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RESUMO

OBTENCAO DE FORMULACOES CONTENDO OLEO DE Carapa guianensis Aublt.
ASSOCIADA COM FIBROINA DA SEDA ATIVAS EM LARVAS DE Aedes aegypti

RESUMO

Introducéo: O bleo de Carapa guianensis Aublt. (Andiroba) é um importante recurso natural
utilizado na Amazobnia por suas propriedades medicinais, dentre estas, a protecédo e
repeléncia contra insetos transmissores de doengas como mosquito Aedes aegypti. Devido
seu perfil lipilico, o éleo de C. guianenesis Aublt. é promissor para aplicacGes biocataliticas
gue podem aprimorar seu uso em sistemas bioldgicos. OBJETIVO: Asssociar o0 6leo de C.
guianensis Aublt. em fibroina da seda e avaliar sua aplicacdo como formulacdes ativas
frente as larvas do mosquito Aedes aegypti. Metodologia: O 6leo de andiroba foi coletados
em periodos diferentes do ano (marco [AO1] e agosto [AO2]). Suas propriedades fisico-
guimicas (indice de acidez, indice de peroxido, densidade, indice de refracdo e ponto de
fusdo) foram avaliadas. Em seguida realizado as reac0es de hidrolise, transesterificacéao e
amidacao direta utilizando lipase de Candida antarctica imobilizada em resina acrilica, como
catalizador. Os produtos gerados foram caracterizados por *C Ressonancia Magnética
Nuclear (RMN), Infravermelho — Transformada de Fourier (IV-TF) e Cromatografia a Gas —
Espectrometria de Massas (CG-EM). A solucao de fibroina da seda (2%) foi obtida a partir
do casulo picotado de Bombyx mori combinado com uma solucao pré-aquecida de Na2CO3
(2%), solubilizada H20: EtOH: CaCl2, dialisada por 3 dias. Por fim, o 6leo e seus derivados
(acidos, ésteres e amidas graxas) foram associados com a solucédo de fibroina-da-seda e
seu potencial foi testado frente as larvas de A.aegypti has concentracdes de 25, 50, 75 e
100 pg/mL, a mortalidade foi avaliada em 24 e 48 horas. Resultados e discussdes: O
perfil lipidico dos 6leos AO1 e AO2 apresentaram diferencas significativas de valores para
todas as andlises realizadas, vale destacar o indice de acidez de 21,97 para o AO1l
enquanto para o AO2 foi de 7.91. Os acidos graxos identificados nas amostras foram
palmitico, linoleico, oleico, vaccenico e estearico. Onde o AO1 composto por 5,4% de acido
linoleico e AO2 por 33,1%, evideciando a infuéncia da época de coleta ha composicao
lipidica do 6leo de andiroba. Entre o 6leo e seus derivados, 0s acidos graxos livres (FFA)
foram que melhor apresentou atividade. O CL50 do acido graxo livre associado com fibroina
da seda (FFA2-SF) foi 16,79 pg/mL, enquanto que, para o FFAL1-SF foi de 129.45 pg/mL
em 48 h. Isso demonstra que a acao larvicida das formulagdes foi diretamente relacionada
a composicao dos acidos graxos. Conclusdes: Oos acidos graxos livre obtido do 6leo de
Carapa guianensis Aublt. por reacédo de hidrolise enziméatica, associados com fibroina da
seda se mostrou promissor no controle do A. aegypti em concentracdes baixas e de facil
preparo e obtencéo dos materiais envolvidos.

Palavras-Chave: Carapa guianensis; Biocatalise; Formulagdes; Aedes aegypti.

Agradecimentos: CNPq.
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ABSTRACT

OBTAINING FORMULATIONS CONTAINING OIL FROM Carapa guianensis Aublt.
ASSOCIATED WITH SILK FIBROIN ACTIVE IN Aedes aegypti LARVES

Introduction: Carapa guianensis Aublt oil. (Andiroba) is an important natural resource used
in the Amazon for its medicinal properties, including protection and repellency against
insects that transmit diseases such as the Aedes aegypti mosquito. Due to its lipyl profile,
the oil of C. guianenesis Aublt. is promising for biocatalytic applications that can improve its
use in biological systems. Objective: To associate the oil of C. guianensis Aublt. in silk
fibroin and evaluate its application as active formulations against Aedes aegypti mosquito
larvae. Methodology: Andiroba oil was collected at different times of the year (March [AO1]
and August [AO2]). Its physicochemical properties (acidity index, peroxide index, density,
refractive index and melting point) were evaluated. Then, the reactions of hydrolysis,
transesterification and direct amidation were performed using Candida antarctica lipase
immobilized in acrylic resin, as a catalyst. The products generated were characterized by
13C Nuclear Magnetic Resonance (NMR), Infrared - Fourier Transform (IV-TF) and Gas
Chromatography - Mass Spectrometry (CG-EM). The silk fibroin solution (2%) was obtained
from the perforated Bombyx mori cocoon combined with a pre-heated solution of Na2CO3
(2%), solubilized H20: EtOH: CaCl2, dialysed for 3 days. Finally, the oil and its derivatives
(acids, esters and fatty amides) were associated with the solution of silk fibroin and its
potential was tested against the larvae of A.aegypti in concentrations of 25, 50, 75 and 100
Mg / mL, mortality was assessed at 24 and 48 hours. Results and discussions: The lipid
profile of the AO1 and AO2 oils showed significant differences in values for all analyzes
performed, it is worth mentioning the acidity index of 21.97 for AO1 while for AO2 it was
7.91. The fatty acids identified in the samples were palmitic, linoleic, oleic, vaccenic and
stearic. Where AO1 composed of 5.4% linoleic acid and AO2 by 33.1%, showing the
influence of the collection period on the lipid composition of andiroba oil. Among the oil and
its derivatives, free fatty acids (FFA) showed the best activity. The LC50 of free fatty acid
associated with silk fibroin (FFA2-SF) was 16.79 ug / mL, whereas for FFA1-SF it was
129.45 yug / mL in 48 h. This demonstrates that the larvicidal action of the formulations was
directly related to the composition of fatty acids. Conclusions: The free fatty acids obtained
from Carapa guianensis Aublt oil. by enzymatic hydrolysis reaction, associated with silk
fibroin was shown to be promising in the control of A. aegypti in low concentrations and easy
to prepare and obtain the materials involved.

Keywords: Carapa guianensis; Biocatalysis; Formulations; Aedes aegypti.

Acknowledgements: CNPq.
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1 INTRODUCAO

O mosquito Aedes aegypti pertence a ordem Diptera, familia Culicidae, area de
clima tropical apresenta maiores indices desta espécie, sendo ele o vetor do virus da
Dengue, Zika e febre Chikungunya, consideradas um grave problema de saude publica
no Brasil e no mundo.

Adaptado ao espaco urbano, as fémeas do mosquito depositam seus ovos em
criadouros, que em contato com a agua 0s ovos eclodem e se tornam larvas, pupas e
por fim um mosquito adulto, reinciando o ciclo. As principais estratégias para o controle
populacional do A. aegipti esta na utilizacdo de inseticidas sintéticos, no entanto tais
inseticidas apresentam sérios problemas como nao seletividade, dificil degradacéo
efeitos toxicos imediatos e crénicos sobre outros seres vivos, como nos humanos.

Uma alternativa para o controle dos mosquitos, frente a resisténcia aos
inseticidas sintéticos, € a bioprospeccéo de produtos de origem vegetal, como 6leos e
extratos para tal aplicacédo. Por este motivo o desenvolvimento de novos bioinseticidas
€ no controle deste vetor.

Carapa guianensis Aublt. € uma espécie vegetal reconhecida por seu uso na
medicina popular, sobretudo na regido Norte do Brasil, como anti-inflamatorio,
analgésica, inseticida e dentre outras, sendo essa versatilidade atribuida aos
constituintes do 6leo extraido dos seus frutos, obtidos em diferentes épocas do ano.
Porém alguns fatorescomo a alta viscosidade e ndo solubilidade em agua dificultam o
aproveitamento desse importante recurso vegetal.

Nesse sentido, o presente trabalho empregou recursos biocataliticos para impor
modificacdes quimicas aos triglicerideos presentes no 6leo de C. Guianensis Aublt. na
criacdo de um bioformulacdo, contendo a fibroina da seda como alternativa aos
surfactantes tradicionais, assim viabilizando sua solubilidade em agua, para avaliar a

capacidade larvicida do 6leo e seus derivados.
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1.1 Aspectos gerais sobre o Aedes aegypti

Os mosquitos sdo insetos da ordem Diptera, familia Culicidae, encontrados em
todos os continentes, as areas de clima tropical possuem maior endemicidade. No
Brasil sdo conhecidos popularmente de carapand, muri¢goca, pernilongos, os adultos
sdo hemato6fagos e em suas outras fases de desenvolvimento, aquaticos (Simon, Y. G,
2016).

No filo Arthropoda, a familia Culicidae apresenta os mais importantes insetos
hemat6fagos de interesse para a salde publica. O mosquito Aedes aegypti foi descrito
pela primeira vez em 1762 por Linnaeus, chamado de Culex aegypti, Culex significa
“mosquito” e aegypti “egipcio”, assim: mosquito egipcio. Em 1818, o género Aedes foi

descrito, onde

segundo as suas caracteristicas biologicas e e morfoldgicas ele foi recolocado
no género Aedes e nao no género Culex, portanto ficou estabelecido Aedes aegypti

(www.ioc.fiocruz.br)

O mosquito é originario do continente Africano, possivelmente da Etiopia ou
regido, acompanhou a migracdo humana pelo globo terrestre, entre os culicideos, é
conhecido como a espécie mais adaptada ao ambiente humano, além de ser o mais
importante vetor dos agentes etiologicos da dengue, febre amarela urbana, febre

Chikungunya e Zika virus (Peniche et al., 2019).

A transmissao do virus da Dengue ocorre principalmente nos centros urbanos,
no Brasil € uma das doencas infecciosas mais ocorrente, possui quatro sorotipos
conhecidos e apresenta graves complicacdes podendo levar a morte, do final do ano
de 2018 ao inicio do més de fevereiro de 2019 foram registrados 54.777 casos

provaveis de Dengue (Brasil, 2019)

A febre Chikungunya, também transmitida pelo vetor A. aegyti, causa fortes
dores nas articulac6es e em alguns casos pode levar a 6bito. Em 2018 ocorreu cerca
de 80.940 casos provaveis no Brasil, destaca-se os estados do Rio de Janeiro, Sao

Paulo, Minas Gerais e Para entre os de maiores casos (Brasil, 2019).
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O Zika virus foi registrado pela primeira vez em 2015 no Brasil e além de causar
febre e dor pelo corpo, este virus pode trazer uma grave complicacdo, a microcefalia
em recém-nascidos, sendo declarado estado de emergéncia nacional, principalmente
por esta grave complicagéo, em 2016 foram registrados cerca de 10.000 casos e 200
Obitos por conta da microcefalia (IPEA, 2018).

Por estes motivos 0 mosquito A. aegypti representa um grave problema de
saude publica, mesmo com investimentos em medidas de combate ao mosquito, seu
controle é complexo e representa uma provocacdo a comunidade cientifica e a
industrias que desenvolvem produtos para o controle populacional desse vetor,
consequentemente das doencas transmitidas por ele.

1.2 Ciclo de vida do Aedes aegypti

O mosquito apresenta um desenvolvimento em ciclo, composto por quatro
fases, na seguinte ordem: ovo, larva, pupa e mosquito adulto. Tudo comec¢a no ovo de
A. aegypti, fase de maior resisténcia do mosquito, que pode variar de acordo com as
condicBes de temperatura e umidade. A fase larval e de pupa necessitam ocorrer em
meio aquoso para chegar a se tornar um mosquito adulto (Simon, Y.G 2016).

As larvas em meio aquoso passam por quatro estagios evolutivos (1° a 4° instar)
e todo este periodo pode levar até 10 dias para ocorrer (figura 1), pois variacoes
ambientais afetam essa fase de maneira a acelerar ou desacelerar o processo. O
“corpo” da larva é dividido em cabeca, torax e abdémen, possuem cerdas espalhadas
pelo corpo para auxiliar sua flutuagcdo e movimento na agua, apresentam um 0Orgao
chamado de sifao respiratério e um trato digestorio e aparelho bucal mastigador-
rapador (Consoli, et al., 1994).

A fase larval é o periodo de maior crescimento e alimentacéo, todas as etapas
de digestdo dos alimentos: digestdo, absorcdo, formacéo e eliminacdo das feses,
ocorre no canal alimentar ou intestino. O que significa que o intestino € uma grande

interface entre o inseto e o meio onde vive (Terra & Ferreira, 2009).

Os insetos possuem o0 sistema digestério dividido em trés partes: intestino

anterior, médio e posterior (Figura 2), a regido anterior é responsavel pela ingestao,
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trituracdo, armazenamento e transporte para regido mediana, no intestino médio se
encontra ao menos quatro tipos celulares diferentes em uma Unica camada epitelial.
Nesta regido ocorre a absor¢cdo de produtos da digestdo através de enzimas digestivas
produzidas e secretadas nesta regido. No terco final (posterior) ocorre a absorcao de
agua e sais, antes da eliminacao das fezes pelo anus (Simon, Y.G,2016).

Na maioria dos insetos, os alimentos sao envolvidos por uma camada acelular
semipermedvel composta de quitina e e protéinas, chamada de membrana peritréfica,
esta membrana delimita o espaco endoperitrofico, por onde passa o bolo alimentar, e
0 espaco ectoperitrofico, espaco entre a membrana peritrofica e o epitélio (Terra &
Ferreira, 2009; Simon, Y.G, 2016).

A regido do intestino médio é responsavel por liberar enzimas, que podem ser
associadas ao glicocalix ou serem proteinas integrais da membrana das células do
intestino. As células do intestino médio sao protegidas por uma camada de muco, que
a protege contra substancias muito acidas, pois o pH natural € descrito como alcalino
variando de 6 a 12, para o funcionamento ideal de suas enzimas digestivas, como das
lipases dos insetos, resposaveis por adquirir &cidos graxos para o desenvolvimento
larval (Terra & Ferreira, 2009). Desta maneira, estudos apontam que os inseticidas
sintéticos e naturais afetam principalmente essa regido, levando ao colapso celular e
consequentemente a morte dos insetos (Alves et al., 2015).

As pulpas ndo se alimentam e passam por metamorfose para se tornar
mosquitos adultos. Possuem aspecto de “virgula” e geralmente ficam estaticas na
agua, apenas quando algo as afeta que elas passam a se movimentar, apos cerca de
dois dias esta fase acaba e inicia a vida adulta. Na fase adulta, os mosquitos
apresentam cabeca, torax e abdémen, asas, patas. As fémeas apos a fecundacéo
necessitam realizar a hematofagia, para maturacdo de seus ovos, uma vez realizado
a maturacdo ela voa aos criadouros e realiza a ovipozicdo, reiniciando o ciclo
(Camargo, 2008).
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Figura 1. Ciclo de vida do mosquito A. aegypti
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Fonte: SIMON, Y.G 2016

Introdugdio 5



Figura 2. Representacdo e divisdo do intestino do inseto. Representacdo do
glicocalix, proteinas e bicamada lipidica presente nas microvilosidades do intestino

médio das larvas.
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Fonte: Terra & Ferreira 2012.

1.3 Métodos de controle do Aedes aegypti

Diversos métodos bioldgicos, mecéanicos, quimicos e até genéticos vém sendo
utilizados para o controle do vetor. No controle ambiental é realizado a diminui¢do dos

focos do mosquito, ja o controle bioldgico pode ser feito através de espécies de peixes
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gue se alimentam das larvas e pupas ou fungos patégenos para as formas evolutivas
e adulto. A genética consiste em produzir mosquitos estéreis prejudicando sua
reproducao, essas alternativas sdo promissoras no sentido de que néo se pode adotar

uma Unica medida de

controle, € necessario um conjunto das a¢fes para tornar o processo eficaz (Zara
et al., 2016).

