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RESUMO
Spodoptera frugiperda, um lepidoptero polifago que provoca grandes

reducdes na produtividade das monoculturas de arroz e milho. Diante destas perdas,
os produtores agricolas procuram diversos métodos de controle, como o controle
bioldgico, genético e cultural, além das taticas convencionais, como aplicagbes
periddicas de inseticidas quimicos. O crescente aumento das perdas por ataque de
pragas € acompanhado pela diminuicdo da eficiéncia dos produtos quimicos. A
busca de medidas de controle que causem menor impacto ambiental é de primordial
importancia, o que vem estimulando o ressurgimento do uso de plantas inseticidas
como promissora ferramenta no controle de insetos. Nesse contexto, a presente
pesquisa teve como objetivo geral realizar uma selecao quanto ao potencial
inseticida, avaliando 27 plantas nativas e exéticas quanto ao seu potencial inseticida.
A partir dos resultados obtidos, foram selecionadas 3 plantas para melhor avaliacao
do efeito letal, subletal e histopatolégico de seus metabdlitos secundarios, quando
extraidos por 4 processos diferentes. Com os extratos aquoso, infusdo e
polipeptidico de Euphorbia pulcherrima, Rhododendron simsii e Maytenus ilicifolia
néo foi possivel se estabelecida uma CLso, pois 0s mesmos n&o causaram 100 % de
mortalidade das lagartas expostas durante 7 dias. Sendo assim foram realizados
bioensaios para a avaliacdo dos efeitos subletais destes extratos. O extrato
polipeptidico de E. pulcherrima causou uma diminuicdo no tempo de
desenvolvimento larval deste lepiddptero. O extrato supercritico de E. pulcherrima e
R. simsii causaram mortalidade corrigida de 51 % e 73 %, respectivamente. A
mortalidade corrigida de S. frugiperda, quando exposta ao extrato obtido via
extragdo supercritica de M. ilicifolia foi de 100 %, possibilitando que fossem

realizados bioensaios para a definicdo da CLso, a qual oi determinada em 0,104 mgae



extrato/Mlde acetona. OS extratos supercriticos de E. pulcherrima e R. simsii causaram

danos no epitélio gastrointestinal das lagartas expostas.

Palavras-chave: Extratos vegetais, Bioensaios, Histopatologia, CO2 Supercritico.
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1 INTRODUGCAO GERAL

No Brasil, de acordo com o informativo publicado pelo CEPEA (USP/CNA)
(Esalg, 2010), o agronegdcio, ou seja, a soma total de todas as atividades
relacionadas a agricultura alcancga 25 % do PIB brasileiro e gera 37 % das vagas de
empregos (CANAL DO PRODUTOR, 2009). As principais culturas sao algodao,
arroz, feijao, milho, trigo, soja, mandioca, batata-inglesa, café, cana-de-aclcar,
laranja, fumo e celulose (MAPA, 2010). Segundo a mesma fonte, as culturas em que
o Rio Grande do Sul mais se destaca sdo arroz, soja e trigo.

No Rio Grande do Sul, 45 % do PIB esta vinculado ao agroneg6cio, com uma
area cultivavel de 20,68 milhdes de hectares (SAA, 2009). A agricultura se destaca
principalmente na producédo de soja, milho, arroz e cereais de inverno. No ano de
2009, a producao de arroz chegou a 7,28 t/ha, de soja 2 t/ha, trigo a 2,1 t/ha e de
milho 3,22 t/ha (SEAPPA/DPFA, 2009).

Os danos causados pelo ataque de insetos considerados pragas provocam
grandes reducdes na produtividade das monoculturas de arroz e milho, onde se
destaca o lepidéptero Spodoptera frugiperda (J.E.Smith, 1797) (lagarta-do-cartucho-
do-milho ou lagarta militar), como uma das principais pragas da fase vegetativa.

Diante das perdas de producdo provocadas pelas pragas, os produtores
agricolas procuram diversos métodos de controle, como o controle biolégico,
genético e cultural, além das taticas convencionais, como aplicagdes periddicas de
inseticidas quimicos (Estrela et al., 2003).

A continua utilizacao do controle quimico, sem alternancia com outros tipos
de controle, causa desequilibrios populacionais, eliminacdo de insetos nao-alvo ou
inimigos naturais, perda de eficacia dos inseticidas mediante selecao de populacoes

resistentes (Lima et al., 2008; Rizwan-ul-Haq et al., 2009), acumulo de residuos nos
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alimentos, intoxicacao dos operadores, além da contaminacdo do ambiente (Lima et
al., 2008). O uso de agrotdxicos na producdo agricola e a consequente
contaminacao tém sido alvo de constante preocupacédo no ambito da saude publica,
exigindo dos diversos niveis de investimento e organizacdo governamental para
desenvolver programas e acdes de controle do uso destes compostos quimicos, de
modo a eliminar ou mitigar os riscos a saude humana, quanto a presenca destes
residuos na 4gua e nos alimentos (ANVISA, 2010).

O crescente aumento das perdas por ataque de pragas é acompanhado pela
diminuicdo da eficiéncia dos produtos quimicos. Esse fato revela que a industria
quimica nao tem conseguido acompanhar a velocidade com que as populagdes de
pragas tém se adaptado, tornando-se resistentes aos agroquimicos, através de
selecdes de mutantes pré-existentes nas populagdes, ou mesmo por processos de
detoxificagdo, como pode ocorrer com artropodes fitéfagos (Mairesse, 2005).

A busca de medidas de controle que causam menor impacto ambiental é de
primordial importancia, o que vem estimulando o ressurgimento do uso de plantas
inseticidas como ferramenta promissora no controle de insetos, pois estas evoluiram
junto com os insetos herbivoros, desenvolvendo mecanismos que interagem e as
defendem dos ataques destes organismos (Borgoni & Vendramim, 2003, Zapata et
al., 2009).

Alguns exemplos das diversas adaptacdes desenvolvidas pelas plantas, como
resposta ao constante ataque dos herbivoros, referem-se a presenca de
modificacoes morfolégicas e a producao de componentes quimicos téxicos, como as
substancias secundarias que nao participam diretamente do processo metabdlico
primario (Ehrlich & Raven, 1965). Estes compostos quimicos podem ser de dois

tipos: substancias que repelem a herbivoria pela (i) toxicidade direta, ou (ii)
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indiretamente, pela indigestibilidade dos tecidos, a qual é induzida por substancias
sintetizadas em resposta aos danos nos tecidos vegetais (Mello & Silva-Filho, 2002).

Principios ativos de inseticidas boténicos sdo compostos resultantes do
metabolismo secundario das plantas, sendo acumulados em pequenas por¢cées no
tecido vegetal (Gonzaga et al., 2008), estes compostos estdo se mostrando bons
repelentes, inibidores de oviposicdo, alimentacdo e crescimento, além de
apresentarem atividade inseticida para adultos e larvas (Gutiérrez & Villegas, 2008).
Alguns compostos secunddrios que exercem esta fungdo sdo fendis, alcalbides,
terpendides, tanino, limondides, lectinas, entre outros (Tagliari et al., 2004).

A interagao inseto-planta tem sido uma das areas mais estudadas na ecologia
quimica, trazendo grandes ganhos e perspectivas interessantes para o
desenvolvimento de biopesticidas vegetais. Essas interacbes envolvem numerosos
metabdlitos secundarios que podem vir a interferir no comportamento, crescimento
e/ou desenvolvimento dos insetos (Rharrabe et al., 2010).

Mais de 2000 espécies de plantas sdo conhecidas por possuirem alguma
atividade inseticida. Em muitos casos, as plantas tém um histérico como fitoterapicos
ou inseticidas e repelentes de insetos. As familias botanicas mais conhecidas por
possuirem propriedades inseticidas sao Fabaceae, Boraginaceae, Malvaceae,
Meliaceae, Rutaceae e Asteraceae (Tagliari et al., 2004).

A revalorizagdo das plantas, como fontes de substancias inseticidas, vem se
difundindo nos ultimos 35 anos, principalmente no Brasil, México, Equador e Chile,
motivados pelo continuo crescimento dos cultivos organicos, onde nao é permitido o
uso de produtos quimicos sintéticos. Estao surgindo linhas de pesquisa que buscam

nas plantas compostos quimicos com potencial para o controle de pragas agricolas
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que apresentem menor impacto ambiental que o0s compostos sintéticos
comercializados atualmente (Gutiérrez & Villegas, 2008).

O emprego de substancias extraidas de plantas silvestres com poder
inseticida apresenta algumas vantagens quando comparado aos inseticidas
sintéticos: sdo renovaveis, possuem um espectro de toxicidade mais restrito e sao
facilmente degradaveis, com menor impacto ambiental. O desenvolvimento de
resisténcia dos insetos a estas substancias € lento (Borgoni & Vendramim, 2003).
Além de nao deixarem residuos nos alimentos, sdo seguros aos operadores. Sao de
baixo custo, tornando-se acessiveis aos pequenos produtores, pois podem ser
coletadas na flora autéctone da regido onde estd sendo produzido (Borgoni &
Vendramim, 2003; Gutiérrez & Villegas, 2008).

Apesar disto, ainda sao poucos os estudos sobre os efeitos dos metabdlitos
secundarios vegetais em insetos-praga. Nesse contexto, a presente pesquisa foi
desenvolvida no Laboratério de Microbiologia e Toxicologia da Universidade do Vale
do Rio dos Sinos, em Sao Leopoldo, RS (Brasil), tendo como objetivo geral
identificar os efeitos letais, subletais e histopatoldégicos dos metabdlitos secundarios
vegetais, sintetizadas pelas plantas com potencial inseticida, sobre um dos principais
lepidépteros pragas das monoculturas de grande importancia econémica nacional,
especialmente do Rio Grande do Sul, Spodoptera frugiperda. Estes estudos poderao
fazer parte dos métodos de controle aplicados no Manejo Integrado de Pragas das
culturas em estudo, sendo os dados apresentados na forma de artigos cientificos e a
tese estruturada nos seguintes capitulos:

- Capitulo 1: Artigo Revisdo Bibliografica “Phytochemicals taken from plants with

potential in Management of Spodoptera frugiperda (Lepidoptera: Noctuidae)”. (submetido

ao Journal of Biopesticide)
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O objetivo deste capitulo é realizar um apanhado geral sobre o uso de fitoquimicos
vegetais no controle de Spodoptera frugiperda, um importante lepidéptero polifago,

causador de grandes prejuizos em monoculturas de importancia economica no Brasil.

- Capitulo 2: Artigo de pesquisa” Lethal and sublethal effects of leaves extracts, from
native and exotic plants in southern Brazil, against Spodoptera frugiperda (Lep.,
Noctuidae) caterpillars” (submetido ao Journal of Agricultural Science and Technology).

O objetivo deste trabalho é realizar um screening de plantas e métodos de extragao
de metabdlitos secundarios com potencial acdo inseticida e avaliar os efeitos letais e sub

letais destes extratos vegetais sobre Spodoptera frugiperda.

- Capitulo 3: Efeitos letais e histopatoldgicos de extratos supercriticos de Euphorbia
pulcherrima Willd. Ex Klotzsch, Rhododendron simsii Planch. e Maytenus ilicifolia Mart.
Ex Reissek sobre lagartas de Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera:
Noctuidae). (em preparo para a Biological Control).

