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RESUMO

Devido ao aumento na resisténcia de insetos-praga aos inseticidas sintéticos, os 6leos
essenciais vém sendo estudados para o desenvolvimento de alternativas eficientes e
menos prejudiciais ao meio ambiente. O 6leo essencial obtido das folhas de Croton
pulegiodorus (OEFCP) apresenta diversas atividades biolégicas entre elas atividade
inseticida; contudo, dados sobre a sua toxicidade in vivo sao limitados. Desse modo,
0 presente estudo teve como objetivo, investigar o OEFCP quanto a composi¢cao
guimica, atividade inseticida contra Sitophilus zeamais e Nasutitermes corniger, a
atividade hemolitica e a toxicidade in vivo e desenvolver formulagéo inseticida para o
controle de insetos-praga. A analise quimica revelou que 0s principais compostos
presentes no OEFCP sao ascaridol, canfora, eucaliptol e a-terpineol. No ensaio de
toxicidade ap0s ingestdo em S. zeamais, observou-se uma CLso € CLoo de 24,24 e
46,76 ulL/g por 15 dias, respectivamente. Além disso, o OEFCP apresentou efeito
dissuasor de moderado (10,0 e 12,5 pL/g) a forte (15 pL/g), causando reducéo na taxa
de consumo relativo, taxa de ganho relativo de biomassa e eficiéncia na conversao do
alimento ingerido. O OEFCP estimulou in vitro as atividades de (-D-xilanase
(+33,39%), endoglucanase (+8,28%), exoglucanase (+84,77%) e a-amilase
(+359,18%) e reduziu a atividade da tripsina (79,67%). Contra os cupins N. corniger,
0 OEFCP demostrou forte efeito fumigante, com CLso de 0,57 yL/mL para operarios e
1,63 uL/mL para soldados, em 24 horas. O 6leo puro causou mortalidade de 100%
por contato, apds 0,49 min enquanto que o tempo na concentagao a 0,4 uL/uL foi 2,08
min. O ensaio in vivo mostrou que mudangas comportamentais, como aumento da
autolimpeza e quedas, foram observadas. A atividade hemolitica sobre eritrocitos de
camundongos so foi detectada nas concentracdes de 187,5 a 1000 mg/mL. O ensaio
de toxicidade oral aguda mostrou que OEFCP reduziu o ganho de peso e 0 consumo
de &gua e alimentos, alterou os parametros hematolégicos e bioguimicos em
concentracfes que variaram de 50 a 250 mg/kg e promoveu alteracdes histologicas
no figado e nos rins sem alterar os niveis de transaminases, ureia e creatinina. A DLso
determinada foi de 460,42 mg/kg e nos testes cometa e micronucleo, ndo foram
observados efeitos genotéxicos. Uma formulacdo a base do 6leo essencial de C.
pulegiodorus para o0 controle dos insetos-praga: Aedes aegypti (L., 1762),
Nasutitermes corniger (Mots., 1855) e Sitophilus zeamais (Mots., 1855) foi
desenvolvida, e 0 processo esta registrado sob o nimero BR1020240168704. O
estudo demonstrou o potencial do OEFCP como um método alternativo no manejo do
S. zeamais e N. corniger, jA que o0 mesmo apresenta rapida acdo inseticida em
concentragcfes nao toxicas.

Palavras-chave: Insetos-praga. Metabdlitos secundarios. Cupim. Gorgulho-do-milho.
planta.



ABSTRACT

Due to the increasing resistance of insect pests to synthetic insecticides, essential oils
have been explored as efficient and environmentally friendly alternatives. The essential
oil extracted from the leaves of Croton pulegiodorus (OEFCP) exhibits several
biological activities, including insecticidal properties; however, data on its in vivo
toxicity remain limited. This study aimed to investigate the chemical composition of
OEFCP, its insecticidal activity against Sitophilus zeamais and Nasutitermes corniger,
hemolytic activity, in vivo toxicity, and to develop an insecticidal formulation for pest
control. Chemical analysis identified ascaridol, camphor, eucalyptol, and a-terpineol as
the major compounds in OEFCP. Toxicity tests after ingestion by S. zeamais revealed
LC50 and LC90 values of 24.24 and 46.76 plL/g over 15 days, respectively.
Additionally, OEFCP exhibited a moderate (10.0 and 12.5 uL/g) to strong (15 uL/g)
deterrent effect, reducing the relative consumption rate, relative biomass gain rate, and
conversion efficiency of ingested food. In vitro, OEFCP stimulated the activity of B-D-
xylanase (+33.39%), endoglucanase (+8.28%), exoglucanase (+84.77%), and a-
amylase (+359.18%), while reducing trypsin activity by 79.67%. Against N. corniger
termites, OEFCP demonstrated a strong fumigant effect, with LC50 values of 0.57
ML/mL for workers and 1.63 uL/mL for soldiers within 24 hours. The pure oil caused
100% mortality upon contact after just 0.49 minutes, while a concentration of 0.4 pL/pL
required 2.08 minutes. Behavioral changes, including increased self-cleaning and falls,
were observed during in vivo assays. Hemolytic activity in mouse erythrocytes was
detected only at concentrations between 187.5 and 1000 mg/mL. Acute oral toxicity
tests showed that OEFCP reduced weight gain and food and water consumption,
altered hematological and biochemical parameters at doses between 50 and 250
mg/kg, and induced histological changes in the liver and kidneys without affecting
transaminase, urea, or creatinine levels. The LD50 was determined to be 460.42
mg/kg, and no genotoxic effects were observed in comet and micronucleus tests. A
formulation based on the essential oil of C. pulegiodorus for the control of insect pests,
including Aedes aegypti (L., 1762), N. corniger (Mots., 1855), and S. zeamais (Mots.,
1855), was developed and registered under process number BR1020240168704. This
study highlights the potential of OEFCP as a rapid and effective insecticidal agent at
non-toxic concentrations for managing S. zeamais and N. corniger.

Keywords: Insect pests. Secondary metabolites. Termite. Corn weevil. plant.
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1 INTRODUCAO

Os insetos, pertencentes ao filo Arthropoda, subfilo Hexapoda e classe Insecta,
€ 0 grupo mais abundante e diverso de todos organismos vivos, correspondendo a
cerca de 70% das espécies existentes no planeta (Lima; Cajaiba; Sousa, 2020;
Graffunder et al., 2021). Devido ao sucesso adaptativo dos representantes desse
grupo, podem ser encontrados em praticamente todos 0s ecossistemas, sejam
terrestres ou aquaticos, habitando ambientes naturais ou modificados (Ruppert; Fox;
Barnes, 2005; Gullan; Cranston, 2017; Koop; Volpi, 2021).

Os insetos estao envolvidos na polinizacéo das plantas, dispersdo de sementes
e decomposicao de matéria organica. Além disso, algumas espécies se destacam por
serem excelentes predadores e/ou parasitoides, sendo utilizadas no controle
biologicos de pragas. Do ponto de vista socioecondmico, 0s insetos também tém
grande importancia, pois produzem mel, ceras, seda, corantes e podem ser utilizados
para a alimentacdo humana e animal (Leite, 2011; Sousa, 2019; Sverdrup-Thygeson,
2019; Santos, 2021).

No entanto, um pequeno numero de representantes é classificado como pragas
urbanas, agricolas e/ou vetores de doencas para humanos e animais, como por
exemplo, o Sitophilus zeamais Motschulsky 1855 (Coleoptera: Dryophthoridae),
Nasutitermes corniger Motschulsky 1855 (Blattodea: Termitidae) e o Aedes aegypti
Linnaeus, 1762 (Diptera: Culicidae) (Rafael; Melo; Carvalho, 2012; Gullan; Cranston,
2017). S. zeamais, conhecido popularmente como gorgulho-do-milho ou caruncho-do-
milho (Gallo et al., 2002; Lorini et al., 2015), € uma praga agricola primaria que ataca
e infesta diversos graos, apresenta infestacdo cruzada, causando grande impacto
econdmico em regides tropicais e subtropicais do planeta (Suleiman; Rosentrater;
Bern, 2015; Yang; Isman; Tak, 2020; Patin8-Bayona et al., 2021). O cupim arboricola
N. corniger, que ataca e infesta areas urbanas e agricolas, causa prejuizos na
producdo de madeira e danos irreparaveis em objetos e construcdes (Boulegne et al.,
2017; Soares et al., 2017; Lima et al., 2021). O Ae. aegypti, popularmente conhecido
como mosquito da dengue, € vetor de diversos virus, como os causadores da febre

amarela, zika, febre chikungunya e dengue, doencas que apresentam um elevado
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indice de morbidade e mortalidade (Piovezan et al., 2022; Zulfa et al., 2022; Machado
et al., 2023).

O controle desses insetos-praga ocorre tradicionalmente através da aplicacao
de inseticidas quimicos sintéticos. No entanto, o seu uso pode causar a eliminagéo de
inimigos naturais das pragas e animais nado-alvos, além de favorecer o surgimento de
populacdes resistentes e causar danos ao meio ambiente e a satde humana (Miller;
Tindall; Leonard, 2010; Pauliquevis; Conte; Favero, 2013; Dias et al., 2018). Com o
objetivo de desenvolver métodos de controle alternativos para esses insetos,
pesquisas com compostos vegetais tém ganhado destaque. Em geral, os compostos
naturais sao biodegradaveis e apresentam baixa ou nenhuma toxicidade para o meio
ambiente (Campos et al., 2014; Lozowicka et al., 2016; Sousa et al., 2022).

Os Oleos essenciais destacam-se entre o0s bioinseticidas por serem
compostos complexos, liquidos e que se degradam com facilidade no meio ambiente
(Estrela et al., 2006; Paumgartten; Delgado, 2016; Rai et al.,, 2017). Podem ser
extraidos de diversas partes das plantas, como flores, folhas, frutos, sementes, raizes
e cascas (Trancoso, 2013; Silva et al., 2019; Santos; Nogueira; Chapla, 2022). Entre
0S seus principais componentes com atividade inseticida, destacam-se os terpenos
(mono e sesquiterpenos), fenilpropanoides e alcaléides (Ribeiro; Bonilla; Lucena,
2018).

Croton pulegiodorus Baill., popularmente conhecido como velaminho, € um
arbusto que pode atingir até 1 metro de comprimento e apresenta odor caracteristico
(Silva, 2006; Flora do Brasil, 2020). No Brasil, a espécie pode ser encontrada nos
estados da Bahia, Ceard, Goias, Minas Gerais, Paraiba, Pernambuco e Piaui. A
espécie possui diversos compostos ativos, em especial monoterpenos e
sesquiterpenos, com diferentes atividades bioldgicas (Silva, 2006; Rocha, et al.,
2021). A acao inseticida (efeito fumigante, contato e repeléncia) do 6leo essencial de
C. pulegiodorus ja foi avaliada em alguns estudos contra S. zeamais, Tribolium
castaneum e Rhyzopertha dominica (Magalhaes et al., 2015; Souza et al., 2016; Silva
et al., 2019; Santos et al., 2019).

Considerando a crescente demanda por alternativas sustentaveis ao uso de

inseticidas sintéticos no manejo de pragas agricolas e urbanas, o presente estudo
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teve como objetivo investigar o potencial inseticida e a composi¢cdo quimica do 6leo
essencial extraido das folhas de C. pulegiodorus, sua toxicidade in vivo, bem como
desenvolver formulacédo inseticida eficiente para o controle do S. zeamais e N.

corniger.
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2 OBJETIVOS

2.1 GERAL

Determinar a composi¢do quimica e a atividade inseticida do 6leo essencial de
folhas de Croton pulegiodorus contra Sitophilus zeamais e Nasutitermes corniger,
além de avaliar atividade hemolitica, toxicidade oral aguda, genotoxicidade e

desenvolver formulacéo inseticida para o controle de insetos-praga.

2.2 ESPECIFICOS

Analisar a composicdo quimica e calcular o rendimento do éleo essencial obtido de

folhas de C. pulegiodorus;

Investigar a toxicidade por ingestdo e analisar o efeito do 6leo essencial de C.
pulegiodorus sobre as enzimas digestivas (exoglucanase, endoglucanase, a-

amilase, B-D-xilanase e tripsina) de S. zeamais;

Avaliar a toxicidade por fumigacdo do 6leo essencial de C. pulegiodorus sobre

soldados e operérios de N. corniger;

Analisar a toxicidade por contato e o efeito do dleo essencial de C. pulegiodorus no

comportamento de operérios de N. corniger;

Avaliar o efeito hemolitico, toxicidade aguda e a genotoxicidade do 6leo essencial
de folhas de C. pulegiodorus em camundongos.

Desenvolver formulacdo inseticida contendo o6leo essencial de folhas de C.
pulegiodorus.
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3 FUNDAMENTACAO TEORICA

3.1 Insetos-Praga

Os insetos pertencem ao filo Arthropoda (do grego arthro = articulado + podos
= pés), subfilo Hexapoda (hexa = seis + poda = pé) e classe Insecta (Santos; Silva;
Antunes, 2018). Os representantes da classe possuem uma divisdo do corpo,
conhecida como tagmose, que se organiza em cabecga, térax e abdémen. Embora
essas estruturas sejam amplamente padronizadas, ha uma enorme diversidade em
morfologia, fisiologia, ecologia e comportamento (Rafael et al., 2024).

Os insetos sdo muito importantes do ponto de vista ecoldgico e socioeconémico
e ocorrem com sua alta diversidade e abundancia em ambientes naturais e antropicos
(Rafael; Melo; Carvalho, 2012). Dentro dessa grande abundéancia de espécies, uma
pequena fracdo, inferior a 1%, é classificada como praga (Berti-Filho, 2010).
Geralmente os insetos-praga, exibem uma elevada capacidade reprodutiva e podem
transmitir doencas ou causar prejuizos econémicos (Medeiros et al., 2011).

A definicdo de inseto-praga ndo tem relacdo com a importancia ecoldgica da
espécie, mas pelos prejuizos que a espécie pode causar para 0s seres humanos, ou
seja, recebem essa designacéo quando conflitam com o bem-estar, estética ou lucros
dos seres humanos. Esses prejuizos podem ser diretos, como a transmissao de
doencas, ou indiretos, transmitindo doencas para animais domésticos, de corte ou

afetando a agricultura (Gullan; Cranston, 2017).

3.1.1 Nasutitermes corniger Motschulsky, 1855

Os cupins sao insetos eusociais que estdo agrupados na ordem
Blattodea/Blattaria, subordem Isoptera e encontram-se divididos em nove familias:
Archotermopsidae, Hodotermitidae, Kalotermitidae, Mastotermitidae, Rhinotermitidae,
Serritermitidae, Stolotermitidae, Stylotermitidae e Termitidae (Krishna et al., 2013a;
Krishna et al., 2013b; Gullan; Cranston, 2017; Gazal et al., 2023).
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Os cupins sao pequenos, podendo variar entre 3 a 25 mm de comprimento
(Rafael; Melo; Carvalho, 2012). S&o importantes para 0S ecossistemas,
desempenhando um papel essencial na decomposicdo de matéria vegetal (Viana-
Junior et al., 2021; Carambula et al., 2021). No entanto, quando presentes em areas
urbanas e agricolas, podem ser considerados pragas e 0s seus danos geralmente sao
muito elevados, excedendo muitas vezes o valor para o seu controle (Santos; Godoy;
Costa, 2022; Gazal et al., 2023).

O g¢género Nasutitermes pertence a familia Termitidae e possui
aproximadamente 257 espécies descritas, sendo nove dessas espécies fossilizadas
(Krishna et al., 2013b; Boulogne et al., 2017). Esse género recebeu esse nome devido
aos seus soldados, que apresentam uma estrutura em formato de cone na regido
frontal da cabega, conhecidos como ductos frontais ou nasais. Essa estrutura possui
glandulas que secretam substancias quimicas utilizadas para a protecdo dos
cupinzeiros (Santos, 2016).

As espécies geralmente constroem 0s seus ninhos em arvores de parques,
florestas, terras agricolas e savanas (Santos, 2015). Alguns representantes do género
Nasutitermes sao classificados como pragas agricolas relevantes, pois séo
responsaveis por causar danos a diversas culturas, como eucalipto, café, cana-de-
acucar e frutiferas. Em algumas cidades brasileiras, na qual sua expansao atingiu
areas silvestres, também sao tidos como pragas urbanas, sendo responsaveis por
danos a estruturas de madeira de edificacdes e as mobilias (Soares et al., 2017; Gazal
et al., 2023).

A espécie Nasutitermes corninger Motschulsky, 1855 (Figura 3) € nativa da
regido neotropical e foi introduzida no sul da Flérida (Estados Unidos) (Constantino,
2018; Diniz et al., 2022). O inseto-praga é mais abundante em areas florestais que
apresentam certo grau de perturbacéo (Gazal et al., 2023). O N. corninger possui
flexibilidade alimentar, podendo comer madeira dura ou macia, Umida ou seca de
diversas espécies. Desse modo, a espécie € considerada uma praga importante de
areas urbanas e agricolas (Boulegne et al., 2017; Lopes et al., 2017; Pozo-Santiago
et al., 2020).

