mechanism for larvae to expel toxic compounds from the intestine (Abed et al. 2007). Darkening is
caused by inhibition of the endocrine system, causing overlapping cuticles (Demirci et al. 2017). Thus,
AChE inhibition can not be interpreted as the only mode of action (Kelly et al. 2014; AlSalhi et al. 2020). 

Conclusion
In the present study, the first description of the chemical profile of the essential oil of P. purusanum and
its insecticidal activity against vectors mosquitoes of malaria and dengue and non-target predators was
reported. The obtained results demonstrate that P. purusanum essential oil and its main compounds are
promising natural insecticide agents against malaria and dengue vectors without toxicity against non-
target predators. The investigation of the effects of essential oils and their main compounds on predators
allows us to understand several parameters such as toxicity and selectivity. Thus, these results
demonstrate that the essential oil of P. purusanum, as well as β-caryophyllene, α-humulene and
germacrene D can be considered an effective alternative in the control of malaria and dengue.
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Tables
Table 1. Chemical composition of essential oil of leaves from Piper purusanum.

Compounds Area (%)a RIcalc RIlit Identification

Linalool 0.52 1095 1096  RI, MS

α-Terpineol 1.54 1186 1188 RI, MS

β-caryophyllene 57.05 1419 1417 RI, MS

α-Humulene 14.50 1454 1452 RI, MS

γ-Muurolene 0.60 1479 1478 RI, MS

Germacrene D 8.20 1481 1484 RI, MS

β-Selinene 2.10 1490 1489 RI, MS

α-Selinene 4.42 1498 1500 RI, MS

δ-Cadinene 2.40 1523 1525 RI, MS

E-Nerolidol 4.20 1563 1561 RI, MS

Caryophyllene oxide 3.46 1583 1552 RI, MS

Eudesmol 0.84 1662 1663 RI, MS

Total of identified (%) 94      

RIcalc - Retention index calculated using n-alkanes (C8-C30) on the TR5 column. RIlit - Retention index
literature (Adams 2007; NIST 2020; in-house library). a – Relative area calculated from the peak area

https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
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relative to the total peak area in the GC-FID chromatogram. MS - Mass spectra compared with literature
(Adams 2007; NIST 2020; in-house library). Mach in percentage.

Table 2. Inhibitory activity from Piper purusanum essential oil and its main sesquiterpenes in eggs of
Aedes and Anopheles eggs.



Page 19/29

  Eggs Concentration (ppm)

1.95 3.90 7.81 15.62 31.25

Essential oil Ae. aegypti 0.0 ±
0.0a

7.6 ± 1.5ª 20.0 ± 2.0a 63.3 ± 5.1ª 84.6 ± 3.0a

Ae. albopictus 0.0 ±
0.0a

12.3 ± 1.5b 45.6 ± 3.0b 72.0 ±
3.0bf

81.6 ± 2.5b

An. albitarsis 0.0 ±
0.0a

16.6 ± 1.5c 37.3 ± 2.5c 88.3 ± 2.5c 95.6 ± 4.5c

An.
triannulatus

0.0 ±
0.0a

12.0 ±
2.0db

54.3 ± 3.0d 90.0 ± 3.6d 94.6 ±
5.5dc

An. darlingi 0.0 ±
0.0a

17.0 ±
2.0ec

49.3 ± 2.5e 96.0 ± 4.0e 98.0 ± 3.4e

An.
nuneztovari

0.0 ±
0.0a

11.3 ±
2.0fb

42.6 ± 3.0f 73.0 ± 3.0f 87.3 ± 2.5f

             

β-
caryophyllene

Ae. aegypti 0.0 ±
0.0a

2.6 ± 1.5ª 10.3 ± 2.5ª 25.6 ± 4.1ª 45.6 ± 3.0a

Ae. albopictus 0.0 ±
0.0a

1.6 ± 1.5b 9.3 ± 1.5b 34.3 ± 3.0b 50.6 ± 1.5b

An. albitarsis 0.0 ±
0.0a

2.0 ± 0.1ab 10.3 ± 1.5a 27.6 ± 3.2c 48.3 ± 3.0c

An.
triannulatus

0.0 ±
0.0a

1.3 ±
1.5cbd

7.0 ± 2.0c 34.3 ±
2.5db

47.3 ± 3.2d

An. darlingi 0.0 ±
0.0a

0.6 ± 0.5de 9.3 ± 1.5db 33.3 ± 2.5e 54.6 ± 7.2e

An.
nuneztovari

0.0 ±
0.0a

1.3 ± 1.5eb 10.6 ± 0.2a 36.0 ± 2.6f 48.6 ±
1.5fc

             