As acbes quimicas séo realizadas através de produtos quimicos organicos e
inorganicos da classe dos organoclorados, organosfosforados, carbamatos e
piretréides, que afetam a fase adulta e larval do mosquito (Braga & Vale, 2007).

Com o passar dos anos foi observado que estes inseticidas apresentam alta
toxidade ambiental, pois se acumulam na cadeia produtiva e podem levar ao
comprometimento genético de espécies animais e vegetais, bem como retornar aos
humanos pela via alimentar. Assim como o uso indiscriminado dos inseticidas destas
classes, tem realizado uma selecdo a populacdes resistentes dos mosquitos aos
produtos, por este motivo o desenvolvimento de novos produtos inseticidas, de menor
toxidade ao ambiente e humanos, biodegradaveis e de fontes renovaveis, e que
apresentem diferentes mecanismos de acdo sdo imprescindiveis para combater a

proliferacdo do mosquito (Braga & Vale, 2007).

Neste contexto a busca por extratos e 6leos vegetais ganha importancia, por
vencer as barreiras da resisténcia quimica e serem menos toxicos ao meio ambiente.
Vale citar que Oleos fixos e essenciais das espécies Pterodon emarginatus,
Rosmarinus officinalis, Hyptis suaveolens e Carapa guianensis dentre outras, foram
avaliados como métodos alternativos de controle do mosquito (Oliveira et al., 2016;
Duarte et al., 2015; Peniche et al.,2018).

1.4 Aspectos gerais de Carapa guianensis Aubl.

A Amazobnia brasileira é cosiderada uma das areas mais ricas em biodiversidade

do mundo (Milheiras et al., 2020). Em meio a esta rigueza a medicina tradicional vem
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sendo utilizada ao longo dos tempos pela populagdo que vive préximo as areas
florestas. Uma das espécies vegetais mais utilizadas na medicina tradicional é a
Carapa guianensis Aubl. (Meliaceae), conhecida como Andiroba. A familia Meliaceae
€ composta de 192 géneros, nesta familia o género Carapa possui 38 espécies
registradas, sendo uma destas espécies a Carapa guianensis Aubl. (www.tropicos.org,
2019).

Esta arvore se localiza geralmente nas varzeas da bacia amazbnica, possui
flores pequenas, perfumadas e de cor creme, florescendo no periodo de menor nimero
de chuva, agosto a outubro, logo ap6s gerados os frutos em forma de capsula que
armazena de 4 a 16 sementes com améndoas em volta que pesam cerca de 21g cada,
da qual é extraido o 6leo (figura 3). (Lorenzi, H & Matos, F.J.A, 2008).

Os frutos costumam ocorrer nos meses de menor e maior quantidade de chuva,
janeiro a fevereiro, marco a julho, esta variacao € estudada quanto a aspectos do tamanho
dos frutos, hidrocoria, aspectos reprodutivos, genéticos e quanto ao seu perfil lipidico,
ocorrendo algumas diferencas dependendo da época de coleta (Cunha et al.,2017; Cloutier
et al., 2007).

Desta maneira o periodo de coleta ocorre de janeiro a fevereiro e a outra safra
de marco a julho, fatores ambientais como a pluviosidade, forma de extracéo, , radicao
solar, periodo de coleta, modo de coleta, local de coleta, até mesmo larvas do género
Hypspyla podem influenciar no perfil lipidico, teor de limondides, aspectos fisico-
guimicos, bem com podem influenciar no seu perfil terapéutico e qualidade do 6leo de
andiroba. (Silva et al, 2018; Nardi et al, 2017).
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Figura 3. A-Inflorescéncia, B-Fruto, C-Sementes, D-Oleo fixo de Carapa guianensis Aubl.

L

Fonte: A, B (www.tropicos.org), C, D (Préprio autor).

O oOleo extraido de seus frutos possui diversas aplicabilidades na medicina
tradicional: tratamento de contusfes e erupcfes na pele, inflamacdes, reumatismo,

artrite,

tratamento do diabetes, repelente de mosquitos, analgésico, febre, diarréia
antiparasitario, psoriase e anticancer (Henriques, M.G & Penido, C., 2014; Ambrozin
et al., 2006).

As atividades biolégicas do 6leo de C. Guianensis Aublt. sdo atribuidas aos
tetraterpendides contidos no 6leo como 6-a-acetoxigedunina, 7-diacetoxi-7-
oxogedunina, andirobina, gedunina entre outros (Henriques, M.G & Penido, C, 2014).

Destacando-se pela acao antialérgica e anti-inflamatéria, com mecanismos complexos
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de inibicdo de mediadores quimicos pro-inflamatorios e blogueio das células e
respostas imunologicas alérgicas (Ferraris et al., 2011).

No entanto, o 6leo de andiroba ndo possui apenas terpendides, este 6leo é rico
em &cidos graxos insaturados e saturados, como &cido oleico (57%), linoleico (5%),
palmitico (25%), acido estearico (10%), acido miristico (0,5%) (Figura 4), sendo a
maioria destes acidos de cadeia longa monoinsaturados e de cadeia longa saturados
(Stachiw et al., 2016; Iha et al., 2014).

Figura 4. Estrutura quimica dos acidos graxos mais frequentes no 6leo de andiroba.

0 0
\AANW\)LOH /\/\/\/\/\/\/\)J\OH
Acido oleico Acido palmitico
CygH340, (282,26 g/mol) C16H3,05 (256,24 g/mol)
0 o}
N N NN NN . e~~~
Acido estearico Acido miristico

C1H3505 (284,27 g/mol) CaHps0; (228,21 gimol)

Fonte: Préprio autor — ChemBioDraw

Apesar do oleo de C. guianensis Aublt. ser amplamente estudado ainda € um
desafio a sua producédo em larga escala para utilizacdo em produtos padronizados com
seus constituintes quimicos, no entanto sua composi¢cdo quimica 0 mostra como
promissor na obtencéo de produtos com acao biolégica derivados do 6leo (Silva et al.,
2010).

Estes acidos graxos séo importantes para a funcéo energética celular e estao
presentes nas membranas plasmaticas dos seres eucariontes, nos mais diversos
sistemas: nervoso, muscular, respiratorio, circulatério dentre outros. De uma maneira
geral estes acidos graxos juntos com radicais fosfatos e proteinas formam a bicamada
lipidica das membranas celulares nos seres vivos, as membranas tem por funcao

proteger as células, permitir trocas com o meio extracelular, garantem a fluidez da
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membrana, potencial de acao, respiragao celular, assim como alteragbes na membrana

podem gerar a morte celular (Tortora e Hall 2015).

O estudo de materiais e técnicas que carream principios ativos para atuar em
membranas celulares surgem como uma nova tecnologia, neste sentido a encapsulacao
de oleos vegetais, como o 6leo de C. guianensis Aublt. em emulsdes e nanoemulsdes
ativas frentea parasitas do género Leishmania, Trypanossoma, assim como ativas
frente as larvas de Aedes aegypti ou como formulagdes repelentes tem ganhado cada
vez mais interesse da comunidade cientifica (Baldiserra et al., 2013; Moraes et al.,
2018; Jesus et al., 2015).

Segundo a revisao de Silva & Ricci-Junior (2020) o efeito repelente do 6leo de
andiroba esta relacionado com nortriterpendides e limondides, por outro lado sobre o
efeito larvicida sdo apontados os limondides assim como os acidos graxos insaturados
em questdo, no entanto técnicas semelhantes de encapsulacdo sdo usados para
ambas as atividades, na figura 5 esta representado um esquema de extracao,

encapsulacéo e utilizacdo do produto natural citronelol em formulacéao repelente.
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Figura 5. Esquema de extracdo do produto natural citronelol, encapsulacéo e utilizacdo como

repelente de mosquitos

Sistema de entrega
controlada

Fonte: Adaptado de Silva & Ricci-Junior, 2020.

1.5 Processos biocataliticos por lipases

A biocatalise € um ramo da Biotecnologia com énfase nas transformacdes
guimicas preferencialmente orgéanica. A Biotecnologia possui a interdisciplinaridade
como principal caracteristica, envolvendo e integrando conhecimentos, como a biologia
celular, bioquimica, biofisica e a partir disso desenvolver técnicas e produtos viaveis

economicamente e ecologicamente corretas (Da Gongalves & Marsaioli, 2013).
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O termo biocatalise é aplicado em processos enziméaticos, utilizando enzimas
oriundas de microrganismos (fungos ou bactérias), plantas ou animais superiores,
como catalizadores bioldgicos, no intuito de acelerar as rea¢des quimicas promovendo
modificacdes estruturais, gerando caracteristicas desejaveis a este novo composto. O
uso desses biocatalisadores vem ganhando lugar na InduUstria quimica e
farmacéuticas, dentre as vantagens: a alta viabilidade do reuso do catalisador, maior
rentabilidade, maior rendimentos, maior enantiosseletividade, maior
guimiosseletividade e uso em condi¢cbes brandas de pH e temperatura e pressao
(Omori; Portas; De Souza, De Oliveira, 2012).

Em uma extensa revisdo Birolli e colaboradores (2015) apontou que o Brasil €
uma fonte de microrganismos biocataliticamente promissores, dentre eles fungos,
algas e bactérias encontradas no pais, que possuem enzimas promissoras, que podem
vir a serem utilizadas em reacOes biocataliticas em industrias quimicas e

farmacéuticas, assim como reacdes em produtos naturais oriundos da flora brasileira.

Segundo Ferreira (2016) processos enzimaticos aos poucos vém substituindo
processos quimicos tradicionais, pois diminuem a poluicdo ambiental e apresentam
rendimentos equivalentes aos métodos tradicionais.

Neste contexto, as lipases sdo enzimas da classe das hidrolases (hidrolases
triacilglicerases; EC 3.1.1.3) , mais estudadas e utilizadas em processos biocataliticos
normalmente nos seres Vivos S&80 resposaveis por reacdes de hidrolise,
transesterificacdo e esterificacdo de ésteres carboxilicos (Ferreira, 2016), porém em
experimentos e na industria quimica, farmacéutica e alimenticia ela é utilizada para
outros fins, como no desenvolvimento de ésteres aromaticos (Macedo; Pastore, 1997),
na sintese de tensoativos naturais, sintese de farmacos ou adjuvantes farmacéuticos

enantioméricamente ativos. (Carvalho et al., 2005).

As lipases apresentam versatilidade, pois conseguem se adequar a diferentes
meios e com diferentes substratos, condicdo conhecida como reacdes de
promiscuidades, possuem alta eficiéncia e seletividade, as rea¢fes apresentam um
menor consumo de energia sendo ecologicamente aceitaveis (Zanotto et al., 2009)

também denominadas triacilglicerol-hidrolases, sdo conhecidas por hidrolisar
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acilglicerdis de 6leos em &cidos graxos, sendo também estudada e utilizada para a
producdo de biocombustiveis a partir de 6leos em reacdes de transesterificacdo ou
esterificacdo de maneira renovavel, biodegradavel e ambientalmente aceitavel (Tiosso
et al., 2014).

1.6 Biocatélise de 6leos vegetais

Como ja relatado, sdo muitas as possibilidades de utilizacdo das lipases em
distintas reacdes quimicas, por isso serdo explorados estudos sobre os trés tipos de
reacdes quimicas mais interessantes para este trabalho, hidrélise, transesterificacéo e

amidagao.

As reac0Oes de transesterificacdo, hidrolise e amidagdo promovem a sintese de
acidos, ésteres e amidas graxas respectivamente, geralmente na semi-sintese desses
grupos sao usados catalizadores acidos ou basicos fortes, gerando subprodutos e
residuos téxicos ao meio ambiente, além de necessitarem de altas temperaturas e
condicBes drasticas, neste sentido a biocatalise € uma alternativa ao métodos quimicos
tradicionais, pois a enzima pode atuar como catalisador heterogéneo com alto poder
de resuso e em alguns casos mantendo sua capacidade enantioseletiva e

guimioseletiva (Ferreira, 1.M. 2016).

1.6.1 Reacdo de transesterificacdo e hidrdlise de 6leos vegetais com
aplicacdo na atividade larvicida
Os Oleos vegetais sao constituidos por triacilglicerideos, que sdo moléculas de
glicerol ligada a trés ésteres de acidos graxos. Podendo existir os diacilgliceréis e
monoacilgliceréis quando dois ou um grupo hidroxila estiver esterificado com o acido
graxo (Carvalho, 2014).

A reacao de transesterificacdo € uma reacdao relativamente simples, na qual um
triéster ligados por uma molécula de glicerol, se transforma em outro éster (mono éster)

na presenca de um alcool, ficando na sua forma livre na presenca de um alcool, nesta
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reacdo propriedades fisico-quimicas como densidade, viscosidade e fluidez séo
modificadas (Almeida, 2014).

A reacdo ocorre em trés etapas, primeiro ocorre a conversao de triglicerideo
em diglicerideo, depois a conversdo em monoglicerideo e este em éster graxo com a
liberacdo de uma molécula de glicerol na presenca de um alcool (figura 6). Esta reacéo
sofre influéncia da temperatura, tipo de catalizador, pressdo e agitacdo. E por ser

uma reacao

reversivel, € possivel utiliza-la para isolamento dos &cidos graxos a partir dos

ésteres obtidos na reagdo (Almeida, 2014).

Os élcoois mais utilizados, séo alcoois de cadeia curta, como o metanol e o
etanol, no entanto o etanol € menos téxico quando comparado ao metanol e pode ser
obtido de maneira mais barata e por fontes renovaveis, sendo visto com potencial para

aplicacdo em escala industrial e ecologicamente aceitavel.

Figura 6. Exemplo da reacédo de transesterificacéo via catalise enzimatica (CAL-B)

/\/\/_\/\/\)LO /\/\/_\/\/\)Lo/\
(0] (0]
/\/\/\/\/\/\)L \/OH /\/\/\/\/\/\)L
0o ——— 3 o
e CAL-B, 24h, 2
,/~\v,f\\,/N\v/ﬂ\\,/\\,Jlﬁa 36°C, 150 rpm //”\~/’\\/’~\v/’\\/’\\v/u\O’”\\
Triglicerideo Esteres graxos

Fonte: Préprio autor — ChemBioDraw

Por outro lado, a reacédo de hidrélise enzimatica envolve ésteres ou triglicerideos
de &cidos graxos, agua e enzima como catalizador, por fim séo obtidos acidos graxos
livres (figura 7) como produto principal e etanol como subproduto, sendo um processo

ecologicamente aceito, pois ndo gera poluentes ao meio ambiente nem residuo.
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Figura 7. Reacao de hidrolise dos 6leos vegetais via catélise enzimatica.

e i /\/\/;/\/\)L
/\/\/_\/\/\)l\/\ OH
OO

PN NSNS NP N 0 A,

0N —/

O CAL-B, 1h, /\/\/\/\/\)J\
/\/\/\/\/\)l\o/\ 50°C, 150 rpm OH
Esteres graxos Acidos graxos

Fonte: Préprio autor — ChemBioDraw

Apesar da grande maioria dos trabalhos citados na literatura relatarem esta
reacdo para producdo de biodiesel, a utilizacdo destes ésteres com atividades
biologicas como antimicrobiana e larvicida vem ganhando destaque (Araujo et al., 2018;
Pant et al., 2016). No entanto, a maioria dos artigos utilizam os metil ésteres para
realizar a acao larvicida, Silva e colaboradores (2016) utilizou o 6leo de girassol e 6leo
de soja como fontes de triglicerideos para reacdo de transesterificacao utilizando o
metanol como alcool e teste frente as larvas de Culex quinquefasciatus, neste trabalho

foram relatadas altereacdes bioguimicas nas larvas que as levaram a morte.

Pant e colaboradores (2016) utilizaram os ésteres do 6leo de Jatropha (Jatropha
curcas) e Karanja (Pangamia glabra) e foi avaliado suas respectivas atividades
repelentes e mosquiticida contra adultos de A. aegypti no formato de serpentina que ja
€ comercialmente vendida, os ésteres apresentaram eficiéncia considerada, em uma
abordagem ecologicamente correta, demonstrando que é possivel utilizar ésteres de

Oleos vegetais para atividade frente ao mosquito A.aegypti.