Os cupinzeiros do N. corninger podem possuir 90 mil individuos, sendo



24

constituidos por reprodutores (rei e rainha), soldados/nasutos (que garantem a
protecdo da colénia mediante métodos quimicos e fisicos, podendo representar até
20% de todos os individuos) e pelos operarios (grandes e pequenos, Sao responsaveis
por construcdo, alimentacéo e forrageamento) (Figura 1). Nos cupinzeiros, também
podem ser encontrados ovos, ninfas, reprodutores de substituicdo e individuos
imaturos, que ndo sofreram diferenciacdo (Rafael; Melo; Carvalho, 2012; Santos,
2015; Gullan; Cranston, 2017).

Figura 1 - Nasutitermes corniger. Cupinzeiro (A); operarios e soldados (B). Operarios (O); soldados (S)

Fonte: Autor (2023).

3.1.2 Sitophilus zeamais Motschulsky, 1855

Os besouros estdo inseridos na ordem Coleoptera (do grego koleos =
bainha/estojo e pteron = asa) e representam o grupo mais diverso do planeta com
cerca de 350 mil espécies descritas (Rafael; Melo; Carvalho, 2012). Os representantes
desse grupo possuem um papel essencial em interacdes ecologicas como a herbivoria
e a predacdo e na reciclagem de nutrientes. Entretanto, algumas espécies séo
consideradas pragas, pois consomem ou danificam produtos alimenticios
armazenados (Gullan; Cranston, 2017; Ghannem; Touaylia; Boumaiza, 2018; Lima,
2021).

O Sitophilus zeamais Motschulsky 1855 (Coleptera: Dryopthoridae) (Figura 2),
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€ uma espécie cosmopolita, popularmente conhecida como gorgulho-do-milho (Athié,
2002; Lima et al., 2021; Altung et al., 2023). E considerada a praga de gréos
armazenados mais importante do mundo, pois apresenta infestacéo cruzada, podendo
causar perdas econdmicas aos produtores de grdos e sementes, no campo € no
armazenamento (Lorini et al., 2015; Fouad & Camara, 2017; Araujo et al., 2019; Barros
et al.,, 2022). Apesar do milho ser a principal fonte de alimento, a espécie também
pode se alimentar e causar danos em uma grande variedade de grdos como arroz,
trigo, cevada e aveia, além de produtos processados como macarrao e farinhas (Gofii
et al., 2017; Devi et al., 2017; Lopes, 2020).

Figura 2 - Sitophilus zeamais. Larva (A); adulto vista lateral (B) e adulto vista dorsal (C).

Fonte: Autor (2023).

As fémeas perfuram os graos/sementes com a mandibula, geralmente
depositando apenas um ovo por grdo/semente. Em seguida, elas secretam uma
substancia mucilaginosa para fechar o orificio. A substancia mucilaginosa
rapidamente endurece, deixando uma area elevada na superficie, indicando que os
graos estao possivelmente infestados (Devi et al., 2017; Hong et al., 2018).

Os ovos do S. zeamais medem aproximadamente 0,8 mm e inicialmente sdo
translicidos, tornando-se amarelos. JA as larvas possuem quatro instares de
desenvolvimento, tém cerca de 3 mm de comprimento, corpo amarelo e a cabeca
marrom (Lorini et al., 2015; Santos, 2021). A fase larval ocorre no interior do gréo e
durante seu desenvolvimento alimentam-se do endosperma do grao e geralmente os
deixam ocos (Hong et al., 2018; Oliveira et al., 2018; Pangnakorn; Chuenchookilin,
2018).
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A pupa inicialmente possui cor banca e ganha colora¢éo castanho-escuro com
0 passar dos dias (Devi et al., 2017). Apos a fase de pupa, os adultos emergidos
perfuram o gréo para a sua saida (Lorinl et al., 2015; Santos, 2021). Os adultos da
espécie, apresentam entre 2 e 3,5 mm de comprimento, possuem coloragdo castanho-
escuro com manchas vermelhas nos élitros. A cabeca é projetada para frente,
formando um rostro curvado. Nas fémeas, esse € mais longo e afilado, jA nos machos
€ mais curto e grosso (Fernandes, 2015; Hong et al., 2018; Negréo, 2019).

Em condicbes ideais de temperatura (28 + 2 °C) e umidade (60% + 10) o S.
zeamais pode apresentar uma longevidade média de 140 dias para as fémeas e 142
dias para os machos. As fémeas da espécie apresentam um periodo médio de 6 dias
de pré-oviposicdo e 104 dias de oviposi¢do. Durante esse periodo, podem ovipositar
até 250 ovos e o tempo médio de desenvolvimento do ovo para o adulto é de
aproximadamente 34 dias (Lorini et al., 2015; Hernandez-Cruz et al., 2019; Kumari et
al., 2022).

Os danos causados pelas larvas e adultos do S. zeamais podem ser
categorizados como danos qualitativos e quantitativos (Martins et al., 2022). Os danos
gualitativos ocorrem devido a reducdo do valor nutricional de grdos e da taxa
germinativa das sementes. Ja os danos qualitativos ocorrem devido a reducéo da
massa dos graos e semente. Esses danos podem causar reducdo do valor de
mercado dos graos/sementes ou podem chegar a condenar lotes inteiros de gréos
(Carneiro, 2017; Goiii et al., 2017; Silva; Vieira; Leonel, 2017).

O aumento da umidade dos gréos, ocasionado pelo ataque do S. zeamais,
também favorece o crescimento e reproducéo de fungos oportunistas (Liu et al., 2016;
Santana et al., 2022). Como por exemplo, Aspergillus flavus, espécie que pode
produzir centenas de micotoxinas que sao altamente toxicas para 0s seres humanos

e animais (Hernandez-Cruz et al., 2019; Yang; Isman; Tak, 2020).

3.1.3 Aedes (Stegomyia) aegypti Linnaeus, 1762

Os mosquitos séo insetos pertencentes a ordem Diptera e estdo inseridos na

familia Culicidae (Cosme et al., 2020; Mendes et al., 2023). Esses artrépodes
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apresentam ampla distribuicdo, ocorrendo principalmente em regides tropicais e
subtropicais (Silvério et al., 2020; Zara et al., 2016). Nestas regides, possuem grande
importancia epidemioldgica, pois sdo vetores de muitas doencas que acometem 0s
seres humanos (Subkrasae et al., 2022), principalmente as doencas infecciosas
causadas por arbovirus (do inglés arthropod borne virus) (VORIS et al., 2017).

As principais arboviroses transmitidas pelo Ae. aegypti sdo a febre amarela
(YFV), zika (ZIKV), febre chikungunya (CHIKV) e dengue (DEN-1, DEN-2, DEN-3 e
DEN-4) (Machado et al., 2023; Barbosa et al., 2019). Essas doengas causam alta
morbidade e mortalidade todos os anos (Garbui et al., 2022).

O Aedes (Stegomyia) aegypti Linnaeus, 1762 (Diptera: Culicidae) € uma
espécie originaria do Egito, no continente africano (Silva, 2022), e se disseminou pelo
mundo em meados do século XVII (Garcez et al., 2013; Zara et al., 2016). Atualmente
€ a espécie de mosquito que apresenta maior dispersao em areas urbanas, possuindo
maior incidéncia nas regifes tropicais (loc/Fiocruz 2023). A espécie possui 0
desenvolvimento holometabolo, apresentando metamorfose completa, com quatro
estagios de desenvolvimento diferentes, sendo esses: ovo, larva, pupa e adultos
(Ruppert; Fox: Barnes, 2005; Santos & Rocha, 2018) (Figura 3).

Figura 3 - Aedes (Stegomyia) aegypti. Ovos (A); Larvas (B); Pupa (C) e Adultos (D).

Fonte: Autor (2023).
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Os ovos inicialmente sdo brancos e adquirem uma coloracéo negra brilhante,
medindo aproximadamente 0,4 mm (Machado-Filho et al., 2020) Podem resistir até
450 dias a dessecacdo, e em condi¢cfes 6timas de temperatura e umidade, a ecloséo
dos ovos ocorre em até 48 horas (Bassani et al., 2019; Carvalho et al., 2019).

As larvas sdo aquaticas e passam por quatro instares de desenvolvimento (L1,
L2, L3 e L4), que duram aproximadamente cinco dias em condi¢cdes de temperatura e
umidade otimas. Durante esse periodo, alimentam-se por filtracdo de particulas
organicas (Consoli; Oliveira, 1994; MACHADO-FILHO et al., 2020; Oliveira, 2018). As
pupas, por sua vez, ndo se alimentam, sendo esse estagio de desenvolvimento
corresponde a transicao do individuo do ambiente aquatico para o ambiente terrestre
(Silva, 2012; Miranda, 2019).

Os adultos apresentam dimorfismo sexual, sendo a antena a principal
caracteristicas de diferenciacdo morfolégica entre o0 macho e a fémea. Os machos
possuem antenas plumosas, ja as fémeas possuem antenas pilosas (Almeida et al.,
2018). O corpo dos adultos apresenta coloracao escura, com faixas brancas no corpo
e nas pernas. Possuem aparelho bucal € do tipo picador sugador e podem medir até
6 mm de comprimento (Lima-Filho et al., 2022).

O macho e a fémea alimentam-se de néctar e fluidos acucarados, no entanto,
apenas as fémeas realizam a hematofagia, habito essencial para a maturacdo dos
ovos. ApOs a emergéncia, ocorre o acasalam, sendo necessaria apenas uma copula
para fecundar todos os ovos produzidos pela fémea (Santos; Rocha, 2018; Peach;
Gries, 2020; Ayub et al., 2023).

As fémeas normalmente realizam mais de um repasto sanguineo a cada duas
sucessivas posturas, principalmente se forem perturbadas antes de estarem
ingurgitadas. Esse hébito permite que os virus sejam disseminados em varios
hospedeiros diferentes (I0C, 2023). Em condi¢Bes favoraveis, o intervalo entre o
repasto e a postura é de aproximadamente trés dias, sendo 0s ovos depositados em
pequenos lotes distribuidos em diferentes recipientes, estratégia que favorece o
sucesso reprodutivo (Santos; Rocha, 2018). Cada fémea pode produzir entre 150 a
200 ovos (Takagi et al., 2020).
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O Ae. aegypti prefere criadouros artificiais, como latas, embalagens plasticas,
pratos de vasos de planta, caixa d’agua, pneus, oco de arvores, bromélias e garrafas
de vidro (Rosa et al., 2016; Ferreira; Matos-Rocha; Calheiros, 2022). Nestes
recipientes, as fémeas colocam o0s seus ovos, proximo a lamina de agua (Gehrke et
al., 2020).

3.2 Inseticidas

Os inseticidas sdo compostos quimicos sintéticos ou de origem natural que
atuam sobre o0s insetos, causando a sua morte ou inibindo comportamentos
destrutivos (Morais; Marinho-Prado, 2016; Medes et al., 2019). Sua aplicacdo pode
ser realizada na agricultura, durante o plantio e também na pds-colheita, na pecuaria
ou em residéncias (Medes et al., 2019).

Podem agir pelas vias de contato direto, contato secundario/residual, ingestéao,
fumigacéo, atraindo e matando ou causando a repeléncia dos insetos (Cruz, 2020)
(Figura 4). Esses compostos, podem ser divididos em cinco grupos, de acordo com o
seu modo de acdo: (1) sistema nervoso e/ou musculatura, (2)
crescimento/desenvolvimento, (3) intestino médio, (4) metabolismo respiratério e (5)

modo de agdo desconhecido ou inespecifico (Corteva, 2020; Boschiero, 2022).

Figura 4 - Vias de a¢do dos inseticidas

Contato direto Contato indireto Ingestédo

Repeléncia Fumigante Atrai e Mata

Fonte: Adaptado de Henrique (2019) feito no Biorender
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3.2.1 Modo de acéo dos inseticidas

A grande maioria dos inseticidas atuam sobre o sistema nervoso e/ou muscular
dos insetos. Com relacdo a esse tipo de mecanismo de agao, os inseticidas podem
atuar como inibidores de acetilcolinesterase, causando o acumulo da acetilcolina
podendo ocasionar paralisacdo dos musculos e morte (Mattar et al., 2022; Souza et
al.,, 2022; Remesh; Prabhakar; Babu, 2023). Atuam ainda como agonista da
acetilcolina, causando hiperexcitabilidade do sistema nervoso, e como consequéncia
tremores, convulsbes e morte. Também podem atuar como antagonistas da
acetilcolina causando paralisia e morte (Boschiero, 2022).

Outro modo de acéo no sistema nervoso dos inseticidas pode ser através do
efeito antagonista de canais de cloro mediados pelo acido gama amino butirico
(GABA). Esse modo de agéao ndo permite que o sistema nervoso volte ao estado de
repouso, causando tremores, convulsées e morte. Também podem agir como
agonistas do GABA, resultando na paralisia dos insetos (Matias, 2021; Souza et al.,
2022). Por fim, os inseticidas que atuam no sistema nervoso podem ter efeito sobre
0s canais de sédio, desregulando ou bloqueando esses canais, causando exaustéo e
morte ou paralisia e morte dos insetos, respectivamente (Matias, 2021; Boschiero,
2022).

Outro modo de acdo dos inseticidas ocorre através de distarbios no
crescimento e desenvolvimento dos insetos, inibindo a sintese de quitina ou
apresentando efeitos agonistas do horménio juvenil. Isso impede o processo de
metamorfose/muda dos insetos, ou pode atuar como agonistas de receptores de
ecdisteroides, causando metamorfose/muda prematura e consequentemente a morte
dos insetos (Matias, 2021).

Os inseticidas que atuam sobre o intestino médio dos insetos podem atuar
causando disturbios como deterréncia, inibindo enzimas digestivas, destruindo as
células do epitélio intestinal ou a matriz peritréfica (Lima et al.,, 2017). Além disso,
alguns compostos interferem no transporte de elétrons mitocondriais, inibindo a

enzima nicotinamida adenina dinucleotideo (NADH) oxidorredutase da cadeia
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respiratdria, 0 que resulta em paralisia rapida e morte do inseto. Outro mecanismo
envolve a interrupcdo da sintese de trifosfato de adenosina (ATP) nas mitocondrias,

levando a morte celular (Boschiero, 2022).

3.2.2 Inseticidas Sintéticos

Os inseticidas quimicos sintéticos ganharam destaque apos a Segunda Guerra
Mundial. A utilizacdo desses compostos foi motivada pela necessidade de controlar
infestacOes de insetos transmissores de doencas e suprir a demanda mundial por
alimento. Consequentemente, causou a ampliacdo dos sistemas de monocultura,
resultando na modificacdo da base produtiva agricola no mundo, permitindo assim o
aumento da producéo de alimentos (Moreira; Mansur; Figueira-Mansur, 2012; Santos-
Junior; Santos; Soares, 2020).

Os primeiros inseticidas, conhecidos como os inseticidas de primeira geragao,
foram a piretrina, rotenona e a veratrina. Em seguida, foram desenvolvidos os
inseticidas de segunda geracdo, sendo esses 0s piretroides, organofosforados,
organoclorados e os carbamatos. Como inseticidas de terceira geracdo, pode-se
destacar os juvendides e atualmente ja foram desenvolvidos os de quarta geracao, 0s
nednicos (Castro-Faria, 2009; Santos-Junior; Santos; Soares, 2020).

O Brasil € atualmente um dos paises que mais utiliza inseticidas sintéticos em
todo o mundo. De acordo com Costa-Santos & Santos (2023), em 2019-2020 o pais
registrou 967 novos agrotoxicos, somando 2.327 registros desde o ano de 2016,
sendo que dos 50 sintéticos mais utilizados, 22 sao proibidos pela Unido Europeia.
Esses compostos geralmente possuem efeito sistémico e sdo empregados para o
controle de insetos-praga agricolas e urbanas (Merson, 2022). Dentre os inseticidas
mais utilizados atualmente, destacam-se o0s piretroides, organofosforados,
organoclorados e carbamatos (Santos, 2021).

Os piretroides, oriundos das piretrinas, possuem efeito toxico para organismos
nao-alvo, podem causar também alergias e agravamento de asma e bronquite. Os
organofosforados sdo ésteres, derivados do acido fosforico e do tiofosférico e quando

expostos a altas temperaturas podem formar compostos toxicos perigosos,
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apresentando toxicidade para espécies nao-alvo. Os organoclorados sé&o
hidrocarbonetos constituidos por cloro e geralmente possuem alta persisténcia no
meio ambiente, pois sao lipofilicos e sdo bioacumulados por organismos. Ja 0s
carbamatos, oriundos do &cido carbanico, podem ser tdxicos para organismos nao-
alvo (Moreira; Mansur; Figueira-Mansur, 2012; Medes et al., 2019; Silva; Garrido,
2021; Costa-Santos; Santos, 2023).

Os inseticidas sintéticos geralmente ndo sao seletivos para a espécie praga,
causando toxicidade em organismos néo-alvo, e o seu uso indiscriminado pode causar
contaminagcdo do meio ambiente, resisténcia e ressurgéncia do inseto-praga e
também o surgimento de espécies de praga secundarias. Desse modo, a busca por
métodos de controle alternativo ou que sejam complementares a esses inseticidas
esta se tornando crescente, como o uso de defensivos de origem vegetal, o0s
inseticidas botanicos (Caldeira, 2019; Santos-Junior; Santos; Soares, 2020; Spletozer
et al., 2021).