α-Humulene Ae. aegypti 0.0 ±
0.0a

2.3 ± 2.0a 15.6 ± 1.5ª 35.6 ± 1.5ª 58.3 ± 1.2ª

Ae. albopictus 0.0 ±
0.0a

3.6 ± 2.5b 19.3 ± 1.5b 39.3 ± 1.5b 57.0 ± 5.2b

An. albitarsis 0.0 ±
0.0a

5.3 ± 3.2c 16.6 ± 0.5c 41.3 ± 1.4c 55.0 ± 3.6c

An. 0.0 ± 19.3 ± 35.6 ± 1.2ª 57.6 ±
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triannulatus 0.0a 1.0 ± 1.0d 1.5db 3.5ab

An. darlingi 0.0 ±
0.0a

5.0 ± 2.0ec 18.0 ± 2.6e 43.3 ± 1.8d 61.3 ± 5.8d

An.
nuneztovari

0.0 ±
0.0a

4.3 ±
1.5fbe

18.3 ±
1.5fe

36.3 ± 2.0a 51.0 ± 3.6e

             

Germacrene D Ae. aegypti 0.0 ±
0.0a

0.0 ± 0.0a 5.6 ± 1.4ª 24.3 ± 3.0a 51.6 ± 3.0a

  Ae. albopictus 0.0 ±
0.0a

0.0 ± 0.0a 1.3 ± 1.5b 25.6 ± 1.4b 49.0 ± 2.0b

  An. albitarsis 0.0 ±
0.0a

0.0 ± 0.0a 4.3 ± 1.5c 20.6 ± 1.5c 48.0 ± 3.0c

  An.
triannulatus

0.0 ±
0.0a

0.0 ± 0.0a 5.6 ± 2.0a 18.3 ± 1.4d 49.6 ± 2.5d

  An. darlingi 0.0 ±
0.0a

0.0 ± 0.0a 1.3 ± 1.5db 16.0 ± 2.6e 51.3 ± 2.0a

  An.
nuneztovari

0.0 ±
0.0a

0.0 ± 0.0a 3.6 ± 1.3f 22.3 ± 1.5f 54.6 ± 2.5f

             

Temephos Ae. aegypti 0.0 ±
0.0a

11.0 ± 2ª 20.9 ± 1.0a 39.0 ± 2.2ª 49.1 ± 2.4ª

  Ae. albopictus 0.0 ±
0.0a

9.2 ± 1.1b 15.1 ± 2.2b 32.3 ± 3.2b 49.6 ± 1.5ª

  An. albitarsis 0.0 ±
0.0a

11.5 ± 2.4a 17.0 ± 3.0c 44.0 ± 2.4c 56.0 ± 2.6b

  An.
triannulatus

0.0 ±
0.0a

13.0 ± 2.2c 19.0 ± 3.0d 34.1 ± 2.1d 57.0 ± 1.1c

  An. darlingi 0.0 ±
0.0a

7.0 ± 2.1d 15.1 ±
1.1eb

37.0 ± 3.2e 46.0 ± 1.1d

  An.
nuneztovari

0.0 ±
0.0a

12.5 ±
3.0ec

19.0 ±
3.0fd

34.0 ±
3.2fd

44.0 ± 1.7e

Each value represents the mean of five replicates ± SD. Values carrying different letters in each column
are statistical differences by ANOVA Tukey’s test p < 0.05. The negative control (1.95 to 31.25 ppm)
presented eggs hatched from 97.5 ± 2.1 to 100 ± 0.0%.
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Table 3. Larvicidal activity of essential oil from Piper purusanum and its main sesquiterpenes in
Anopheles larvae.
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  Larvae LC50 (ppm) (LCL-
UCL)

LC90 (ppm) (LCL-
UCL)

χ2(Df) Slope ±
SE

Essential oil An.
nuneztovari

51.60a (40.769-
61.806)