Assim como os ésteres e acidos graxos podem ser produzidos através da
transesterificacdo, eles podem ser adquiridos de outras maneiras, desta forma, Silva
(2015) isolou acidos graxos e metil ésteres dos frutos de Solanum lycocarpum e testou

frente a larvas de C. quinquefasciatus, otendo atividade larvicida para ambos.

Os acidos graxos também sdo utilizados como fontes de ativos para o

desenvolvimento de produtos larvicidas, no entanto a maioria dos estudos conduzidos
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com os acidos graxos séo realizados através de acidos graxos comprados de industrias
guimicas ou isolados através de técnicas cromatogréficas, no primeiro tem a dificuldade
do preco e transporte, no segundo caso ha utilizacdo de solventes e fase estacionéria,
num processo que pode ser lento e custoso, neste sentido a reacdo de hidrdlise
enzimatica supera estes problemas pois consegue extrair de uma fonte natural esses
ativos (Silva et al., 2015).

Neste contexto, Rahuman e colaboradores (2008) foram precursores do uso de
acidos graxos com acdéo larvicida, ao utilizar extratos de Citrullus colocynthis (Linn.)
Schrad que apresentou atividade larvicida moderada, depois 0s componentes
majoritarios foram isolados, os acidos oleico e linoleico, em seguida foi realizado o
teste com eles isolados e a atividade foi maior, sugerindo estes como 0s principais

responsaveis pela atividade larvicida frente ao A. aegypti.

Melo e colaboradores (2018) utilizaram os seguintes acidos graxos para verificar
sua atividade larvicida: acido oleico, acido palmitico, acido estearico, acido linoleico,
acido linolenico e seus respectivos metil ésteres: metil oleato, metil palmitato, metil
estearato, metil linoleato e metil linolenato, todos estes foram comprados e utilizados
frente a larvas de C.quinquefasciatus, os acidos graxos oleico, linoleico e linolénico
apresentram as amiores taxas de mortalidade quando comparados aos seus
respectivos metil ésteres e acidos graxos palmiticos e estearico, sugerindo que estes
acidos por possuirem insaturacdes podem causar danos letais ao intestino médio das
larvas, além disso foram detectadas alteracdes bioquimicas de glicose, triglicerideos e

proteinas nos grupos tratados com estes ativos.

No mesmo trabalho também fica o questionamento sobre os metis ésteres, que
apresentram resultados menores do que os &cidos graxos livres. No entanto Silva
(2016) produziu um trabalho utilizando metil ésteres e obteve resultados de 100% de
mortalidade na concentracdo de 100 mg/L, sugerindo que os metis ésteres podem
alterar a fuidez da membrana das larvas principalmente no sitema digestivo e cuticula,

podendo causar lesdes nestes lugares, sendo pormissores como agentes larvicidas.
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Perumalsamy e colaboradores (2015) ao estudarem a espécie Milletia pinnata
obtiveram resutados interessantes para os &cidos graxos livres, explicando um
possivel mecanismo biol6égico para os mesmo, ao realizar o estudo estrutura-atividade
foi identificado que o grau de insaturacéo de acidos graxos e o tamanho da cadeia lateral
podem afetar toxicidade frente as larvas A. aegypti.

Neste mesmo trabalho, os acidos elajico e acido araquidico causaram
interferéncia no sistema octopaminérgico das larvas. Os acidos linoleico e linolénico
foram ativos na inibicdo da enzima acetilcolinaesterase (AChE) e no sistema
octopaminérgico, vale ressaltar que a inibicdo da AChE é relatada na literatura como
chave para atividade larvicida, sendo estas uma das mais estudadas na literatura. Por
fim o acido oleico foi considerado o mais promissor componente ativo pois apresentou
a maior taxa de inibicdo de AChE, consequentemente menor dose letal 50 (DLso),
quando comparado a acidos saturados como o palmitico e etil e metil ésteres do préprio
acido oleico estes apresentaram as menores inibicdes de AChE consequentemente as

menores taxas de mortalidade frente A.aegypti.

1.6.2 Reacado de amidacéao e suas aplicacdes

As amidas graxas, também conhecida como alquilamidas, vém ganhando
importancia em estudos cientificos devido suas propriedades fisicas nas aplicacdes
guimicas comerciais como tensoativos na producdo de detergentes, lubrificantes,

fungicidas, agrotoxicos entre outras e propriedades biologicas (Araujo et al., 2018).

As amidas graxas podem ser incorporadas em matrizes lipidicas, proteicas,
lipoproteicas dentre outras, como exemplo o grupo das N-aciletanolaminas, neste grupo
se destaca a anandamina (figura 8) que possui atividade moduladora do sistema nervoso
central, apresentando também propriedades anti-carcinogénicas e anti-inflamatoria
(Barata et al., 2020) também sendo reconhecida como endocanabinéide por ativar 0s
mesmos receptores de Cannabis sativa, apresentando como efeito adverso a queda da

presséao e frequéncia do coragéo (De Almeida, 2014).
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Figura 8. Estrutura quimica da anandamina.

Fonte: Proprio autor - ChemBioDraw

As amidas graxas possuem efeitos sobre o0 sistema nervoso principalmente por
se ligarem aos receptores CB1 e CB2, podendo apresentar acdo sistémica e
semelhantes aos canabinéides produzidos pelo organismo como O

palmitoletanolamida e oleoetanolamida (figura 8) (lannot et al.,2016).

Figura 9. Estrutura quimica das amidas palmitoletanolamida e oleoetanolamida

o o)
OH OH
N/\/ | N/\/
H H

Palmitoiletanolamida Oleoiletanolamida

Fonte: Préprio autor - ChemBioDraw

Em 1950 foram realizados estudos pioneiros com amidas graxas, descoberto que
a partir de fracdes do 6leo de amendoim, gemas de ovos e lecitina de soja, era possivel
se obter atividades anti-inflamatéria, a palmitoetanolamida foi apontada como
responsavel pela acao (Lopes et al., 2010).

A partir da primeira amida graxa identificadas os pesquisadores passaram a
investigar as atividades farmacolégicas no organismo como diminuicdo da
contratiidade do coracdo, protecdo dos neurdnios frente condi¢cdes neuroldgicas
cronicas, auxilio na consolidacdo da memaria, regulador do apetite, indutor de sono,
demonstrando ter amplo efeito sobre o sistema nervoso, mas apesar destas
propriedades farmacoldgicas promissoras ainda ha poucos estudos que relatam a
obtencao e melhoramento dos processos, estudos estes que podem tornar as amidas
graxas uma realidade, pois podem baratear o processo de obtencdo e viabilidade

comercial (Lopes et al., 2010; De almeida, 2014).
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A sintese das amidas graxas é realizada através da condensacao entre acidos
carboxilicos e aminas, porém esta reacao ndo € espontanea e acaba sendo realizada
em condi¢des extremas, utilizando diferentes reagentes, muitas etapas envolvidas,
tornando este processo custoso na sua obtencdo. Sendo assim, uma forma de facilitar
esta reacdo é primeiramente realizar a esterificacdo dos triglicerideos, posteriormente
realizar a reacdo de amindlise para obtencdo das amidas graxas, porém nesta etapa
ainda s&o descritas condigoes criticas de reacao (D’oca, 2010).

Com o passar do tempo estudos da sintese de amidas graxas a partir de fontes
totalmente sintéticas e de dleos naturais seguida de testes frente a organismos vivos
vem sendo realizados. Como o realizado por Mata-Santos e colaboradores (2016) que
realizaram a sintese de amidas graxas citotoxicas frente as larvas do parasita Toxocara
canis, utilizando produtos sintéticos. No trabalho de Mé&ki-Arvela (2017) realizou a
amidacao de acidos graxos sintéticos isolados em temperaturas de 180 °C, utilizando
a etanolamina, em pressdes de 20 bar, para obter amidas graxas com atividades
farmacolodgicas, assim Kothandamapni e colaboradores (2017) utilizaram temperaturas

de 120°C para obter amidas graxas.

Por outro lado, estudos que utilizam condi¢des mais brandas e ecologicamente
aceitaveis vem sendo realizados. D"Oca (2010) produziu benzilamidas graxas com
atividade antituberculose em temperatura de 50°C, 120°C e em temperatura ambiente
25°C a partir de ésteres metilicos previamente obtidos. Liu e colaboradores (2016)
conseguiram sintetizar amidas graxas com atividade antibacteriana em 40°C utilizando

lipase imobilizada, anilina e triglicerideos isolados.

Almeida e colaboradores (2013) utilizaram a reacdo de amidacdo direta
utilizando o 6leo de Passiflora edulis como fonte de triglicerideos, etanolamina, apesar
de obter sucesso nesta sintese a temepratura de 100°C foi empregada por 8 horas para
se obter alto rendimento, mostrando que ainda é um desafio a obtencdo de amidas
graxas em temperatura ambiente.

No entanto Araujo e colaboradores (2018) realizaram a sintese de amidas
graxas com atividade antimicrobiana através da amidacao direta usando o 6leo de

Patawa (Oenocarpus bataua), neste estudo foi utilizada a enzima imobilizada CAL-B e
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obteve-se um rendimento de 82% de amidas graxas, e rendimento de 98% para o
catalizador Al2Os em temperatura ambiente (27°C) por 24 horas, mostrando que é
possivel realizar a sintese de amidas graxas utilizando éleos naturais em temperatura

ambiente e condi¢cdes reacionais brandas.

Recentemente Barata e colaboradores (2020) realizaram a sintese
guimioenzimatica de amidas graxas a partir dos triglicerideos presentes no 6leo de
Bertholetia excelsa (castanha do Brasil) com atividade anti-imflamtéria frente a edema
em ratos com atividade semelhante a da endometacina (farmaco anti-inflamatério ja
comercializado) e baixa toxicidade, utilizando a Amano lipase de Pseudomonas
fluorecens, demosntrando que a utlizacdo de enzimas para amidacao de o6leos
Amazonicos pode ser um novo caminho para o desenvolvimento de farmacos, oriundos
da mais rica flora do Brasil.

Neste sentido, Nascimento e colaboradores (2020) realizaram um trabalho
inédito ao utilizar os triglicerideos do oOleo de Carapa guianensis (andiroba) para
produzir amidas graxas com atividade anticonvulsivante em ratos, com acao
moduladora do receptor GABA- A, foi possivel inibir convulsbes em nos animais,
demonstrando que a amidagéo pode gerar farmacos endocanabindides com atividade
significativa, podendo ser no futuro uma alternativa no tratamento deste agrave,
colaborando com o uso dos 6leos Amazo6nicos na obtencao de novos tratamentos para

doencas como a epilepsia.

No entanto, poucos trabalhos relatam a obtencéo de amidas por amindlise direta
a partir de 6leos naturais com aplicacdo frente as larvas de A. aegypti, sendo este
trabalho com dados inétidos na utilizacdo em utilizar esta reacao para este proposito

usando o 6leo de andiroba.

Portanto, o presente trabalho buscou a sintese direta de amidas graxas a partir
do dleo de andiroba, via catalise enzimatica, reagindo os acidos graxos presentes no
6leo com a etanolamina a ser realizada em condi¢cdes brandas e reprodutiveis no
laboratério, podendo este estudo contribuir no avanco da biotecnologia para o
aproveitamento e melhor custo na obtencdo destes produtos farmacologicamente

promissores e ativos frente as larvas de A.aegypti (figura 10).
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Figura 10. Reacéo de amidacao direta de triglicerideos com etanolamina
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Fonte: Préprio autor — ChemBioDraw

1.6.3 Fibroina da seda

Os primeiros relatos do uso da seda iniciam desde os aborigenes australianos
utilizando-a para caca e pesca, até a utilizacdo da seda por gregos e romanos para
curar ferimentos, porém as seda ainda nao era processada, até que na China foram
encontrados achados arqueolégicos de casulos de Bombyx mori para criar tecidos em
teares rudimentares, no Paquistdo também foram encontradas artefatos, sugerindo

gue essa pratica iniciou em 5000 — 2000 a.C (Holland, et al., 2019).

Por muitos anos, o segredo da obtencao da seda permaneceu na China, porém
nas estradas que o valioso tecido percorria, sua fama foi ganhando o mundo, até que
a utilizacdo dos casulos de Bombyx mori ficaram disponiveis além da Asia. Atualmente
séo criados cerca de 980 milhdes de larvas, para produzir 400 megatoneladas de seda,
hoje em dia sdo criadas as larvas de maneira controlada, até elas produzirem seu
casulo para se tornarem mariposas, neste processo 0s produtores retiram o casulo para
produzir a seda (Holland, et al., 2019). Além disso € considerada um material barato e
disponivel em grande quantidade no Brasil, pois muitos casulos sdo descartados por
produtores.

A seda foi documentada pela primeira vez por Claudius Galenus para tratar
gladiadores feridos em combates, sobre tudo na pele e tenddes, nos ultimos anos tem
surgido pesquisas que serao citadas no decorrer deste tdépico que se referem a fibroina

de seda em aplicacdes de biomédicas.
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A seda € um biopolimero proteico, produzidas por glandulas especializadas de
alguns artropodes, principalmente do bicho-da-seda (Bombyx mori). O casulo do Bicho-
da- seda (Figura 11) é constituido de duas proteinas, a fibroina e a sericina. A fibroina
representa cerca de 70 a 80% do peso do polimero, a fibroina é constituida
basicamente por 3 amino&cidos: glicina, alanina e serina, e possui carater hidrofébico.
A sericina € sollvel em 4gua, esta caracteristica, faz com que seja utilizada a técnica
de degomagem para separacao das proteinas. A sericina se apresenta emfolhas a e £,
sobretudo na forma a. A fibroina é se apresenta numa forma de folha B com ligagbes
de hidrogénio entre umas e as outras, sendo a conformacao mais estavel (Ferreira, I.M,

2016; Lopes, J.R, 2017) (Figura 12).
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Figura 11. Casulos do Bicho-da Seda

Fonte: Autor 2018
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Figura 12. Conformag@es das proteinas contidas na seda.
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Fonte: Lopes, J.R (2017)

Nos ultimos anos a fibroina extraida do casulo do bicho-da-seda foi amplamente
estudada e utilizada na saude humana, principalmente no estudo de engenharia de
tecidos, sensores elétricos em organismos vivos e recentemente em sistemas de

liberacdo controlada de farmacos (Fan et al., 2019).

No estudo da engenharia de tecidos, a fibroina de seda € aprovada pelo FDA
em cirurgias (Food and Drug Administration) com um biomaterial para ser utilizado para
substituir tecidos como a pele, nervos, tenddes, vasos sanguineos e 0ssos. Nesse

sentido este biopolimero apresenta compatibilidade com células humanas, demora
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para ser eliminado completamente, ao mesmo tempo ele € “degragado” e integrado

ao corpo humano onde foi inserido, ajudando na recuperacéo (Fan et al.,2019).

Outra aplicacdo da fibroina de seda € sua utilizagdo como transportador de
medicamentos em formulacfes para organismos vivos, vale destacar que afibroina
possui blocos hidrofilicos e hidrofébicos, essa caracteristica faz com que ela seja capaz
de se solubilizar na agua, bem como estabilizar medicamentos instaveis nesse
ambiente (Fan et al., 2019). Neste sentido um dos produtos mais estudados é a
utilizacdo de hidrogéis de fibroina para reconstituicdo de tecidos cartilaginosos, devido
sua capacidade fisica de resisténcia mecanica e principalmente biocompatibilidade
com este tipo de tecido. (Singh et al., 2016). Por outro lado Yang e colaboradores
(2019) produziram hidrogéis utilizando fibroina de seda, alcool polivinilico e borax,
estes hidrogéis foram capazes de serem condutores de impulsos elétricos, altamente
resistentes e totalmente aplicaveis ao desenvolvimento de portecbes mecanicas para
seres humanos e maquinas como robds, sendo um novo produto que pode ficar na
interface entre equipamentos eletrénicos, medicmanetos e seres humanos.