Este capitulo tem como objetivo avaliar os efeitos letais e histopatolégicos de

extratos vegetais, extraidos pelo método CO: supercritico, sobre S. frugiperda.

Os trés capitulos estdo formatados de acordo com as orientagdes das revistas a que

foram, ou serao submetidos.



CAPITULO 1

Phytochemicals taken from plants with potential in Management of

Spodoptera frugiperda (Lepidoptera: Noctuidae).
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Phytochemicals taken from plants with potential in Management of

Spodoptera frugiperda (Lepidoptera: Noctuidae).

MARIANNA P. D’INCAO!, NEIVA KNAAK! & LIDIA M. Fiuza!

1 Universidade do Vale do Rio dos Sinos (UNISINOS), PPG em Biologia, Laboratério de Microbiologia e Toxicologia, Av.
Unisinos, 950. Sdo Leopoldo, RS.

ABSTRACT

In agriculture, there is a constant search for natural products with biological activities that minimize
the environmental impact of various pesticides used such as insecticides. The chemical constituents
present in plants have these activities and show promise in fighting pests in agriculture. An approach
to the selection of new insecticides that fulfill the requirements of safety, efficacy and selectivity, can
be through the study of defense mechanisms of plants. Recent studies have shown the potential
insecticide substances and extracts isolated from plants against various insect pests that cause serious
damage to crops or stored grain. These active ingredients are distributed by different plant organs and
involved in secondary metabolism, are divided into three major groups: terpenes, phenols and
nitrogenous compounds. Thus, this review aims to give an overview of the active ingredients obtained
from plant extracts with potential insecticidal to Spodoptera frugiperda J.E. Smith, 1797 (Lepidoptera:

Noctuidae).

Keywords: Secondary metabolities, insecticidal effect, armyworm, plant extracts,
Lepidoptera.
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INTRODUCTION
Since ancient times in history the use of plant extracts is present not only because of

his food character, but also to its herbal, cosmetic and agrochemical properties (Junior and
Bolzani, 2006). Biodiversity Brazilian genetics is very complicated, with more than 55,000
species cataloged from a total estimated between 350000 to 550000, which popularly have
several biological activities (Simdes and Schenkel, 2001).

A Country like Brazil, with many climatic and geographical peculiarities, is home to a
very big diversity of insects and plants. Besides the native species and the portion cultivated
for commercial purposes, both for domestic consumption and for export, many plant species
have been introduced by settlers and immigrants, being responsible for the introduction of
exotic predators phytophagous. For many decades, Brazil has had its economy based on
primary production sector and even today occupies a prominent position in the global supply
of cereals, fruits and other products of plants and therefore pest control native or exotic is one
challenge that remains and has gotten worse year after year (Roel, 2001).

In agriculture, there is a constant search for natural products with biological activities
that minimize the environmental impact of various pesticides used such as insecticides. The
chemical constituents present in plants have these activities and show promise in fighting
pests in agriculture (Brito et al., 2006). An approach to the selection of new insecticides that
fulfill the requirements of safety, efficacy and selectivity, can be through the study of defense
mechanisms of plants. Plant extracts have been used by man since the ancient world, a
practice that continues today. Commercially, however, only few of these plants, including
those that contain pyrethrins, rotenoids and alkaloids are used as a source of insecticides
(Marangoni et al., 2012).

Recent studies have shown the potential insecticide substances and extracts isolated
from plants against various insect pests that cause serious damage to crops or stored grain
(Matos et al., 2009; Lima et al., 2009; Nebo et al., 2010; Lima ef al., 2010). These active
ingredients are distributed by different plant organs and involved in secondary metabolism
(Oliveira et al., 2006). Thus, this review aims to give an overview of the active ingredients

obtained from plant extracts with potential insecticidal to lepidopteran Spodoptera frugiperda.

PLANT SECONDARY METABOLITES
We give the name metabolism to the whole of chemical reactions that are continually
taking place in each cell. Chemical compounds are formed, degraded or transformed by the

action of enzymes, supplying the body with energy and compounds. The presence of specific
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enzymes ensures a certain direction to these reactions, establishing what is called the
metabolic pathways (Lenhinger et al., 2002). Plants have two types of metabolism: at first a
metabolism which synthesizes the major macromolecules (proteins, carbohydrates, lipids and
nucleic acids, which are the same in a plant or animal organism) and the secondary, which
produces multiple compounds that are not considered essential, however guarantee the
survival advantage to the plant (Simdes et al., 2004). These reactions aim, at first, the use of
nutrients to satisfy the fundamental requirements of the cell (primary metabolism) (Simdes et
al., 2007).

Plants, micro-organisms and, in less extent, animals, have a whole arsenal metabolic
able to produce, process and accumulate a lot of other substances not necessarily linked
directly to maintaining the life of the organism producer (secondary metabolism) (Taiz and
Zeiger, 2013; Simdes et al., 2007, Panizzi and Parra, 1990).

Secondary metabolites have their source from the metabolism of glucose via two
intermediaries main shikimic acid and ethyl acetate. They produce large molecules with
functional groups such as fatty acids, esters, hydrocarbons, alcohols, aldehydes, ketones,
acetylenic compounds, alkaloids, phenols and coumarins (Santos, 2001).

Secondary metabolites are dissimilar from primary metabolites, because besides not
being directly linked to the function of sustaining life, they have restricted distribution within
and between plants (Taiz and Zeiger, 2013, Gonzaga et al., 2008).

These metabolites have already been considered as plant excretion products. Currently
it is known that many of these substances are directly involved in the mechanisms that allow
the adaptation of the producer in the environment where they live. Already they have been
recognized several adaptive functions of these metabolites as defense against herbivores and
microorganisms, UV protection, attraction of pollinators and attraction of seed dispersers
animals, besides, functions allelopathic (Simdes et al., 2007, Schoonhoven et al., 1997, Panda
and Khush, 1995, Panizzi and Parra, 1990). The formation and storage of secondary
metabolites are restricted to certain stages of plant development, organ and tissue-specific or
specialized cells (Panda and Khush, 1995).

With regard to defense against herbivores, plants have developed two types of
defenses, direct and indirect. In the direct defense, there are involved substances such as
silica, secondary metabolites, enzymes and proteins, and organs such as trichomes and thorns
that directly affect the performance of the insect. In the indirect defense, there are involved

substances emitted by the plant itself that attract parasites and predators of phytophagous
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insect. Volatile terpenes and phenylpropanoids synthesized by plant species can have,
depending the insect in case, attractive properties (supply, pollination) and / or deterrents and
insecticides (Simas et al., 2004). It can affect herbivores in several ways, such as deterrence,
indigestible, inhibitors of oviposition and mortality of young adults (Gutiérrez and Villegas,
2008).

Some authors associate the fact that plants produce many different secondary
metabolites to the fact that they do not have the ability to move on, being an easy target for
herbivores (Panda and Khush, 1995, Schoonhoven et al., 1997, Simdes et al., 2007, Taiz and
Zeiger, 2013). The ability of competition and survival of plants is therefore deeply affected by
the ecological functions of these metabolites (Taiz and Zeiger, 2013). The secondary
metabolites that exhibit biological activity are known as active ingredients and have aroused
interest for a promising market for the discovery of therapeutic activities.

Secondary metabolites are divided into three major groups: terpenes, phenols and

nitrogenous compounds (Schoonhoven et al., 1997, Taiz and Zeiger, 2013).

Terpenes

Terpenes cover a wide variety of substances of plant origin and its ecological
importance as defensive plants are well established. According to Garcia and Carril (2009),
terpenoids constitute the largest group of secondary metabolites, with more than 40,000
different molecules (Figure 1), which function in plant is to protect or to attract beneficial
organisms (Tholl and LEE, 2011).They are generally insoluble in water and connected to
defense against herbivore due to the fact of conferring bitter or having the same molecular
structure of the molting hormone of insects, to interrupt that process function, or by making

complex sterol precursors of animal hormones (Ziger and Taiz, 2013).
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Figure 1. Chemical structure terpenoids (A) Linalool, (B) Borneal, (C) a-thujone, (D)
valerenic acid, (E) artemisiana, (F) Forskolin, (G) A. Salvinorin. Adapted from Passos et al.

(2009).

Several monoterpenes were isolated and evaluated for toxicity to different insects.
These studies involved o-pinene, B-pinene, 3-carene, limonene, myrcene, o-terpinene and
camphene (Junior, 2003).

On the lower level, the relatively simple structure of monoterpenes such as limonene,
myrcene and the 1,2-epoxy-pulegone, they have protective functions to the plants that
produce them. Apparently its insecticidal activity was due to inhibition of acetylcholinesterase
in insects, which is the case of 1,2-epoxy-pulegone, which causes effects such as retardation
or growth inhibitor, maturationdamages, reduction of reproductive capacity, appetite
suppressants and may lead the predatory insects to death by starvation or direct toxicity

(Marangoni et al., 2012).

Phenolic Compounds

Among the products of secondary metabolism of plants, phenolic or polyphenols are
present themselves as one of the most numerous groups of substances, with more than 8,000
phenolic structures known and widely distributed throughout the plant kingdom (Harborne,
1993).

They are a class of very diversify natural products, presenting like common
characteristic the presence of at least one aromatic ring, wherein at least one hydrogen is
substituted by one free hydroxyl group or other derivative function as ester or heteroside

(Carvalho et al., 2007). They can to be from simple molecules, such as phenolic acids, to
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highly polymerized compounds such as tannins. They appear primarily in the conjugated form
with one or more sugar residues linked to hydroxyl groups, although there have direct
connections from a a sugar unit with an aromatic carbon (Bravo, 1998).

The phenolic compounds are chemically a heterogeneous group, with some soluble in
water and others not; in general molecules are very unstable, easily oxidized, and susceptible
to degradation. While some phenolic compounds have attractive function to pollinators or to
fruit dispersers, other have refuse function to herbivores. They also act as protection against
UV radiation or to have alelochemistry function in competing adjacent plants (Ziger and Taiz,
2013).

Several groups of plant secondary metabolites are classified like phenolic compounds
such as phenolic acids, coumarins, xanthones, flavonoids, anthocyanins, tannins and lignans
polymers (Bruneton, 2001, Carvalho et al. 2007). Flavonoids and phenolic compounds act in
plants like antioxidants, antimicrobials, photoreceptors, visual appeal and as a repellent. Many
studies suggest that these compounds exhibit several biological activities. The ability of
polyphenolic compounds to act as antioxidants in vitro has been the subject of several studies
in the last years (Pieta, 2000).

Flavonoids (Figure 2) represent one of the most important and diverse groups among
the products of plant origin and are widely distributed in the plant kingdom. The biochemical
activities of flavonoids and their metabolites depend on their chemical structure, which can
vary with substitutions including hydrogenation, hydroxylation, methylation, malonilation,
sulfatation and glycosylation. Flavonoids and isoflavones commonly occur as esters, ethers or

derivatives of glycosides or yet mixture of them (Birt et al., 2001).
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Figure 2. The main Flavonoids found in the plant kingdom. Adapted from Silva and Jorge
(2011).
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Nitrogen compounds

Nitrogenous compounds are well known in plant defense against herbivory, mainly
alkaloids and cyanogenic glycosides. These compounds have toxic or medicinal action for
humans (Ziger and Taiz, 2013). Alkaloids constitute a wide group of secondary metabolites
with structural diversity (Figure 3)and they can be defined as "cyclic organic compounds of
natural origin containing one nitrogen in a negative oxidation state with limited distribution

among organisms" as methylxanthine, theophylline, theobromine, codeine, thebaine,

papaverine and narcotine caffeine (Pelletier, 1983).
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Figure 3. Chemical structure of alkaloids. (A) nicotine, (B) codeine; (C) thebaine; (D)
narcotine; (E) Papaverine. Adapted from Viegas Jr. (2006).