101.17 (82.016-
146.279)

7.1(3) 4.383 ±
0.331

  An.
triannulatus

51.61a (43.164-
59.634)

96.07 (81.187-
124.824)

5.0(3) 4.750 ±
0.353

  An. darlingi 49.84a (42.553-
56.776)

91.82 (78.902-
114.696)

4.2(3) 4.830 ±
0.357

  An. albitarsis 50.05a (38.915-
60.469)

100.91 (81.039-
149.314)

7.2(3) 4.209 ±
0.321

           

β-
caryophyllene

An.
nuneztovari

28.86a (24.548-
33.350)

51.82 (42.994-3.001) 5.9(3) 5.041 ±
0.404

  An.
triannulatus

26.52a (24.831-
28.197)

46.51 (42.770-
51.738

0.6(3) 5.253 ±
0.412

  An. darlingi 25.14a (23.172-
27.158)

54.73 (48.603-
63.868)

2.8(3) 3.794 ±
0.308

  An. albitarsis 26.36a (24.437-
28.336)

53.92 (48.308-
62.182)

0.6(3) 4.124 ±
0.331

           

α-Humulene An.
nuneztovari

26.63a (24.832-
28.423)

49.56 (45.135-
55.885)

0.3(3) 4.749 ±
0.378

  An.
triannulatus

33.08b (31.010-
35.315)

61.41 (54.978-
71.371)

0.2(3) 4.769 ±
0.424

  An. darlingi 30.36ab (28.020-
32.936)

68.88 (59.600-
83.958)

0.4(3) 3.602 ±
0.323

  An. albitarsis 37.42c (34.558-
40.982)

82.58 (69.875-
104.840)

2.0(3) 3.729 ±
0.365

           

Germacrene
D

An.
nuneztovari

32.36a (30.378-
34.459)

58.68 (52.910-
67.430)

0.4(3) 4.958 ±
0.432

  An.
triannulatus

30.31a (28.294-
32.424)

58.53 (52.427-
67.784)

0.3(3) 4.485 ±
0.385

  An. darlingi 24.49b (22.803-
26.165)

45.11 (41.294-
50.407)

0.1(3) 4.833 ±
0.372
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  An. albitarsis 31.22a (29.333-
33.178)

55.46 (50.374-
63.004)

0.4(3) 5.136 ±
0.437

           

Temephos An.
nuneztovari

3.93a (3.401-4.509) 14.29 (11.810-
18.178)

0.2(3) 2.287 ±
0.174

  An.
triannulatus

3.85a (3.371-4.369) 11.95 (10.085-
14.785)

0.1(3) 2.606 ±
0.196

  An. darlingi 5.21b (4.644-5.828) 13.71 (11.750-
16.676)

0.2(3) 3.050 ±
0.234

  An. albitarsis 5.45b (4.787-6.182) 17.72 (14.736-
22.382)

0.4(3) 2.503 ±
0.189

LC50 and LC90 - Concentrations needed to kill 50% and 90% of larvae. LCL - Lower confidence limit of

95%. UCL - Upper confidence limit of 95%. χ2 – p < 0.05. level of significance of Chi-square value. Df -
Degree of freedom. Letters in the same column indicate statistical differences (ANOVA and Tukey p <
0.05). No mortality was observed in the negative control.

Table 4. Larvicidal activity of essential oil from Piper purusanum and its main sesquiterpenes in Aedes
larvae.
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  Larvae LC50 (ppm) (LCL-
UCL)

LC90 (ppm) (LCL-
UCL)

χ2 (Df) Slope ± SE

Essential oil Ae. aegypti 53.41b (49.773-
56.940)

91.01 (84.285-
99.953)

2.8(3) 5.536 ±
0.414

  Ae.
albopictus

42.62a (34.627-
49.929)

88.63 (74.059-
116.525)

4.3(3) 4.030 ±
0.315

           

β-
caryophyllene

Ae. aegypti 29.97a (28.313-
31.611)

48.34 (44.802-
53.356)

0.2(3) 6.170+-0.512

  Ae.
albopictus

31.09b (29.218-
33.021)

54.92 (49.942 to
62.313)

0.7(3) 5.187+-0.447

           