Outra aplicacédo da fibroina que vem crescendo ultimamente e sua aplicacéo
biocatalitica, pela grande quantidade de grupos amino (-NHz) e na sua conformacao 3,
Ferreira e colaboradores (2017) utilizou a fibroina como suporte para a lipase de P.
fluorecens na sintese enantioseletiva de haloidrinas.

Em outro trabalho Ferreira e colaboradores (2014) utilizaram a fibroina e o
alginato (outro biopolimero) para formas esferas que possibilitaram imobilizar uma
lipase, estas esferas entéo foram utilizadas em rea¢des quimicas, e o resultado foi que
estas apresentaram alta enantioseletividade na obtencédo de clorohidrinas, que € um

precursor de farmacos importante.

Recentemente tem se utilizado a fibroina no emprego de emulsdes e
nanoemulsées como carreadora de principios ativos, no entanto a utilizacéo de fibroina
juntamente com o 6leo de Andiroba ainda nao é relatado na literatura. Mesmo assim,
no proximo item sera discutido a utilizacdo dos dois para aprimorar a atividade larvicida,

bem como consolidar a fibroina como carreador de principios ativos.
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1.6.4 Emulsdes e nanoemulsdes de C. guianensis com atividade larvicida

Segundo a Farmacopéia Brasileira (2019) o conceito de emulsédo consiste na
forma farmacéutica liquida que envolve uma mistura de dois liquidos imisciveis, através
de um ou mais surfactantes, no qual um liquido esta disperso no outro em forma de
pequanas goticulas (fase interna da emulséo) e o outro esta presente de forma continua

(fase externa da emulséo).

Oleos vegetais geralmente sdo hidrofobicos e insollveis em agua, por este
motivo € necessario utilizar surfactantes para torna-los uteis em formulagdes aquosas,
emulsdes e nanoemulsbes constituem formas farmacéuticas que superam este
problema e viabilizam 6leos em meio aquoso, sendo assim ideias para realizar testes
larvicidas, ja que as larvas e pulpa de A.aegypti se desenvolvem na agua (Duarte, et
al., 2015).

A diferencga entre nanoemulsdes e emulsdes consiste basicamente no tamanho
das goticulas que sé@o formadas no interior da fase interna de uma emulséao, se o
tamanho das goticulas estiverem entre 0 e 500 nanémetros (nm) podemos dizer que
se trata de uma nanoemulsdo, caso estes valores ultrapassem os 500 nandmetros
podemos chamar de uma macroemulsdo, ou simplesmente emulsdo, porém pelo fato
das nanoemulsdes se apresentarem como particulas em tamanhos menores, varias
séos as atividadesespeciais a estas formulacdes descritas na literatura (Ferreira, et al.,
2010; Bajerski, et al., 2016).

As nanoemulsbes por terem um tamanho diminuto possuem estabilidade
cinética, sendo apontadas ideias para uso em diluicdo ou em meios aquosos, as
nanoemulsdes sdo descritas por apresentarem sistema de liberacdo controlada em
relacédo a formulacdes convencionais, sdo apontados menos efeitos adversos por conta
da menor dose empregada de ativos, protecdo dos componentes ativos frente a

degradacéao quimica, fotodegradacgéo, dentre outros beneficios (Bajerski et al., 2016).

As nanoemulsdes podem ser obtidas por técnicas de alto e baixo aporte de
energia (Holkem, et al., 2015).Basicamente, as técnicas de alto aporte de energia
utilizam equipamentos robustos e caros para realizar a quebra das goticulas, como

agitadores ultrassonicos, microfluidizacéo e agitacdo em alta pressao. Por outro lado,
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técnicas de baixo a porte de energia utilizam a propria energia do sistema para
desenvolver nanoemulsdes, sdo utilizadas técnicas de emulsificagdo espontanea e
método da temperatura de inversao de fases (PIT), estas Ultimas sdo mais desejaveis
por apresentarem menores custos e técnicas mais acessiveis (Holkem et al., 2015).

Neste contexto Ferreira e colaboradores (2010) foram pioneiros na producéo de
emulsGes com o Gleo de andiroba, utilizando Span 80 e Tween 20 com surfactantes
conseguiram obter emulsdes do Oleo de C.guianensis de 2 pm estaveis em
temperatura ambiente, neste estudo foi utilizado a técnica de equilibrio hidrofilo-lipofilo
(EHL), esta técnica consiste em uma escala de vai de 0 a 15 para surfactantes e dleos,
quanto mais proximo do 0 mais hidrofilico o surfactante ou 6leo, quanto mais proximo
de 15 mais hidrofobico o 6leo ou surfactante, noralmente séo utilizadas misturas de
tensoativos com EHL alto e baixo para obtencdo de emulsbes e nanoemulsdes

estaveis.

Prophiro e colaboradores (2012) realizaram o primeiro relato do 6leo de
C.guianensis testado como larvicida frente A.aegypti, segundo os autores o 6leo foi
solubilizado em polisorbato 80 e os testes larvicidas seguiram nesta solucdo, que pode
também ser considerada uma emulsdo, com resultados de dose letal 50 (DL50) de 140

mg/L.

Em seguida Prophiro e colaboraores (2012) avaliou em outro trabalho a
toxicidade desta emulsdo de C.guianensis nas larvas de A.egypti, sua emulsédo teve
atividade residual, ou seja, com o passar do tempo a emulsao foi capaz de aumentar
gradativamente a mortalidade das larvas, bem como causar toxicidade no estagio de
pulpa e no estagio adulto, pois as pulpas foram prejudicadas no processo, afetando os
mosquitos adultos, demonstrando que C.guianensis afetou nos trés estagios o vetor

A.aegypti, sendo considerada pormissora para este fim.

Jesus e colaboradores (2017) desenvolveram nanoemulsées com o Oleo de C.
guianensis, foi utilizada a técnica de EHL, foram utilizados uma faixa de EHL de 4.3; 5;
6; 7; 8; 9; 10; 11; 12; 13; 14; 15. Foram utilizados diversos tensoativos para chegar
estes valores de EHL, neste trabalho foi sugerido que o EHL do éleo de andiroba foi

de 11, pois apresentou caracteristicas macroscopias de emulsdes estaveis, ndo houve
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separacédo de fases, o tamanho de goticula, indidice de polidispersdo se mantiveram
estaveis, sendo considerados parametro fisicos-quimicos que garantem estabilidade.

Em seguida foi realizado o teste larvicida residual, apresentando mortalidade
superior a 50% apdés 3 cilcos de 48 horas, revelando que a nanoencapsulacao do 6leo
pormoveu uma liberacdo controlada dos ativos em decorrer do tempo, apesar de
utilizar uma técnica de baixo aporte de energia (Jesus et al., 2017).

Outros trabalhos produziram nanoemulsfes independente do valor de EHL
utilizando surfactantes convencionais para outras atividades, como Baldissera e
colaboradores (2013) usaram Tween 80 e Span 80 para produzir uma nanoemulsao
ativa frente parasitas do género Trypanossoma obtendo resultados promissores e uma
alternativa de tratamento a esta parasitose, com técnica de alto aporte de energia.

Em outro experimento, Moraes e colaboradores (2018) utilizou nanoemulsdes
de C.guianensis, com Tween 80 e verificou-se a atividade frente a parasitas do género
Leishmania, in vivo, conseguindo realizar um tratamento preliminar em ratos
infectados, podendo ser uma alternativa para esta doenca negligenciada, neste
trabalho foi utilizado uma técnica de alto aporte de energia para obtencédo das

nanoemulsodes.

Por fim, Milhomem-Paixao (2017) avaliaram a toxicidade de uma nanoemulsao
estavel de C.guianensis, com tamanho de goticula de 140 nm, e segundo os testes em
células humanas esta nanoemulsdo ndo foi considerada citotdxica, genotoxica e
hematotoxica para cultura de células, indicando que C.guianensis pode ser matéria

prima para a producao de nanoemulsdes seguras em cosméticos e outros tratamentos.

Segundo Duarte (2015) produtos naturais larvicidas podem ser considerados
pormissores levando em consideracdo a taxa de mortalidade em 48 horas de
tratamento, na concentracdo de 250 ppm (ug/mL): assim com mortalidade >75% é
considerado um produto promissor, entre 75% e 50% é considerado parcialmente
promissor, entre 50 e 25% € considerado fracamente promissor, abaixo de 25% é

considerado inativo.

As emulsBes e nanoemulsbes sao possiveis pelo uso de tensoativos,

substancias anfifilicas que permitem a dispersdo de goticulas oleosas em meio aquoso,
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na maioriados estudos séo utilizados tensoativos sintéticos derivados do petréleo e que
sdo toxicos ao ser humano e outros seres vivos do meio ambiente, por estes motivos e
como a questdo ambiental vem ganhando mais destaque, tensoativos naturais s&o
alternativas viaveis para este fim. Por isso a proteina fibroina foi escolhida como

tensoativo na producao de emulsdes larvicidas neste trabalho.

Vale ressaltar que a fibroina, € uma proteina extraida do casulo do bicho da
seda (Bombix mori), como o Brasil é o terceiro maior produtor de Seda do mundo, as
indUstrias de seda acabam por representar uma fonte destes precioso bioproduto. O
casulo é formado por duas protéinas, sericina e fibroina, onde a extracao da fibroina é
realizada através de técnicas simples e economicamente viaveis. Além de apresentar
estabilidade térmica, elasticidade, ndo sofre degradacdo de microorganismos, se

configura como um promissor biopolimero brasileiro (Ferreira, I.M. 2016).

A fibroina possui dominios polares e apolares, 0 que a caracteriza com potencial
de diminuir a tensao interfacial em emulsdes, porém poucos trabalhos utilizam a
fibroina para este fim, neste contexto Cheng e colaboradores (2017) utilizaram a
fibroina como surfactante na producdo de emulsdes e verificaram que ela possui
viabilidade para este fim, obtendo o tamanho de goticula na faixa de 5 a 20 um (cerca
de 50 a 200 nanbmetros), com boa estabilidade, neste trabalho o processo de
emulsificacao foi descrito na figura 13, sendo demonstrado como simples, também foi
verificado que as emulsdes com fibroina e o 6leo utilizado teve maior capacidade de
chegar ao nudcleo das células, demonstrando maior biocompatibilidade comparado a

outros surfactantes.
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Figura 13. Mecanismo de encapsulacado da fibroina. A: encapsulagao do 6leo vermelho; B:

goticulas com fibroina ao redor estabilizando a emulséo.
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Fonte: Adaptado de Cheng et al., 2017

Neste contexto, poucos trabalhos relatam a utilizacdo da fibroina de seda em
nanoparticulas. Vale citar o trabalho de Mane e colaboradores (2017) que obteve
nanoparticulas de ouro e prata ativas frente a larvas e pupas do A. aegypti, atribuindo
0 sucesso da mortalidade do vetor na desativacdo de proteinase reducdo do DNA e
RNA.

Por estas razbes, o primeiro artigo deste trabalho teve o objetivo de produzir
emulsdes com os acidos graxos do 6leo de C. guianensis como componentes ativos
da formulacdo. A inovacédo se deu pela utilizacdo da fibroina como surfactante para
este bioproduto, a fibroina € uma proteina extraida do casulo do bicho da seda, o casulo
do bixo da seda é utilizado por industrais téxteis para obtencédo da seda, no entanto,
muitos destes casulos sdo descartados, estes descartes foram utilizados para obtencéo

da fibroina, neste trabalho.

O segundo artigo deste trabalho utilizou as reacbes de transesterificacédo

enzimatica do 6leo de andiroba para produzir nanoemulsdes com os etil ésteres obtidos
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na auséncia de tensoativos, uma vez que os etil ésteres possuem extremidades
polares e apolares, apresentam comportamento semelhante aos tensoativos, sendo
assim, estes foram utilizados diretamente sobre a agua, para gerar nanoemulsoes,
estas nanoemulsdes foram testadas nas larvas de A.aegypti, de maneira que € a
primeira vez que foram obtidas nanoemuls@es larvicidas sem tensoativos para o 6leo

de C.guianensis.

Por fim, o terceiro artigo deste trabalho utilizou a reacdo de amidacgéo direta
sobre o 6leo de C.guianensis para producdo de amidas graxas, pelo fato das amidas
graxas ja serem utilizadas como tensoativos, as amidas graxas obtidas foram utilizadas
para nanoencapsular o proprio 6leo de andiroba, para posterior avaliacdo larvicida
frente A. aegypti, a inovagdo ocorre por ser um trabalho pioneiro com o 6leo de
C.guianensis e poder criar um tensoativo do proprio Oleo, para obter a atividade

larvicida.

Neste trabalho também foi proposto a utilizacdo da Metodologia de Superfice de
Resposta (MSR) para obtencédo das nanoemulsGes com estas amidas graxas, sem a
utilizacdo de surfactantes tradicionais e como uma alternativa frente abordagem
classicas como do EHL que necessitam de uma série de tensoativos para obtencao da
formulacao ideal, no entanto nem sempre ha essa disponibilidade de surfactantes, por
isso esta técnica aparece como promissora para o0 futuro no campo das

nanoformulacdes.

Apesar de o 6leo de andiroba ter muito aplicabilidade na medicina tradicional e
ser promissor, ainda sdo poucos o0s estudos que descrevem sua utilizacéo,
principalmente em nanoformulacdes e emulsdes, além da sua utilizacdo como produto
inseticida/larvicida, neste sentido este trabalho buscou utilizar ferramentas
biocataliticas no 6leo de andiroba para este propdsito, no objetivo de gerar um produto
larvicida inovador e promissor, com tensoativos alternativos e técnicas ambientalmente

aceitaveis.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Utilizar o 6leo de Carapa guianensis e seu derivados (acidos, esteres e amidas
graxas) para a obtencdo de emulsbGes associadas com fibroina de seda como

surfactante natural com atividade larvicida frente a Aedes aegypti.

2.2 OBJETIVOS ESPECIFICOS

a) Comparar quimicamente o 6leo de C.guianensis do municipio de Mazagéo, obtido em
diferentes épocas do ano;

b) Obter acidos, ésteres e amidas graxas a partir do 6leo de C. guiannesis via catalise
enzimatica;

c) Caracterizar as substancias obtidas por técnicas espectroscopicas, Espectrometria
de Massas (CG-EM), Ressonancia Magnética Nuclear (RMN) de H e 3C e
Infravermelho (1V).

d) Determinar a atividade larvicida em Aedes aegypti e CL50 apds exposicdo das
formulacdes obtidas.

e) Analisar morfologicamente as larvas tratadas.
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Abstract
This paper reports on preparation of an oil-in-water new microemulsion of Carapa guianensis

Abul. (Meliaceae) oil and derivates [fatty acid ethyl ester (FAEE’s) and fatty free acid (FFA’s)], using
silk fibroin (SF), as alternative to traditional surfactants, and its activity against the larvae of the
vector Aedes aegypti. Among the emulsions that were prepared, FFA2-SF derived from AO2, that
mostly contained unsaturated fatty acids, presented the best results against the larvae of Ae. aegypti

after 24h (LCso = 16.79 mg.mL™1), through causing structural alterations to the vector that were
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boosted by the fibroin. The lipid profile, enhanced by the fibroin emulsion state, of the oils strongly
influences larval mortality.
Keywords: Mini-emulsion; Free fatty acids; Fatty acid ethyl ester; Larvicidal effect; Silkworm

cocoon.

INTRODUCTION

Larvicides for controlling mosquitos are generally formulated using synthetic insecticide
compounds and are likely to include pyrethroids (Demok et al. 2019, Kushwah et al. 2015). However,
most of these synthetics substances have adverse effects: such as bioaccumulation in the environment
and toxicity to mammalians (Vontas et al. 2012). Moreover, reports of development of pesticide
resistance relating to use of synthetic insecticides on mosquitoes are becoming increasingly common
(da Silva-Alves et al. 2013, Carvalho et al. 2018). Bioproducts such as plant extracts (Bouvier, Dogbo
and Camara 2003, Araujo et al. 2018), derived compounds (Aher and Roy 2018, Araujo et al. 2020)
or microorganisms (Ragavendran, Dubey and Natarajan 2017) have been successfully used as
alternative to synthetic larvicides against Aedes aegypti;

The Amazon region is an important source of plants that produce different vegetable oils, and
these are used by the local population to treat diseases (Ferreira Rodrigues Sarquis et al. 2019).
Among these oils, seed oil from Carapa guianensis and derivatives has been shown to have anti-
inflammatory effects (das Gracas and Penido 2014, Matsui et al. 2014), anticonvulsant action
(Oliveira et al. 2020), hepatoprotective and antimicrobial effects (Santos et al. 2012) and larvicide
effects against Aedes aegypti (de Mendonca et al. 2005). Carapa guianensis is a tree belonging to the
family Meliaceae and is popularly known as andiroba (Nascimento et al. 2019). It grows
preferentially in tropical forests and usually produces 180-200 kg of seeds per year, containing
approximately 60% (v/w) oil, by weight (Novello et al. 2015).