Among the most important natural alkaloid used to control pests are nicotine and nor-
nicotine. The use of these alkaloids began in the sixteenth century and reached 2,500 tons in
the middle of the nineteenth century. Since then, the annual production has been declining and
currently covers about 1,250 tons of nicotine sulphate and 150 tons of nicotine, because of
their high cost of production, bad odor, extreme toxicity to mammals and limited insecticidal

activity (Viegas Jr., 2003).
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USING EXTRACTS ON THE BIOLOGICAL CONTROL OF Spodoptera frugiperda
(LEPIDOPTERA: NOCTUIDAE)

Spodoptera frugiperda

The fall armyworm corn, (J.E. Smith, 1797) (Lepidoptera: Noctuidae) is a
polyphagous insect widely distributed in tropical and subtropical regions of the Americas,
being found from southern Canada to southern South America (Uruguay and Argentina)
(Ashley et al., 1989, Sarmento et al., 2002, Alves et al., 2012). It is frequently observed
attacking crops of maize, rice, cotton, sorghum and soybean, where causes significant
defoliation. They feed more than 80 species of plants, distributed over 20 families (Cruz,
1995, Barros et al., 2010), predominantly in grasses (Sarmento et al., 2002). Crop rotation is
favoring the movement of S. frugiperda between crops due to being considered a minor pest,
previously, in some cultures (Barros et al., 2010). The larvae feed on the leaves, leaf area and
reducing the photosynthetic capacity of the plant and, consequently, the production of crop
(Sarmento et al., 2002).

The rice (Oryza sativa L.), a plant belonging to the family Poaceae, is considered the
most important cereal in the world, since this is a staple food for a third of world population.
It presents an enormous economic importance for the Country, since in Brazil are planted
annually 2,454,700 hectares, which about 1,053,0000 are in the state of Rio Grande do Sul
State, which has an area of 43% of all acreage in Brazil, participated with 32% of this
reduction, the remaining balance due to the reduction of other states (Conab, 2012). In rice, S.
frugiperda is considered plague of early stage because it attacks seedlings at the beginning of
their development, feeding onwith the leaves and cut the new stems, close to the ground
(Sosbai, 2005), causing loss of 14 to 24% of the grains. Depending on the population level,
the destruction of the crop can be full (Busato et al., 2006).

The area planted with maize (Zea mays L. (Poaceae)), first harvest in the period
2011/12 was set at 7,52 million hectares, and Rio Grande do Sul responsible for 1,153,70000
hectares (Conab, 2012) The economic importance of maize is characterized by various forms
of use, which varies from the feed to the high-technology industry. In fact, the use of maize
grain as animal food is consumption of most of the cereal, i.e. about 70% of the world. In the
United States, about 50% is used for this purpose, while in Brazil ranges from 60 to 80%,
depending on the source of the estimate and from year to year (Embrapa, 2011). In corn, the

attack of S. frugiperda can occur from the seedling stage until tasseling and the formation of
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spikes. In the later attacks can be found between individuals and thatched cob, which pierce
the female inflorescence destroying grains (Oliveira et al., 2007). There have been losses of
20% to 100% in the production of this crop, only caused by this insect (Rossi et al., 2012).

Associated with the occurrence of pests there are still risks of environmental impact
rising from the growing irrational use of chemical insecticides applied to control. The market
for agrochemicals in Brazil, driven by sales of insecticides, the Brazilian market of
agrochemicals increased 14.4%, or $ 1,2 billion, and reached a record of U$ 9,71 billion
(about R$ 19,5 billion) in 2012. Altogether we sold 823,220 tons of chemicals to control pests
and weeds in crops, an increase of 12.6% (FNP, 2013).

With this, Brazil maintains its position as the second largest world market for
pesticides. The country lags behind the United States, where sales totaled US$ 12.9 billion
(about US$ 26 billion) last year, according to the U.S. Department of Agriculture (USD)
(FNP, 2013).

Chemical insecticides are widely used for the control of pests and are used improperly,
leading to the development of resistant populations of the insect, the emergence of new pests
or other upwelling (Maria and Rosilda, 2010). The phytotoxicity of chemical insecticides on
other non-target organisms, besides the increase in the cost of pesticides, the cost for the
development of chemical pesticides is high and has increased over the years due to the need
for new molecules and formulations more appropriate, what has led to an increased interest in
research of alternative insecticides (Raguraman and Singh, 1999, Almeida and Batista Filho,
2001). Among these alternatives, we highlight the use of allelochemicals extracted from

plants (Jacobson, 1989).

Extracts on the Management of S. frugiperda

The use of plant extracts in the control of pests is growing positively in light of the
requirement of consumers in having the product available free of pesticides, awareness is
contributing to the continuity of local biodiversity and enabling a better quality of life for the
farmers (Veiga, 2003). Many studies have demonstrated the effect of the use of plant extracts,
which are a source of secondary metabolic compounds such as natural insecticides in the
management of S. frugiperda (Table 1). The deleterious effects on insects may be toxicity,

growth inhibition, reduced fecundity, fertility and repellency.
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Table 1. Deleterious effects on Spodoptera frugiperda J.E. Smith, 1797 (Lepidoptera:

Noctuidae) after ingestion of different plant extracts.

Plant Action Reference
Anadenanthera macrocarpa (Berth.) | Reduction of larval and larval | De Moura ef al. (2012)
Brenan (Fabaceae) viability (%) increase in the number

of eggs/fegg mass was higher in

treatments plus extract.
Artemisia verlotorum Lamotte | >80% Mortality Tagliari et al. (2010)
(Asteraceae), Malva  sylvestris L.
(Malvaceae), Petiveria alliacea L.

(Phytolaccaceae) and Zingiber officinale
(Zingiberaceae)

Trichilia pallida Swartz (Meliaceae) 100% Mortality Roel et al. (2000)

Cabralea  canjerana  (vell.) Mart. | 100% Mortality Hernandez and Vendramim

(Meliaceae), Trichilia palida Swartz (1996)

(Meliaceae), Cedrela fissilis (vell.)

(Meliaceae) and Melia azedarach L.

(Meliaceae)

C. canjerana (vell.) Mart. (Meliaceae) | Reduction in weight of larvae. Hernandez and Vendramim

and  Swietenia  macrophylla  King 1997

(Meliaceae)

Azadirachta indica A. Juss (Meliaceae) 100% Mortality Hernandez and Vendramim
1997

Melia azedarach L. (Meliaceae) 100% Mortality Brito et al. (2004)

Trichilia pallens C.DC. (Meliaceae)

98,7% Mortality

Borgoni and  Vendramim

(2005)

Carapa guianensis Aubl. (Meliaceae)

Stretching larval, pupal
reduction in mortality of 50%.

weight

Sarria et al. (2007)

Lupinus estipula J. Agardh (Fabaceae)

83% Mortality

Bermudez-Torres et al. (2009)

Saponina - Passiflora alata Curtis
(Passifloraceae).

Prolongation of the larval period.

D’ Incao et al. (2012)

Copaifera langsdorffii Desf. (Fabaceae)

60% Mortality

Alves et al. (2012)

Ricinus communis L. (Euphorbiaceae)

89.9% Mortality

Rossi et al. (2012)

Azadirachta indica (Meliaceae) and
Trichilia pallida (Meliaceae).

Mortality, weight and length of the
capsules were

tracks and head
significantly affected.

Conceschi er al. (2012)

Malva silvestris (Malvaceae), Canavalia
ensiformes (Phaseaceae), Cordia
verbenacea (Boraginaceae), Curcuma
zedoaria (Zingiberaceae), Cymbopogon
citratus (Poaceae), Symphitum officinalis

(Boraginaceae), Ruta graveolens
(Rutaceae), Baccharis  genistelloides
(Asteraceae), Zingiber officinale

(Zingiberaceae), Artemisia verlotorum
(Asteraceae) and Melissa officinalis
(Lamiaceae).

Prolongation of larval and pupal
stages, reduction in size and weight of
pupae, negative effects on oviposition
and fertility and abnormalities in the

formation.

Knaak et al. (2012)

Cedrela fissilis and Cipadessa fruticosa
(Meliaceae)

Elongation of the larval

weight, larval mortality of 63.3%.

stage,
followed by a decrease in pupal

Matos et al. (2010)

Azadirachta indica A. Juss. (Meliaceae)

All concentrations tested negatively

affect larval development.

Viena et al. (2007)

Ochroma pyramidalis (Bombacaceae),
Schinus terebinthifolius (Anacardiaceae),
Enterolobium contortisiliquum
(Fabaceae) and Peltophorum dubium
(Fabaceae)

Reduction in weight of larvae and
pupae, decreased survival during the
larval and pupal stages, extending the

duration of the immature stages.

Tirelli et al. (2010)

Azadirachta indica A. Juss. (Meliaceae).

CLso = 2,67 mg mL"!

Teixeira et al. (2003)
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Encouraging research on interactions plants / insects in recent decades reveals the
potential use of plant metabolites or allelochemicals as agents for this purpose (Pavela, 2004).
Phytochemicals taken from plants with potential for insect control can be used as an
alternative to synthetic chemicals or added to other insecticides in pest control programs.

On demand for the development of new active agents based on natural products,
efforts are made to select, isolate, and develop phytochemicals with pesticidal activity (Mulla
and Tianyun, 1999). Several strategies are able to determine the activity of natural products
against insects. In general, the use of substances extracted from plants, as insecticides, has
numerous advantages compared to synthetic materials: natural insecticides are obtained from
renewable resources and are rapidly degradable; development of insect resistance to these
substances, comprising the association of several active principles is slow, these pesticides are
easy to access and obtain and leave no residues in food, in addition to having low production
cost (Roel, 2001).

The toxicity of a chemical in insects does not necessarily qualify it as an insecticide.
Several properties must be associated to activity, such as effectiveness at low concentrations,
lack of toxicity against mammals and higher animals, absence of phytotoxicity, to be easily
obtained, easy handling and application, and economic feasibility not be accumulated in the
adipose tissue of human and animal household. It is evident that the characteristics listed refer
to that insecticide considered ideal, which is rarely the case. Within the classification of
insecticides are also included substances that repel and attract insects (Mariconi, 1984; Addor,
1994).

However, Isman (1997) reported some barriers to the commercialization of
phytochemicals. Among these, we have (1) the scarcity of botanical resources, necessitating
the production of botanical insecticides on a large scale for the market, unless the plant in
question is extremely abundant in nature or have already been produced for other purposes;
(2) standardization of extracts and quality control, based on the active ingredients, and (3)
difficulties in recording these phytochemicals. This can prevent many botanical pesticides
reaching the commercial sphere in countries where they have a great demand for these

products.

PERSPECTIVES
The pest control, using plants with insecticidal activity, is a promising, feasible and

environmentally friendly and as we can see, has increased importance and attention of the
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various segments of science, for its various effects on insects. But there are other plants that
have not yet been studied their activities insecticides, opening the door for several other
researches. New substances are therefore required for effective pest control, offering greater
safety, selectivity, biodegradability, economic feasibility, applicability in integrated pest
management of insect control and low environmental impact.