α-Humulene Ae. aegypti 28.11a (26.301-
29.940)

51.100 (46.568-
57.626)

0.1(3) 4.940 ±
0.403

  Ae.
albopictus

28.89b (27.199-
30.570)

48.28 (44.556-
53.554)

0.5(3) 5.748 ±
0.474

           

Germacrene
D

Ae. aegypti 35.96b (33.953-
38.183)

61.46 (55.474-
70.817)

0.1(3) 5.507 ±
0.513

  Ae.
albopictus

33.51a (31.270-
36.014)

66.43 (58.534-
79.065)

0.0(3) 4.313 ±
0.393

           

Temephos Ae. aegypti 3.21b (2.936-
3.529)

6.63 (5.833-7.797) 2.8(3) 4.082 ±
0.312

  Ae.
albopictus

2.75a (2.210-
3.440)

5.25 (4.069-8.442) 6.4(3) 4.560 ±
0.368

LC50 and 90 - Concentrations needed to kill 50% and 90% of larvae. LCL - Lower confidence limit of 95%.

UCL - Upper confidence limit of 95%. χ2 - Non significant Chi-square (p < 0.05). Df - Degree of freedom.
Letters in the same column indicate statistical differences (ANOVA and Tukey p < 0.05). No mortality was
observed in the negative control.

Table 5. Toxicity of essential oil from Piper purusanum and its main sesquiterpenes in non-target
predators.
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  Predators LC50 (ppm)
(LCL-UCL)

LC90 (ppm) (LCL-UCL) χ2 (Df) Slope ± SE

Essential oil A.
bouvieri

7707.13a

(3950.840-
135645.468)

24903.72
(8183.569- 3183691.715)

1.48(5) 2.516 ± 0.808

  T.
splendens

4967.50b

(3203.262-
23203.605)

11633.046 (5555.462-
164614.729)

0.40(5) 3.468 ± 1.004

  G. affinis 7465.93c

(3776.745-
27751.616)

21659.25 (7120.796-
11450761.325)

0.64(5) 2.771 ± 0.991

  D. indicus 2506.56d

(1957.622-
5873.229)

4313.126 (2786.461-
20242.556)

0.40(5) 5.437 ± 1.563

           

β-
caryophyllene

A.
bouvieri

6335.83a

(3830.667-
21592.921)

26409.50 (10510.022-
260590.887)

2.57(5) 2.067 ± 0.453

  T.
splendens

4418.14b

(3097.966-
10330.971)

11823.55 (6239.198-
56593.581)

2.69(5) 2.998 ± 0.649

  G. affinis 5424.84c

(3313.846-
38027.706)

13344.40 (5850.323-
368884.286)

3.11(5) 3.278 ± 1.012

  D. indicus 4524.95d

(3144.723-
10631.760)

12826.59 (6624.054-
62749.488)

3.93(5) 2.832 ± 0.601

           

α-Humulene A.
bouvieri

5534.53a

(3557.791-
14876.619)

22826.33 (9934.008-
153027.914)

4.59(5) 2.083 ± 0.420

  T.
splendens

4162.19b

(3003.536-
8489.781)

11673.61 (6378.430-
45232.403)

4.95(5) 2.861 ± 0.565

  G. affinis 6082.02c

(3649.216-
27140.183)

19492.24 (7999.169-
277482.167)

3.34(5) 2.534 ± 0.648

  D. indicus 2386.94d

(1938.517-
3905.869)

4678.51 (3132.171-
12403.013)

4.45(5) 4.385 ± 0.941



Page 26/29

           

Germacrene
D

A.
bouvieri

5429.94a

(3522.213-
14125.298)

22253.293 (9828.860-
140883.873)

3.76(5) 2.092 ± 0.416

  T.
splendens

3926.30b

(2541.030-
20317.147)

11435.69 (5040.302-
292789.666)

8.15(5) 2.760 ± 0.506

  G. affinis 4439.74c

(3112.705-
10045.497)

12658.45 (6613.556-
58371.571)

4.58(5) 2.816 ± 0.586

  D. indicus 2098.80d

(1713.703-
5700.298)

3255.529 (2240.195-
22069.924)

5.83(5) 6.722 ± 1.639

           