Too are reported in the literature the effect of the andiroba oil to be a repellent against Aedes

aegypti (de Mendonga et al. 2005) (Miot et al. 2004). Prophiro (Prophiro et al. 2012b) found that the
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residual larvicidal effect of from C. guianensis oil in 72h showed 100% of mortality for Ae. aegypti.
Silva (Silva et al. 2006) reported on the larvicidal effect of andiroba oil on Ae. albopictus, after a 24-
hour period. Silva (Silva et al. 2004) also described the larvicidal effect of andiroba oil on Ae. aegypti,
8 h after exposure to the oil.

Emulsions can be used in potentialization of the action of the dispersed active, since the
essential oils or fixed oils have serious problems of dispersion in aqueous vehicles and that mainly,
in the case of contact with insects and other vectors, who have part of their cycle or living environment
in contact with water (Echeverria et al. 2019). This helps overcome the low solubility of the oil in
water and aids in controlled release (Nuchuchua et al. 2009). Ferreira (Ferreira et al. 2010) reported
using a combination of Span 80® and Tween 20® as surfactants to prepare emulsions containing
andiroba oil as the oil phase. Nanoemulsions prepared using C. guianensis oil via a low-energy
solvent-free method have been used in larvicidal tests against Ae. aegypti (Jesus et al. 2017).

Silks are protein polymers found in the glands of arthropods such as silkworms, spiders,
scorpions, mites and bees. They are spun into fibers during these arthropods’ metamorphosis (Kundu
et al. 2008, Wang et al. 2004, Zhang 2002). Sequence specificity and subsequent secondary, tertiary
and quaternary structures of hydrophobic blocks of amino acids (predominately glycine, alanine,
serine and tyrosine), govern the mechanical, physical and chemical properties of silk fibroin (Holland
et al. 2019). The mechanical robustness and cell biocompatibility of native silk fiber has been used
by humans for biomedical applications both preclinically (Kundu et al. 2010) and as excellent
delivery systems for bioactive organic compounds such as drugs, peptides, proteins, etc. (Koh et al.
2015). Silk fibers are processed using a variety of methods to produce forms such as hydrogels (Sah
and Pramanik 2011), films (Lu et al. 2009), scaffolds (Kazemimostaghim et al. 2014), microspheres
(Ferreira et al. 2016), nanoparticles (Pandiarajan et al. 2018) or enzymatic support (Ferreira et al.
2014).

Natural polymers like silk fibroin have been investigated by researchers working in different

fields, particularly as substitutes for synthetic polymers, this paper reports on preparation of an oil-
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in-water emulsion of Carapa guianensis oil and their derivates (fatty acid ethylic and fatty free acid),

using silk fibroin, as alternative to traditional surfactants, and its activity against the larvae of Aedes

aegypti.

MATERIAL AND METHODS
Chemical materials

Ethanol (99%) and DMSO (99%) were purchased from Syth (Brazil), and n-hexane (98.5%)
and ethyl acetate (98%) were obtained from Vetec (Brazil). These were used without further
purification. Lipase acrylic resin from Candida antarctica (CALB >20,000 U/g) was purchased from

Sigma-Aldrich.

Plant material and oil extraction from Carapa guianensis

Botanical material was collected in the municipality of Mazagdo, State of Amapa, Brazil
(00°13'48.3"” S; 51°24'37.4” W) and identified by a botanist (Dr. Rosangela Sarquis). A voucher
specimen was deposited in the herbarium of the Brazilian Agricultural Research Company
(EMBRAPA) under the number 194102.

The first collection was performed on March 10 (AO1) and the second on June 10 (AO2), in the
same specimen. The oils (AO1 and AO2) were obtained by means of the traditional method of
cooking the seeds and leaving them to rest for 72 h. The seeds were then removed from the shells,

the fruit mass was prepared and, lastly, the oil was collected (Nardi et al. 2016).

Semi-synthesis of fatty acid ethyl esters (FAEES) and free fatty acids (FFAs) from lipase B
Candida antarctica immobilized on immobeads (CAL-B)

The enzymatic transesterification reaction was performed separately for AO1 and AO2, to
generate their respective fatty acid ethyl esters (FAEE1 and FAEE2) and fatty acids (FFAl and

FFA?2), following the methodology described by Ferreira (Ferreira et al. 2018).
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For this reaction, the following reactive were used: andiroba oil OA1 and OA2 separately (3 mL),
ethanol (9 mL) and CAL-B (10% w/w of the oil). These were added to a round-bottomed flask (25
mL). The mixtures were incubated at 32 °C on a 130-rpm orbital shaker (Lucadema, Brazil). After
24 h, the reaction was terminated. The reaction mixture was filtered, the organic phase was dried over
sodium sulfate and the solvent was removed under reduced pressure. The product (FAEE1 and
FAEE?2) was purified by means of silica gel column chromatography, with a mixture of n-hexane and
ethyl acetate (9:1) as the eluent. The product was characterized by means of FT-IR analysis and GC-
MS was used to quantify the fatty acids in the AO1 and AO2 oil, via derivation.

The enzymatic hydrolysis reaction was performed on FAEE1 or FAEE2 (1 mL), with water
(containing 0.1 mol L of phosphate buffer) and CAL-B (10% w/w of the FAEE), which were mixed
in the round-bottomed flask (25 mL). The mixtures were incubated at 45 °C in a 130-rpm orbital
shaker (Lucadema, Brazil). After 24 h, the reaction was terminated. The reaction mixture was filtered,
the organic phase was dried over sodium sulfate and the solvent was removed under reduced pressure.
The product (FAEE1 and FAEE?2) was purified by silica gel 60 column chromatography, with a
mixture of n-hexane and ethyl acetate (9:1) as the eluent, and the product was characterized by of FT-

IR and GC-MS.

13C nuclear magnetic resonance (NMR) analysis

13C NMR experiments were performed in a Agilent Technologies 400 MHz Premium Shielded
spectrometer. All samples (AO’s, FAEE’s and FFA’s) were prepared dissolving (20 pL,
approximately) in 600 pL of deuterated chloroform (CDCIls;, Cambridge Isotope Laboratories,
Andover, USA) and tetramethylsilane (TMS) as the internal standard. The chemical shifts were

expressed in ppm.
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Gas chromatography-mass spectrometry (GC-MS)

The analysis on FFA’s was conducted using a gas chromatograph (GCMS-QP 2010) equipped
with an injection auto-sampler AOC-20i (Shimadzu). Electron impact detection was used (Shimadzu
MS2010 Plus detector), with an electronic impact of 70 eV, which enabled detection of fragments
from 50 to 500 Da. Separations were performed in a fused silica capillary column (RTX-5MS with
internal diameter = 0.25 mm, length = 30 m and film thickness = 0.25 um) in a helium stream of
1.0 mL/min. The sample was dissolved in ethyl acetate (3 pg/mL), and 1.0 pL of the solution was
subjected to the following experimental conditions: injector temperature, 210 °C; detector
temperature, 250 °C; carrier gas, helium; flow rate 1.0 mL/min; and split injection with split ratio of
1/15. The column temperature was programmed starting from 130 °C, with an increase of 5 °C/min
to 290 °C, ending with a 5 min isothermal period at this temperature. The total duration of the analysis
was 39 min. The components present in the FAEEL and FAEE2 samples were identified through
comparison of mass spectra data with those presented in the NIST 5.0 library (Faria e Souza et al.

2017).

Physicochemical analysis on the vegetable oils

The acidity index (mg KOH/qg), refractive index, density (mg/mL) and peroxide content
(meg/kg) found in the AO1 and AO2 oils were analyzed using the methods described in the analytical

standards of the Adolfo Lutz Institute (Lutz 2005).

Preparation of silk fibroin solution

The silk fibroin solution was prepared based on the method developed by Ferreira (Ferreira et
al. 2017). A silkworm cocoon (3.0 g) was placed in 500 mL of a 2% Na>COs solution that had been
preheated to 100 °C, and stirred at this temperature for 30 min. The resultant fiber was separated by
means of filtration and washed with distilled water (3 x 500 mL). Lastly, the silk fiber was shredded

and placed in an oven to dry (50 °C) for 24 h.
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After this step, 50 mL of a ternary solution of H>O:EtOH:CaCl (8:2:1 molar proportions)
were used to dissolve the silk fibroin. This mixture was transferred to a cellulose dialysis tube with
an exclusion limit of 16 kDa and dialyzed in water for 3 d at room temperature. The dialysis water
was changed every 24 hours. The fibroin solution was stored at 10 °C. It was then centrifuged (6000
rpm for 10 min) to remove impurities and larger particles. The concentration of the silk fibroin
solution was adjusted to 2% (w/w) using distilled water. The final concentration was determined by

means of the gravimetric method.

Preparation of emulsion

A low-energy emulsification method was used to prepare emulsions by adding water to a
mixture of silk fibroin and samples (AO, FAEE or FFA). The final solution of 20 mL had the
following constituents: 75% silk fibroin solution (2%); 5% active compounds (AO, FAEE or FFA);
and 24% ethanol (99%).

Initially, an organic phase was prepared by adding the active compounds and ethanol to a
beaker (50 mL). The mixture was stirred by magnetic agitator (300 rpm) for 30 min at 40 °C. Next,
the aqueous phase (silk fibroin) was added, with a flow of = 0.5 mL/min with continuous agitation
for 60 min.

The stability of all of the emulsions was evaluated 1 and 30 days after the preparation. The
mean droplet size and polydispersity index of the emulsions were determined by of dynamic light
scattering (DLS) (Zetasizer, model ZS, Malvern Instruments). The measurements were performed at

25 °C.

Larvicidal activity
The emulsion samples from OA’s, FAEE’s and FFA’s were prepared at different
concentrations (25, 50, 75 and 100 pg/mL) for larvicidal tests on A. aegypti. Five replicates were

performed, with ten larvae each. The negative controls consisted of silk fibroin solution (2%) and as
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positive control was used dichlorvos solution (6.25 ng/mL). that was present in the respective test
sample. The larval mortality rate was determined after 24 h of incubation (25 °C and 75% humidity).
Larvae were considered dead when they did not respond to stimuli or did not rise to the solution
surface, in contrast with those observed in the control. The bioassay experiments were conducted in

accordance with the WHO guidelines of 2005.

Statistical analysis
Lethal concentrations (LCso and LCgo) were determined after 24 and 48 h of incubation and

were calculated using Probit analysis in the StatGraphics Centurion XV software, version 15.2.11. If
the control mortality of the treated groups was between 5 and 20%, the analysis was corrected in
accordance with the WHO (2005) formula: mortality (%) = X — Y /X x 100, where X = percentage

survival in the untreated control and Y = percentage survival in the treated sample.

RESULTS AND DISCUSSION
The lipid profiles of the samples (AO1 and AO2) from the seed oil of Carapa guianensis are

summarized in Table 1. It was possible to identify and indirectly quantify the fatty acids using GC-
MS, from their respective FAEESs.

Figure 1 presents the analyses of FAEE1 and FAEE2 samples, using GC-MS. These were
described in terms of the retention time (x axis) and the ionic signal intensity of the mass spectrum
(y axis). Qualitative analysis demonstrated the presence of the following compounds: palmitic,
linoleic, vaccenic and stearic acids. These were present in AO1 (collected during the dry season) and
in AO2 (collected during the rainy season), extracted from the seeds of C. guianensis. The retention
times were well defined and there was no overlapping of peaks, except in relation to vaccenic acid

(C18:1, v-7), which was eluted very close to oleic acid.

Figure 1. Here
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AOL1 (collected during the dry season) and AO2 (collected during the rainy season) presented
similar profiles regarding the main fatty acids identified. However, the proportions of these FFAs
varied greatly between samples. Parameters such as temperature, solar radiation, precipitation and
humidity may have influenced the fatty acid content of the seeds of C. guianensis. While AO1 mostly
contained saturated fatty acids (41.5%) such as palmitic and stearic acid, AO2 only had a saturated
fatty acid proportion of 25.6%. It is noteworthy that the monounsaturated fatty acid oleic acid (C18:1,
v -9) was identified as the largest constituent in both samples, accounting for 50.6% of all fatty acids
present in AO1 and 40.2% in AO2. In contrast, the polysaturated fatty linoleic acid (C18:2, v-6) only
presented a proportion of 5.4% in AO1, but a high proportion of 33.1% in AO2.

One of the advantages of using C. guianensis oil is the low toxicity. Some study showed that
oral administration of C. guianensis seed oil did not induce significant alterations in almost all
biochemical, hematological and morphological parameters in Wistar rats. However, indicate a
possible hepatic toxicity (Costa-Silva et al. 2008).

Ferreira (Ferreira et al. 2018) identified the fatty acids in the seed oil of andiroba, through
derivation from its ethyl esters, and also found that oleic acid (C18:1, v -9) was the largest constituent,
with relative abundance of 42.9%, followed by palmitic acid (C16:0) with 32.5%. However, that
study cited the presence of myristic and arachidonic acids as part of the range of fatty acids present
in the oil of Carapa sp. Oleic acid was also found to be highly prevalent in the seed oil of C.
guianensis Aubl., obtained through different extraction methods by Aradjo-Lima (Araujo-Lima et al.

2018).

Table 1. Here

Spectroscopic methods (as **C NMR) may also be useful for samples which are not amenable

to chromatographic methods. In general, it can be noticed from the spectra that carbon signals group
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in four main spectral regions: carbonyl atoms region (~175 ppm); carbon atoms involved in -C=C
double bonds region (~130 ppm); c) methylene groups region (~20-32 ppm); e) chain ending methyl
groups region (~14 ppm) (Sacchi et al. 1993, Sacchi et al. 1994). The spectra (FAEE's and FFA's)
show high similarity as they are of saturated and unsaturated alkyl chains derived from the AO's
triglyceride (Figure 2A and 2B). For *C NMR spectrum corresponding to fatty free acid (FFAL and
FFA2), it is possible to notice an absence of the characteristic signals of the glycerol peaks in 68.9—
62.1 ppm, present in the spectrum corresponding to the oils (AO1 and AQZ2). In contrast, the 3C
NMR spectrum of FAEE presented the characteristic signal of the ester mixture -CH> alkyl carbon;

after the transesterification reaction, this signal appears at 60.1 ppm.

Figure 2. Here

Physicochemical properties of AO emulsions and their derivatives containing silk fibroin

The physicochemical parameters of AO1 and AO2 determined in this study are summarized
in Table 2.

The acidity content indices for the samples AO1 and AO2 were 21.97 + 0.14 meq.kg™* and
7.91 + 0.18 meq.kg?, respectively. Values close to 7.5 meqg.kg™* were found in the study by Ferreira
(Ferreira et al. 2018), i.e. closer to the AO2 values.

The peroxide indices for the samples AO1 and AO2 were determined as 0.698 + 0.199
mg.NaOH.g? and 1.426 + 0.11 mg.NaOH.g?, respectively. These values were lower than those was
found by Silva (Silva et al. 2018), which was 3.89 mg.NaOH.g. The peroxide index of oils indicates
the degree of oxidation presented.

The oils showed different melting points. For AO1, it was 34-35 °C, but for AO2 the melting
point could not be determined. Moreover, different density values were determined: 1.24 mg.mL™*

and 0.92 mg.mL* for AO1 and AO2, respectively. Sousa (Sousa et al. 2018) characterized andiroba
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seed oil and found that the density was 1.02 mg.mL™?, i.e. lower than the values for AO1 and AO2 in
the present study (Table 2).