The use of botanical insecticides as a strategy within the Pest Management is
promising, however, must to be extended the research on plant extracts, in field trials and
studies of quality control to enable greater adoption of these natural products for farmers and
technicians.

Currently, there is a promising market for biopesticides and natural insecticides. The
production of natural chemicals represents 7.5% of the market for chemicals,
pharmaceuticals, veterinary and plant protection. In this sense, to develop tests, isolate,
characterize and synthesize or finally biosynthesize compounds of interest in insect control
becomes a constant challenge.

Nevertheless, the search for new insecticides constitutes a field of research open,
broad and continuous. A wide variety of substances present in the flora remains huge
attraction in the area of insect control, specially taking into account that only a small portion

of these plants was investigated with such a purpose (Simdes and Spitzer, 2004).
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ABSTRACT
Spodoptera frugiperda is an important pest of several crops, due to the damage

it causes and the difficulty of its control. The most commonly used method to control
these pests is synthetic insecticides, but the use of pesticides causes many adverse
effects to biotic and abiotic environment. The selection of new insecticides that meet
the requirements of efficacy, safety, selectivity and those are economically viable, is
highlighting the study of mechanisms of plant defense. The present study aimed to
verify the insecticide effect of 27 plants, Aloe ferox, Aloe vera, Anchietea salutaris,
Artemisia camphorate, Casearia sylvestris, Cinnamomum zeylanicum, Cordia
monosperma, Equisetum arvense, Eugenia uniflora, Euphorbia milii, Euphorbia
pulcherrima, Ficus pumila, Ginkgo biloba, Jodina rhombifolia, Maytenus ilicifolia,
Mikania laevigata, Nerium oleander, Pachystroma longifolium, Pereskia grandifolia,
Phyllanthus niruri, Piper umbellata, Plectranthus neochilus, Rhododendron simsii,
Schinus molle, Schinus terebinthifolius, Solanum sisymbriifolium and Syzygium
cumini in three different types of plants extracts: aqueous, decoction and polypeptide
on S. frugiperda. In preliminaries bioassays 25 plants caused corrected mortality less
than 50 %. E. pulcherrima e R.simsii showed 68 % and 51 % of corrected mortality,
respectively. Three plants were chosen to carry out bioassays: the two plants with

the highest corrected mortality (E. pulcherrima e R.simsii) and another plant (M.
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ilicifolia) with corrected mortality similar to control. Only R. simsii aqueous and the
three extracts of E. pulcherrima differ significantly from control (p<0,05). E.
pulcherrima polypeptide had the lowest larval period about 11 days. The results
obtained in this study demonstrate the potential insecticide Euphorbia pulcherrima

and Rhododendron simsii.

KEY-WORDS: Spodoptera frugiperda, plant extracts, bioassays.

1 INTRODUCTION

Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) is an important
pest of several crops such as corn, rice, soybeans, peanuts, sorghum, among others,
due to the damage it causes and the difficulty of its control (Yu et al. 2003; Roel and
Vendramim 2006). Currently, the most commonly used method to control these pests
are synthetic insecticides, which vyields effective results in a short time, but the
development of resistance to these insecticides by insects is also very fast, leading
farmers to increase dosages or changing the active principle most frequently (Castillo
et al. 2009; Zapata et al. 2009; da Silva et al. 2012). Brazil is the largest consumer of
pesticides in the world, with one third of the food consumed by Brazilians is
contaminated by these substances. Over the past decade, while the global
consumption of pesticides has increased by 93 %, the Brazilian has increased 190
%, surpacing consumption in the United States. In 2010, Brazil spent approximately
US$ 7.3 billion in pesticides, including insecticides, herbicides, fertilizers, fungicides,
bactericides, among others (Carneiro et al. 2012).

The use of pesticides causes many adverse effects to biotic and abiotic

environment, such as accumulation of residues in soil, water, air and, consequently,



37

animals and plants, including humans (Rizwan-ul-Haq et al. 2009; Zapata et al. 2009;
Pavela et al. 2010). In this context, the selection of new insecticides that meet the
requirements of efficacy, safety, selectivity and that are economically viable, is
highlighting the study of mechanisms of plant defense. They defend themselves from
herbivore attacks by different methods such chemical, through the secondary
metabolites, one of the most used.

Plant extracts have been used by man since 4000 b.C., a practice that
continues today, with over 2000 species of plants known for their insecticidal
properties (Bertholdo-Vargas et al. 2009; Pavela et al. 2010; da Silva et al.; 2012;
D’Incao et al. 2012; Knaak et al.; 2012).

The use of substances from botanic sources, as an insecticide, has many
advantages compared to the use of synthetic products, as natural insecticides are
readily degradable, not remaining in the environment long enough to contaminate it,
minimizing the development of resistance by insects target and also leaving no
residues in food. Bermudez-Torres et al. (2009) reported 83 % mortality of S.
frugiperda when exposed to extract Lupinus stipulates J. Agardh (Fabales:
Fabaceae) at a dose of 25 pg.ml'. Alves et al. (2012) achieved a 60 % mortality of S.
frugiperda after 7 days of exposure copaiba leaf extract (Copaifera langsdorffii Desf.
(Fabales: Fabaceae)). Rossi et al. (2012) exposed larvae of S. frugiperda the Ricinus
communis L. (Malpighiales: Euphorbiaceae) 10 % extract and obtained 89.9 %
mortality. Munoz et al. (2013) observed 58.3 % mortality by exposing larvae of S.
frugiperda to Calceolaria talcana J. Grau & C. Ehrh (Lamiales: Calceolariaceae)

extracts.
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Thus, the present study aimed to identify the lethal and sublethal effects of 27
leaf extracts of native and exotic plants against the polyphagous species, Spodoptera

frugiperda, major insect pest of the most relevant economic agroecosystems.

2 MATERIALS AND METHODS

2.1. Rearing and conservation of insects (Spodoptera frugiperda):

The insect colonies of S. frugiperda, derived from corn and rice, have been
established in controlled conditions in the Room for Insect Rearing, at the
Laboratory of Microbiology and Toxicology, UNISINOS (Sao Leopoldo, RS), and
were maintained until the full development of this project.

The caterpillars were reared at 25 °C, 12 h photoperiod and 70 % relative
humidity. They were fed with Poitout’s artificial diet (Poitout & Bues, 1970), pupae
segregated by sex and adults obtained placed in cages with glucose solution (10
%) and oviposition substrate.

The laboratory colonies were mixed with other populations from annual
samples of larvae of the same species collected in South Brazil crops. The
sampling of S. frugiperda, in the field, were carried out in the irrigated rice crops
with the collaboration of researchers from the Instituto Riograndense do Arroz

(IRGA) in the Estagcado Experimental do Arroz (EEA), in Cachoeirinha, RS, Brazil.

2.2. Plants Extracts

The leaves of native and exotic plants were collected according to the

availability of the species listed in Table 1, on the campus of UNISINOS (29 © 47 ' 47,



39

90 " South latitude and 51 ° 09 ' 24, 93 " West longitude) in Sdo Leopoldo, RS.
Samples were collected in the early morning, noting the absence of rain, flowering
and fruiting. The species identification was performed with the aid of a specialist in
the area (Dr. Jodo Larocca) and also with the consultation of herbarium specimens in

the herbaria of UNISINOS and UFRGS.

Tabela 1: Native and exotic plants collected on the campus of Unisinos, Sao
Leopoldo, RS (29 ° 47 '47, 90 " South latitude and 51 ° 09 '24, 93 ' West

longitude), for assessing the potential insecticide.

Scientific names families Active Ingredients
Aloe ferox Aloeaceae Antracenic Compounds’
Aloe vera Aloeaceae Antracenic Compounds’
Anchietea salutaris A. St.-Hil. Violaceae Alkaloids®
Artemisia camphorate Vill. Asteraceae Terpens!

Casearia sylvestris Sw.

Cinnamomum zeylanicum Blume

Cordia monosperma (Jacq.) Roem. & Schult.
Equisetum arvense L.

Eugenia uniflora L.

Euphorbia milii Des Moulins

Euphorbia pulcherrima Willd.

Ficus pumila L.

Ginkgo biloba L.

Jodina rhombifolia (Hook & Ain)

Maytenus ilicifolia (Schrad) Planch

Mikania laevigata Sch. Bip. Ex Backer
Nerium oleander L.

Pachystroma longifolium (Nees) |.M. Johnst
Pereskia grandifolia Haw.

Phyllanthus niruri L.

Piper umbellata

Plectranthus neochilus Schiltr.

Rhododendron simsii Planch.

Flacourtiaceae
Lauraceae
Boraginaceae
Equisetaceae
Myrtaceae
Euphorbiaceae
Euphorbiaceae
Moraceae
Ginkgoaceae
Santalaceae
Celastraceae
Asteraceae
Apocynaceae
Asteraceae
Cactaceae
Phyllanthaceae
Piperaceae
Lamiaceae

Ericaceae

Flavons, saponins, tannins’
Phenolic Compounds
Flavonoids

Cumarins, alkaloids®

Tannins'

Diterpens'

Diterpene esters !
Furanocumarins’

Flavonoids'

Tannic acid, flavonoids
Poliphenols

Poliphenols, tannins e cumarins’
Cardenolids’

Flavons, labdan diterpene, phenols e clerodans*
Alkaloids’

Flavonoids®

Terpens', phenols®

Quinones'

Diterpens', graianotoxins?
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Schinus molle L. Anacardiaceae Uruchols'
Schinus terebinthifolius Raddi Anacardiaceae Uruchols'
Solanum sisymbriifolium Lam. Solanaceae Alkaloids
Syzygium cumini (L.) Myrtaceae Phenylpropanoid

'Simdes et al., 2007. 2Lopes et al., 2009. 3Pinto et al., 2005. “Ferrante et al., 2007. 5dos Santos, 2005.

6Kaziyama et al., 2012. “Souza et al., 2009. 8Maia-Almeida et al., 2011.

2.3. Screening of plants and solvents for secondary metabolites extraction

For this study, we selected 27 native and exotic plants collected on the
campus of UNISINOS (Sao Leopoldo, RS), possessing any ethnobotanical record,
scientific reference or known in the popular culture of the State of Rio Grande do Sul,
Brazil.

The plant extracts were pre-selected in preliminary biological assays, using 15
larvae of S. frugiperda. Second instar larvae were used, kept individually in mini-
acrylic plates (35 mm diameter) containing a thin layer of agar gel and one perennial
soybean’s leaf disc (Neonotonia wightii) with 18 mm diameter and 48 h. 50 pl of the
extracts were placed on the leaf disc (18 mm). In the control samples, the volume of
the extracts was replaced by sterile distilled water, and for extracts bioassays with
another solvent was included a control sample with the diluted solvent as used in the
extractions. Each preliminary bioassay consisted of three replicates for each type of
extract.

The treatments were kept in a climatic chamber at 25 °C, 70 % relative
humidity and photoperiod of 12 h. Mortality was checked on day 7 after treatment

application, then corrected using Abbott's formula (Abbott, 1925).
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2.4. Obtaining aqueous and proteic plant extracts:

The plant extracts were obtained by maceration of leaves with liquid nitrogen
to obtain a fine powder. The re-suspension of this powder was performed with five
different solvents for the extraction of secondary metabolites, in a ratio of 1 w: 5 v (5
ml of solvent for each plant powder gram) and kept 24 h at 4 °C and subsequently
filtered through sterile filter paper. After filtration, the extract was divided into
eppendorfs with the amount used in each test and kept at -18 ° C.