Temephos A.
bouvieri

4.99a (4.534-
5.510)

10.93 (9.494-13.085) 0.15(3) 3.767 ± 0.292

  T.
splendens

4.85b (4.443-
5.312)

9.50 (8.399-11.137) 0.33(3) 4.394 ± 0.352

  G. affinis 5.81c (5.373-
6.283)

9.71 (8.744-11.145) 0.07(3) 5.743 ± 0.513

  D. indicus 5.82c (4.869-
7.057)

12.35 (9.668-18.528) 3.93(3) 3.925 ± 0.322

LC50 and LC90 - Concentrations needed to kill 50% and 90% of larvae. LCL - Lower confidence limit of

95%. UCL - Upper confidence limit of 95%. χ2 - Non significant Chi-square (p < 0.05). Df - Degree of
freedom. Letters in the same column indicate statistical differences (ANOVA and Tukey p < 0.05). No
mortality was observed in the control.

Table 6. Suitability index / Predator Safety Factor in different predators exposed to the essential oil of
Piper purusanum and its sesquiterpenes in Anopheles larvae
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  Predators An. nuneztovari An. triannulatus An. darlingi An. albitarsis

Essential oil A. bouvieri 149.36 149.33 154.63 153.98

  T. splendens 96.26 96.25 99.66 99.25

  G. affinis 144.68 144.66 149.79 149.16

  D. indicus 48.57 48.56 50.29 50.08

           

β-caryophyllene A. bouvieri 219.53 238.90 252.02 240.35

  T. splendens 153.08 166.59 175.74 167.60

  G. affinis 187.97 204.55 215.78 205.79

  D. indicus 156.78 170.62 179.99 171.65

           

α-Humulene A. bouvieri 207.83 167.30 182.29 147.90

  T. splendens 156.29 125.82 137.09 111.22

  G. affinis 228.38 183.85 200.33 162.53

  D. indicus 83.63 72.15 78.62 63.78

           

Germacrene D A. bouvieri 167.79 179.14 221.72 173.92

  T. splendens 121.33 129.53 160.32 125.76

  G. affinis 137.19 146.47 181.28 142.20

  D. indicus 64.85 69.24 85.70 67.22

           

Temephos A. bouvieri 1.26 1.29 0.95 1.12

  T. splendens 1.23 1.25 0.93 0.88

  G. affinis 1.47 1.50 1.11 1.06

  D. indicus 1.48 1.51 1.11 1.06

Table 7. Suitability Index / Predator Safety Factor in different predators exposed to the essential oil from
Piper purusanum and its sesquiterpenes in larvae of Aedes.
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  Predators Ae. aegypti Ae. albopictus

Essential oil A. bouvieri 144.30 180.83

  T. splendens 93.00 116.55

  G. affinis 139.78 175.17

  D. indicus 46.93 58.81

       

β-caryophyllene A. bouvieri 211.40 203.78

  T. splendens 147.41 142.10

  G. affinis 180.98 174.46

  D. indicus 150.98 145.54

       

α-Humulene A. bouvieri 196.88 191.57

  T. splendens 148.06 144.07

  G. affinis 216.36 210.53

  D. indicus 84.91 82.62

       

Germacrene D A. bouvieri 146.91 162.03

T. splendens 109.18 117.16

G. affinis 123.46 132.49

D. indicus 58.36 62.63

       

Temephos A. bouvieri 1.55 1.81

  T. splendens 1.51 1.76

  G. affinis 1.80 2.11

  D. indicus 1.81 2.11

Table 8. Acetylcholinesterase activity of the essential oil from Piper purusanum and its main
sesquiterpenes.
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  IC50 (ppm) r2

Essential oil 2.29b (1.562-2.266)* 0.9806

β-caryophyllene 5.37d (3.548-8.728)* 0.9745

α-Humulene 4.36c (2.809-7.172)* 0.9711

Germacrene D 10.91e (7.901-16.040)* 0.9670

Neostigmine 0.77a (0.596-1.022)* 0.9950

*Confidence limit of 95%. Letters in the same column indicate statistical differences (ANOVA and Tukey
p < 0.05). r2 – Linear regression.

Figures

Figure 1

The major sesquiterpenes of essential oil of Piper purusanum (ChemBioDraw Ultra).