The refractive index is specific of each oil, and this is related to the degree of unsaturation of
the bonds, the presence of oxidation compounds and the thermal treatment to which it has been
subjected. The refractive index for AO1 was 1.45, and this was close to the index for AO2, which

was 1.46. It should be noted that no values for andiroba oil are stipulated through legislation.

Table 2. Here

Obtainment of AO emulsions and their derivatives containing silk fibroin

Emulsions are colloidal dispersions of at least two immiscible liquids in which one of the
liquids is dispersed in the other. They were stabilized using surfactants with a suitable hydrophile-
lipophile balance (HLB value) (Zhu et al. 2019). A conventional emulsion typically has a droplet
diameter of between 0.01 and 100 um. Emulsions are thermodynamically unstable because of the
relatively high interfacial tension associated with contact between the oil and water phases (Wang et
al. 2015).

In general, proteins are attractive emulsifiers in the food industry because of their good
emulsifying properties. Proteins such as B-lactoglobulin, casein, soy protein isolate and pea protein
are often used in combination with other emulsifiers to stabilize oil-water emulsions and multiple
emulsions (He et al. 2011, Zhu et al. 2019, Xu and Yao 2009).

Silk fibroin solutions were used to obtain oil-water mini-emulsions, as an alternative to using
traditional nonionic surfactants such as Tween 80. One of the advantages of replacing traditional
surfactants with silk fibroin solutions is in relation to preparation of oil-water mini-emulsions. This
enables lower production cost, high availability, good amphiphilic properties, very low cell toxicity,
very low environmental toxicity and good biodegradability, given that this is a protein-based

biomaterial.
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Andiroba oil is easy to obtain and has high availability in the Amazon environment. Its
extraction does not compromise the vegetation mass. Moreover, it possesses an arsenal of
pharmacological effects (Ambrozin et al. 2006, das Gracas and Penido 2014, Vendramini et al. 2012),
including larvicidal activity (de Mendonga et al. 2005). However, the low solubility of andiroba oil
in water makes it unviable to apply it directly in an aqueous medium. Therefore, using this oil in
emulsified systems has become a viable alternative for its application in aqueous media (Oliveira et
al. 2016, Sugumar et al. 2014).

Table x summarizes the values for the polydispersity index (PDI), particle size and zeta
potential of the following emulsions, just after their preparation: AO-SF, FAEE-SF and FAA-SF. The
PDI indicates the homogeneity of size distribution: the lower the PDI is, the more homogenous the
particle diameters are (Ramos et al. 2020). The zeta potential relates to the surface charge on the
particles, which is directly affected by the medium in which the particles are placed (Wang et al.
2010).

It should be noted that, only 24 hours after the emulsions prepared from the oils AO1 and
AQO2, the phases of these emulsions were already visibly separating, thus indicating that they were
thermodynamically unstable. On the other hand, the FAEE-SF and FFA-SF emulsions remained
visibly stable after this time. This suggests that emulsions containing derivatives of ethyl esters or
fatty free acids from either of the oils tended to be more stable than the water-oil-fibroin system.

Because the mini-emulsions containing FFA1-SF and FFA2-SF presented small particle sizes,
they were subjected to monitoring of physical stability in a previous experiment, stored at room
temperature for 15 days. As shown in Figure 2, the particle sizes of FFA1-SF and FFA2-SF changed
through this storage period. In FFAL1-SF, the size was of 572 nm on the first day and remained
unchanged on the 15" day (Figure 3A). For FFA2-SF, the size changed from 308 nm on the first day
to 528.6 nm on the 15" day of storage (Figure 3B). This demonstrated that the hydrodynamic system
had lost stability, possibly through precipitation of smaller particles of the silk protein on droplet

surfaces, thus increasing the numbers of drop-drop events. The colloidal stability of nanoemulsions
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or fibroin nanoparticles could possibly be improved through addition of cationic polymers (Wang et
al. 2010).

The zeta potential is directly related to the net charges on the surfaces of the macromolecules
and particles. Figure 3 also shows the zeta potential profile of the emulsions that were developed. I
both cases, there was a change in charge from the first to the 15" day. For FFA1-SF (Figure 3A), it
went from -2.35 mV (1% day) to +1.17 mV (15" day), while for FFA2-SF it went from -0.67 mV (1%
day) to +0.65 mV (15" day) (Figure 3B). The low zeta potential values for these two emulsions shows
that the long chains of silk proteins on the droplet surfaces restricted the movements of particles when
they were subjected to an electrical field. It should be noted that the zeta potential of natural silk

fibroin is -20 mV (Wang et al. 2010).

Figure 3. Here

It can be suggested that the difference in physicochemical properties between the emulsions
that were prepared from fibroin and the free fatty acids FFA1 and FFA2 (starting from AO1 and AO2)
related to variation in the chemical composition, which will have caused changes to the interfacial
stability between the phases. It should be noted that one of the important parameters for the stability

of emulsification is the efficiency of the oil that is encapsulated in the droplets (Xu and Yao 2009).

Evaluation of the larvicidal activity of AO emulsions and their derivatives containing silk
fibroin

To investigate the larvicidal effect of the emulsions on Ae. aegypti, they were firstly tested at
a concentration of 50 pg/mL, with assessments of 24 and 48 hours after contact with the larvae.

The emulsions with fibroin prepared from the oils AO1 and AO2 did not present any activity
against the larvae Ae. aegypti, after 24 h or 48 h. On the other hand, the emulsions containing the

ethyl esters (FAEE1-SF and FAEE2-SF) showed moderate larvicidal activity. This activity level was
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not significant for FAEE1-SF (14% at 24 h). For FAEE2-SF, the activity level was able to cause the
death of 32% of the larvae, and the rate was significant at both 24 h and 48 h.

Jesus (Jesus et al. 2017) developed a nanoemulsion using polysorbate 85 as a nonionic
tensioactive agent, to obtain a nanoformulation with a particle size of 148.8 nm and PDI of 0.131.
They evaluated the residual potential residual in relation to larvae of Aedes aegypti that were at a late
point within the third instar, in 48-hour cycles. However, they did not do tests using tensioactive
solutions as control for the mortality rate.

Among the emulsions tested, FFAL1-SF and FFA2-SF were found to be efficient larvicidal
over Ae. aegypti at 48 h. Both emulsions reached significant larval mortality rates: 68% and 60%,

respectively (Figure 4).

Figure 4. Here

In the light of these results, further tests were conducted with different concentrations (10, 25,
50, 75, 100, 125 and 150 pg/mL) using the emulsions derived from fatty acids, to determine the LCsgo
and LCoo.

The LCso and LCgo results from using the emulsions prepared from FFAL and FFA2 are
summarized in Table 3. Probit analyses were performed with 95% confidence intervals to determine
LCso and LCoo.

The LCso of FFA2-SF at 24 and 48 hours was 94.455 and 16.796 pg/mL, respectively (Table
3), while for FFA1-SF it was 212.333 pg/mL at 24 h and 129.455 pg/mL at 48 h. This demonstrated
that the larvicidal action of the emulsions was directly related to the composition of the fatty acids
and that this action was boosted by functional groups, thus: glyceride < ethyl ester < free acid (Table
3).

It is worth highlighting that, to demonstrate the larvicidal effect of the fatty acids in emulsions

with silk fibroin, the larvicidal capacity of the FFA’s dissolved in DMSO was evaluated. In all the
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cases tested, the FFA’s in DMSO presented LCso and LCgo that were higher than those of the
respective emulsions in fibroin (Table 3). This result emphasizes the carrying capacity of the fibroin
emulsion and its positive impact on the biological activity.

Our results are corroborated by the findings of Melo (de Melo et al. 2018), who performed
larvicidal tests on Culex quinquefasciatus using different fatty acids such as oleic acid, palmitic acid,
stearic acid, linoleic acid and linolenic acid and their respective methyl esters, diluted in DMSO. The
unsaturated acids, like linoleic and oleic acid and their respective methyl esters, showed the highest
mortality rates (100%), among the compounds tested. In contract, the mortality rate from saturated
fatty acids such as stearic acid and palmitic acid was moderate (30% and 15% respectively).

It might be suggested that seasonal variation in the oil from andiroba seeds is responsible for
differences in larvicidal mortality rates against Ae. aegypti. AO2 presented a higher level of
unsaturated fatty acids such as oleic and linoleic acids, and consequently higher mortality rates than
those of emulsions of the fatty derivatives of AO2, because it presented higher levels of saturated

acids such as palmitic.

Table 3. Here

It is worth to mention that, this oil has been used efficiently as a repellent against mosquitos
and other insects. Prophiro (Prophiro et al. 2012b) were the first to report that the larvae of Aedes
aegypti were susceptible to the oil of Carapa guianensis dissolved in DMSO, with LCso of 136 mg/L
and LCgo of 551 mg/L. In another study, Prophiro (Prophiro et al. 2012a) investigated the larvistatic
action of the oil of C. guianensis against Aedes aegypti and found that the LCso was 140 mg/L. Despite
the proven larvicidal activity of the oil of C. guianensis, very few studies have addressed this topic.

Emulsions with smaller droplet sizes can be obtained through high energy input methods using
high-cost rotary equipment. Methods with lower energy input use less rotation in cheaper equipment,

with techniques involving the temperature. In the present study, a spontaneous emulsification method
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was used, with a constant temperature of 25 °C. This method made possible to obtain larvicidal
emulsions with the small size of the AO1 and AO2.

Images of the larvae of Ae. aegypti after treatment with FFA2-SF (50 pg/mL) showed that
fibroin particles precipitated and adhered to the bristles and caused damage to the cuticles (Figure 5).
The digestive tract was also seen to be swollen or smoothed, with dark areas. Biomaterial (FFA2-SF)
was clearly seen to be adhering to the anal papillae and increasing the size of the respiratory siphon
of the larvae, and their digestive and respiratory system no longer functioned well, which gave rise
to lethal alterations such as blockage at the anal papillae. This showed that the efficiency of the mini-
emulsion of FFA2-SF came from the damage caused to the digestive and respiratory system of the
larvae. This morphological damage was similar to what was observed by Araujo (Aradjo et al. 2020)
using a hexanic extract from the leaves of Acmella oleracea dissolved in silk fibroin and by Yu (Yu
et al. 2015), who reported the damage caused to the structure of the stigma plate at the apex of the

siphon.

Figure 5. Here

Conclusion

In this study, a solution of silk fibroin extracted from Bombyx mori was used as an alternative
emulsifying agent for preparing emulsions oil/water containing bioactive agents with low solubility
(triglycerides, ethyl esters and fatty acids) from the seeds of Carapa guianensis, for application
larvicides. The oils (AO1 and AO2) presented differences in lipid composition: AO1 mostly
contained saturated fatty acids while AO2 mostly contained unsaturated fatty acids. These differences
directly influenced the properties of the fibroin emulsion and the larval mortality. Among the
emulsions, FFA2-SF derived from AO2 presented LCso = 16.796 mg.mL™ against the larvae of Ae.
aegypti after 24 h, through causing structural alterations to the vector that were boosted by the fibroin.

Because of the biocompatibility and high availability of silk fibroin and the ease of preparation of the
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emulsions, these innovative emulsions containing fatty acids derived from the oil of C. guianensis

showed promise for larvicidal applications.
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Figure 1. Chromatogram of the samples FAEE1 and FAEE2, from AO1 and AO2 of C. guianensis.
Peak (retention time): 1 - Palmitic (16.8 min); 2 — Linoleic (19.5 min); 3 — Oleic (19.6 min); 4-
Vaccenic (19.7 min); 5 — Stearic (19.9 min); 6 — Not identified (min).

Table 1. FAEE compositions from AO1 and AO2, determined through GC-MS analysis.

Fatty acid? Peak FAEE1 FAEE2
(Figure 1) Relative Relative
concentration®  concentration®

(%) (%)
Palmitic (C16:0) 1 314 19.5
Linoleic (C18:2, v-6) 2 5.4 33.1
Oleic (C18:1, v -9) 3 50.6 40.2
Vaccenic (C18:1, v-7) 4 0.9 0.4
Stearic (C18:0) 5 10.0 6.2
Not identified 6 1.5 0.6
> Saturated ) 41.4 25.7
> Monounsaturated ) 51.5 40.6
> Polyunsaturated ’ 5.4 33.1

aMS database (NIST 5.0). " Values selected by the integration of the peaks.
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Figure 2. *C NMR spectrum of the samples AO1, FAEE1 and FFAL1 (A); AO2, FAEE2 and FFA2
(B) from of andiroba oil.

Table 2. Comparison of the physicochemical characteristics of the oils.

AO1 AO2

Physicochemical analysis

Acidity index (meq.kg™) 21.97 1740.14 7.9?1 0.18
Peroxide index (mg.NaOH.g?) 0.698 + 0.199 1.426 £0.11
Density (mg.mL™) 1.24 £0.12 0.92+0.2
Refractive index 1.4594 + 0.0001 1.4649 + 0.0005
Melting point (°C) 34-35 nd

Nd. Not determined.
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Figure 3. Droplet size, polydispersity index (PDI) and zeta potential in mV of the emulsion from the
first to the 15" day of preparation for FFA1-SF (A) and FFA2-SF (B).
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Figure 4. Mortality rates among larvae of Ae. aegypti caused by mini-emulsions, assessed 24 and 48
hours after contact with the larvae at a concentration of 50 ppm. CTL(-): silk fibroin (2%); CTL(+):
Dichlorvos solution (*6.25 ng/mL).
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Table 3. LCso and LCgo for mortality among larvae of Ae. aegypti, caused by emulsions of FFAs
associate silk fibroin (75%) and in DMSO (2%).

Larvicidal active agent

LCso (ng/mL)

LCoo (ng/mL)

24 hours

48 hours 24 hours 48 hours
FFA1-SF 212.333 129.455 03.732 94.275
FFA2-SF 94.455 16.796 47.114 38.302
FFA1-DMSO 141.371 114.863 286.759 206.337
FFA2-DMSO 105.752 81.175 239.859 193.601
A B

BSR

e
e

Figure 5. End segment of Ae. aegypti larva under stereomicroscope (10x). (A) Control larva with

intact anal papillae and siphon. (B) Larva treated with FFA2-SF, showing darkened and deformed
anal papillae. Dg: digestive tract; S: siphon; Ap: anal papillae; Se: setae.
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4 ARTIGO 2

Direct aminolysis of Carapa guianensis oil for obtaining nanoemulsions

active against Aedes aegypti larvae
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AP, Brazil.

ABSTRACT

Carapa guianensis (Andiroba) oil is an important natural resource for the inhabitants of the
Brazilian Amazon, although it is still little explored. This study aimed to produce fatty amides
through the biocatalysis of Andiroba oil (AO) and to use these compounds as a surfactant
for AO nanoemulsions using Response Surface Methodology (RSM). A study of the
larvicidal activity against Aedes aegypti was conducted to assess the nanoemulsion
larvicidal activity. Gas chromatography points to oleic and linoleic fatty acids as constituients.
The nanoemulsion obtained by RSM had an acceptable polydispersity index, particle size
around 120 nanometers and a zeta potential greater than 60 mV in module. Larval mortality
in the third instar was 64 and 74% after 24 and 48 hours respectively. The use of fatty
amides from AO can be promissing in the development of nanoformulations against the main

vector of the Dengue, Zika and Chikungunya virus.

Key-Words: Carapa guianensis; biocatalysis; nanoemulsion; fatty amides; response

surface method; Aedes aegypti.
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1 INTRODUCTION

Carapa guianensis (Andiroba) is an important vegetal specie in the Brazilian Amazonia
regarding its medicinal properties, amongst them the anti-inflammatory and insecticide the
most popularly used and investigated (Sarquis et al., 2019).

In order to explore its insecticidal potential, the incorporation in aqueous media is necessary,
although the hydrophobic characteristic makes it difficult. To overcome this barrier,
nanotechnology and biocatalysis are feasible approaches (Speranza et al., 2015; Baldiserra
et al., 2013).