3.2.3 Inseticidas Naturais

As plantas, produzem metabolitos que possuem diversas fungdes essenciais
para a sua sobrevivéncia. Os metabdlitos podem apresentar efeitos alelopaticos,
atuando na comunicacao entre individuos da mesma espécie, atrair polinizadores e
dispersores de sementes, proteger contra a perda de agua e aumento de temperatura,
agir na sinalizacdo entre 6rgaos vegetais distintos e proteger contra microrganismos
patdégenos e contra herbivoros (Silva et al., 2019; Almeida; Almeida; Gherardi, 2020;
Reis et al., 2020; Santos, 2020).

A evolucdo das plantas ocorreu junto com insetos herbivoros e isso permitiu
gue elas desenvolvessem mecanismos de defesa, sejam eles fisicos como espinhos,
tricomas e ceras, ou gquimicos como 0s 0leos essenciais, compostos fendlicos e
nitrogenados. Esses mecanismos contribuem para a sobrevivéncia vegetal ao
provocar mortalidade, repeléncia ou atracéo de predadores e/ou parasitoides (Santos-
Junior; Santos; Soares, 2020; Spletozer et al., 2021).

Os inseticidas naturais jA eram utilizados para o controle de insetos-praga,
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pelos povos antigos a cerca de 4.000 a.C. No entanto, sua utilizagao cresceu por volta
de 2.000 a.C. por paises como China, Egito, india e Grécia (Lima; Souto; Medeiros,
2019; Santos-Junior; Santos; Soares, 2020; Santos, 2021). O Brasil, no inicio do
seculo XX, foi um dos maiores exportadores de inseticidas naturais (Spletozer et al.,
2021). Esses compostos eram amplamente utilizados e tiveram um papel significativo
entre os anos de 1930 a 1940. No entanto, com o surgimento dos inseticidas
sintéticos, os inseticidas naturais acabaram sendo substituidos por esses compostos
de efeito mais rapido (Morais; Marinho-Prado, 2016; Santos-Junior; Santos; Soares,
2020).

O ressurgimento do interesse pela utilizacdo dos inseticidas botanicos ocorre
pela necessidade da buscar de novas fontes para o controle de pragas, que nao
causem danos ao meio ambiente e a organismos n&o-alvo. E necessario também que
essas novas fontes apresentem rapida degradacdo e ndo deixem residuos nos
alimentos, possuam baixa ou nenhuma toxicidade para os humanos e ndo contribuam
para o surgimento de populacbes de insetos-praga resistentes (Francesena,
Schneider, 2018; SeixaS et al., 2018; Caldeira, 2019; Lima; Souto; Medeiros, 2019).

O Brasil apresenta uma das maiores biodiversidades de espécies vegetais do
planeta. Muitas espécies sdo naturalmente resistentes ao ataque de insetos e a
herbivoria, 0 que indica que essas espécies podem apresentar compostos inseticidas
gue podem ser utilizados para o controle de insetos-praga, sendo uma alternativa aos
inseticidas sintéticos (Lima; Souto; Medeiros, 2019; Reis et al., 2023).

De acordo com Almeida et al (2017), aproximadamente 100 mil metabolitos
secundarios apresentam ac¢do inseticida, sendo pertencentes as classes dos
alcaldides, flavondides, quinonas e terpendides, e se destacam por apresentarem
diversos modos de acdo. Esses compostos de origem vegetal podem ser obtidos de
diferentes partes das plantas como folhas, frutos, caule, raizes, flores e sementes
(Santos, 2021; Spletozer et al., 2021), e geralmente podem ser utilizados em pos,

extratos ou Oleos essenciais (Almeida et al., 2017).

3.2.3.1 Oleos essenciais
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Os 6leos essenciais (OEs), também denominados como 6leos volateis e 6leos
etéreos, sdo combinacdes de compostos complexos, naturais e odoriferos. De modo
geral esses compostos séo volateis e sdo oriundos do metabolismo secundario das
plantas aromaticas (Menezes et al., 2017; Simfes et al., 2017; Almeida; Almeida;
Gherardi, 2020). Os OE, possuem solubilidade limitada em agua e sdo chamados de
hidrolatos quando em agua (Simoes et al., 2017; Reis et al., 2020).

Os OE podem ser constituidos por 10 a 200 compostos que em geral, se
apresentam em concentragfes varidveis (André et al., 2018). Os principais
constituintes dos OE sao os alcaloides, fenilpropandides e os terpenos. Também
podem ser encontrados moléculas de &alcoois, aldeidos, cetonas, fendis, ésteres,
éteres, furanos e cumarinas (Campos et al., 2019; Menezes-Filho; Sousa; Castro,
2020).

A biossintese dos metabolitos secundarios presentes nos OEs ocorre por
guatro vias principais: acetato-malonato, acido chiquimico, acetato-mevalonato e metil
eritritol fosfato. Além dessas rotas biossintéticas, aminoacidos alifaticos e aromaticos
desempenham um papel crucial como precursores na formacdo de compostos
nitrogenados (Simdes et al., 2017; Santos, 2020) (Figura 5).

Figura 5 - Esquema ilustrativo da biossintese dos metabdlitos secundarios.

VIA DO
METILERITRITO!
FOSFATO

» Terpenoides

3-fosfoglicerato

VIA DO ACETATO-
MEVALONATO

Fotossintese I Piruvato Acetil COA ——»

f

METABQLISMO

Tl PR oz

Ciclo do acido IA DO ACETATO-

l tricarboxilico MELONATO

Fosfoenolpiruvato — V&ﬁ%%f:ﬁé%o l \l
acidos
aminoacidos graxos

alifaticos

iy 1 J,
aminoacidos » Substancias substancias

| aromaticos nitrogenadas // graxas

Diéxido de
carbono

substancias « l
fendlicas =

Fonte: Adaptado de Santos (2020) feito no Biorender.

Inicialmente, ocorre a formacao do isopreno/hemiterpenos, que sdo moléculas
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simples com até cinco atomos de carbono. Em seguida, ocorre a condensacao dessas
moléculas formando os terpenos maiores (Simdes et al., 2017; Santos, 2020; Alves et
al., 2022). Os monoterpenos, possuem 10 atomos de carbono, ja 0s sequisterpenos
séo constituidos por 15 atomos de carbono, os diterpenos apresentam 20 a&tomos de
carbono, os triterpenos 30 atomos de carbono e os tetraterpenos possuem 40
carbonos (Menezes et al., 2017; Santos, 2020).

Os OEs podem ser encontrados e extraidos de diferentes 6rgaos das plantas,
como: raizes, caules, cascas, folhas, flores, frutos e sementes (Pombo et al., 2018;
SILVA et al., 2019). Sdo armazenados em células secretoras, cavidades, canais,
células epidérmicas ou em tricomas glandulares (Silva et al., 2019; Almeida; Almeida;
Gherardi, 2020).

A composi¢cdo quimica e o rendimento dos OEs podem variar por diversos
fatores como a idade da planta, umidade relativa do ar e temperatura do ambiente,
incidéncia de radiacdo solar, disponibilidade de 4gua e nutrientes do solo, época do
ano (primavera, verao, outono e inverno), hora da coleta do material vegetal, 6rgaos
da planta, fatores genéticos, quimiotipo e processo de extracao (André et al., 2018).

O método de extracdo escolhido para a extracdo do OE depende de fatores
como o 6rgao da planta do qual sera extraido o Oleo, classes de compostos e uso
pretendido. Atualmente, os principais métodos de extracdo sdo; enfloracdo (utilizado
para a extracdo de flores), hidrodestilacdo, destilacdo a vapor, prensagem (para
extracdo de frutos citricos), extragdo com solvente organico e extracdo com fluido
supercritico (Simdes et al., 2017; Silva et al., 2019). Para a caracterizacdo quimica
desses compostos é utilizada a cromatografia gasosa acoplada a um espectrémetro
de massas (CG-MS) (Alves et al., 2022).

Atualmente, mais de 300 6leos essenciais tém importancia comercial e séo
amplamente utilizados nas industrias alimenticia, cosmética, perfumaria, agricola,
farmacéutica, odontoldgica e de higiene e na area da saude (Bizzo; Hovell, Rezende,
2009). De acordo com Bizzo & Rezende (2022), o Brasil € um dos paises que mais
produz e exporta 6leos essenciais, tanto de espécies nativas como 0 pau-rosa, quanto
de exoticas como menta, laranja e eucalipto.

A grande importancia comercial dos Oleos essenciais esta relacionada as
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diversas atividades biolégicas que podem apresentar, como estimulantes
cardiovasculares, anti-inflamatoérias, antimutagénicas, antioxidantes,
antiespasmaodicas, anticonvulsivantes, antissépticas, anti-helminticas,
antibacterianas, antifingicas e inseticidas (Pombo et al., 2018; Silva et al., 2019;
Menezes-Filho; Sousa; Castro, 2020; Alves et al., 2022).

Os 6leos essenciais que possuem atividade inseticida podem agir pelas vias de
contato topico e residual, ingestdo e fumigacédo (Fouad; Camara, 2017), causando
alteracdes fisiologicas, bioquimicas e comportamentais, que podem interferir na
oviposigao, alimentagao, sobrevivéncia ou podem ainda causar repeléncia dos insetos
(Ribeiro et al., 2015; Mercés et al., 2021; Santos, 2021).

3.3 Euphorbiaceae

A familia Euphorbiaceae Juss. é considerada uma das maiores e mais diversas
dentre todas as familias pertencentes as angiospermas. Seus representantes estédo
divididos em cinco subfamilias (Acalyphoideae, Crotonoideae, Euphorbioideae,
Oldfieldeioideae e Phyllantoideae), 50 tribos, 300 géneros e 8.000 espécies (Islam et
al., 2019; Kemboi et al., 2020; Xu et al., 2021).

Os representantes da familia apresentam uma grande diversidade de
metabolitos secundarios, como: alcaloides, terpenos, flavonoides, taninos e
peptideos, que podem ser utilizados para os desenvolvimentos produtos para diversas
finalidades (Ramalho et al., 2018). Também exibem alto potencial econdmico, seja ele
madeireiro, ornamental, industrial, nutricional e medicinal (Aradjo-Junior et al., 2018).

No Brasil, a familia possui um alto grau de endemismo, apresentando cerca de
1000 espécies descritas, distribuidas em 65 géneros (Araujo-Juanior et al., 2018; Islam
et al., 2019). Nas zonas fitogeograficas do Brasil, as &reas mais Umidas contribuem
com 24 % da diversidade de espécies, ja nas areas mais secas, com
aproximadamente 5,0 %, sendo a Caatinga e o Cerrado, as regides com maior
diversidade relativa de espécies. Entre todos 0s géneros presentes no pais, o género

Croton é o mais abundante (Flora e Funga do Brasil, 2023).
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3.3.1 Croton

O Croton L. esta entre os géneros com maior diversidade e importancia entre a
familia Euphorbiaceae. O género, possui aproximadamente 1300 espécies
distribuidas em regibes subtropicais e tropicais em ambientes Uumidos e aridos do
planeta (Xu et al., 2018; Moremi et al., 2021; Guerra-Junior et al., 2022; Beyer et al.,
2023). Séo encontrados em substratos rupicola e terricola, nas formas de arbusto,
erva, liana/voluvel/trepadeira, subarbusto e menos frequentemente, como arvore
(Sodré; SILVA, 2015; Caruzo et al., 2023).

O Brasil possui atualmente cerca de 300 espécies, e destas aproximadamente
230 sdo endémicas e encontram-se distribuidas em todas as regides e estados do
Pais, distribuidas pelos dominios fitogeograficas da Amazénia, Caatinga, Cerrado,
Mata Atlantica, Pampas, Pantanal e na ilha oceanica de Fernando de Noronha
(Caruzo et al., 2023).

Os representantes do género apresentam alto potencial econdmico,
principalmente para a industria farmacéutica, devido aos metabdlitos secundarios
(alcaléides, flavonoides e terpenoides) que possuem diversas propriedades
medicinais (Cavalcanti; Amaro; Artur, 2022). As espécies do género possuem diversas
atividades biolégicas como, por exemplo, anticancerigeno, antiespasmadico, anti-
inflamatéria,  antimicrobiano,  antinociceptivo,  antiparasitario,  antioxidante,
cardiovascular, citotoxica, gastroprotetoras e inseticida (Xu et al., 2018; Al-Hakami et
al., 2022; Salleh et al., 2022).

3.3.2 Croton pulegiodorus

O Croton pulegiodorus Baill (heterotipico Croton regelianus Mill. Arg.) (Figura
6) € comumente conhecido como velaminho/velame, pode ser encontrado na forma
de arbusto ou subarbusto, medindo entre 0,30 a 1,5 m de altura (Oliveira et al., 2022).
A espécie possui ramos verdes, latex translucido, flor estaminada branco esverdeada,

fruto esverdeado e sementes globosa e lisas (Caruzo et al., 2023).
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Figura 6 - Croton

pulegiodorus Baill (A); 6leo essencial de C. pulegiodorus (B)
. ‘ B *

' A - y
Fonte: Santos (2019).

A espécie é endémica do Brasil, podendo ser encontrada no nordeste (BA, CE,
PB, PE e PI), centro-oeste (GO) e sudeste (MG), nos dominios fitogeogréficos do
Cerrado e da Caatinga, em afloramentos rochosos (Santos; Oliveira; Matos, 2022;
Caruzo et al., 2023) (Figura 7). Encontra-se florida e frutificada entre os meses de
outubro e maio (Torres, 2009), e o seu 6leo essencial € composto principalmente por
mono e sesquiterpenos (Rocha, et al., 2021). Devido a presenca do acido caprilico,
também conhecido como octanoico, possui odor caracteristico e propriedades

bactericidas e antifungicas (Rocha, 2019).

Figura 7 - Distribuicdo Geogréafica do Croton pulegiodorus no Brasil

Fonte: Flora e Funga do Brasil (2025).
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3.4 Formulagéo

Para que os Oleos essenciais sejam utilizados de forma eficiente no controle de
insetos-praga, € fundamental que uma formulacdo adequada seja desenvolvida antes
de sua comercializagdo (Gazziero et al.,, 2021). Essas formulacdes resultam da
combinacéo precisa de compostos em propor¢cdes especificas, com o objetivo de
garantir a aplicacédo uniforme, segura e eficaz do ingrediente ativo (Azevedo; Ferreire,
2006).

O ingrediente ativo, componente principal da formulag&o, é complementado por
compostos auxiliares, como solventes, dispersantes e emulsificantes. Esses
elementos desempenham papéis essenciais para assegurar a estabilidade do produto
e otimizar seu desempenho (Machado, 2024).

Os compostos auxiliares influenciam diretamente as propriedades fisicas e
guimicas das formula¢des, contribuindo para preservar a integridade do ingrediente
ativo, melhorar sua dispersdo durante a aplicacéo e tornar 0 manuseio mais seguro
(Azevedo; Ferreire, 2006; Gazziero et al., 2021). Dessa forma, uma formulacéo bem
projetada ndo apenas potencializa a eficacia do produto, mas também contribui para

uma aplicacado mais sustentavel e segura (Gazziero et al., 2021).

3.5 Ensaios de Toxicidade

A toxicologia é considerada como o estudo dos venenos, sendo responsavel
por estudar os efeitos nocivos de substancias quimicas em sistemas vivos,
abrangendo desde células humanas isoladas até ecossistemas inteiros (Laurence;
Chabner; Knoll, 2012; Katzung; Masters; Trevor, 2014). A palavra "toxico” vem do latim
toxicus, que significa "venenoso", e tem suas raizes no grego antigo toxikon, usado
para se referir aos venenos aplicados nas pontas de flechas (Perpétuo et al., 2019;
Santos; Pacheco, 2023).

A avaliacéao toxicoldgica envolve a andalise detalhada dos dados relacionados a
uma substancia ou composto quimico, com a finalidade de classifica-lo quanto a sua

toxicidade. Além disso, busca fornecer orientacdes sobre 0 uso seguro e correto,
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incluindo acdes preventivas e corretivas em casos de exposicdo ou utilizagao
inadequada (Larini, 1997; Oliveira, 2019). Desse modo, para que um novo produto,
como medicamentos, agrotoxicos e aditivos alimentares seja comercializado e possa
ser utilizado ou aplicado nos seres humanos, € fundamental que sejam realizados
estudos para avaliar os riscos toxicol6gicos associados a essa nova substancia
(Moura et al., 2012).

Os testes toxicolégicos devem ser realizados de acordo com protocolos
estabelecidos e reconhecidos pela comunidade cientifica. Em ambito internacional,
destacam-se as diretrizes da Organisation for Economic Cooperation and
Development (OECD) da Europa e da Food and Drug Administration (FDA) dos
Estados Unidos. No Brasil, a regulamentacdo desses testes é responsabilidade da
Agéncia Nacional de Vigilancia Sanitaria (ANVISA) (Santos, 2020; Engelhardt et al.,
2022; Araujo, 2023).

Dentre os ensaios realizados nas etapas iniciais da avaliagdo da seguranca de
uso de compostos, o0 ensaio hemolitico € essencial na investigacdo do potencial de
substancias em causar lise de eritrocitos (Marques-Garcia, 2020). A investigacao da
compatibilidade sanguinea € importante para avaliar a seguranca de produtos
farmacéuticos e dispositivos médicos, fornecendo informagdes relevantes sobre as
possiveis reagfes adversas de substancias quimicas, que podem causar alteracdes
nas membranas dos eritrocitos e induzir a anemia hemolitica (Zohra; Fawzia, 2014;
Seebg et al., 2023).