Five extracts were prepared: cold aqueous extract (aqueous), hot aqueous
extract (infusion), alcoholic extract (70 % alcohol), methanol extract and an extract
with buffer solution for extraction of polypeptides (50 mM Tris-HCI pH 8,0; 1 mM

EDTA pH 8,0; 5 % Glycerol v:iv; 1 mM DTT; 0,1 % Triton).

2.5. Bioassays for determination of acute effect:

From the results obtained in preliminary tests we selected three plants to
conduct acute bioassays. Second instar larvae were used, kept individually in mini-
acrylic plates (35 mm diameter) containing a thin layer of agar gel and 4 perennial
soybean’s leaf disc (Neonotonia wightii) with 18 mm diameter by 7 days. 50 pl of

extracts were deposited on each leaf disc.

2.6. Bioassays for estimate the sublethal effect:

The tests for the sublethal effects of botanical extracts for S. frugiperda were
performed by transferring all the surviving worms in bioassays for acute effect to
disposable cups with artificial diet without the addition of treatments, which were
monitored, individually, until the F1. The insects were kept in a room at 25 °C, 70 %

relative humidity and photoperiod of 12 h. Probable deformities, loss in pupae weight,
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change in sex ratio or increase in development time and aspects related to fertility
were observed. Pupae were weighed on an analytical balance and measured with

analogical pachymeter, on the second day after molting.

2.7. Statistical Analysis.

Statistical analysis was performed with the aid of the Systat 12 computer program.
The mortality values obtained in bioassays were corrected by Abbott's formula
(Abbott, 1925) and then subjected to ANOVA followed by Tukey (p< 0,05). The
values of other parameters were also subjected to ANOVA followed by Tukey (p<

0,05).

3 RESULTS

Results of preliminary bioassays and the 27 plants used are described in Table
2, where 25 plants caused corrected mortality less than 50 %. E. pulcherrima e
R.simsii showed 68 % e 51 % of corrected mortality, respectively. Three plants were
chosen to carry out bioassays: the two plants with the highest corrected mortality (E.

Pulcherrima e R.simsii) and a plant with low corrected mortality (M. ilicifolia).
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Table 2. Screening data of potential insecticide leaf extracts from 27 native and

exotic plants against 2nd instar larvae of Spodoptera frugiperda (Lepidoptera,

Noctuidae).

Plants

Corrected Mortality (%)

Scientific name

aqueous decoction polypeptide

Aloe ferox

Aloe vera

Anchietea salutaris
Artemisia camphorata
Casearia sylvestris
Cinnamomum zeylanicum
Cordia monosperma
Equisetum arvense
Eugenia uniflora
Euphorbia milii
Euphorbia pulcherrima
Ficus pumila

Ginkgo biloba

Jodina rhombifolia
Maytenus ilicifolia
Mikania laevigata
Nerium oleander
Pachystroma longifolium
Pereskia grandifolia
Phyllanthus niruri

Piper sp.

Plectranthus neochilus
Rhododendron simsii
Schinus molle

Schinus terebinthifolius
Solanum sisymbiriifolium

Syzygium cumini

20,0
2,2
15,6
8,9
13,3
6,7

4,4

22,2

17,8

6,7

28,9
22,2
2,2
22,2
20,0
44
13,3
13,3
6,7
6,7
17,8
13,3
17,8
46,7

17,8

17,8
6,7
31,1
20,0
2,2
13,3

4,4

111
2,2
4.4

2,2

20,0
13,3

68,9

17,8
2,2
2,2
20,0
8,9
15,6
51,1
15,6
22,2

4,4
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In Table 3, the data presented correspond to the three plants chosen for the
analysis of larval lethality and sublethal effects throughout the life cycle of S.
frugiperda.

The results obtained in mortality bioassays were 6 % for the control, 45.94 % for
R. simsii aqueous, 21.3 % for R. simsii decoction, 15.2 % for R. simsii polypeptide,
65.2 % for E. pulcherrima aqueous, 64.47 % for E. pulcherrima decoction, 76.11 %
for E. pulcherrima polypeptide, 7.33 % for M. ilicifolia aqueous, 12.62 % for M.
ilicifolia decoction and 4.73 % for M. ilicifolia polypeptide. The three extracts of E.
pulcherrima differed significantly from all other extracts, with the exception of the
aqueous extract of R. simsii (p<0,05) (Table 3). The aqueous extract of R. simsii
differed significantly only of aqueous and polypeptide extract of M. ilicifolia (p<0,05)
(Table 3).

The larval period in control was approximately 21 days, M. ilicifolia aqueous
showed similar larval duration (20.5 days) and E. pulcherrima polypeptide had the
lowest larval period about 11 days.

In control, the pre-pupal period was 1.33 days. The extract which exhibited the
shortest duration in this period was M. ilicifolia decoction (1.12 days) and the longest
was M. ilicifolia polypeptide (1.78 days).

The aqueous extract of E. pulcherrima showed pupal period similar to control
(E. pulcherrima - 10.85 days and Control - 10.46 days). The shortest pupal period
was recorded in R. simsii polypeptide extract (6.43 days).

The weight of larvae in the control group was 0.2135 g, the lowest weight was
recorded in the treatment with M. llicifolia aqueous (0.1970 g) and the treatment with
highest weight was M. ilicifolia polypeptide (0.2376 g). In contrast to these data, the

smallest pupae were observed in R. simsii aqueous treatment (14, 58 mm) and the
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largest recorded in the E. pulcherrima decoction extract (16.22 mm). The mean size
in control pupae was 15.58 mm

The total number of adults observed in the control treatment was 20.6 insects,
with 10.4 males and 10.2 females, composing 6.8 couples. The treatment with the
highest number of adults was M. ilicifolia polypeptide with 24.2 insects, with 13 males
and 11.2 females, forming approximately 9.2 couples. The E. pulcherrima
polypeptide extract showed the lowest number of adults in all repetitions (4 adults).
There was a difference in the sex ratio of adults in this treatment, with 3 males and 1
female per repetition, it is not possible to form couples in all bioassays.

The number of couples that have made postures in the control group was 6.4,
but only about 4.8 postures hatched. The treatment with the lowest number of eggs
was E. pulcherrima polypeptide, with 2.6 postures per repeat, which 0.2 erupted by
bioassay. And the group which had the highest number of eggs was M. ilicifolia

polypeptide with 7.6 postures per bioassays, where only 5 hatched.
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Table 3. Effect data of potential sublethal pesticide plant extracts, three native and exotic plants against larvae of 2nd instar

Spodoptera frugiperda (Lepidoptera, Noctuidae).

. Development time — Days Measures — Pupae Adults Fertility and Fecundity
Corrected mortality
Extrats Weight Female °
(%) Larva Pre-Pupae Pupae Length (mm)  Males Total N° couples  N° postures
(9) s postures

Control 20,99 1,33 10,46 0,2135 15,58 10,4 10,2 20,6 6.8 6.4 4,8

Rhododendron simsii - A 4594 A C 12,83 1,63 8,82 0,2049 14,58 5,4 5.2 10,6 4 3 2
Rhododendron simsii - D 21,3 AB 17,57 1,25 10,01 0,2094 15,35 5.2 5,4 10,6 3,4 2,6 1,2
Rhododendron simsii - P 1520 ABC 19,4 1,5 6,43 0,2159 15,04 8.4 8 16,4 5,8 4,8 3.2
Euphorbia pulcherrima — A 652 A D 13,02 1,42 10,85 0,2254 16,18 5,75 5 10,5 4 3,25 2,25
Euphorbia pulcherrima - D 64,47 A DE 13,73 1,23 9,3 0,2190 16,22 3,8 4 78 2,6 2,2 1,8
Euphorbia pulcherrima - P 76,11 A DE 10,43 1,24 9,39 0,2344 15,94 3 1 4 0,8 0.4 0,2

Maytenus ilicifolia — A 7,33 BC F 20,53 1,67 9,80 0,1970 14,84 9,8 9 18,8 5 4 3
Maytenus ilicifolia — D 126 ABC F 18,97 1,12 9,94 0,1997 15,26 8,2 7.4 15,2 5,6 4,2 2,4

Maytenus ilicifolia - P 4,73 BC F 19,47 1,78 10,12 0,2376 15,72 13 11,2 24,2 9,2 7,6 5

A — Aqueous, D — Decoction, P — Polypeptide. A, B, C, D, E AND F: Diferent letters among the values mean significant difference at 95 % level (p < 0.05)
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4 DISCUSSION
In this study the extracts of E. pulcherrima caused higher corrected mortality

than M. ilicifolia and R.simsii extracts. The toxicity caused by extracts of this plant
could be explained by the presence of phenolic compounds such as quercetin and
kaempferol (Mariot & Barbieri, 2007; Alonso & Desmarchelier, 2007; Jesus & Cunha,
2012). Nenaah (2012) reported mortality between 54 and 64% of Sitophilus oryzae
and Rhyzopentha dominica, both beetles, when fed with Calotropis procera (Ait.)
(Gentianales: Asclepiadaceae) extracts, whose the major secondary metabolites are
phenolic compounds such as kaemferol. Moraes-Braga et al. (2013) observed 68%
mortality of Trypanosoma cruzi exposed to Lygodium venustum extract which
presents kaempferol and quercetin amonh its main secondary metabolites.

The acute effect of aqueous extract of R. simsii may be due to the presence of
diterpenes that are powerful deterrents to many species of insects (Schoonhoven et
al. 1997). These diterpenoid found in all species of R. simsii, are termed
graianotoxins and bind to sodium channels in cell membranes increasing
permeability of this ion in excitable membranes. This binding is reversible, but can
cause serious damage to the affected cells (Felippe, 2009; Lopes et al., 2009).
Klocke et al. (1991) obtained LCso of 8.8 ppm by exposing S. frugiperda to the
rhodojaponin lll, a type of graiatoxina extracted from Rhododendron molle.

D’Incao et al. (2012) observed an increase in the larval period by exposing
larvae of S. frugiperda to 312 ppm saponin extracted from Passiflora alata Curtis
(1788) (Violales: Passifloraceae). In this work, the pre-pupa and pupa showed no
significant difference in duration of treatment compared to the control, a result which
confirms the results obtained by D’Incao et al. (2012). The weights and lengths of

larvae, as well as the number of couples showed no significant difference between
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treatments and control. Ramos-Lépez et al. (2010) observed a gradual decrease in
pupal weight of S. frugiperda exposed to different extracts of R. communis. The
present work, the average numbers of eggs and the number of hatched larvae in the
treatments did not differ significantly from control.