The field of nanothecnology has gained great interest in several applications. One of this
area is the development of nanoformulations with biocide effects (Bajerski et al., 2016).
Biocatalysis is a niche in Green Chemistry that uses the enzymatic apparatus of living beings
as a catalyst for chemical reactions, seeking to reduce stages and reduce pollution, the
environmental issue is gaining more and more importance, SO a process that does not

generate pollutants and under mild reaction conditions is desirable.

In recent years, fatty amides have been used as surfactants based on biocatalysis and
conventional chemical synthesis, beyo they are part of a family of biologically active lipid
compounds, mainly in the central nervous system (Nascimento et al.,, 2020), anti-
inflammatory (Barata et al.,2020), antimicrobial and with physico-chemical properties that
allow it to be effective surfactants in the detergent and pesticide industry (Aragjo et al.,
2018).

However, the potential of biocatalysis applied to Carapa guianensis oil is still little explored
in obtaining nanoformulations therefore this work shows a type solution for these two
problems, using biocatalysis techniques to create surfactants with the same oil used in
nanoemulsion and Response Surface Methodology (RSM) with alternative methodology for

validation the surfactant.

Then the objective of this article was obtaining nanoemulsions of Andiroba oil using direct
aminolisys to produce amphiphilic molecules capable of emulsifying and generating
nanoformulation, furthermore the larvicidal activity of nanoemulsion was tested against
Aedes aegypti larvae to verify the capacity of delivery the active compounds to alive

organisms in nano scale.
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2 MATERIALS AND METHODS
2.1 Obtaining andiroba oil (AO)

The collection of botanical material was carried out and at the coordinates S 00°13'48.3 " W
51°24'37.4", identified by the botanist Rosangela Sarquis. The exsicatae was deposited in
the IAN herbarium of Embrapa in the Eastern Amazon Belém-PA with n° 194102. Andiroba
oils were obtained by the traditional method used by local riverside dwellers. The oil
collection was carried out on the tenth day of June (AO), by the riverside community of the
municipality of Mazagéao-AP (Nardi etl al.,2014).

2.2 Chemicals and Reagents

Ethanolamine (99.5%) was purchased from Sigma-Aldrich, Lipase acrylic resin from
Candida antarctica (CAL-B = 5000 U/g) expressed in Aspergillus niger was purchased from
Sigma-Aldrich (Sao Paulo - Brazil). Hexane (98%) and ethanol (>99) was purchased from
Synth (SP, Brazil).

2.3 Gas Chromatograph-Mass Spectrometry

The reaction analyses were conducted using a gas chromatograph (GCMS- QP 2010)
equipped with an auto-sampler injection AOC-20i (Shimadzu). Electron impact detection
was used as detector (Shimadzu MS2010 Plus), electronic impact of 70 eV and fragments
detected from 50 to 550 Da were the conditions used. Separations were performed on a
fused silica capillary column (RTX-5MS with i.d. = 0.25 mm, length = 30 m and film thickness
= 0.25 ym) in a stream of helium 1.03 mL/min. The sample was solubilized in hexane (2
png/mL) and 1.0 pL of the solution was subjected to the following experimental conditions:
injector temperature, 210 °C; detector temperature, 250 °C; carrier gas, Helium; flow rate
3.0 mL/ min; splitinjection with split ratio 1/15. The column temperature was programmed
from 90 °C, with an increase of 6 °C/min to 250 °C, ending with a 5 min isothermal at this

temperature, the total analysis time was 33.67 min.
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2.4 Fourier Transform Infrared Analysis (FTIR)

FTIR spectra were recorded on a Shimadzu IR Affinity spectrometer. Samples Andiroba oil
(AO), free acid ethyl ester (FAEE) and fatty amide of Andiroba oil (FAAQO) were prepared as
thin films on KBr disks. The transmittance was expressed in cm™ in the region between 4000
and 400 cm* with resolution of 4 cm™ and 64 scans.

2.5 Nuclear Magnetic Resonance(NMR)

13C NMR spectra of AO and FAAO were recorded on an Agilent Technologies 500/54
Premium Shielded spectrometer. The samples were solubilized in deuterated CDCls and
chemical shifts expressed in ppm relative to internal standard TMS or deuterated solvents.

The chemical shifts were given in ppm.

2.6 Aminolysis reaction of Triglycerides from Carapa guianensis oil (AO)

The amidation reaction was performed using ethanolamine (3 mL), AO (1 mL), 300 uL of
hexane and 10% CAL-B as catalyst on orbital stirring (150 rpm, 28 + 2 °C) during 48 h. After
this period, the enzyme was filtered and washed with hexane (3x1 mL). The filtrate was
evaporated under reduced pressure and purified by column chromatography on silica gel

using hexane: ethyl acetate (9:1) as eluent.

2.7 Optimization and selection of AO nanoemulsion with FAAO using response

surface methodology

In this study, three levels and three variables Box—Behnken factorial design was applied to
determine the best combination of factors for smallest droplet size employing the FAAO as
surfactant. The formulation (1-5% w/w FAAO concentration), and condition (5-9 pH), and
stirring time (1-6 min) that given optimum FAAO nanoemulsion were determined using RSM
technique. RSM was performed to evaluate the effects of independent variables: pH (x1),
O/A concentration of FAAO (x2) and stirring time (x3) on the responses: droplet size (Y1)

and Zeta potential (Y2) of the FAAO nanoemulsions.
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The independent variables x1, x2 and x3 and their levels values are shown in table 1. The
polynomial equation used for the three variables was described in the Equation 1:

Yi= B0 + B1x1 + B2x2 + B3x3 + B11x1? + B22x2? + B33x32 + B12x1x2 + B13x1x3

+ 323x2x3 [Eq.1].

Where: Yi is the predicted response (i = 1 or 2); B0 is the constant; B1, B2 and 33 are the
linear coefficients; 311, B22 and 333 are the quadratic coefficients; 312, 313 and 23 are the
interaction coefficients; and x1, x2 and x3 are the independent variables (Holanda et al.,
2019).

Table 1. Three independent variables used in the employed Box-Behnken

factorial
Design
Fact Name Levels
or
- 0 +1
1
x1 pH 5 7 9
X2 Amide 1 3 5
Concentration %
(A/O)
X3 Stirring time (min) 1 3 6

The software STATISTICA® (version 10, Statesoft — Inc., Tulsa, USA trial version, 2011)
was used for experimental design and data analysis. For evaluation of independent variables
significance, interections and inlfuence, analysis of vairance (ANOVA) was used. The Pareto
charts were made to understand which variables most influence the response: particle size
and zeta potential.

The RSM with Box—Behnken factorial design of 3 coded levels, 3 independet variables, and
10 experimental runs (Table 2) was used to optimize the nanoemulsification condition
including pH (x1), A/O (x2) and Stirring time (x3) of FAAO and destiled water, making

possible to determine the best conditions to produce with AO.
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Table 2. Box-Behnken design of FAAO
Run pH Amide Time
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2.8 Preparation of nanoemulsions

Nanoemulsions were prepared according to the low energy method used by Duarte and cols
(2015). Using 1, 3 or 5% (w/w) of FAAO, 99, 97 or 95% (w/w) of water, with final mass of 20
g. For the experimental design FAAO was added in one of the concentrations (1, 3 or 5%),
with the agueous phase at a defined pH (5, 7 or 9) in the stirring time (1, 3 or 6 min). After
that, the AO was mixed with the best conditions of FAAO stirred at 100 rpm using a Vortex
equipment for the optimum time. Nanoemulsion was stored under room temperature (22 +

2°C) and evaluated after 1 and 30 days of preparation.

2.9 Measurement of droplet size, polydispersity index and zeta potential

Droplet size, Zeta potential and polydispersity index (Pdi) of the nanoemulsions of design
experimental and the nanoemulsion involving FAAO and AO was determined by dynamic
light scattering with particle size analyzer (Zeta size ZS, Malvern, UK). Nanoemulsion was

diluted with water (Duarte, et al., 2015). Measurements were made in triplicate.
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2.10 Larvicidal Activity

The larvae of Aedes aegypti were obtained at the Arthropoda Laboratory, kept in a controlled
ambient, with a temperature of 25 °C, humidity of 75% and 12h of light: dark cycle. Different
concentrations (25, 50, 75 and 100 pg / mL) were tested for the nanoemulsion containing
the assets (FAAO with AO) against the Aedes aegypti larvae. All tests were performed in
quintuplicate. The vehicle ofthe emulsions (FAAO with H>O) was used as a negative control.
Mortality was verified after 24 and 48 hours of incubation. The larvae were considered dead
when they did not react to stimulus and also compared to the control group, according to
protocol of WHO (2005).

3 RESULTS AND DISCUSSION

3.1 Physicochemical characteristics of the oil

The AO extracted by traditional methodology from the seeds of C. guianensis (Nardi et al.,
2017) demonstrated physico-chemical properties according to other literature reports (Silva,
2018). The volume of NaOH solution (0.1 M) used to neutralize the free fatty acids in the
sample corresponds to the acidity index. So, the free acidity value was 7.91%; bulk density
0,8816 g/cm?; Degree of oxidation was 1.426 meq.kg™. It is important to know the quality

standard of the triglycerides for an efficient reaction.

3.2 Synthesis of Fatty Amides

The aminolysis of AO was performed with CAL-B enzyme catalyst at room temperature for
48 hours. The catalyst bets for convention of FA by direct aminolysis from AO was the CAL-
B (5%) at 27 £ 2 °C for 48 h, with 44,43% yield. These yields can be considered low
compared to Araujo et al., 2018 with direct aminolysis of Oenocarpus bataua (Patawa) olil.
This work points to 82% yield with CAL-B, however the oil was extracted in Soxhlet with
Hexane and the difference in the lipid profile may have contributed to this difference in the
yield reaction (Araujo et al., 2018).

AO (expressed in ethyl esters [FAEE]) and FAAO were analyzed by GC- MS, the fatty acid
composition of the AO was oleic acid (40.23%), linoleic acid (33.1%), palmitic acid (19.5%),

stearic acid (6.17%) and 0.6% without identification. This composition of AO is in accordance
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with the reported by Tiosso et al., (2014) that found oleic acid (47.0%) as the most abundant
compound, followed palmitic acid (29.0%) and stearic acid (10%). Table 3 show the FAEE
and the production of FAAO after aminolysis reaction with ethanolamine.

Table.3 FAEE and FAAO identified in the analysis by CG-MS

FAEE

FAAO

0
/W\/WVQLO‘A‘\

ethyl palmitate (1)

O

ethyl linoleate (2)

m\*

ethyl oleate (3

o]
W\/’\/\/\/\/\/ILO”\

ethyl stearate (4)

0
/\/\/\/\/\/\/\)I\N ~~._-OH
H
N-isopropylpalmitamide N-{2-hydroxyethyl)palmitamide

&\/J\ /‘“\./Ol i

(92, 12Z)-N-isopropyloctadeca-9,12-dienamide

o

SOOGa e
H

N-isopropyloleamide

0
MAAW N R OH
H
N-isopropylstearamide (4a)N-(2-hydroxyethyl)stearamide

* Retention time (Method described in item 2.3).

The FT-IR spectra are shown in Figure 1. A-C. FAAO, FAEE and AO respectively. The
signals range 3296.49, 3092.02 and 3009.08 cm™ are related to amides by the stretch —

NH2 and the 1641.49 cm.; correspond to bond -N-H. These signals generate some

difference to others spectra’s, but there is a lot of similarity between them because they do

not present major structural differences.
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Figure 1. Andiroba oil (A), Free acid ethyl ester (B) Fatty Amide from Andiroba QOil (C).
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One of the objectives of this research is to develop an eco-friendly methodology according
to the principles of green chemistry, using the least amount of catalyst, lowest energy
expenditure and highest atomic yield (Aradjo et al.,2018) in this context this is the first time
that direct aminolysis of Carapa guianensis oil was achieved by CAL-B, an environmentally
friendly methodology. Others authors usually obtained in two steps through the amidation of

fatty methyl esters in Figure 2 (Almeida et al., 2013).

Figure 2. Conventional amidation reaction

0
OJOLR1 OH  R;COOCH;, R;CON(CH,CH,0H),
NaOCH, NaOCH,
R,——— OH + R,COOCH; ————————— R;CON(CH,CH,CH);
ji 2" CH,OH 2 ® HN(CH,CH;0H),
0" R, OH  RsCOOCH; R3CON(CH,CH,0H),
Ry = R; =R; = Different alkyl groups

Lopes and co-works (2010) transesterified mamona oil (Ricinus communis) as first step,
then aminolysis was performed as second step, at high temperatures 75, 90 and 130 C°, in
a non-renewable catalyst (CH3ONa) with yields ranging from 6 to 88%, so this work has

advantages such as direct amidation (only one step), this saves time in obtaining fatty

Artigo2 68



amides, and also proves that amides can be obtained at room temperature and using a
renewable catalyzers.

4.1 Response Surface Methodology to validate of FAAO as surfactant

It is the first time that Andiroba oil has been used as a surfactant for the nanoemulsion itself,
in the form of fatty amide. For this reason, amide nanoemulsions and distilled water were
made with different pH, FAAO concentrations and stirring time following experimental design
to determine the most important variable and validate fatty amides from AO as a surfactant.
Particle size, polydispersity index and zeta potential were measured on days 1 and 30

(Figure 3).

Figure 3. Results of particle size, polydispersity index and zeta potential on day 1 and

day 30 of the nanoemulsions, in the 10 runs of the experimental design.
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In general, the values of droplet size of nanoemulsions range between 19.42 and 248 nm in
first day, 317.7 and 517.7 nm in thirtieth day. It is important evaluate droplet size because it
characterizes nanoformulations, being a sign of stability that must be maintained in storage
and in dispersion. So, it is necessary stabilize the size, as the dispersion of nanoemulsion
can change the droplet size and alter its bioactivity (Milhomem-Paixao et al., 2017).
According to other research with AO and other natural oils, it is common for nanoemulsions
with this type of raw material to undergo changes in the droplet size due to the complexity
of these oils (Melo et al., 2018; Milhomem-Paix&o et al., 2017; Valentim et al., 2018).

The homogeneity of particle populations is represented by the polydispersity index.
Interesting values range from O (monodispersed) to 0.500 (relatively broad distribution),
while values below 0.700 are considered acceptable (Valentim et al., 2017). So, only in 4
compositions the values of polydispersity exceeded 0.700, demonstrating the stability of

systems.

The surface charge of the droplets is represented by the Zeta potential, high values positive
or negative are attributed to kinetically stable nanoemulsions (Valentim., et al 2018).
Previously others authors using Carapa guianensis nanoemulsion showed zeta potential of
around -27.6 mV; -3.9 mV; -53.39 mV. Then, in ten FAAO formulations, the zeta potential
values exceeded the -25-mV mark and this value went up with the inclusion of AO to the

mixture (table 4; Figure 6 a-c).

According to research carried out in the field, these parameters are important to guarantee
the stability of nanoemulsions in storage and consequently their biological activity, the
nanoemulsification process must be able to trap the active component, maintaining the

droplet size when stored (Valentim et al., 2018).

Based on these results the FAAO can be useful as a surfactant capable of generating stable
AO microemulsions. This result is important because it shows a new methodology compared
to the HLB method and other methods that use conventional surfactants, which can be toxic,

presenting an alternative in the development of a natural surfactant.

3.4 Response Surface Methodology for select the optimum nanoemulsion

conditions

For the non-heating and low-energy method, the determining variable for the generation of

smaller nanometer-scale particles was the time, Pareto Chart of standardized effects
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presented in Figura 4 showed significant effects in droplet size (nm), time (quadratic), pH
and concentration of FAAO (A/O) of the medium variables (quadratic), variables values are
showed in table 4. The greater the length of the bar for each parameter, the greater the
absolute importance of the estimated effects (Holanda et al., 2019). The vertical red line
represents the limit between the significant and less significant effects with a 5% risk of error.
Just one effect was significant at 95% confidence level in the studied experimental domain

(P < 0.05) as shown in Figure 4.