O ensaio de toxicidade oral aguda também € incluido na avaliagcdo da
seguranca, pois avalia os efeitos adversos resultantes da administracdo de dose
Gnica, permitindo a classificacdo do risco de substancias quimicas e o
estabelecimento de valores de referéncia como a DLso (OECD 420, 2002; OECD 423,
2002; OECD 425, 2022). Além disso, os ensaios de genotoxicidade analisam a
capacidade de um composto em induzir danos ao DNA, mutacbes ou aberragdes
cromossObmicas, sendo fundamentais para estimar riscos relacionados a
carcinogenicidade e a mutagenicidade (Hartwig et al., 2020; Choudhur et al., 2021,
Hayashi, 2022).
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such as phytopathogenic fungi (Fouad and Camara, 200 7; Oliveira et al.,
21171, The impact caused by ibe larvae and adolis of Sopirlus can be
classified as qualitative and quantitative damages (Martins et al., 202 Z),
Gualitative damage results in a reduction in the outritional value of the
grains and in the germination rate af the seeds (Debjani and Prakashm,
1960 Barney et al, 1991 Quantitative damage is camsed by a reduction
im the weight af the grains and seeds (Caneppele =t al., 2003). These can
cause the grain/seeds to be devalued an the market or even lead to the
rejectinn of entire baiches of grain (Goni et al, 2017; Silva et al. | 2007

There are also pesis resulting from the urbanization process (Komnyt
et al, 2022 The termite Nasumiermes cormiger (Motschulsky, 1855)
(Blartodea: Termitidae), endemic to the Neotropical region of South
America, is defined a5 urban and agricaltural pest {Eoulogne et al.,
H117; Scares et al., 2017; Gazal et al., 20235} N. commiger oooars maindy in
the Atlantic Forest hiome and consimes a wide varety of wood (e.g
dead twigs, branches, iree stumps, wood debris), being also adapted to
ferd on a variety of habitats and resources sources (Boulogne et al.,
Z017; Gagzal et al., 2022% It can infest wooden structures in agriculiural
and urban environment 25 well as books, clothes, papers, and fumiture
(Bust and Su, 200X Sanbos et al., 2024)

The main way to prevent and comtrol insect pests is through the
application of synthetic imnsecticides, directly on the infested site or in
strategic locations where insects can pass. However, their use is asso-
ciated with persistence and toxicity, damage to the eovironment and
human bealth, evolution of resistance of insects and causes the elimi.
nation of mnatural enemies and other nondtargest  species
(Rexende. Teixeira et al., 2022)

Essential oils are natural and volatile compounds derived from sec-
oodary plant metabolites, bindegradable and genemlly have little or no

taxicity to the enviroament (Ofiveira e al, 2024; Lozowicka et al.,
H16; Panmgartten and Dedgado, 2006; Simoes ot al., 2017; Batello.O
jeda et al., 2024). The development of matural inserticides from plants,

esperially based an essential oils, has recently attracted the attention af
researchers (Gonzalez-Coloma et al., 201 Menaah et al., 2023). In the
last two decades, several siudies hanve shown the insecticidal action af
essential oils from medicinal and aromatic plants (Gupea et al., 2002%;
Earabarklii; Ayvaz, 205 Popescu ef al., 2024 For example, Encafypines
plobaihs essential oil encapsulated in cyclodexirin proved to be a
pramising bintnsecticide against Ephestia kusdmiefla larvae (Amam ef al..
H124), and aromatic turmeric oil shewed toxdcity by fumigation and
contact agairst Trboltem costaneem, Losioderma semicome, Call
asohruchus clainensis, all being pests of stored grains (Sulbath et al.,
i),

The Caatinga biome is exclusively Brazilian, with extreme seasonal
canditions and particularly biodiverse, having many endemic species
[Marques et al., 2021). Caatinga plants have developed umigue chemical
characteristics to sarvive the peculiar biotic and abiotic factors present
im this bicme, being a great resource for the bioprospecting of relevant
binlagical activities, such as msecticides, anti-mflammaiory, antspas.
meodic, and antibdotic (Cartamo et al, 2010; Medo ef al., 201% Martins
et al., 20200 Cromn palegindorns Baill (Euphorbiscens), popularly
known as velaminio, is a species endemic to Brazil, which can be found
on rocky outcrops in the Caatinga and Cerrado phytogeographic do-
maires. Exsential oils extracted from . pulegiodonis leaves have different
compounds, especially monoterpenes and sesquiterpenes, with ant.
bacterial [Fockm et al, 2021), antileishmamial, acarcidal [Castro =t al.
20:80) and imsecticidal (Santos ef al., 2005) activities.

Therefore, the abjective of this study was to determine the chemical
composition and yield of an essential oil from leaves of C pulegiodorn:s
callected at Brazilian Caatinga, to evaluste the toxicity by ingestion and
the effects on the activity of intestinal enzymes of £, zeamiris, as well 25 1o
evaluate the todcity by fumigation and cantact against AL cormiger.
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2, Materials and methods
2.1, PMamt material

The learves of C. pulegiodornes (Fig. 1) were collected in a region of the
Caatinga phytogengraphic domain, in the city of Trionfo, Pernambuocn,
Brazil (F-4%19.5" 8, 380627, 2" W The access (register ADCRE1DY) was
recorded in the Sistema Modonal de Gesrao do Parrimonio Gendtico & do
Comhecimenio  Trodicomal Assocdado (SisGen). A voucher specimen
{mumber 104] is archived in the herbariom of the Semigride do Bresl,
Unidade Académica de Serva Talhada of the Universidode Faderal Rural de
Permambuco.

22 Fuwemhol ol exirachon

The bearves from . pulegiodors were dried at 40 “C and powdered for
extraction of the essential oil. The extraction was performed using a
Clevenger-type apparatus. The leaf powder (200 g) was mixed with
distilled water (2 L) and the hydrodistillation process coourred for 2 h at
100 “C. The essential oil was stored in amber-glass at 4 “C. The per-
centage yield was caloalated by the ratio between the oil mass and the
mass of the leaf powder ussd.

23, Phywochemical malysis

The eszential ol components was analyzed by gas chromatography
coupled to mass spectrometry (GC-MS), using a chromatograph (Model
QPR050A, Shimadzu, Kyoto, Japan) coupled with a mass spectrometer
[Agilent DB-5MS mon-palar capillary column). The tempssratare for an-
alyses was first set at 60 “C and increased at 4 “C/min up to 280 “C. This
temperature was maintained for 15 min. The beliom carrier gas was
maintained at a flow rate af 1.0 ml/min. The temperature was main-
tained at 280 “C and ionizaticn emergy at 70 eV. The mass spectra were
recorded from 10 to 400 m/z. Analysis cil was performed in triplicate
and the sample was dissolved in dichloromethame. Individual comtent
was determined based on the peak areas in the chromatogram. Each
companent was identified bamed on the retention index considering a
homolagous series of n-alkanes (CF.C30), carrected by linear regression.
It was also compared the specific fmgmentation patierns of each
companent with mass spectra in the virtual database libary (MIST/E
PA/MIH Mas Spectral Library MNIST 11, 32012) and reports in the liter-
abare (Adanes, 2007

24, Insecrs

2.4.1. Siinphifies neammis

Colooy of & zeamais is maintained at the Lobormtdrio de Bioqaimics de
Proteinas of the Unfversidode Federal de Pernaomiuco with authorization
(F2024) of the Instingo Chico Mendes de Conservagio do Biodiversidade
(ICMBio) The inszscts were reared in glass vescels containing maize
graims and maintained in a biological oxygen demand (BOD) chamber at
28 + 2 o0, relative humidity of 70% = 10%, and 12-12 light:dark
photoperiod. The maize grairs (mon-gemetically modified) were obe
tained from crops for which agrochemicals were not used. Insects of
3040 days of age were used in the assays.

242 Mosutifermes comiger

M. comniger mests were collected at the campas of the Universidade
Federal Rural de Permambuce (Recife, Brazil) in a fragment of the Atlantic
Rain Porest (B°0045° 5, 34°5657 W), The awthors bad authorization
(FH24) of the Instimen Chico Mendes de Consernvagao dr Biodiversidode
(ICMBio). The termite nests, selected based on integrity, were remosed
from the trunk of a tree, transferred o the Bbomtory, and maintained at
27 + I "C only during the period necessary for separation and transfer of
warkers and soldiers (standardized according to morphology and size)
to the bioassays. Afterwards, the nest was retumed to the place of
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Fig. 1. Specimens of C. pulegfodons collected for extraction of the essential ofl evaluated in the present work.

callection.
2.5, Insecricidal assays againg S. zeamats

2.5.1. Bwaluation of ingestion toxicity

The toxicity by ingestion of ail an S. zeamais adults was evaluated

using an adaptation of the Xie =t al. (1990) method described by
Napoleao of al. (2013). The experiment was carried oa Petri plates (90
» 15 mm) containing five disks of an artificial diet. The arntificial diet
was composed of wheat flour (2 g) homogenized with 5 mbL of
C. pulegiodorus essential oil solution in Tween 80 (1%, v/v) at different
concentrations. Next, 200 pl alig of the ion were transferred
to petri plates forming five disks per plate. After incubation for 16 h at
50 “C, the weight of the plates containing the dried disks was recorded. It
is tmportant to highlight that it was possible to pesform the incubation at
this temperature because the C. pulegiodonis essential oil was extracted
through hydrodistillation method in a Clevenger-type apparatus. Groups
of 20 adult insects with known weight (mean weight of 3 mg per insect)
were transferred to the Petri plate containing the artificial diet. The
assays were maintained in the BOD chamber at 28 + 2 °C, relative hu.
midity of 70% = 10% and 12:12 light:dark photoperiod for 7 and 15
days. After 7 days, the weights of the flour disks and insects were
recorded, and the mortality rate was evaluated 15 days after the start of
the experiment. A control group corresponded to individuals treated
with a mixture of wheat diluted in distilled water and 1% Tween. Two
independent assays were performed in quintuplicate at final concen:
trations of 5.0, 10.0, 12.5 and 15 pl/g (pl. of oil per g of wheat flour in
the disks).

The following nutritional indexes were calculated (Xie et al, 1990)
relative consumption rate (RCR) — AAB x days), where A isthe ingested
mass (mg) and B is the initial blomass (mg) of the insects; relative
btomass gain (RBG) —~ C/(8 x days), where C is the biomass (mg) ac-
quired or last by the insects; and efficiency in conversion of ingested
food (ECI) = C/AA x 100). The deterrent effect and nutritional param-
cters were mhnlcd using the values obtained after 7 days of the
exy The fi g deterrence index (FDI) was calculated as fol.
laws. FDI (%) = 100 = (D E)AD), where D is the mass of diet ingested
by insects from the control and E is the mass ingested by insects from the
treatment with essential oil. According to Liv et al. (2047 ), the treatment
was classified as non-deterrent (FD4 <20%), weak deterrent (50% > FDI
>20%), moderate deterrent (705 - FDI > 50%), or strang deterrent (FDI
270%).

25.2 In vitro effects of C. pulegiodorus essential oil on the activiry of
digestive enzymes

Gut extracts from S. zeamais adults were prepared as described by
Napoleao ot al. (2013). Untreated adults were removed from the coloay
and immobilized at - 14 °C for 15 min. Then, the guts of the 100 insects
were dissected and homogenized with 2.0 mL of a buffer solution (0.1 M
sodsum acetate pH 5.5 or 0.1 M Tris-HCl pH 8.0, both containing 0.02 M
calcium chloride). The homogenates were centrifuged (9000 g for 15
min at 4 °C), and the supernatants corresponded to the gut extracts. The
protein concentration in the gut extracts was determined using the
method described by Lowry et al (1951,

Gut extract in sodium acetate buffer (0.6 mg of protein) was used to
evaluate the activities of cell (endogluc and exoglucanase),
hemicellulase (§.D.xylanase) and a-amylase while gut extract in Tris-
HQO buffer (2.13 mg of protein) was used for the determination of
trypsin.like activity. The extracts were peeviously incubated (10 min)
with esseatial oil from C. pulegiodorus (15 mg/mL) and the enzymatic
activities were subsequently determined. Control test in absence of
substrate (blank) and oél (100% enzyme) were included in all experi-
ments. Enxyme assays were performed in quintuplicate.

The activities of amylase, endoglucanase, exoglucanase, and xyla.
nase were determined umnhng to the methodologies of Hemfeld
(1955), Li et a ) and Wood and Shat respectively,
:dapted by Lima et al. (201 4). The reactions were started by incubating
(10 min at 50 -C) 100 plL of S. seamais gut extract with 400 pl of a so-
hution (1%, w/v) of starch (amylase activity), carboxymethylcellulase
(endoglucanase activity), avicel (exoglucanase activity) or xylan (xyla-
nase activity) in 0.1 M sodium acetate pH 5.5 coataining 0.15 M NaCL
After incubation, 500 pL of 3 5dinitrasalisylic acid (DNS) reagent was
added to stop the reaction, and the mixtures were heated to 100 °C for 6
min, and then the assay was immediately cooled on ice for 15 min. After
this period, the reading was carried out at 540 nm. The amount of
reducing sugars was determined using 2 glucase standard curve. Omne
enzyme unit was defined as the amount of enzyme required to generate
1 pmol of glucose per min.

The evaluation of trypsin activity was carried out using the method
propased by Kakade et al. (1969 Gut extract (85 pl.) was incubated (1 h
at 37 °C) with 100 gl of Tris buffer and 15 pL of 8 mM N.benzoyl-
DLarginyl-p-nitroanilide (BapNA). Then, the absorbance was measured
at 405 nm. One unit of trypsin activity was defined as the amount of
enzyme that hydralyzes 1 pmol of BApNA per minute.

L1988 ),
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Z6.1. Fumigntion inxciry test

The essential ofl from £ pulegiodons leaves (0.2, 1.0, 24, 30, 4.0
and &0 pLy/mL of air) was impregnated in filter paper (40 = 40 mm) and
placed on the underside af the sterile bottle lid with 50 ml capacity.
Then, 20 adalts (16 workers and 4 saldiers) were added to each boitle.
The comtrol test was carried with filter paper impregnated with distilled
waber. The fumigation tests were conducted in quintuplicates, ai 28 +
2°C and PO = 10% relative humidity, in BOD-type climatic chambers.
The oumber of dead insects was determined after 1,2, 3, 4, 5, 6,7, 8,9,
10, 11, 12 and 24 h after the start of the test. Two independent assays
were performed in quinhaplicate.

262 Conracr toxicity test amd effect of eceential ol on the befunior off
‘Wwarkers

The bivassay was carried out in Peir dishes (940 = 15 mm). Initially,
0.5 pl. of . prdegiodorus essential oil in 1% (v/v) Tween B0 was applied
with the aid of a micropip=tte an the progotum of ML cormiper workers at
concentrations af 0.1, 0.2, 0.4 pl/pl (od/solvent) or oeat il Por the
cantrol treatment, 0.5 pl aof 1% Tween 80 was applied. For each coa-
ceniration of esseniial oil, two independent experiments with six in-
dividuals each were carried out. After applying the essential od, the time
taken for each individual to die was reconded.

The evaluation of behaviaral changes in workers trested with
. pudegindorns essential il was carried out according 1o the methadal
ogy of Bacci et al. (2015) and Santos et al. (200 7), with modifications.
The binassays were carried out in Petri dishes (90 « 15 mm). Indtially, a
‘worker was placed in a Petri dish and, after & min of acclimatizatian, 0.5
pL of the esential cdl ar a concemtration of 0.2 pl/al of splution was
appli=d to the insects pranctum (the highest concentration that did naot
kill the insects in 5 min, according to the contact toxicity resulis). After
30 5, the oumber of head-butts (forward and backward movemenits made
repeatedly by the individual) and the oumber of s=lf-cleaning actians
carried muat by each insect were recorded. Far the control treatment, 0.5
pL of 1% Tween 80 was applied. Two independent experiments with six
imdividuals were carried owt, with individual observaticns fior a period of
% min. The observations were made using a KNikon SMETAST stereo-
scopic microscope (magnrifying glas)

27 Stanstion amalysis

The data obtained were expressed as the mean + standard error of
the meam. GraphPad Prism .0 sdtware was msed to perform oneway
analyss of varance (ANOVA) followed by Tukey's test (sSgnificant at
p <= 0.05) to compare the data from nutritional parameters obtained for
& zeamais and the survival data from fumigant and contact oxicity as-
says with N. comiger. The Prism software was also employed o perform
Student’s t-test for enryme assays and AL comiger behawvior data. Prabit
analyss was used to determine the Lsy amd LCso values (and the 95%
confidence imtervals), wsing the softwane BioStat (AnalystSoft Inc.,
Brandon, FL, LUSAL

3. Results
3.1, Essential ol yield and chemicol dharacerizanion by GC-MS

The essential oil obtained from © prdegiodans leaves showed a yield
of (.91%. Bighteen components (Table 1) were identified by GC-MS
analysis representiog 99% of the total il content. The major compa-
nents of the exsential ofl were ascaridobs (22.75%), camphar (18.11%),
eucalypiol (10804G), ooterpinec] (7.01%), bomyl acetate (5.81%),
m-humulene {4.53%), pcymene (4.23%), caryophyllens oocde (4 063%)
and terpinen-d-ol (4.02%). The esential oil was composed of mono-

terpenes [(74.5%) and sesquiterpenes (25.5%).