The results obtained in this study demonstrate the potential insecticide
Euphorbia pulcherrima and Rhododendron simsii. Maytenus ilicifolia showed no
significant insecticidal effect when used cold aqueous extracts and decoction, and

polypeptide extract.
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Artigo de Pesquisa

Efeitos letais e histopatoldgicos de extratos
obtidos via CO2 supercritico de Euphorbia
pulcherrima Willd. Ex Klotzsch,
Rhododendron simsii Planch. e Maytenus
ilicifolia Mart. Ex Reissek sobre lagartas de
Spodoptera frugiperda (J.E. Smith, 1797)

(Lepidoptera: Noctuidae).
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RESUMO
Insetos sdo a maior fonte de perda de producdo na agricultura em todo o

mundo. Spodoptera frugiperda (J.E. Smith, 1797) € um inseto polifago, que pode
ocasionar perdas de 20% a 100% em lavouras de milho, arroz e soja. Portanto o
controle desta praga € de extrema importancia para agricultura. O método mais
utilizado para este controle sdo os pesticidas quimicos, os quais causam poluicéo
dos solos e rios, intoxicacdo de animais e de agricultores e seus familiares. O uso de
plantas com propriedades inseticidas tem se mostrado uma promissora ferramenta
no controle de insetos, por causar menor impacto ambiental. Um aspecto muito
importante na obtencdo de metabdlitos secundarios de plantas diz respeito ao
método de extracdo empregado. Neste sentido, a aplicagdo de fluidos
pressurizados, em especial CO2, é uma alternativa na obtencao de extratos vegetais
para serem aplicados sobre as lavouras. No presente trabalho foram avaliados
extratos obtidos via extracdo supercritica de 3 plantas cultivadas no Rio Grande do

Sul, Brasil; quanto a sua atividade inseticida. Nos ensaios com Euphorbia
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pulcherrima observou-se mortalidade corrigida de 51,1 % de Spodoptera frugiperda,
Rhododendron simsii causou mortalidade corrigida de 73,3 % e Maytenus ilicifolia
100 %. A CLso de M. ilicifolia foi de 0,104 mg extrato/ml de acetona. R. simsii
apresentou o maior teor de polifendis totais (21,19 %), seguido por M. ilicifolia (14,49
%) e E. pulcherrima (13,82 %). M. ilicifolia apresentou a maior capacidade de
oxidacdo do DPPH dentre os trés extratos (30,46 Qextrato/goPPH), enquanto E.
pulcherrima e R. simsii apresentaram 65,11 Qextrato/goPPH € 51,35 Qextrato/QDPPH,
respectivamente. A analise histopatolégica do trato gastrointestinal das lagartas
mostrou que R. simsii e E. pucherrima causam danos ao epitélio do sistema

digestivo e que os danos causados por E. pucherrima sdo mais severos.

KEY-WORDS: insetos-praga, extratos vegetais, histopatologia, bioensaios.

1 INTRODUCAO

Spodoptera frugiperda (J.E.Smith, 1797) (Lepidoptera: Noctuidae), um inseto
polifago que se alimenta preferencialmente de plantas da familia Poaceae
(Sarmento et al., 2002; D’Incao et al., 2012), € encontrado do sul do Canada ao o sul
do Uruguai e Argentina (Ashley et al., 1989, Sarmento et al., 2002, Alves et al.,
2012). Ha registros de ataques da lagarta deste lepiddptero em mais de 80 espécies
de plantas, onde, muitas vezes, causam grandes desfolhamentos (Cruz, 1995,
Barros et al., 2010).

A rotacao de culturas favorece o acesso de S. frugiperda em cultivos onde
eram consideradas como praga secundaria e acabam se tornando uma das pragas
principais (Barros et al., 2010). As lagartas se alimentam das folhas, reduzindo a
area foliar e afetando a capacidade fotossintética da planta, e consequentemente, a

producdo do cultivo (Sarmento et al.,, 2002). A perda na producdo de milho, por
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ataque de insetos, chega a 31 % em todo o mundo (Rossi et al., 2012). J& no arroz,
onde S. frugiperda é considerada uma praga de fase inicial, essa perda pode variar
de 24 % até a perda total na producéo final de graos (D’Incao et al., 2012).

O controle desta praga € de grande importancia para a agricultura. O uso de
pesticidas quimicos é o método mais utilizado para o controle destas pragas, os
quais causam poluicdo do ambiente, intoxicacdo de agricultores e seus familiares,
prejudicam insetos polinizadores, além de deixarem residuos no alimento e solo. O
uso indiscriminado destas substancias acaba por desenvolver resisténcia nos
insetos alvo (Oliveira et al., 2007, Senthil-Nathan et al., 2008; Pavela, 2010, Rossi et
al., 2012; Munoz et al., 2013).

O uso de plantas com propriedades inseticidas tem se mostrado uma
promissora ferramenta no controle de insetos, por causar menor impacto ambiental
(Oliveira et al. 2007; Matos et al., 2009, Pavela et al. 2010, Mufioz et al. 2013,). Um
aspecto muito importante na obtencdo de metabdlitos secundarios vegetais, diz
respeito ao processo de extracdo empregado. Alguns dos processos usados sao a
destilacao, tanto direta, quanto por arraste a vapor e solventes organicos. Ambos
podem produzir extratos de muita qualidade, entretanto a alta temperatura da
destilacéo ou os solventes organicos podem gerar alteragdes no produto final (Maul,
1999).

A extracdao com fluidos pressurizados supercriticos € uma técnica onde um
solvente tem suas propriedades fisicas modificadas devido a manipulagdo da
temperatura e da pressao, a qual o mesmo encontra-se submetido. O CO2 é muito
utilizado para este fim, pois € um elemento que ndo contamina as amostras a serem
extraidas, nao polui o ambiente e possui uma seletividade de extracdo maior que 0s

demais solventes utilizados nos diversos métodos de extracdo. Em se tratando de
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metabdlitos secundarios vegetais, este sistema de extracdo possui vantagens, pois
nao modifica ou desnatura as moléculas extraidas devido a baixa temperatura
utilizada no processo (aproximadamente 40 °C) (Cassel e Vargas, 2008; Sovova,
2012). Este tipo de extracao retira majoritariamente compostos apolares do material,
como 6bleos essenciais, ésteres ou compostos lipofilicos. Para a extragdo de
compostos polares é necessario que se utilize co-solventes como agua ou etanol
(Maul, 1999; Mazutti et al., 2006, Barroso et al., 2011, Huang et al., 2012).

Assim, este trabalho tem como objetivo principal verificar a letalidade e os
efeitos histopatolégicos de extratos obtidos via extracdo supercritica de trés plantas
cultivadas no Rio Grande do Sul, Euphorbia pulcherrima, Rhododendron simsii e

Maytenus ilicifolia sobre Spodoptera frugiperda.

2 MATERIAL E METODOS
2.1 Coleta e criacao dos insetos

As colbnias de insetos da espécie S. frugiperda, oriundas das culturas de
milho e arroz, foram criadas condicdes controladas na Sala de Criacdo de Insetos,
junto ao Laboratério de Microbiologia e Toxicologia da UNISINOS, e foram
mantidas até o completo desenvolvimento do presente estudo.

As lagartas foram criadas em sala climatizada a 25 °C, 12 h de fotofase e
70 % de umidade relativa do ar. Foram alimentadas com dieta artificial de Poitout
(Poitout & Bues, 1970), sendo as crisalidas separadas por sexo e os adultos
obtidos, acondicionados em gaiolas, com solugdo glicosada e substrato de
oviposicao.

As col6nias de laboratério foram misturadas com populagcées oriundas de

coletas anuais de lagartas da mesma espécie em lavouras da regiao Sul.
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2.2 Coleta e preparacao do material vegetal

As folhas das plantas selecionadas para este estudo foram coletadas no
Campus da UNISINOS (29 ° 47 ’ 47,90 ” de latitude Sul e 51 ° 09 ' 24,93 ” de
longitude Oeste) em Sao Leopoldo, RS. As coletas foram realizadas no inicio da
manha, observando-se a auséncia de chuva, floracao e frutificagéo.

As folhas foram lavadas com hipoclorito a 10 %, por 10 min, logo apés
enxaguadas e secas em estufa a 60 °C por 48 h. Depois de secas foram trituradas

em moinho de facas até obter-se um po fino.

2.3 Obtencao dos extratos vegetais via extracao com CO2 Supercritico

O material vegetal seco e moido foi colocado em cilindros extratores na
quantidade de 150 g de p6 de cada planta. A extracdo com CO:z fluido supercritico
ocorreu a pressao de 250 Bar e temperatura de 40 °C, para a primeira extracao. Na
segunda extracao o processo se repetiu, mas com a adi¢cdo de 10 % de co-solvente
agua, para a extracao metabolitos polares.

Este processo foi realizado na Pontificia Universidade Catélica do Rio
Grande do Sul, no Laboratério de Operacdes Unitarias — LOPE.

O material obtido destas extragdes foi ressuspenso com acetona para ser

aplicado nos bioensaios.

2.4 Analises para determinacao de polifendis totais

A determinacdo dos polifendis totais dos extratos obtidos via extracao

supercritica de R. simsii, E. pulcherrima e M. ilicifolia foi realizada pelo método de
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Folin-Ciocalteau (1927). E um método colorimétrico, onde os resultados séo obtidos
por leituras de absorbancia (A = 725 nm) em espectrofotbmeto comparadas a
respostas fornecidas por substdncias padrdo. O reagente de Folin-Ciocalteau
consiste em uma mistura de acidos fosfotungicos e fosfomolibdico, que reduzem-se,
em meio basico, ao oxidar os polifendis, dando origem a éxidos azuis (Singleton &

Rossi, 1965). Como padréao foi utilizado o acido galico.

Uma massa de 0,015 g de cada extrato foi diluida em 5 ml de etanol 99,5 % e
5ml de &gua destilada, devido a alta polaridade dos mesmos. Essa solucdo foi
transferida para um baldo volumétrico de 100 ml e o volume foi completado com
etanol. Uma aliquota de 0,5 ml desta solucao foi transferida para um tubo de fundo
cbnico, onde foi adicionado 0,5 ml de etanol a 10 % e 1 ml do reagente de Folin-
Ciocalteau 1 N. Apds agitacao foi adicionado 1 ml de carbonato de célcio a 17 %,
sendo agitado novamente. Na testemunha a amostra foi substituida por 0,5 ml de
agua destilada. Os tubos permaneceram em repouso por 90 min em local protegido
da luz. A quantificagéo foi realizada comparando as leituras dos tubos de amostra e
testemunha a uma curva padrao de acido galico (R?= 0,9904). O comprimento de
onda utilizado para as leituras foi de A=725 nm. A equacdo gerada a partir dos

resultados da curva de calibracao para o acido galico esta apresentada a seguir:
y = 240,88x — 0,0287

onde: y corresponde a absorbancia e x ao valor da concentracao de polifendis totais

em mg/ml em relagdo ao padrao utilizado.
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2.5 Analises para a determinacao da atividade antioxidante

A determinacdo do poder antioxidante dos extratos de R. simsii, E.
pulcherrima e M. ilicifolia obtidos pelo método de CO:2 super critico foi realizada
através do método definido por Rufino et al. (2007), que € na captura do radical
DPPH (2,2 — difenil — 1 — picril - hidrazil) por antioxidantes, o que produz um

decréscimo da absorbancia.