44

Crop Projechion LEF [3000) NREs

Takle 1
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32, Tooicity By ingestion on 5. searmais

The incorporation of C pdegiodorus essemtial oil in the diet of
% zeomaic induced insect moctality. The lethal concemtrations (7
126087, p = 0L00%E) required ta kill $0% (LCxn) af the ingects for 7 and
15 days were 11619 [.07-144.18] and 2434 [19.52 3762) pl g,
respectively; in turn, the concentrations that kil 90% (Lol for 7 and 15
days were JE2AG6 [S81.03-91240] and 4676 [3161-67.55) pl/g,
respectively. The ingestion of C. prfegiodone essential oil by & semmais
adults far 7 days interfered with the nutritional pammeters (Fig. 2). At
the concemtrations of 1000, 125, and 150 pl/g, the ol significamty
(Faas: 3547, p < 0L0001) reduced the relative consumptian rate, RCR
(Fig. 24). These same concentrations {10, 125« 15 pl/g) led tonegative
values of relative biomass gain rate (RBG), a5 shown in Fig. 28 (Py g
BE.51, p < 0.0001) and efficiency in conversion of ingested food, ECI
(Fig. 2C; Pyasz 12230, p < 0.0001). The deterrence amalysis (Fig. 205
Fyqe BRAT, p < (L0001} showed that the oil was non-deterrent on
5. meommic adoles ar 50 pleg (FOM = 1296 + 2 3f%), moderately
deterrent at the concentraticns of 10 and 125 plsg (FDL = 5812 =
24%9% and GELED £ 3.55%, respectively] and stroagly deterrent at a
coaoentraton of 15 pl/g (FIN = 77.67 = L72%) [nspite of the distinct
classification, the treatments ai 125 and 15 pl./g were not statistically
different.

A3 Inwitro effect of C. pulegiodon:s essemtial of on the digestive snoymes
of & zeamais

When assesxing the in vitro effects of © pulegindons essential oil on
the activity of digestive enzymes, a stimulating action was ohserved for
exoglocanase [+ 84.77%), endoglucanase (EB.28%),  aamylase
{+359.18%]) and f-Dexylarmse {33 39%) (Table 2). On the other hand,
the mssential oil cansed a reduction in the activity of the trypsin:like
enzyme, with an inbibition of - 79654 (Table ).

34, Towiciy by fismigetion on N, comiger

In bioassays with AL cormiger, it was observed that the essential ol of
. pulegindonis presented a toxic effect by fumigation against workers
(Fig. 3A; Foax T4.21, p < 0.00001] and saldiers (Fig. 3B; Fag: 4591, p <
0,041 ). The Liap and LCop were .87 [006-1_27] and 3.2 [1.52-8 10]
pL/mL of air for workers (3": 31.69, p < 0.0001) and 1.63 [077-3.46]
and 4.74 [169-13.27] pl/ml. of air for soldiers (% 16,92, p = 0.002),

respectively, considering a period of 24 B During the 24 h, it was
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Table 2
In vire effect of C pulsgiodons essential ofl on e activicy of some digestive
enzyees of 5. seomak

Eazyme Cortrl (Gut Test (Exwmtisd ol poabor Effert
extraci) + st extracl)
Exoglucsnase (LY GI9F + 36 o 024 <l AT
] i Xille 3
3145 ISP & L s +H 2R
(U rg) i
-yl (U gl ol 0,05 & duiiie <O 3SR 0Ew
a2
EDxplanese (LY OIS+ 42 o+ Oy SOA00L AR
=g Gt
Teypaim (mll/mg) O3S+ (68 <+ OIS SO0 -MLETR
s

Walues represent mean = sandard error of the mean (SEM]. A p < 0005 ndicates
significant difference b | and est ding o Sudent’s st

observed that there was a significant increase in the mortality of soldiers
and workers after ¥ and & h, respectively, in the highest concentration
tessted. All concentratic 1 | significantly reduced the survival af
workers and soldiers, except the concemiration of 0.2 pL/mL of ar,
which was not efficient in inducing sldier mortality.

3.5 Comtoct snxicity and effect of C. pulegindons eseanial of on the
befevior of ML cormiger workers

Coatact toxicity of € pulegiodars essential ail on N, cormiger warkers
was evaluated, and the concentration of 0.4 pl/pL and the neat oil
camsed moctality significantly faster (Fy ., 328% p < 0.0001} in an
average time of 1252 = 28 2 5 and 29.64 + 202 5, respectively. The

concentrations of 0.1 and 0.2 pL/yL caused mortality in an average time
of 87.8 = 1270 min (5250 + 762 5) and 1022 + 1911 min (6132 =+
1146 5], respectively.

The behavioral action of N. comiger workers under the influence of
. pradegindons essential oil was also evaluated. After contact with the oil
(0.2 pLypL), waorkers showed a significant {p - 00001 ) increase in the
average number af self-cleaning: 1.00 + 0.27 in control and 7.25 £ 075
in the test. The waorkers expased to the odl showed a mean of 1.78 £ 017
falls while no falls were recorded for the comtrol. An increase in agitation
was also observed in the first 30 5 after applying the essential ofl, fol-
lkowed by kethargy and fall.

4. Discussion

The . puiegiodorus beaf essential ail srudied bere was composed by
10 cxygenated monoterpenes, 1 non.oxygerated monoterpens, 4
oxygenated sesquiterpenes, and 3 sesguiterpenes. The oxygenated
monoterpenes accounted for 77.48% of the oil compesition. In differ.
ence to our results, other studies reparted the presence of different major
compounds in the chemical composition of essential oils from
. prdegiodons leaves, Rocha et al. (2021) observed the predominance of
monoterpenes  with major components rarschrysantbenil acetate
(27.05%), a-ierpinene (19.21%), pcymene (1227%), p-ierpinene
(9.5134]), myrcene (3.65%) and encalypinl (333%). Castro e al. (2020)
reported & major chemical composition of pcymene (23.13%), ascar.
idole (Z2.50%), a-terpinens (9.32%) and camphar (8.263%). The differ-
enres observed in the chemiral compasition may be related o the
extraction method, collection site, time and season of the year, sail type,
availability of water and nutrients, plant chemotype or plant age
[Googalves and Guagzelli, 2015; André et al., 3018; Dobhal et al., D240

The results from ingestion toodcity assy suggest that the essential o
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of . pulegiodortss contains anti-nutriional compounds capable af
reducing the rates of ingesticn, digestion and,‘or absorption of food by
the insect, affecting the acguisition of nutrients, leading them 1o
metabalize their nutritional reserves to meet epergy and thus suffering
loss of their biomass. [ira en al_ [(2015) studied toxicity by ingestion of an
essential ail from Alpiniz purpurara (Vieill. ) K Schum. Inflorescence an
5 zeamais and obs=rved that BEBG and BCl were affected, but there was
nao change in RCR. Hibeiro et al. (2020) ohserved that the essential ail of
Cromn medojphiors Mall. Arg, Leaves in £, seamais caused an increase af
ECE and mo reduction in RBG and ECL Here, the eszential ofl of
L pulegiodones keaves also showed toxicity when ingested; hawever,
unlike the sudies mentioned, it caused a reduction in RCR, RBG and ECI,
with the two last parameters becoming negative. Similarly, the esential
oils from inflorescences of Filingern elotior (Jack) B.M Sm. and leaves of
Piper corcovadensis (Mig.) C. DC impaired these three nuiritional pa-
rameters an S zeomars adults and led to negative values of RBG and ECL
(Pimeniel o al., 2022, 2023)

The imsecibcidal activity and anti-outritional effects of the esential
il fram £ pulegiodorns leaves may be related to its main compounds {p-
cymene, ascaridole, e-terpinene and camphar) and possible symergistic,
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additive ar antagonistic relationships amang them {Faria et al., 20230
According i Borges and Amorim (20230, terpenes are ane of the classes
of secondary compounds that have a sirong insecticidal action. Vie
gas-Jimior (2003), Momis and Marinho-Prado (2016) and Liso ef al
(2007} alsa highlighted that many terpenes delay development, canse
damage to maturation, reduce reproductive capacity amd suppress
appetite, which can lkead to insect death due to starvation or direct
toxicity.

Previous studies evaluated the effect of a C pulegiorodus beaf excential
oil on six different populations of 5 zeamois; a fumigant effect was
ohsered with Ly, varying between 25,69 and 44.07 pL/L of air [Sanios
ef al.. 2022} and contact boxicity manging between 421 and 602 gl g
of com (Santos et al., 2019). The resalts of the present work, in addition
to these previous reports, highlight the biotechnological potential of this
ol for the creation of an effective bioinsecticide active by ingestion,
fumigation and contact, proving to be an excellent strategy for popala-
tion control of S seomaic

Our results suggest that £ pulsgiodonis essential ail may promote a
metabolic imbalance during the digestive processes of 5 zeomas. It s
known that an excessive genemtion of cellobioss (a product of endo-
glhucarese and exoglucanase actions) can inhibit the process of cellubose
bydralysis, for example (Gusakov =t al., 1985), However, the possible
comsequences af lyperactivity of carbohydrases in 5. zsammis gut neesd to
be investigated in depth in fature studies. The in viio efects of other
eszential ails on digestive enzyme activities of £ reommic adults bave
been reparted. Fimentel et al. (2022} showed that a P. corcowadensis leaf
essential oil and #s major compoment 1-buatyl-3, 4-methylenesdiooyben
zene  (BMDE) can  inbibit  trypsinelike Unlike the
(. prdegiodonis ail, the P corcovadenss and BMBD (Pimentel e al | 20252
as well as the exxential ofl from E elatior inflorescence and its majar
compounds dodecanol and dodecanal (Pimentel et al., 2023) inhdbited
amylase activity. Molecular docking studies have demonstrated that
essential oil components can bind to the stmacthare of insect enzymes,
such as Aedes oepgpn (Dipterx Culicidae) amylase (Siva e al., 20E5)
and Epfestic knehniallo (Lepidopterac Pymalidae] amylames (Amara et al.,
2024). However, data regarding these issaes for & seamais enzymes and
exsential oils are not available. It should be highlighted that & s
studies can yield different data because inserts can respond io the
presence af insecticides in their gut by releasing different sets of
isnTymes.

The fumigation ioxicity resulis against K. cormiger indicaie that the
essential ail of . plegindors efficiently penetrated the insects through
the spiracks, rausing mpid newrotoxic action and consequently insect
mortakity. Similar results were obtained by Santos et al. (20200, whao
oherred the fumigation toxdcity of essential oils from Lippdn dhymoides
Mart. & Schauer and L. lasincalycine Cham., which was atiributed to
terpenies. According o Jankowska et al. (2017), substances orginated
from secondary metabolism, such as terpenes, can act on the pervous
system af insects, mainly affecting the activity of the acetylcholines-
terase ereyme. Terpenes can also hawve a toxic effiect on other neam-
modulators, sach as gamma-aminobutyric acid (GABA), octopamine and
tyramine (Enan, 2005, Santos-Juninor f al, 30E0). Lima o al. (3013)
stated that the higher mortality of workers treated with different
eszential oils was due to a less sclerntized exoskeleton in comparison
with soldiers, which facilitates the penstraticn of the cil The rapid
contact effect of C. pulegiodonus essential ofl an the sarvival of N, comiper
warkers may also have ocrurred due to rapid penetratian of the essential
il through the imsect caticle.

Just like the essential ail of C pelegiodons, other escential ails
showed cantact toxicity against N. comiger. The essemtial ofl of Aristo-
lochiie trilabata L. (2.04 and 2.0 pz/mg) caused 0% mortality after 11 b
of experiment {Sanios, 2006} and the essential oil of Cymbopogon win-
terigmus Jowitt ex Bor (0.2 and 0.3%) caussd sigmificant mortality after
24 h of testing (Soares et al, 2008). However, the effects of
. puiegiodorus essential ail on the survival of N comiger were mare
efficient, induring mortality at lower concendration and in a faster way.
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The bebavioral change observed in the present sthady may indicate
that the essential oil influenced the nervous system aof the N cormiger
workers. According to Barbier e al. (2007), in social insects, it is
oomman o observe selficleaning and  allo-grooming  behaviors.
Self.cleaning action, ohserved in workers treated with C pulegiodom:s
essential oil, may bave caused the workers to ingest the essential ail and
this may have led to faster mortality.

The promising insecticidal effects of O prlegiodons essental odl
stimulate approaches to poesible scaled.up production. . pralegindons is
a shrab and its growth in vegetation houses, agroforestry systems, and
béafactonies for seedling production, among other possibilities, can be
studied. In addition, the in vitro production in cubtures and bioreactors
can be considered. Krol et al. (2023) shadied the production of essential
il in micreshoot caltures of Saivie apioma Jeps. and reported that sta.
tonary cultares accumulated 1.27% essential ofl while scaled-up eval-
uation in RITA bioreactor yielded 1.1% oil a5 well a5 a tempaorary
immersion system and a cusiom made spray bioreactor yielded 18 and
19 g/L dry weight. These yield wvahwes are near to that obtained for
. pulegiodorus essential oil (0.91%). In addition, the yield af
. prdepiodorus exsential ol is higher than that of rose odl, which pro-
duction reguires 4000 kg of rose petals to prodece 1 kg of odl (Labbe and
Verpoorte, 201 1). Impartantly, safety evaluations for the environment
[e.g. fish, mvertebrates, algae, microrganisms) and mammals need oo be
evaluated since safety data for this ol are scarce.

5. Conclusions

The essential il from C pulegiodones beaves is mainly composed of
manaterpenes and sesquiterpenes and has been shown to be a potent
indurer of mortality in 5 seomais and N. comniger. In £ zeamais, it
affected food intake and digestion. [t rapidly induced mortality when
imhaled by AL cormiger workers and soldiers as well as affected behavior
of warker termites. Bapid toxic action is & desired chamcteristic for in.
secticides, which makes C. prfepisdorus essential ofl a promising com-
pound to be applied 25 an albernative in the management of £ zeommis
and M. comiger.
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ARTICLE INFO ABSTRACT

Handling Edscc Ray Nostum Essential olls obtained from Crocon pulegiodorus leaf are d for their biological activities; however, data on
thedr taxicity are lmited. Thesefore, this study aimed to evaluate the acate aral tosdeity and genotoxicity of a
Keywarde: Cpa@Mdeﬂ[MlWﬂMwﬁuﬁmdtﬂﬂ)w&Wnwaﬁ:hu-»-
Subaty amessment graphy coupled 10 mass spe 1y (GC-MS). In vitro assay was performed to vesify the hemalytic capacity of
::‘:ﬂ"':"‘ product the afl In mile erythrocytes. Neat, an aculc ofal talelry stady was condiucsed ca femate mice at CPLED doses of

2000, 1000, 500, 250, 100, and 50 mg/kg. Hematological, biochemical, and histopathalogical markers were
assessed in mice fram groups were no death d. Relative of water and food and the weight of
animals and their organs were also recoeded. Finally, a g cicl Iysis was pest d wsing the micro-
oucleus and comet assays. mmmnywdmm“ulldﬂmdlsmjm f ds were ridol
(23.18%), encalypaol (17.20%), camphor (14.20%), pcymene (7.91%), a-serpincol (4.69%), and sobornyl ac-
etare (4.57%) CPLEO showed a hemolytic effect only at high concestrations (185.5-1000 mg/mL). It showed
acute oral toxichty In mice with a LD,, of 460.42 qylg. OPLEO (50~50 ms/llg) unmd some significant
changes in hemarcdogicad and biochemical p H: hological e d al n liver
and Kidneys but trans uren and ¢ il .In\ek “‘mcmenegnhemaud.mmmmb-
tration Impaired weight gain and reduced water and food consumption. Finally, It was not genosoxic by boch
comet and micromucieus tests. The results highlight the need for tion when chooslog doses 1o evalk the
bicactivities of CPLED.

s Shanker et al.,

1. Introduction et al, 20

Plants produce chemical compounds from their secondary meta.
bolism and some of them constitute the socalled essential cils (EOs),
also denoted as volatile or ethereal ails (Mahasan et al, 2020). The
versatility and biclogical activities of these vaolatile natural compounds
have attracted attention in Pharmacology and Biotechnology (Simoes
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the blish of resi insect populati as wedl as severe
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-d.:ru;::tncrmrmmﬂt E‘lhh:urmnlldv:m.gumﬂ'rh:uz-uf
ay 1 x bicdcgrndability, bow cnwvircmmcnenl
impact and bess toxicity to nom-target living beings {Lozowicka et al.
2006; Tabarmaed et al, 2019; Demeter et al, 20210 In addition, the
chemical variety of B(s maximizes the number of molecalar targets in
insects and mitigates the emergence of resistance (Zimmermann et al.
H21).