Os extratos foram diluidos em trés concentragdes: 1,0 mg/ml, 0,5 mg/ml e
0,25 mg/ml. Em paralelo foi preparada uma solucdo de DPPH com 0,06 M e
distribuida, de 3 em 3 ml, em cubetas. Em ambiente escuro, foram adicionadas as
cubetas aliquotas das diluicbes dos extratos. A leitura da absorbéancia durou cerca
de 2 h, criando uma curva que decai com o tempo até se estabilizar. A partir destes
dados foi possivel determinar a atividade antioxidante total, expressa em
Qextrato/gDPPH, @ssim como o 1Cso, expressa em mg/ml, que corresponde a quantidade
de cada extrato necessaria para reduzir em 50 % a concentragao inicial do radical de
DPPH. A equacao gerada a partir dos resultados da curva de calibracdo para uma
solucdo etandlica de DPPH a uma concentracao de 0,06 M esta apresentada a

sequir:

y = 0,0146x — 0,0041

onde: y corresponde a absorbéancia e x ao valor da concetragao de antioxidantes dos

extratos em mg/ml em relagdo ao padrao utilizado. O comprimento de onda utilizado

foi de A=515 nm.
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2.6 Bioensaios para determinacao de efeito letal

Os bioensaios para a determinacdo do efeito letal dos extratos
compreenderam apenas a concentragdo maxima obtida ao diluir os extratos obtidos
via extragdo supercritica (E. pulcherrima — 0,0525 g/ml; M. ilicifolia — 0,00867 g/ml e
R. simsii — 0,01958 g/ml), 30 insetos por tratamento e trés repeticdes, totalizando
360 insetos por extrato. Os experimentos foram mantidos em incubadora tipo BOD a
25 °C, 70 % de umidade relativa e fotofase de 12 h.

Lagartas de 2 ° instar foram mantidas individualmente em mini-placas de
acrilico (5 cm de diametro), contendo uma fina camada de gel de agar-agar e quatro
discos foliares de soja perene (Neonotonia wighti)), com 18 mm de didmetro, por 7
dias. Em cada disco foliar foi depositado 50 uL do extrato. Foram feitas trés
testemunhas, com 30 insetos cada; uma com agua destilada estéril, uma com
acetona e um controle positivo utilizando o bioinseticida Agree® a base de Bacillus

thuringiensis.

2.7 Determinacao da CLso

Os bioensaios para a determinacao da Concentracao Letal Média (CLso)
compreenderam dez concentragdes seriadas, partindo do extrato a 100 % até 0,195
%, 30 insetos por tratamento e trés repeticées, totalizando 540 insetos. Os
experimentos foram mantidos em incubadora a 25 °C, 70 % de umidade relativa e
fotofase de 12 h.

Lagartas de 2 ° instar foram mantidas individualmente em mini-placas de
acrilico (5 cm de diametro), contendo uma fina camada de gel de agar agar e quatro

discos foliares de soja perene (Neonotonia wightii), com 18 mm de diametro por 7
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dias. Em cada disco foliar foi depositado 50 pyL do extrato. A mortalidade foi avaliada

diariamente.

2.8 Analises histopatoldgicos

Os ensaios para determinacao dos efeitos histopatolégicos foram conduzidos
em incubadora a 25 °C, 70 % de umidade relativa e fotofase de 12 h. Os tratamentos
compreenderam apenas os extratos de R. simsi e E. pulcherrima. A aplicacdo dos
tratamentos foi realizada em mini placas de acrilico com 5 cm de didametro com uma
fina camada de gel de agar-agar, onde foram depositado dois discos foliares
tratados com 50 uL de cada extrato vegetal. A duracao dos bioensaios foi de 1, 3, 6,
12, 24, 48, 72 horas. Apés este intervalo de tempo as lagartas foram fixadas em
Bouin Holande Sublime (BHS) por 24 h e desidratadas em séries crescentes de
etanol (10, 96 e 100 %) seguida por diafanizacdo em xilol, e incluidas em blocos de
paraplasto (Brandtzaeg, 1982). Os cortes histolégicos longitudinais foram realizados
a 5 um de espessura, com auxilio do Micrétomo de navalha de ago (Zeiss® HM 355).

Na remocao do paraplasto, as laminas contendo os tecidos passaram por
banhos de xilol e etanol, em ordem decrescente de graduacédo. A coloracdo dos
tecidos de S. frugiperda, foi realizada com Azul de Heidenhain e as laminas
montadas com Etellan e laminulas de vidro.

Os tecidos passaram por analise histolégica comparada, em microscopia
Optica, para avaliacdo dos tecidos do trato digestorio, especialmente na regidao do
meséntero, de S. frugiperda, contrapondo com as lagartas nao tratadas com os
extratos. As analises foram realizadas em Microscopio de Contraste Interferencial de
Fase, com ampliagcdo de 400 vezes (Zeiss® Axio Scope A1). A andlise digital e as
fotos do meséntero das lagartas de S. frugiperda foram efetuadas e registradas pelo

software Axio Vision LE (Zeiss®).
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2.9 Analise estatistica

A mortalidade obtida a partir dos bioensaios agudos foi corrigida pela
formula de Abbott (1925). A Concentracdo Letal (CLso) fora determinada pela
analise de Probit (Finney, 1971). Os resultados foram submetidos a analise de
Kruskal-Wallis e as médias comparadas por Dwass — Steel — Chritchlow - Flingner
a 5 % de probabilidade.

As analises estatisticas foram realizadas com o programa computacional

Systat 12.0.

3 RESULTADOS
3.1 Extrato Supercritico

As concentracdes obtidas apds a diluicdo dos extratos com acetona foram: E.
pulcherrima — 0,0525 g/ml; M. ilicifolia — 0,00867 g/ml e R. simsi— 0,01958 g/ml. As

concentracdes se repetiram nos extratos obtidos com e sem co-solvente

3.2 Metabolitos secundarios:
- Polifendis totais

Os resultados da quantificacao do teor polifendis totais, utilizando o método
de Folin — Ciocalteau para os extratos supercriticos com co-solvente de E.
pulcherrima, M. ilicifolia e R. simsi estdo apresentados na Tabela 1. Observa-se que
o extrato de R. simsii apresentou maior quantidade de polifendis totais (21,19 %),
seguido por M. ilicifolia (14,49 %). Euphorbia pulcherrima apresentou 13,82 % de

polifendis totais.



65

Tabela 1. Resultados o teor de polifendis totais nos extratos supercriticos de
Rhododendron simsii, Euphorbia pulcherrima e Maytenus ilicifolia

Teor de polifenois
totais (%)

21,13
21,68 21,19 0,23
21,19
13,74
14,78 13,82 0,45
13,82
14,36
14,68 14,49 0,11
14,49

Extrato Repeticdo Média  Desvio

Rhododendron simsii

Euphorbia pulcherrima

Maytenus ilicifolia

W N BRFRP WNRWNPR

- Polifendis com atividade antioxidante

Os extratos supercriticos com co-solvente de E. pulcherrima, M. ilicifolia e R.
simsi apresentaram acao antioxidante, os valores de ICso (quantidade de extrato
necessaria para reduzir em 50 % a concentragao inicial de DPPH) estdo na Tabela
2. E. pulcherrima, apesar de ter apresentado o menor valor de polifendis totais,
apresentou a maior capacidade antioxidante de DPPH (65,11 gextrato/gpPPH), S€gUida
por R. simsii, a qual apresentou maior teor de polifendis totais (51,35 Qextrato/gDPPH).
M. licifolia apresentou a menor capacidade antioxidante dentre as 3 plantas

avaliadas.
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Tabela 2. Resultados obtidos nos ensaios que avaliam a atividade
antioxidante dos extratos obtidos via CO:2 supercritico de Rhododendron

simsii, Euphorbia pulcherrima e Maytenus ilicifolia

Extrato Repeticao ICso Média Desvio
(gextrato/gDPPH)
40,38
64,18 51,35 8,14
51,35
61,86
65,11 65,11 4,47
73,54
30,46
30,46 30,46 0,05

30,35

Rhododendron simsii

Euphorbia pulcherrima

Maytenus ilicifolia

W N FP, WNPFEPE WDN PR

3.3 Efeito letal

Os extratos obtidos via extracdo supercritica sem adicao de co-solvente de E.
pulcherrima, M. ilicifolia e R. simsi ndo causaram mortalidade significativa de S

frugiperda (dados nao apresentados).

O extrato obtido via COz2 supercritico com adicao de co-solvente agua, obtido
a partir de M. licifolia, causou mortalidade corrigida de 100 % dos organismos
expostos, em 7 dias. Os extratos obtidos via CO2 supercritico com adi¢do de co-
solvente agua de E. pulcherrima e R. simsii causaram 51,1 % e 73,3 % de
mortalidade corrigida respectivamente. Devido a isso apenas a CLso do extrato de M.

ilicifolia foi determinada.
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3.4 Concentracao Letal Média

A CLso estimada para o extrato obtido via extracao supercritica com adicao de
co-solvente agua de M. ilicifolia € de 1,1943 % da concentragdo inicial do extrato
solubilizado, o que equivale a 0,104 mg de extrato/ml de acetona. O intervalo de

confiancga foi de 0,940 % a 1,507 %.

3.5 Efeitos histopatoldgicos

As lagartas de S. frugiperda tratadas com o extrato obtido via extracao
supercritica de R. simsii apresentaram alteracdes morfolégicas no meséntero, que
variaram com a cinética dos tratamentos (tempo de exposicdo), as quais foram
observadas 24 horas apés a aplicacao dos tratamentos (HAT). Nos demais periodos
avaliados (48 e 72 h) as diferentes classes de células epiteliais ndo mantiveram
integridade suficiente para comparagdo ao grupo controle, sendo que a atividade
secretora nos tratamentos nao diferenciou da testemunha (Figura 1). Foi possivel
verificar um aumento no numero de células projetadas no Iimen juntamente com o
produto de secrecdo a partir de 24 HAT quando utilizado o extrato de R. simsii.
(Figura 1B).

Apds 48 e 72 HAT foram visualizadas modificacbes teciduais no epitélio
intestinal das lagartas de S. frugiperda tratadas com R. simsii, pois a lamina epitelial
apresentou células delgadas e alongadas quando comparadas com as testemunhas
(Figura 1C e 1D), além disso, foi observada a ruptura do epitélio (Figura 1D). Nos
tempos de exposicdo analisados nado foi possivel observar nitidamente as
microvilosidades intestinais, no entanto, a membrana peritréfica se manteve

presente em todos os periodos avaliados.
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As alteracbes morfologicas do sistema digestorio das lagartas de S.
frugiperda tratadas com o extrato obtido via CO:2 supercritico de Euphorbia
pulcherrima apareceram a partir de 6 HAT (Figura 2B). Nos periodos de 24, 48 e 72
HAT houve ruptura do epitélio (Figura 2C, 2D e 2E) e também foi possivel verificar
um aumento do volume celular quando comparado a testemunha (Figura 2C). A
partir de 24 HAT, a camada epitelial apresentou afastamento da camada muscular
(Figura 2C, 24D e 2E). Nos tempos de exposi¢cado analisados ndo foram observadas
microvilosidades integras nas extremidades das células epiteliais do intestino médio,
no entanto, a membrana peritréfica se manteve presente somente até 12 HAT,

porém apos esse periodo houve o rompimento dessa estrutura.
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Figura 1: Seccdes longitudinais do intestino medio de lagartas de Spodoptera
frugiperda tratadas com Rhododendron simsii: testemunha (A), 24HAT (B) e 48 HAT
(D). Epitélio (e), Lumén (L), Tecido conjuntivo (tc), Microvilosidades (m), célula caliciforme (cc),

Célula colunar (CC). Aumento de 400 vezes. Setas = alteracdes, HAT = horas ap6s aplicagdo dos

tratamentos.
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Figura 2: Secc¢des longitudinais do meséntero de lagartas de Spodoptera frugiperda
tratadas com Euphorbia pulcherrima: testemunha (A), 6 HAT (B), 24 HAT (C), 48
HAT (D) e 72 HAT (E). Epitélio (e), Lumen (L), Tecido conjuntivo (tc), Microvilosidades (m), célula

caliciforme (cc), célula colunar (CC). Aumento de 400 vezes. Setas = alteragdes, HAT = horas apés a

aplicagéo dos tratamentos.
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4 DISCUSSAO
O emprego de extratos vegetais para o controle biolégico € uma pratica

antiga, podendo ter acdo deterrente ou causar lesdes, reversives ou nao, que
podem resultar na morte do organismo. O fluido supercritico com CO2 apresenta
algumas vantagens sobre os métodos convencionais de extragdo, pois ndo modifica
ou desnatura as moléculas, além de nao gerar residuos. Com este método obtem-se
principalmente compostos apolares. Para extrair compostos polares € necessaria a
adicao de um co-solvente que possua esta caracteristica.