Humans use Es since ancient times due to their various bological
activities (Bhawvaniramya et al., 2019 Alvarez-Martinez e al., 2021; Ni
et al., 2021). However, these compounds may also have some level af
boxbcity to organisms (Stojanovic et al., 20149). For instance, studies have
revealed that the wse of cerfain EQs ran cause side effects sach as
gasirointestinal iract irritation, nausea, vomiting, diarrhea, kidney
irritation, liver damage, beadaches, dizziness, seizures, and respimatory
arrest, 25 well 2 allergic reactions when in direct contact with the skin
(Simoes ef al , 20017}

The geous Crofon L belongs to the Euphorbiaceae family and is
fiound im tropical and subiropical America (Bammera et al., 200 6; Bezerm
et al., 2020 Oliani et al., 20211 Brazil i home for approximately 350
decribed species (Sodre and Silva, 201%; Silva et al., 2020), and 252 of
these are endemdc (Flora do Brasil, 20240 The BOs of Cromon species
contain various bisactive sabstances, with a particular emphasis on
terpemes (Barrera et al, 2016 Croton pulegiodors Baill., commonly
known as “velaminho™ or “velame”, can be found as herbs, sub-shrubs,
and shrabs an rocky outcrops in Brazil (Flora do Brasil, 2024). In
traditional medicine, the species is used to treat urinary, chewmatic, and
dermatological problems. & pulegiodonus is rich in secondary metabo-
litess, especially monoterpenes and sesquiterpenes (Rocha et al., 2021).

Previous studies have shown that BOs from leawes of O pulegiodorns
had irsecticidal action agairst varioms species of urban pests and/or
disenme vertars (Souza =t al |, 301é; Silva et al., 2009; Santos et al., 2009,
20X2). However, there is a kack of data on the general safety of BOs from
this plant. Hence, the aim of this stady was to evaluate the acute aral
toxicity and genotoxicity of a O pulegiodomnes leaf essential oil (CPLEO) in
Swiss mice. Biochemiral and hematological analyds as well as tissue
mirrosropic examination were comducted.

2. Materials and methods
2.1. Planr marerial

Croton pulegiodorus leaves were collecied during the morning at
Triundo city (7 50 26" & 38" & 17 W), Pernambuco, Brazil. A voucher
specimen was deposited (#5.5. Matos 104) at the Herbario do Semiaridos
do Brasil (HESBRA) of the Unidode Acodémica de Serra Talfimda (UAST)
from the Unfwersidade Federal Rural de Pernambuco (UFRPE)L The stady
was registened (po. AZ06T1D) in the Sitema Nacional de Gestao do Po
rimonin (enetico ¢ do Canhecimento Tradicional Associado (SistGen).

2.2 Eswemtind oil extroction

The leaves were dried in a stove at 40 “C and then ground usng an
industrial blender. Then, the leaf powder was placed in a round-boticm
flask with distilled water, and hydrodistillabon was condocted at
100 “C. Subsequently, in a separation funnel, the bydrodiseillate was
mixed with dichloromethane and the mixture was agitated. Once formed
the water and odl -solvent phases, the od-sofvent mixture was dried usng
aphydrous Ma 80, and transferred to a volumetric Aask artached to a
rotary evaprator to separate the EOQ and the mivent. Then, the callected
CPLED was stored in an amber battle, hermetically sealed, and nefrig:
erated to prevent alterations in physical and chemical characteristics.
The extraction yield (Y%) was caloulated using the following formala: ¥
% = (V0 x MOyME) x 100, where VO = volume af ail (ml], M0 = mass
of 1 mL aof oil (g) and MS = dry mass af leaves (g).
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The CPLED was amalyred wsing a gas chromatograph-mass spece
trometer (GC-ME) on a QP 505" instrument (Shimadzu, Kyoto, Japanl,
equipped with a non-polar capillary column Agilent DE-Sms (30 m =
0.25 mm » 025 pm). The oven temperature was set at 60 “C, increased
at a rate of 4 “C/min until reaching 280 °C, and then held for 15 min
Helium was used as the carmier gas at a constant flow mte of 1 ml./min.
The ipnization source iemperature was maintained at 280 “C, with an
itomization energy af 70 eV, and mass spectra were recarded in the range
of 10-400 m/z. The CFLED sample was dissoived in dichloromethane
and amalyzed in triplicate. [ndividoal components identification was
performed by comparing the refentton indices and fragmentation pat-
terms with those in the instrument Library, 2= well as with data found in
the literatare {Adams, 2007,

4. Anfmals

Swiz male and female mice (25-35g) aged between 5 and 8 weeks
were abtained from the st Kaso Asomi (ILIKA) of the Unfversidode
Federal de Pernambuco (UFPE) and acclimatized for 7 days in the Labo
rtorio de Experimentacoo Ardmal at the Departomento de Bioquimica of
the UFPE. The animals were kept in standardized conditions (1 2:h light/
dark cycle and a temperature af 22 + 2 °C). Water and commercial food
(Labina, Purina, Braxil) were provided od [fium. All experimental as-
says were appeowved by the Ethics Committee oo Animal Use of the UFPE
under the protocol no. 138,222

The hemolytic activity of the CPLED was assessed accarding to
DieJmang et al. (2011 with mimor modifications. Blood from mice were
collected by cardiac pumcture in heparinized tubes and centrifuged at
1000 g for 10 min. Subsequently, the obiined underwent
three washes with 0.9% (w,v) Ka(l (sakine sohution]) for & min at 1000 g
A 1.1% (v/¥) erythrocyte suspensian was in saline sohution.
This suspension (.25 mL) was incubated at 37 C for 2 howith 0035 mL of
CPLED dissolved in 1% (v/v) Tween 80 ai concentrations aof 1000, 750,
500, 375, 250, 1875, 62.5, 31.25, and 1562 mg/mL. Sapanin and 1%
Tween B0 were used as positive and negative controls, respectively.
After incubation, the samples were centrifuged ar 1000 g for 10 min and
200 pL of the sopermatant was transfemred to a 96well microplate for
determination of absorbance at 575 nm wsing a microplate reader. The
results were used o caloulate the percentage (%) of bemalysis compared
to the positive control (1008, The cancemtration requinsd o cause 50%
hemalysis (HCyy) was caloulated by linear regression.

2.6, Aoute orml foxicity assay

Female mice (n = 3) were used in the acute toodcity assay. The
treated groups received the CPLED a single doze af 2000, 1000, 500,
2580, 100, or 50 mg/kg of body weight wia gavage, while the negative
contred group received saline solution (0.9% NaCl) via gavage. The
starting dose of 200 mg,/kg was chosen according to the OECD protocol
43 since there are no reports on intoxication with C pulepodorus in the
literature (Le. available information suggests that martality is unlikely).
However, since animal death was observed (see 'Results and discus-
sinn’]i, the test continued by lowering the doses. In each assy, the an-
imals were observed for behavioral siges of intoxicatian {Brita et al.,
2023} durimg the first 2 b after treatment, and daily until the end of the
experiment. The animals' body weight and water and food consumption
were evaluated daily for 14 days. On the 14th day, the animals were
anesthetized intraperitoneally with ketamine (77.3 mg/kg) and xylazine
(133 mg/kg) for blood collection by cardiac puncture. The collected
blood was placed in EDTA tubes for the evaluation of hematological
parameters which included: red blocd cells, hemoglobin, hematoorit,
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mean corpuscular volome, mean corpuscular hemoglobin, mean
corpuscular  bemoglobin  concentration, and total and differemtial
lenkocyte analysis using the MaoCell Vet 500 Dantomatic hematalogical
amalyzer and Olympus optical microscope. For the biochemical svalaa-
ticn, the blood was transferred to a tube with a separating gel and then
centrifuged (3.500 rpm for 10 min) te obtain the seram. The following
parameters were then evaluated: albumin, alanine aminotransferase,
aspartate aminotrarsferase, gamma-glutamyl transferase, iotal proteins,
urea, creatinine, total cholesteral, and triglycerides using specific kits
[Labtest Diagnostica, Lagoa Santa, Brazil) and an awiomatic analyzer
COBAS Mirn Flus (Roche Diagnostics). The animals were then eutha-
nized by intraperitoneally administering a lethal daose of ketamine (300
mg/kg) and xylazine (30 mg/kg) and spleen, heart, Hver, lungs, kidoeys,
ardd brain were collected for histological analysis.

2.7, Gemoinxicily ossessment

The genotoxicity assessment was conducted asing the comet assay
and the micronacleus test. Male mice (n = 5/group) were divided into
five groups negative controd (0U09% MaCl, per os), positive coatral
[methotrexate, BMTX, 20 mg kg, i.p.} and CPLED (per os) at 50, 100 and
250 g kg

For the comet assay, a total of G0 pL of blood was collected from the
tail by wvenows puncture 24 b after the application of treatments, and the
allaline version of the comet assmy was performed [Singh et al., 1988).
The amalysis was performed using propidivm iodide staining with a
fhwarescence micrascope (Zeiss-lmager M2 Carl Zeiss AG, Jena, Gers
many). For each animal, 100 nuclenids were evaluated to ohserve the
relationship between the length of the tail and the size of the comet's
head. Exch analyzed ruclenid was classified imto one of five classes,
where class 0 represents undamaged cells, class 1 represents cells with
minnr damage, class 2 represents cells with moderate damage, and class
3 represemis cells with severe damage. The damage index (] was
calculated based on the product of the mumber of cells in sach class and
the value of each class, according to the following formulaz I8 = 0 = {n.
class 0) 4 1 = (n. class 1) + 2 < {n. class 2) + 3 « (o class 3). The
damage frequency (DF, %) was calculated based on the sumber of
damaged cells in relation to undamaged cells (class ) in sach treaiment
using the following formula: OF = [(total number of nucleobides -
number of class ) cellsJ*100] /total mamber.

For the micronacleus assay, tail blood (60 pl) was collected 48 h
after the treatment application. Firstly, the microsmope slides were
washed with distilled water, then dipped in 70% alcobol, and placed in
an 80 “C oven. Next, the beated slides were treated with acridine orange
(1 mg/mL) uxing a glass rod and air-dried. Subsequently, a blood sample
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from each animal was placed on a microscope slide previously coated
with acridine arange and covered with a coverslip to evenly spread the
binlogical material (Eiji er al, 1992 Subsequenily, the animals were
euthamized by intraperitoneal administration of a lethal dose of keta-
mine {300 mg/kg) and xylazine (30 mg kgl

2.8 Smmtisnical anolysis

Data were represented by mean + standard deviation (SDL Data
normality was previously amcessed wsing the Shapiro-Wilk test. Data
were analyzed by ane-way amalysis of variance (ANOVA), followed by
Bonferroni post-test using Prism GraphPad 7.0 software. P values < 0008
were pansidened statistically significant.

3. Results and discussion

Diespite being renowned for its biological activities, the data on the
toucicity of essential oils from £, pfegindons is limited. Here, we propose
to evaluate the possible toxdc effects of CPLEQ in mice. The CPLED
extraction yield was 1.14%% and its chemical compesition is presented
in Table 1. GC-MS analysis is the reference analytical eechnique for the
identification and quantification of compounds in complex waolatile
orgamic mixtures, sach 2 essemtial pils (Coutinhe =t al., 2009 Hajo
Fernandez ef al., 2024). The mass specira and the rebention index values
are used a5 parameiers in the GC qualitative analyss to identify the
compounds present in the essential oil, indicating major and minor
companenis 25 well 2 allowing the comparison of oils extracted from
different specimens. GC-MS analyses of CPLED allpwed the identifica-
tion of 17 constitwents that represented 100% of the peak areas. The
majar compounds wene ascaridole (23.18%), eucalypal (17_20%),
camphior (14.3084), p-Cymene (7.91%), aderpineal (4.69%), and iso-
bormyl acetabe (4.57%).

CFLED chemical composition was qualitatively comparable, at least
with respect to the major constitwents, o previous reparts. Torres e al.
(2008) amalyzed the chemical composition of an BO of C puiegiodons
leaves from twao distinet locations. They found that the major com-
pounids from one location were p-cymene (22.3%:), ascaridole (17.0%]),
camphor (13.0%], and alpha.phellandrene {7.1%]), while from the other
Incation were ascaridole (33.9%), p-cymene (21.6%), alpha-terpinene
(9.6%]), and gamma-terpinene (G.8%)L Carvalho et al. (2022) evalus
ated the chemical compasition af a ED from C. pulegiodornes leaves with
yield extractiom of 0.27%. They observed that the BEO contained ascar-
idole (47.959%]), pcymens (10.92%) and camphor (B.42%) as predomi-
mant compounds. The differences in concentrations amd  major
compounds of E(ls observed in this study, as well as in the cited studies,
can be explained by the fact that the chemical composition of essential
oils can vary due o sumerous factors, whether physiological, envirom-
mental, or genetic (Sharmeen e al., 20210

The CPLED (187 5-1000 mg/mL) caused hemolyss of mice eryth-
racytes ranging from 36,65 to 7E.98% (Table Z). However, no hemolytic
effert was observed at lower concentrations (1562625 mg/mL)L Vale
et al. (2021) analyzed the hemsalytic effect af the EOQO from Croton
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Table 5
Biochemical parameness of the senmm fnoen mice treated orally with a single dcse
(250, 100 or 50 mg/kg) of the esendal of from O pafagodons Baill beaves.
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Tabde 4

Evaluation af the relative weight (mg/g animal bedy weight) of organs from
mice treated arally with a sitgle dose (250, 100 or 50 mg kg) of the emential ol
from . pbegiodons Baill leaves.

Dmparm (g gl W 250 by LI g g S my by
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K Negative control. The valoes 3 the mean = S0 [0 = 3/groop).
Nis significant differences were found by ANOVA followed by Bonfersanl poa-
test.

pimzhieesis leaves, whose major compounds were f-caryophyllens
(21.58%), D:-limonene {1 3.47%), y-terpinene (10008%), and germacrens
D (9.56%). They observed that the BEQ camsed over 45% hemolysis at
conrentratiors from 1.2 io 8% On the other hand, Mascimento = al
[ 2024) analyzed the hemolytic effect of the BO from Croton hlancherianres
leaves (0.250-1000 mg/mL), which had a-pinene (21.23%), j-phellan-
drene (13.52%], terpinolene (13.01%), and germacrene [ {1 0089%) as
major compounds, and did not detect any hemalytic activity.

Erythrocytes are used as model of mammalian cell membranes in the
hemolysis assay, which intend to evaluate lytic interactions of molecules
with membranes (Greco o al | 2020 Seba et al., 3023). The extent to
which the compound induces disruption of the membrane and canses
release of cellular content is a pammeter of cyioioxicity mportant to
direct strategies for safety application. The hemalytic effect observed in
some EQs may be related to their chemical composition. According to
Vale et al. (2021), hemolysis can be induced by the lipophilic in-
teractions af EQ constituents with erythrocytes. However, there are now
farmulations available that can reduce the toxicity of EOs, allowing
them to exert their biclogical activity safely (Ghosh et al, 2008)
However, it is worth noting that CPLEQ only indwced hemolysis at
remarkably high doses, with a HCy of 103.8 + 7 21, proving to be safe
at bower concentrations.

The CFLED bethal dose {LDw,) for the acute oml toxicity assay was
estimated at 460.42 £ 180.14 mg/kg (GHE: Category 4). 'We noticed
that for the doses of 1000 and 2000 mg/kg, all the animals died. How-
ever, no death was observed at doses below ar equal to 250 mg/kg and
these animals were used for further toxicity analyses. CPLEO reduced
the mice's body weight gain. Furthermore, impaired food and water
comsumption was obeerved in mice treated with CPLEQ compared to the
negative coatral groap (Table 2L These effects can lead to maloutrition
and debrydration of the animals whether persisting for long periods. In
addition, they can be related to decreased appetite, an effect that has
bern described for other essential oils administered throwgh ingestion or
inhalaticn and associated with modulation of leptin resistance, activity
on sympathetic/ parasympathetic nerves, and metabalic alterations in

s Blmphky  IMWmpky  S0mpky
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o

the hypothalamus {(Nguyen et al, 2023). There were po significant
chamges in the weight of the organs of the mice compared to the negative
contred group (Table 4]

The toxicity of BOs may be related to the chemical compasition and
concentration af each metabolite {Bshbaham et al, 20190 Results ab-
tained by Ez-Zriouli ef al. (2023) evaluabed the acute oral toxicity of EOs
from Chenopodium ambrosioides (o-terpinene: 53.4%, ascaridoles 17,73
and p-cymene: 12.1%) and Bucohypius comeldulensis (p-cymene: 35.1%,
eudesmol: 11,934, L-linalook 11.5% and péperiione: 10.3%) and re-
ported LD, below 500 mg/kg, kike the result obtained in the present
study. Corsidering the smilarities between these oils and CPLED, it can
be highlighted the presenice of ascaridale (23.18% in CPLEO and 17 .74
in € ombrogoides ail), poymens (791% in CPLEQ, 35.1% in
E comaldelensis odl, and 12.1% in . ambrosoides ail), and linalool
(3.26% in CPLEC and 11.9% in E. comaldidensis oil), suggesting that the
towic effects can be linked to their presence. Indeed, pcymene showed
some toxic effects in rats with alterations in urimalysis, hematology,
clinical biochemistry, and histopathology, alibough causing no death
(HKuwagata et al.. 2024). More impactfal, linalool can cause acute sys-
temic toxicity associated to central depressive effects, camsing ataxia,
decreased motor activity, and respimiory disturbances leading to death
(Powers and Beasley, 1985). Fimally, it has been demonstrated that
ascaridole and caryophyllene oxide (present in CPLEO at 2.93%), can
inhibit the mitochoadrial electron transpart chain as well as that Fe™”
can activate ascaridole, becoming it maore toxic (Moozote et al., 2009,

Acute administration of CPLED (50, 100, and 350 mg/kg) did mot
camse any significant changes on the biochemical parameters total
proteins, ghiwose, triglycerides, alamine aminotransferase, aspartate
aminotransferase, gamma-glutamyl transferase, creatinine, and urea
when compared to the negative contrd groap (Tabie 5. Nonetheless,
the bevel of tofal cholesterol was higher in both 50 and 100 mg'kg
treatment groups than in negative control.

There are some reports on the cholesteral-reducing effect of essential
oils, which has been attribated to the ability of some valatile compounds
(e.g- the terpenodd geraninl) in nkibiting the production of mevalonic
actd (Maczka et al., 20200 However, EO extracted from Artemisia argyi
leaf markedly mised the total chobestero] bevel in high-fat diet-fed mice
(Wang =t al., 2022), althouagh the authars did not suggest any reason for
this. Terpenoids are precursors of steraids in biosynthetic patbways and
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this can be a reason for the increase in total cholesterol in mice treated
with CPLEO at 50 and 100 mg/kg. However, this needs to be studied
more deeply in the future, considering that this effect was not observed
in the highest dose (250 mg/kg) and to what type of lipoproteins this
increased cholesterol level is associated.

At 250 mg/kg, CPLEO caused a significant reduction in erythrocytes,
hematocrit, hemoglobin, and manocytes. According to Costa et al
(2020}, secondary metabolites may act oa red blood cells, causing
interference with the integrity of the plasma membrane, leading to cell
shrinkage, decreased content, and even destruction of hemoglobin. This
is corroborated by our in vitro data showing that CPLEO has hemolytic
activity. In addition, this property may had contributed for animal death
at the doses since 500 mg/kg. Canversely, CPLEO at 50 and 100 mg/kg
led to a significant increase in hematocrit and lymphocytes counting,
while decrensed segmented leukocytes and monocytes compared to the
negative coatral (JTable 4). These data suggest that, at these lowest
doses, the hemolytic effect of CPLEO is negligible (or overridden by an
increased red blood cell production response) and that this oil can exent
an immunomodulatory activity, which has been reported for secondary
metabolites (Wang et al, 20200

Fig. | shows the results from the histopathological examination of
the liver, kidneys, spleen, lungs, and brain of the negative coatrol group
and those treated with CPLEO at 50, 100, and 250 mg/kg (Fig. 1L
Ballooned hepatocytes were observed in the liver of animals treated with
50 mg/kg CPLEO. This alteration is a kind of injury that involves the loss
of the I palygonal shape of hepatocytes and is usually associated

MCV: mean corpuseular volume: MCH: mean corpuscalar hemoglobin, MCHC:
mean corp glob NC: Negative control. The values
correspond 10 the mean = SD (n - 3/group).

* p < 0.05 in refation 0 the segative comtral by ANOVA followsd by Bon-
ferrond post-test.

lar b

with the accumulation of fat droplets, endoplasmic reticule expansion,
and damage to cytoskeleton intermediate filaments (L et 2, 2023)%
Thus, the presence of ballooned cells can be due to the apolar charac.
teristic of CPLEQ components, showing affinity for lipid droplets.
Importantly, [ima et al. (2013) reinforces that EOs are metabolized by
the liver. Liver function can be assessed by measaring the levels of liver

hs of histological "

(e o

Fig. 1. Ph

of the liver, kidneys, spleen, lungs, and beain of female mice in the negative control (NC) group and grougs treated

with the esseatial oll from C. pulegiodones leaves at doses of 50, 100 and 250 mg/kg. Balloonsd hepatocytes (BH) and subcapsular space (SS). Magalfication: 200 <.
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Fig. T Number of micronuckeaned polychsomatie erythroeyies in mice reased
arally with the essential oll of C puligiodons leaves (250, 100 and 50 mg/kgl
Wi Negative eonieal. PC: Posbtve comirol. Resalis pepresenned by mean = SEML
[*1 p = 005 In relation oo the negacive eontml.

transaminases (Vagvala and Connor, 201 8], which were not affected by
CPLED, indicating no significant damage to the functionality of hepa:
tocytes despite these histopathological findings. The kidmeys of the
groups treated with CPLED showed anly a slight increase in the sub-
capsular space aof the glomeruli. However, this seems have litthe or no
repercussion oo the physiology, since urea and creatinine serum levels
were not affected by CPLEQ. Mo marphological alterations were
observed in the spleen, longs, and brain.

Genotoxicity assays allow us to determine the effects of enobiotic
compounds, such as Eds, an genetic materdal (Menz eq al., 2023). The
number of microoucleated polychromatic erythrocybes (MnPCE) indi-
cabed an absence of genotoxic effect of CPLE at 50, 100 and 250 mg/kg
since the data from ofl treatments did not differ from the negative
comtral {p > (L05) and were significantly different (p < 0.05) from the
pasitive coatral (Fig. 2L

In the comet assay (Table 7], the treatments with CPLED at doses af
540, 100, and 250 mg/kg did not induce genoioxic effects since the walues
of DI and OF were statistically equivalent (p o 0U05) to the negative
coniral. When compared to the positive control, these values for CPLEQ
were significantly lower (p < 0.08). Studies an the genotoxicity of plamt
metabolites are important io exsure the smfety of using these compounds
(Fraota et al., 20190 Our data show that, despite some relevant aleer
ations in mire, CPLED is not a DMNA-damaging agent when ingested at
S0-2%0 mg/kg. Results ohtained by Mascimento et al. (2024), who
evaluated the gemotoxic effect of the BOQ from O hlancherionms leaves
[m-pinene = 21_2%%) when administered omlly (1000 and 2000 mg/kg)
also did not describe a genntoxic effect.

Table 7
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4. Conclusion

The CPLEQ sxhibitad in vitro hemalytic ity ar high
tions and was toxic to mice at doses higher than 250 mg/'kg, even
camsing death. At pon-lethal doses (50-250 mg/kg), some changes in the
hematological parameters were observed, but none or minor bicchem-
iral and histopathological chamges were found. The BED did not show
genotowmic effects in mice. The toxicity of CPLED to mice can be due io its
hemalytic effect (decreasing erythrocyie number) and related to the
presenceaf ascaridole, lmalool, p-cymene, and caryophyllene oxide. The
CPLED application reguires attention regarding its usage dose to take
advantage of its biological effects with minimal adverse effecis. The
safety assessment described bere is essential for the incoming steps
invalving the production of CPLEQ formulations with insecticidal ac-
tivity, a property that has been shown to be promising for EOs form this
plant.

CRediT authorship contribution statement

Patryck Ermerson Monteiro dos Santos: Writing — criginal draft,
Vimalization, Validation, Software, Resources, Methodology, Imeesti-
gation, Formal anmalysis, Data curation, Conceprualization. Matheos
Cavalcanti de Barros: Methodology, Imvestigation, Data curation.
Amanda Vieira de Barros: Methodology, [nvestigation, Data curation.
Renata Mendonca Aradjor Visualization, Validation, Resources,
Methodalogy, Investigation, Punding acquisition, Formal analysis, Data
curation. Amanda de Oliveira Marinho: Visualization, Validaiion,
Methodaology, Investigation, Data curation. Anderson Armaldo da
Sibva: Visualization, Validaton, Methodology, Investigation, Formal
analysis, Data curation. Maria Betania Melo de Oliveira: Visnalization,
Validation, Resources, Funding acquisition. Talita Giselly dos Santos
Spura: Methodology, lovestigation, Formal analysis, Data curation.
Cristiano Aparecido Chagas: Resources, Methodology, lovestigation,
Funding acquisition, Data curation. Thamarah de Albuguerque Lima:
Writing - review & editing, Visualization, Walidation, Supervision,
Funding acquisition, Pormal lysis, Concepiualization. Leydianne
Leite de Sigueira Patriota: Writing - mﬂ&cd:hng., Vimalization,
Validaticn, Pormal aalysis. Ana Patricia Silva de Oliveirac Writing -
review & editing, Vissalization, Validation, Supervision, Formal amal-
ysis, Conceptualization. Thiago Henrigue Napaoleao: Writing - review
& editing, Vissalization, Validation, Respurces, Project administration,
Funding acquisition, Formal analysis. Patricia Maria Guedes Paiva:
Writing — review & editing, Visaalization, Validaticn, Superdsion, Re-
sources, Project administration, Funding acquisition, Formal analysis,
Comeeprualization.

Ethical statement

All experimental assays were approved by the Ethics Committes on
Animal Use of the Universidade Federal de Pemambuco under the
protocol mo. 138,700

Index of damage 1o each class and damage frequency in the comet assay of andmals in the control groups o treated with the essencial of of C pulegiodans leaves (230,

100 and 50 meg,/kg) administered orally 1o mice.

Treatrumi (mp ke Clasy Darsge Preguensy (DF)
0 1 2 3 4 e 100

ML BiLED = 152 020+ 15 &0 + Guird a0 = (LAY L)+ s FLES FEREST ]

pe 240 + 2t 1520 + 432 24R0 + AAS A0 = 3T A0+ 6Bl InER + 651" o6+ i

255 BRI = 30 liad = 3 80 £ 1354 O 2 DL (L0 £ el ii& = 1R 110+ L5

10 QL0+ 418 FAD £ 476 IE RS O 2 DL L0 & DS s 103 A0 & L&

Ll ] FFREST 550+ L9 200 + 192 [ DR LY LR E T L4 = 244 Ed: 138

K Megative contnal. PC: Positdve cononel. Values repeesent the mean + 50 (o - 5 groap).

* p < 005 In relation to the negative control.



P.E Monsrire das Sastos o al.
Declaration of competing interest

The authors declars ihat they have no known competing hnaocial
inberests ar persaonal relationships that could hanve appeared to influence
the work reparted in this paper.

Acknowledgments

This research was funded by the Consefho Mocional de Dessnvohid.
menate Ciemtifics ¢ Tecnoldgios (CNPg, 407192,2018.2), the Coordemagine
de Aperfeigoamento de Pessoal de Miwed Superior (CAPES, Finance Code
001} and the Fundogpao de Ampare @ Ciencia & Tecaologio do Estodo de
Pernombece (FACEFE, APQ-0108-208/14, APCH1491- 208,22,

Data availability
Data will be made available on request.
References

Adarrn, ILP, 23007, identifcatios of B dl 0l Comp By s (B k
it Speriroscopy, foerdh ed. Ciol Siream, Ok Alhed Pub. Corp, 2007
*I.N'III:D-\.H.I.I.'LL_I'_PJ hﬂ}m{lth]hﬂmlq}n,ll.,hL'ﬂ . urd
| plas : d cibe az spdaied srview on
their effects and hant nl'-.-l:m.- dictonn B0, 153628,
Andri, W.PP., Rilsstn, W.LC, Obveim, LSLED., Macedn, LTF., H_..F.\“_M_
Brnl.ql.- l"'._MJ. 20iA. Eswsiisl ik and their bimscter compusds in e ol
des of sraall Acta Sel. Vel 38, 158

56

Tomzom 351 (2004} fodi4F

Ex-Zrigrali, ., Elyacurahi, W, Imiaras, H, Mesfiow, &, Elbeisnd, A, Al Kamaly, 0,
A]:h.l..l,.’i.l,"l.l: Fa, ﬂl...r.t.l,zﬂ Rochdi, &, 20X Chemical compeition,
el 1 it :.ni.-:d:'bmn.la'-lil"_'d'm-.hﬁ-.

Frv— - b il Bualy; i sils, Molwoules 3,
Hra
Flom do Bonil, 2004, Croton. Avadleble st Bitpa: llorsdobomil i) pev. be FELR40F
CAconmnd 23 Aapant X324,
Fruta, i.n..m.\.t..ﬂ-—h.m..ﬂhnm MaAK, 2D|¢.buud-:ld-|r
] dade da szfusio de F -

[_lﬂ-ntl;unHm. ks wistwmn iewte Alue copa. Revise de ﬁh:l- Medrwm w

Binlégie 16, 67-72.
Gihosh, T.. Biwns, WK, Chat 4., Ry, I, 2018 Is-vism thu Bemnalytic
ity of difk T i i 1 plant Croios i with

ph:rh:l:lml:lld:mln:mlmm“&rdqﬂd.J.lkusMx.ThvuL
H, 155-1&0L
Ginoces, |, Slnlchsmerrn, B Holnedal, | Jimicem, H_,Hl.-l._'J,B\.D.,'I'Ilbh,J.L
Hikearrison, 1. Hsmsen, PLIL 5 HL, 2020 Carrel
dHIr.qrhhmnbj’lniqﬂlm-mlm:leqﬂltr-t—lmﬂ
prptidic 6. Bep. 10, 15506,
k.-wm:l-,ll_].lm.'l .'hi:-,H_ ML hi, T_, Nisk 1.
hashi, ¥.. L ., K &, B4, A W-day oepeaied oral dose
n.-.u.u.J atandy ol preporese b anie U osde st al T 1 S s B4, Ll
LL YWY, Zheag T.L, X, 5., Wang, P, Yang, W, Jiang, LL, Chen, LI, Sha, 10
Jin, 7., Cham, R.B_Brr-:,i"'_l.l_qul-{l LLJ.H. Thezg, MUHL, 2007 Hepatocydic
ball T ! and feiwre diceclioes. Livier
= 45 I.J?l'.l—uﬂ.
Lima, GG, Soeas, ToM, Pauks-Fredoe, G, Pasias, ILF., I'."l.d-A.F' ﬁlﬂ.ﬂh.ﬂll.l'.’k

Mozuis, 3.8, Carvalho, AFU., 3003 Ferther | wils
From Ligpas sidoidon sead ﬂﬂ-lpmm.hlthPmﬂL i, 112
L9301 vaa.

Loorwicks, B .H.u_l:*ﬁ,[' Jankowabo, b, Kecoreski, P, Hrnbo, L, Buthowsks, B,

A, buin o St i arelts and rhikdne of
mode of wciion [MoA) in pome, sione, berrie aed
ather small fn. .H Tnhlhnm ERE/SET, bed-18s,

B.IFM“ Soua-Silva, A, Barbus, O, fy-Stalke, MUF., Garcla, & 2004 G- Migedka, W., Wimnska, K, Grabsrceyk, M., 2000, Onr undoed s of p L lubeeal
Iﬂhﬂﬂhbblﬂimhmmmmnhﬂbn& 25 XS,
spplication in health and disas. & revirs. F L, Bdal Il.Hukyh.E Pal, K, m-' ! by the T af
1T0E05E, l stre for of bary bliinn b medicizal s
Hakkali, F., tunch, & ok, [, Id ., 2008 Biological sificts of ] plants, Joerml of Appled R & un Mdical sd ic Pamis 18,
il u meview. Food Cherm. Taxieol, 46, 408 4T5 LDO0Es,

Barmers, CAC, Gomre, D0, Costiblanco, FA., 3016, Medicinal importence of Cromon
p=us (Ezpharkiscrs). Rev. Cebana Plastas Med. 20, 234247,

Batilha, G.E, Brakhishy, A M., Wasef, LG, Elrea, ¥HA, Al-Sagan, A4, El-Hsck, M.E
., Taha, AR, Alked-Elbskimn, T.0, Devkota, HP., 200 (Rermical constitueis and
MH activition of garlic (Alum s L): o review, Nairiemts 12,

w BoA., Mishad, ., Palad, B 2009, Dnh_mln].hwhml
i drial aetiviky and i of it i of sctios ik k
saming deciron v. Microk. Pathog. 136, 1Y 16,

Brerora, FOW., Brasrras, AL, ﬂlhln:l Il.LI‘:nh.ﬂJ... Fareeira, GO0, Carvalia, RN,
2000 B i and bolngicd activity of Crolon sperie
|h|#ﬂt=-:=unm1mﬂ.|n hhifqd.lﬁ.ﬂﬂ—m

Bk 4., Visk u, &, Al-Abwsocly, MS, Wigrpakemar, i, Baskaran, [,
hl&mﬂmﬂﬂ:hﬂ-&fumuﬂm

Grain & Odl Science and L, w55

Brits, JLS, Marinkn, A O, Cordho, LCBE, (livieirs, A0, Paiva, P3G, Patriot, LLA.
Rapsleo, TH., 31X, Toccty and antitamer activity of the waterschibli et
from Moriaga oeifera Lam, seeds (IWScl) in sarooma 1880-beaning mice. Toaiom
T34, 107306

Campas, E VI, Promea, PILF, I'.'E:-l-dr:.J.I_H.in,M_AI:Hh‘,I'.{“_,Fr-:quE_
2O1R U of b d fiar e future peni
Beol. Indost. 105, 4E5-405

Carvabo, MG, Rosden, PCM, Carnetro-Tarces, 04, Fampa, P, Bevilagoa, CM.L,
HBandscira, PN, I}:_:l A, miﬂ'ﬂhpwhﬂ—d&ump-m.n
Mzl doy (Eupt wead smti-Lu bt
acidvity. i.rrli:l'-llr-—]d.rl,'luhnl.l.M

Cionitin, W.K., Divedrn, LIS, Obfveing, A M., Sibie-Sanio, LB, Cusha, LK., Preitas, AF
5, Mﬂ MY, Silva, V.BG. Aguisr, J.I'li.ﬂ]‘ Silva, A5G, Nevarm, [LAF.
Lima, VLM Sihes, MY, mﬂ.hmdhm._“ﬂ#hm
hax = shawtny

|

Ixicity in m.hd I:mp.l?'rud.l.lllh |.I2IH¢.