Neste estudo, os extratos supercriticos, sem a adicdo de co-solvente, das
plantas Euphorbia pulcherrima, Rhododendron simsii e Maytenus ilicifolia nao
apresentaram atividade biolodgica sobre as lagartas de S. frugiperda. No entanto,
com o emprego de agua como co-solvente foi observada mortalidade nos bioensaios
com os trés extratos. A partir disso, podemos inferir que os metabdlitos secundarios
extraidos majoritariamente destas plantas sao compostos fendlicos, pois estes
compostos apresentam polaridade.

Este fato é confirmado pelos resultados observados nos testes de
quantificacdo de polifendis totais (Tabela 1) e de acdo antioxidante (Tabela 2). A
presenca de compostos fendlicos nas trés espécies botanicas utilizadas para o
presente estudo é citada por diversos autores, bem como a acdo téxica destes
metabdlitos para microrganismos e animais herbivoros (De Loose, 1979; Xavier &
D’angelo, 1996; Bittner et al, 2001; Takahashi et al, 2001; Mariot & Barbieri, 2007;
Alonso & Desmarchelier, 2007; Jesus & Cunha, 2012).

Segundo De Loose (1979) e Takahashi et al (2001) Rhododendron simsii
possui como compostos fendlicos majoritarios matteucinol, acido protocatecuico e

quercetina. Euphorbia pulcherrima apresenta cumarinas, taninos hidrolisaveis
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(incluindo &cido galico) e quinonas dentre os seus metabdlitos secundarios (Bittner
et al, 2001). Maytenus ilicifolia contém catequina, epicatequina, acido téanico,
apigenina, cianidina, malvidina, entre outros (Xavier & D’angelo, 1996; Mariot &
Barbieri, 2007; Alonso & Desmarchelier, 2007; Santos-Oliveira et al, 2008; Mossi et
al, 2009; Pessuto et al, 2009; Jesus & Cunha, 2012). As trés espécies apresentam
os flavondis quercetina e kaempferol (De Loose, 1979; Xavier & D’angelo, 1996;
Bittner et al, 2001; Takahashi et al, 2001; Mariot & Barbieri, 2007; Alonso &
Desmarchelier, 2007; Jesus & Cunha, 2012). Compostos fenélicos sao descritos na
literatura como barreiras contra a herbivoria de diversas maneiras, inibindo a
alimentacao, influenciando no ritmo de crescimento e desenvolvimento, alterando a
digestibilidade do alimento, sendo letal ao herbivoro ou apenas conferindo um gosto
ruim ao vegetal (Harborne, 2001; Simdes et al, 2007; Jesus & Cunha, 2012; Taiz &
Ziger, 2013; War et al, 2013).

O efeito letal observado na maioria das lagartas de S. frugiperda expostas ao
extrato de M. licifolia, no presente estudo, pode ser devido a presenca de
compostos fendlicos, tais como quercetina, kaempferol e catequina. Estas moléculas
sao citadas na literatura por possuirem efeito inseticida (Xavier & D’angelo, 1996;
Mariot & Barbieri, 2007; Alonso & Desmarchelier, 2007; Santos-Oliveira et al, 2008;
Mossi et al, 2009; Pessuto et al, 2009; Jesus & Cunha, 2012).

Nos bioensaios com E. pulcherrima e R. simsi a mortalidade pode nao ter
alcangado 100 % devido a concentracdo de metabdlitos secundarios nos extratos
utilizados, pois estas plantas produzem diversos compostos com acao inseticida (De
Loose, 1979; Xavier & D’angelo, 1996; Bittner et al, 2001; Takahashi et al, 2001;

Mariot & Barbieri, 2007; Alonso & Desmarchelier, 2007; Jesus & Cunha, 2012).
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No sistema digestério das formas imaturas dos lepidépteros, a regidao epitelial
do meséntero dos insetos apresenta células colunares, caliciformes, regenerativas e
enddcrinas (Cavalcante & Cruz-Landim, 1999; Pinheiro et al., 2003). No presente
estudo, as analises de histopatologia comparada foram direcionadas na integridade
das células colunares e caliciformes que sdo recobertas por prolongamentos
celulares denominados microvilosidades, pois as células enddcrinas sdo de dificil
identificacdo com a metodologia utilizada (Cassier & Frain-Maurel, 1977; Montuega
et al, 1989; Jimenez & Gilliam, 1990; Correia et al., 2009).

Na analise dos dados, verificou-se que a ingestdo dos aleloquimicos pode
diminuir o consumo alimentar das lagartas (Knaak et al., 2012). Visto que, essas
substancias sao caracterizadas como nao nutritivas produzidas por espécies
vegetais, geradoras de alteracbes no crescimento, comportamento e biologia do
organismo de quem se nutre dela (Slansky, 1982; Slansky, 1993; Vendramim &
Castiglioni, 2000).

O género Rhododendron possui entre os seus metabdlitos secundarios o
matteucinol, um flavonoéide que pode se ligar fortemente aos canais de sodio da
membrana plasmatica, podendo aumentar a permeabilidade desse ion em
membranas excitaveis, além de inibir a atividade da acetilcolinesterase (Lopes et al,
2009; Takahashi et al, 2001). Consequentemente, as lagartas tratadas com esses
compostos vegetais cessam a alimentacdo devido a estas substancias toxicas;
porém, as toxinas continuam a agir e algumas modificagbes estruturais sao
evidenciadas conforme a Figura 1, a partir das 24 horas, como por exemplo:
aumento de células projetadas no lumen, ruptura do epitélio, células delgadas e
alongadas, que podem resultar do enfraquecimento das lagartas de S. frugiperda,

submetidas ao tratamento com R. simsii. Apesar das alteracbes citadas, a
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membrana peritrofica se manteve intacta em todos os periodos de tratamento com
este extrato corroborando os dados de Correia et al (2009) que evidenciaram
inalteracdes da membrana peritrofica das lagartas de S. frugiperda tratadas com Nim
(Azadirachta indica). Contudo, mesmo evidenciando a presenca da membrana
peritréfica integra em todos os intervalos dos tratamentos, essa estrutura nao foi
suficiente para impedir a acao do extrato supercritico de R. simsii sobre o epitélio e
evitar os danos ocasionados no meséntero das lagartas de S. frugiperda.

No caso do tratamento com E. pulcherrima, a membrana peritrofica sofreu
degradacao, desaparecendo a partir das 12 HAT (Figura 2). Esta membrana, de
acordo com diversos autores (Terra, 1988; Chapman, 1988; Terra, 2001; Bolognesi
et al, 2008) tem a funcéo de protecao para o epitélio contra 0os danos mecanicos e
quimicos provocados pelo alimento, atuando como uma barreira fisica contra
microrganismos € na compartimentalizacdo da digestao.

Os resultados da andlise do meséntero de S. frugiperda tratadas com os
extratos obtidos com dioxido de carbono supercritico de E. pulcherrima mostraram
que este tratamento foi mais eficiente quando comparado ao extrato supercritico de
R. simsii, pois as alteragdes morfoldgicas iniciaram 2 periodos antes (6 horas apos
aplicacao dos tratamentos).

Nao foram visualizados prolongamentos celulares do tipo microvilosidades em
nenhuma das lagartas submetidas aos tratamentos analisadas no presente estudo.
Nos insetos, as microvilosidades sdo consideradas muito importantes, pois estao
envolvidas na digestao, absorcao de nutrientes, agua e secregao de liquidos (Terra
et al, 1996). A ruptura das células epiteliais observada no tratamento com E.
pulcherrima, a partir das 24 HAT, e com R. simsii, a partir das 48 HAT, pode estar

associada a redugao no gradiente eletroquimico de K na célula (Liebig et al, 1995).
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Da mesma forma, Baines et al. (1997) constataram que o colapso provocado no
gradiente eletroquimico no epitélio do intestino médio causa a morte do inseto.
Nesse sentido, quando utilizados extratos supercriticos de E. pulcherrima e R. simsii,
estes também podem provocar um desequilibrio idnico entre as células e o meio
externo que leva o inseto a morte.

Knaak et al. (2010) analisando o meséntero das lagartas de S. frugiperda,
tratadas com macerado e infusdo de diversos extratos vegetais, encontraram
diversas alteragcdes como projecées de células epiteliais na luz intestinal,
degradacdo da membrana peritréfica e das microvilosidades, resultados que
também foram encontrados nesta pesquisa, confirmando o potencial de utilizacdo de
extratos vegetais para o controle da praga-alvo.

O extrato obtido com diéxido de carbono supercritico de E. pulcherrima foi
mais ativo quando comparado ao de R. simsii, pois acelerou o processo de histélise
no meséntero das lagartas de S. frugiperda, o que leva, provavelmente, ao
funcionamento anormal dos tecidos alterando a secrecao de enzimas e a absorcao
dos nutrientes. De acordo com D’Incao et al. (2013) (artigo submetido), os extratos
aquosos e polipeptidicos destas mesmas espécies botanicas, ndo causaram taxas
de mortalidade tdo elevadas quanto as observadas no presente trabalho, o que
indica que o processo de extracdo com CO:2 supercritico € mais eficiente na
obtencao dos metabdlitos secundarios com acéo inseticida produzidos pelas plantas

utilizadas nesse estudo.
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CONSIDERACOES FINAIS

A partir das pesquisas realizadas no presente estudo, pode-se afirmar que as
plantas Euphorbia pulcherrima, Rhododendron simsii e Maytenus ilicifolia
apresentam potencial agao inseticida contra Spodoptera frugiperda.

Observa-se que os diferentes métodos de extracdo dos metabdlitos
secundarios resultaram em extratos vegetais com respostas diversas quanto ao
potencial inseticida.

E, apesar de serem necessarios mais estudos para o isolamento e a
identificacdo das moléculas ativas destas plantas, é possivel inferir a classe quimica
das mesmas, como os compostos fendlicos, pois 0os mesmos sado polares e
apresentam acao antioxidante, além da presenca de polifendis totais.

Além dos dados obtidos nessa pesquisa recomenda-se a continuidade e o
aprofundamento na investigacdo dos sitios de acado destes metabdlitos secundarios
sistema digestivo do inseto-praga alvo do presente estudo, Spodoptera frugiperda, e

outros de importancia agricola, na saude humana e animal.
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