Comtinhe, LD, Cardom, CAL, Ré-Popp, M. .Ihh..lu\L Vieim, M, Honds, H.K.
I:dn.h.d MR, G et 1 v (GE-ME] ad

of lant and icruldal arti ial ofl of

Cormpomanrsin adomasnurs [Cambe, i (. Bery: (Guavir ) Braches doumal of
Famrmarcrutical Scemem 45, TaF- TP

Demrteer, &, Lbbe, @, Heeg, F., Nieolis, 3.0 Kesne Komene, T, Martis, H.,
F‘-.'udm.l\LL H.-:I.‘I' i< h-rﬂrlﬂuﬂmdﬂmlulnﬁhnnh
wiored § Puds 20, 300,

Dl-'h-g.lh.i‘hrq,.:{. Cu.q,.'l' hn-\hq_.l'_'llnl:-h.l.n.';}\. Jing-Kian, ¥., ﬁnp—
Gean, K., 351 1. Prndi bysis of herbal s
4. Elhqﬁ.lm.-:uLlﬁi.llﬂ—-l!ﬂ.

B, ¥, H.l.:-.pﬁl.H_.H.—h.‘l' Ibln:rmhLl\'_!-lhb.n. 19402 The micronuckes
asmy with mores paripheral bocd idine cranpe coatid dlides
with |:-h;|-1_dnhr.uu.- Hes. hn'DubLiﬁ 127130

Menz, 1, Goiz, ME, Gandel, U., Gistler, .. Hisrmans, K, Heoel-Po, S, Ko, ©,
Eolnep, F., Mtmche, ., Pabel, U, Sachwe. B, Schowtser, £, Schumscher, LA,
Schwwrdile, T, Tral, T., Zallner, 5. Schafer, B., 2003, Gonoioxicity e mmi:
s halkergges and perg fox 4 wvaluations of dose-
rexprmss date. Arch. Toxieol OF, 2300-2308,

Mozeote, L, Stambery, W., Saniek, K. Gille, L, mhlhdmﬂd

drmar naide, and idule from | il af Chemopeoda ud
un mitochosdria. Toxicol Appl Pharmaenl 3240, 357340,

Mascimumin, L., Cosle, W.E., Agsiar, LCROF., Raveem, DL D AF., Siloa, MLV,
Paiva, PG, Ofveis, A 8L, Mapaleio, T.H, 204 Essmiial oil from kv of
ﬂmwﬂ-ﬂdﬂuﬂmlmﬁmlmj has andigencingc
-:Ihnl.ndrnh:n and = mion.

L) F

S1A. 116008
Nplrl-\,ﬂ_l?u.fn.uﬂ_ﬂ Ph'u:rm.LTJ.‘l Shiz, H.M, Yang, LI, 20 Effech of
d cily and frap b on ] eeviaser, Ini. J. Bol

Scl 34, TORD.
Mi, LR, Hlnl;,!l..'ﬂun.!' '["I:.i.-'l\'..H.an Thang, .G, Hy, B, Wel 21 021,
p en the maithe of wetion, and indetnial
U-mlniplﬂmlulnlh Trmks Food S, Tecknol, 110, T80

Oiare L Prrsvira, W1.P._ Salstin, A, Salating, MLF., 2021, Loaf flevencids from
Croten s - flanbunchn (Fupd 1L Ernl 04,
LO4217.

Porwers, KA., Beasley, V.., 1985, Tosirnlopc mpects of Enalool: o ooview, Wil Hum
Tuxieol, I7, 464-484.

acha, i, biatos, WM C, Guerrers, JLAR. Cavaleante, LME, Mo, LS, Azevindn, A,
Wik, Poosirs, AMLG Lopes, PHE, Redopes, THS, Bandeba, PN, Gomes, GLA,
Catunda-dusinr, FEA, Carsedre-Tormes, D5 Sihva, J.FI'-I I'.lnnm.'l'.. 2aai.
Comparative study of the chemical ¥ d activity and synergic
wffects of the wosmtial oils of Crokn ' Baill. and C. pabgpodons Baill
against Siephyloran ooms ol biceh. Pelbog, 156, 100804

Sbe, LP., Bjecks, M., Framyk, H., Helgsam, £, Booth, 14, 3025 Optimization of the
hemel hnqhqh_mimlmi.ﬂdhhﬂu

hﬂl.l‘.{lﬂﬁmmﬂﬁ.? atem, CHLC., HEED, § ibilclade o 7 e
Toph _unhumlﬁﬂhu&&umlnﬁpﬂh'uﬂmm
Parana. 51, sRS3ET.

Samios, P.EM., Silva, ABD. Lim, CRLDM., batos, CH.C, Olivetrs, CRLF, SE00.
Contact maicity of il il of roron pulrgiodono Baill on Siophle seomat
Moschusky. hml‘:ﬂlq:.ﬁi A2 A

Shemmlorr, M., KB k ks F'_:Hrn.ll..hl.l' 205 Bidagical

d of ‘mh-. i = Patd, &, Sarer, T.,
hhuh[mhmhlmnfhlﬂhlmh. .
E B, hiak dall F.I\L :lq'l.n.ﬁ...ﬂ.@.]" 2I:ﬂ:| Esenttal oils s sataral
b Molmules 35,

wonress af

BEE,

K ¥



P.E Monteirs dos Saston ef al.

Silva, T.L, Olivesrs, CRF. Matio, CHM, Doddi, CA_ Moruto, 1.0, 2009, Lend scawatial
ol frem Crovaw pabaprodiorn Baill shuws inwecticadal wesmvity apaisst Siphds
smamuis sutschalsky. Revists Cintinge 52, 354-360,

MTAL&L&&‘!SLH&Q&MM-—&;‘
praeta strustiey in natural popul Cromm fvsantoing (fupaurtuaceer ) beved
- ! dlers Afr ). BictssSaol 19, 613624

Simoen, CM.O, Scheahel, E1, Mello, JCI', Mentz, LA, Pemuvick, PO, 2017,
Farmacogeasa: Do Prodstn Natseal Ao Medicsmeio, fiest sl Portu Aligee: Artmedd

Singh, NP Moy, MT., Tice, RE, Sehnricder, EL, 1965 A dmgple toc2nique for
Guantitaticn of ko Leveds tof DA damapn @ indivadual celle. Expr, Coll Ren §25,
184-191.

Sodsd, RC, Slhve, M, 2055, O Croven L (] = Lretusidiam ) ns
Fharust Nacksnel de Slvieis, Goids, Benadl. ww:m 70, #0104,

SM_.VH.D,.MUI::.C.”.D Matos, CHOC Aleseals, DKF.O, 2006 Tocxicidads da

pacac de dlen ials contra Riymopertin do (£) En grdos de milkn
dow. Nivasta G n.us«a
s i, N, Mazcdpebevit, P, Miadenovie, M2, lie, LI, hesravit, V.,

Seojiliberic, N llic, S, Radudivie, N4, imthnk--l-&.—l\ﬂ.u.nﬂ
tuicity of leman badn (M offcints L) mestiol oil in BALE/c auee. Food
Chere. Towesl. 131, 110004,

Tabuarrand, H., Hoosan, 1, Parvizi, ML, Galshahi, 1, Keshovere-Terdkhy, 82, 2019,
Ersduative of (3 arute and wibacus sexicity of $e hlick cammay wed essential all
In Wiktar rate. Toxiesd Bep 6, S60-804

57

Taxican 251 (2024} 108147

Vorres, MO, Assangan, 1C, Sestbogu, G, Andrade Nevo, M. Sibesden, ERL, G-
Lotufin, LV, Beoprra, (A1, Marisho Filha, 10, Vissa, PA Pesoa, 00, 2006,
Larvicidad and ricidud nctivittes of thw bead il cil o Crovon rrgeli
Chem. Bodven, § 27242028,

Vagvals, S.H. OCumuor, S0, 2018 Enaging of wb ) Hiver fi
Liver Disease 11, 128-134

MJ’.C. VMMM‘&I‘V& Pirmmau, N.CS,, Peowiza, AL,

AL, Saker-K S5 AN, ho, S, Trixetrn, AMK,
Mu lﬁ—t.ﬂ&.hl&h—.lﬂ. 2021, Exnbzunon of
ial of dal ail o Crovow prssbions mall

Arg. Carsent ?8. 16051038,

Wiesg, K M, 5, LY., Flan, Q. Yin X, Zhews, M Luo, M, Ceen, J, Xie S, 2002 Bffects
d-ﬂﬂnﬂ-&db“ﬁm“-lﬂw-"n
micradtots in ks diet-fed mice. Frust. Mer. O, 1024722,

LU S L M, Ban, L, 2020, Advesess in researss an the wifrcns of sateral
with imsmme-prosustiey efficts e fenctice, Bur. L. Infd IR
1-15

W, A, AlSasbl A AlSaliah, 2 Said S, Homain, M, Akfuyesi, £, 2010
Chemical compesition aed biclugical activities of the mse=tial sl of Pudry gugum
lend. 1 Niey Saud Univ. Sci. 31, 903-008,

Ziemermann, K.C. Aragin, CEC, Arafpo, PAP, Benmatto, A, Chuaben, A, Martim, CE
N, Amared, W., Ciprians, LI, Zewadsenk, MAC, 2001, basecticide activity and
tanicity of cowerntial oils sgurset (wo stoned-prudurt e Cop Pt 184,
1S,

et Clinisal




4.3 PATENTE

1\ PI:

EFDEdUﬂ?UZﬁD
13;'02-.&!]2-1

22400181941838302

Paddo naclonal de Invencio, Modelo da Uilldads, Cadificado de Adigo da Invengiio & snirada na fass

Miimearo do Processo:

Dados do Depositants (71)

naclonal do PCT

ER 10 2024 018870 4

Depositanis 1 de 1

Nome ou Raxnio Soclal:
To de Peasoa;
CPFICHNPJ:

Cualificacao Juridica:

Tal

UNIVERSIDADE FEDERAL DE PERNAMBLUCO
Pessoa Juridica

24134233000108

: Brasleira

InstituigSo de Ensine e Pesqguisa

. Aw. Prof. Moraes Rlego, 1235 - Cidade Universitaria

Recife
PE

» BOETO-901
: Brasd

(B1)2126 BRSO
{B1)2128 BESD

i patentes_dine propesqi@ufpe br

PmCiENAHENTD' Esta 5-:|I|-:rl:1u:'.a-:rfcu enviada pelo sistema Peticionamento Eletrdnico em
E 16/ME/2024 3s 13:04, Petigio BT0240070260

58



Dados do Pedido

Matureza Patenks;

10 - Patente de Invengdo (P

Titulo da Ivangho ou Modelo de FORMULACAD A BASE DO OLED ESSENCIAL DE Croton

Utlidade (54);

Resumo;

pulegiodorus BAILL. PARA O CONTROLE DE INSETOS-PRAGA
[Aedes (Stegomyia) a=gypti L.. 1702: Nasutitermes cormiger Mots.,
1855 & Sitophilus zeamais Mots_, 1855).

0 presente pedido de patents de invencio rata de uma formulagio
3 base do dleo essencial de folhas de Croton pulegiodorus. que pode
ser utdizada para o confrole dos insstos-praga: Aedes asgypt,
Masufitermes comiger e Sitophdus zeamais. A fo ao contempla
os efeitos larvickda e adulticida para Ae. asgypti e os efeitos por
contato e furmigagdo para M. comiger e 5. zeamais. A formulacao
pode ser aplicada diretamente sobre os insetos, sobre os produtos
ou locais de passagem desses insetos. O produto @ destinado ao
controle de insetos-praga e vetor de doencas e tem a vantagem de
serum produto natural, biodegrad avel, que atua por mais de uma
via, causando =feitos bioguimicos, fisickogicos e morte dos insetos.

Rgura a publicar; ©

FMI&:AHEHTO Esta solicitagio foi enviada pelo sistema Peticionamento Eletrdnico em
Ei 18082024 as 13:04, F'E‘tii‘.al:l BFO240070280

59



60

Dados do Invenitor (72)
Inventor 1 da &

¢ PATRYCK ERMERSOMN MONTEIRC DOS SANTOS
v 11771034432

. Brasiers

i Estudante de Pos Graduagdo

: Boa Vista

Recife

PE

: 50050-130

: BRASIL

: (B7) 000 341571

aiifgiﬁi

g

Ti

73t

patryckermnersoni@gmail.com
Imeanitor 2 de &

: ANA PATRICIA SILVA DE OLIVEIRA SANTOS
: DE360209406

gs%

Brasisira

|

: Professor do ensing superior
Varzea
Recife
FE
: 50810-000
BRAZIL
Telefona: (51) 000 108685
Fi

133

; anaparricia.oliveirai@ufpe.br
Imventor 3 de &

P.rm:igmufm Esta Eulicila-i'.iufai emviada pelo sistema Peticionamento Eletrdnico em
E ico 18/08/2024 3= 18:04, PeticSo BT0240070260



Mome: PATRICIA MARIA GUEDES FANVA
CPF: 36565431424
Maclonalldade: Erasizira
Qualicaglo Fislea: Professor do ensino superior
Enderega: Boa Viagem
Recife
PE
' 51130-300
BRASIL
¢ (B PRE 470100

1 patricia_pavai@ufpe br

THAMARAH DE ALEUQUERGUE LIMA
» DT605202483
Brasiera
Qualdcacso Fiska: Professor do ensino superior
Enderega; Pina
Cldada: Fecifz
Estado; FE
CEP: 51011-010
Pals; BRASIL
slnfone; (51) 206 332077

Emall: thamarah_albuquerquei@uipe br
Imventor 5 de 5

Pmc‘m’-“”im Esta solicitagio foi enviada pelo sistema Peticionamento Eletrdnico em
E ico 18/08/2024 3s 18:04, Peticio B70240070260



Homa: THIAGO HENRICUE NAPOLEAD
CPF; 05775407422

Maclonalldade: Eraslera
‘Qualicaglo Flalca: Professor do ensing supenor

Enderego: Boa \Viagem
Cidade; Recife
Estado: FE
CEP: 51021-330
Pals; ERASIL
Telsfona: (B1) 220218154
Fax:
Emall: thiago.napoleaoi@ufpe br

Documanics ansxados
Tipo Ansxo MNoma
Relatanio Descritvo Relatorio Descritivo. pdf
Reivindicago Reinvidicagies. pdf

Desenho Desenhos. pdf

Resumo Rezumo pdf
Fmﬁg:-ﬂHEm Esta salicitagio foi enviada pelo sistema Peticionamento Eletrdnico em
E Ico 18/08/2024 as 13:04, Petigio 70240070260

62



63

5 CONCLUSAO

e O presente trabalho demonstrou que o OEFCP € composto principalmente de
monoterpenos e sesquiterpenos, sendo o ascaridol (22,75% a 23,18%), canfora
(14,20% a 18,11%), eucaliptol (10,80% a 17,20%) e a-terpineol (4,69% a 7,01%)

0S compostos majoritarios.

e O Oleo essencial mostrou-se um potente agente inseticida contra diversas espécies
de insetos-praga. Em S. zeamais, foi observada a toxicidade por ingestdo com CLso
de 24,24 pL/g e CLoo de 46,76 pL/g por 15 dias. Além disso, o OEFCP apresentou
efeito dissuasor de moderado a forte, causando reducdo na taxa de consumo
relativo, taxa de ganho relativo de biomassa e eficiéncia na converséo do alimento

ingerido.

e O OEFCP também alteragdes significativas na atividade de enzimas digestivas: [3-
D-xilanase (+33,39%), endoglucanase (+8,28%), exoglucanase (+84,77%), a-
amilase (+359,18%) e tripsina (-79,67%). Essas enzimas desempenham fungbes

essenciais no metabolismo digestivo e na sobrevivéncia dos insetos.

e Para N. corniger, o OEFCP induziu rapida mortalidade quando em contato (0,49
min). Quando inalado (fumigacao) por operarios e soldados de N. corniger,
apresentou CLso de 0,57 yL/mL e 1,63 uL/mL, respectivamente, bem como afetou

0 comportamento de cupins operarios.

e O OEFCP exibiu efeito hemolitico in vitro nas concentracbes de 187,5 a 1000
mg/mL e DLso de 460,42 mg/kg por toxicidade oral aguda. Nos ensaios cometa e
microndcleo, ndo foram observadas alteracdes significativas em relacdo ao

controle, indicando que o 6leo ndo é genotoxico.

¢ Uma formulacdo a base do 6leo essencial de C. pulegiodorus para o controle dos

insetos-praga, Ae. aegypti, N. corniger e S. zeamais foi desenvolvida, cujo processo
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esta registrado sob o numero BR1020240168704.

Desse modo, a aplicacdo do 6leo essencial de C. pulegiodorus requer atencao
quanto a sua dose de uso para aproveitar seus efeitos bioldégicos com efeitos

adversos minimos.

Diante dos resultados obtidos, conclui-se que o 6leo essencial de C. pulegiodorus
apresenta potencial promissor como alternativa no manejo de insetos-praga (S.

zeamais, N. corniger e Ae. aegypti), destacando-se por sua rapida acao inseticida.
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