The value of the coefficient of determination (R2) was 0.91. The proficiency of the model is
demonstrated if R2 is equal to 0.75 or higher than this value (Haaland,1989). The response
surface of the production of AO nanoemulsions using FAAO with surfactant as a function of
A/0 (concentration of FAAO) (x2) and pH (x1) is presented in Figure 5 as a 3D surface plot.
Analyzing the interactions between these two factors, the idea is clear that the chosen pH

range did not influence the responses of the analyzed runs.

Figure 4. Pareto chart illustrating main and interaction effects of the factors affeting
the droplet size (nm).
Pareto Chart of Standardized Bfects; Variable: SIZE

3 Fevel factors, 1 Blocks, 9 Runs; MS Residual=55936,44
DV: SIZE

Time(Q) -4.428515

(2)OA(L) -4, 139203
(1pH(L) -2,81707
pH(Q) -2.73464
OIA(Q) 4105949
(3)Time(L) - 162258

p=05
Standardized Effect Estimate (Absolute Value)

Pareto chart illustrating main and interaction effects of the factors affeting the
droplet size (nm) (1) pH (L):linear effect of factor x1, (2) O/A Concentration of
FAAO (L): linear effect of factor x2, (3) Time (L):linear effect of factor x3, pH
(Q): quadratic effect of factor x1, O/A Concentration of FAAO (Q): quadratic
effect of factor x2, Time (Q): quadratic effect of factor x3. The vertical line
points the limit between the significant and less significant effects with a 5%
risk of error.
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Figure 5. Response surface plot and contour plot of the droplet size content as a
function of (A) pH (x1) and O/A concetration of FAAO (x2); (B) Time (x3) and pH (x1);
(C) O/A concentration of FAAO (x2) and Time (x3).
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In another way, Figure 4 shows that stirring time (x3) had great influence on the droplet size
in relation to the tested pH range and the FAAO concentration, the surface graph shows that
there is an ideal time for the smallest particle size, when the time approaches 1 or 7 minutes
the smallest particle size is favored, when the time approaches 3 minutes the particle size

tends to increase for any concentration of FAAO and pH.

The smallest droplet size (19.42 nm) was obtained for pH 7.0 in the longest time tested (6
min) and with the smallest FAAO concentration (1%), however the PDI was not favorable.
For Heydari and co-workers (2019) formulations made with non-ionic surfactants do not
undergo significant changes with ionic strength in changing pH, suggesting that FAAO

behaves as a non-ionic surfactant.

Another important parameter was evaluated by the RSM method, the zeta potential.
However, according to Figure 6, the variables evaluated did not statistically influence the

results of the Zeta potential.

Artigo2 72



Figure 6. Pareto chart illustrating main and interaction effects of the factors affeting

the zeta potential (mV).

Pareto Chart of Standardized Efects; Variable: ZETA
3 3-levelfactors, 1 Blocks, 9 Runs; MS Residual=3233,333
DV: ZETA

(3)Time(L) 1,364121

(1)pH(L) ,0180864
PH(Q)

(2) O/A(L) 6461623
OIA(Q)

Time(Q) 2058886

Standardized Bfect Estimate (Absolute Value)

Pareto chart illustrating main and interaction effects of the factors affeting the
zeta potential (mV). (1) pH (L):linear effect of factor x1, (2) O/A Concentration
of FAAO (L): linear effect of factor x2, (3) Time (L):linear effect of factor x3, pH
(Q): quadratic effect of factor x1, O/A Concentration of FAAO (Q): quadratic
effect of factor x2, Time (Q): quadratic effect of factor x3. The vertical line
points the limit between the significant and less significant effects with a 5%
risk of error.
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Figure 7. Response surface plot and contour plot of the potencial Zeta content
as a function of (A) pH (x1) and O/A concetration of FAAO (x2); (B) Time (x3)
and pH (x1); (C) O/A concentration of FAAO (x2) and Time (x3).
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But the variable stirring time was the most statistically significant variable, in time close to 1
minute the value of the zeta potential in module was higher, indicating greater stability of
these systems, as well as the pH closer to 7 guaranteed higher values also with O/A close

to 3% (Figure 7 B-C).

In this case the better results were when the time was close to 1 and 7 minutes, this can
be explained as a change in the surfactant by increasing the temperature up to 5 minutes
and then stabilizing in 6 and 7 minutes, because this can effect the nanoemulsification

process Figure 5-B (Pongsumpun et al.,2020).

Based on the results obtained and in the literature, the parameters that presented the
smallest droplet size on day 1 (168 nm) and smallest size variation on day 30 (317.7 nm),

lowest PDI on day 1 (0.691) and smallest variation on day 30 (0.639), highest value of the
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zeta potential in module of day 1 (26.6 mV) and the value remains high on day 30 (29.5
mV) corresponds to run 1, with pH 7, 3%o0f Amide concentration and 3 minutes of stirring

time.

Stirring time (x3) was statistically the most significant factor to microemulsification, however
the concentration of amide (x2) was also important, because in concentrations close to 1%
they obtained a smaller particle size. For all the reasons presented above, formulation one
was chosen to be repeated with the AO and to produce the nanoemulsion to be tested

against the larvae of Aedes aegypti.

Table 4. The design matrix and responses for the independent variables levels availed

in droplet size and Zeta potential of nanoemulsions using FAAO

Run pH Amide %  Time (min) Size (nm) ZP (mV)

1 7 3 3 168.8 26.6
2 9 5 6 144 15.0
3 5} 1 1 121.6 28.0
4 9 3 1 87.97 29.2
5 5 5 3 2487 26.9
6 7 5 1 122.4 33.1
7 9 1 3 134.3 27.3
8 7 1 6 19.42 28.1
9 7 3 3 217.3 29.9
10 5} 3 6 159.1 28.8

3.4 Carapa guianensis larvicidal nanoemulsion with fatty amides as surfactant

For the first time a nanoemulsion with Carapa guianensis oil using fatty amides made from
Andiroba’s own oil as surfactant, follow the principles of Green Chemistry, with renovable
catalyst and solvent-free for the aminolysis of natural triglyceride has been produced. In

addition, is the first time the amidation reaction is perfomed with Carapa guianensis oil.

The nanoemulsion was carried out in the conditions of formulation 1, as the oil in the
concentration of 5% in relation to the total emulsion (20g), 3% of FAAO and supplemented

with distilled water (92%), the whole process took 3 minutes.
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The result of this approach was a nanoemulsion with 122.2 nm, PDI 0.784 and -67.2 to zeta
potential. So, these results indicate that RSM can be used to produce stable nanoemulsions
of Carapa guianensis oil with nanometric size, using fatty amides from the olil itself as a
surfactant. The figure 7 presents larvicidal mortality of AO nanoemulsion with FAAO after
24 and 48 h.

Figure 7. Mortality of nanoemulsion with FAAO and AO, control and blanc

nanoemulsion.
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In the future, other tests should be carried out to reinforce the idea of controlled release
carried out by the FAAO (residual larvicidal method), as the mortality level rises from the
cycle from 24 to 48 hours in 10%, this may represent that a controlled release pattern is
occurring. As the dose used was low in comparison to other studies (table 6), this

nanoemulsion is promising to help on Ae. Aegypti control.

One of the objectives of this work is was demonstrating the possibility of obtaining
nanoemulsions in the absence of conventional surfactants, and mainly using the oil itself.
Despite the great potential of AO, there are still few studies that address its

nanotechnological applicability.

A low-energy/solvent-free method of AO nanoemulsification was used effectively against
Aedes aegypti larvae, however this method used Balance Hydrophile/Lipophile (HLB)
approach, therefore synthetic nonionic surfactants polysorbate 80, sorbitol monooleate and

mixed of this surfactant to find HLB value and produce the optimal nanoemulsion (Jesus, et
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al., 2017). Others authors made a nanoemulsion with AO and surfactant Kolliphor® by
phase-inversion temperature (PIT) method (Milhomem-Paixéo, et al., 2017). Melo and
collaborators (2018) also employed PIT method with different proportions of Tween 80 and
Span 80, varying the weight of surfactants ratios (SOR method) for 5 minutes of mix.
Baldiserra (2013) used AO to produce nanemulsions and tested against the parasite
Trypanossoma evansi in vitro by spontaneous nanoemulsification method, achieving
success with lipophilic and hidrofilic surfactants (Span 80 and Tween 80 respectively).
Organic solvent (acetona) followed by magnetic stirrer and high pressure homogenization.
Moraes and co-workers (2018) used AO nanoemulsions with Tween and Span 80 against
other parasite Leishmania infantum and Leishmania amazonensis, this nanoemulsions were

able to reduce infection levels in macrophage cultures.

Table 5 is a detailed summary of the articles cited above compared to this one involving

nanotechnology and Andiroba oil.

Table 5. Articles involving Carapa guianensis and nanotechnology

Particle

Authors Surfactant Method Activity size Colety/Acquisition
Sarquis, et #1222 Mazag&o, Amapa,
al., 2020 FA SE Larvicidal nm Brazil
Jesus, et al #1511 Mazagao, Amapa,
2017 PS80, SM SE Larvicidal nm Brazil
Milhomem- Cytotoxity,
Paixéo, et Genotoxity and 142 5
al., 2017 KO PIT Hematotoxicily nm Uruara, Para, Brazil

Genotoxicity
Melo, etal., TW 80, SP and
2018 80 PIT, SOR  Antigenotoxicity +130 nm Para State, Brazil
Baldiserra, TW 80, SP #2403 Baraca Sabara C.|
etal, 2013 a0 HPH Trypanocidal nm S/A, SP, Brazil
Jurua Eco-

Moraes, et  TW 80, SP 492 20 extractivism, Acre,
al, 2018 80 MF, SON  Leishmanicidal nm Brazil

,,,,,,,,,,,,,,,,,,,,,
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Nanoemulsions can be produced by different methods, these methods can be low and high-
energy, the first uses PIT, SE and solvent diffusion, the second uses SON, MF and HPH.
The stability and safety of the formulation components are characteristics of the ideal

nanoemulsion (Milhomem-Paix&o., et al., 2017).

In this sense, all of the nanoemulsions exposed in table 5 showed particle size averaging
147.5 nm, but the smaller results was of the high-energy methods in leishmanicidal
nanoemulsion 92,20 nm, while the other nanoemulsions were prepared by high-energy
method and resulting in bigger sizes +240.3 nm (Moraes et al., 2018; Baldiserra et al., 2013).

New procedures to produce nanoemulsions different from high-energy modes are
persuaded (Valentim et al.,2017). Therefore, low-methods appears as an alternative,
involving simpler equipment, without the use of heat, may even achieve comparable results
(Jesus, et al 2017; Milhomem-Paixao, et al., 2017; Melo, et al., 2018; Baldiserra, et al., 2013;
Moraes, et al., 2018).

It is important to compare the particle size of formulations to define how nanoemulsion and
evaluate its stability, just as this parameter directly affects the bioavailability of the active
components of the formulation, variations in size can generate changes in toxicity tests that
are not yet understood. However, the small size is desired as it has advantages over
conventional size, such as increased stability, controlled release, enhancing the biological

activities of the formulation (Milhomem-Paixéo et al., 2017).

In recent years, the interest in natural products with inseticidal activity has grown. In this
context, some nanoformulations were developed, specially to Ae. aegypti (Ricci-Junior et
al.,2020). Table 6 shows nanoformulations with larvicidal activities to compare with the

nanoformulation of this research.
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Table 6. Larvicidal nanoemulsions with essential oils and resin oil

Particle Zeta MI/ 24 Mi/ 48
Authors Qil Surfactant Method size potential PDI hrs hrs Dose Vector
Sarquis
et Carapa +130 100

al 2020 guianensis FA SE nm -67 mV 0784 64% 74% ppm  Aa
Jesus et Carapa +151 250
al, 2017 guianensis PS80, SM  SE nm 27T mv +0.131 3% 5% ppm  Aa
QOliveira

etal, Pterodon +151 100

2017  emerginatus PS80, SM SE nm -32mv 20221 2667% 93.33% mgll Cqg
Duarte et 2180 250
al., 2018 Alecrim PS20 SE nm MR #0550 80.00% 9000% ppm Aa
Peniche

etal Hyptis +152 250

2018 suaveoleans PS80 SE nm NR +0.523 4667% 63.33% ppm Cq
Segumar

etal Eucalyptus 250

2019 globulus T80 Us +94nm NR NR  100.00% 100.00% ppm Cq
Prophiro

etal, Carapa 141

2012 quianensis PS80 SOL NN NR NR  50.00% mg/L  Aa

.................

Compared to other formulations, it's possible to obtain active nanoformulations as new
method. Size slightly smaller than the authors Jesus (2017), Oliveira (2017), Duarte (2018),
Peniche (2018). However, when compared to Segumar (2019) who used ultrasonication,
the particle size was 120 nm larger and compared with Prophiro (2012), which was the first

to use AO as a larvicidal agent through solubilization in DMSO.

These differences in particle size are likely to influence larvicidal activity. This is a pioneering
work using FAAO as a surfactant to make the AO assets available in aqueous medium. As
the particle size was smaller than the works mentioned above, while the low dose used (100
ppm) was successful against the Ae. aegypti larvae. Further studies are needed to

understand the influence of amides on larvicidal activity, as the amides solely in water.
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5. CONCLUSION

The biodiversity is an important source of bioactive compounds. The amazon tree,
Carapa guianensis is one of the most promising species in the region, but there are
still few studies that use this source for product development. In this sense, this work
used a natural surfactant for the development of larvicidal nanoformulations, following
the principles of green chemistry, obtaining nanofomulations with a droplet size
between 100 to 600 nanometers. A nanoformulation was chosen by the Response
Surface methodology as more stable, then tested against Aedes aegypti larvae,
presenting promising activities of 60 to 70% mortality, presenting results comparable

to formulations made with traditional surfactants.
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5 CONSIDERACOES FINAIS E PERSPECTIVAS.

Os processos biocataliticos com 6leo vegetais tém oportunizado pesquisas
inovadoras com espécies vegetais de uso tradicional na Amazonia, na tentativa de buscar
novas formulacfes bioativas. Este estudo demonstrou, pela primeira vez, que é possivel
através das reacOes de transesterificacdo e amidacéo, sugerir novos usos ao 6leo extraido

de forma tradicional de C. guianensis.

O desenvolvimento de formulagdes com as amidas, &cidos, esteres da C.
guianensis demonstraram no teste in vitro com as larvas de A. aegypti serem ativas, no
entanto mais estudos devem ser realizados e outros testes para identificar o mecanismo

de acéo destas formulagdes.

A fibroina demostrou ser um transportador de ativos capaz de interagir com a
cuticula externa das larvas, esta interacdo € muito interessante, pois isso demontra que
a fibroina pode ser utilizada para o controle de pragas e parasitas que apresentam

cuticula (revestimento quitinoso), podendo ser um carreador mais seletivo e especifico.

Biosurfactantes do Oleo de C. guianensis (andiroba) sdo capazes de produzir
nanoemulsdes bioativas com o proprio 6leo fixo extraido da espécie, sendo que essa
capacidade deve ser testada com outros Oleos futuramente. As amidas graxas, neste
estudo, foram usadas como surfactante para nanoemulsbes, deixando claro a

versatilidade destas moléculas
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ANEXOS

Anexo 1 — Normas de publicacdo do periédico

INTRODUCTION

Industrial Crops and Products, an International Journal, publishes papers reporting the results
of original research, short communications and critical reviews on all aspects of industrial crops
and products (defined as non-food/non-feed uses of plants and plant products). This covers a
wide range of aspects of cultivation, crop improvement, crop compounds, processing, and
integrated chain control, all focusing on the exploitation of agricultural crops for industrial use.
The scope of the journal covers a vast range of crops and research disciplines.

Crops should contain significant renewable resources such as:

e Fibres and fibre compounds

Carbohydrates

Oils and fatty acids

Waxes, resins, gums, rubber, and other polymers

Proteins

Essential oils for ink, lubricants, plastics, cosmetics

e Biologically active compounds for pharmaceutical, herbicides and insecticides, and
preservatives.

Some examples of industrial (non-food/non-feed uses) crops are agave, cassava, crambe,
cuphea, elephant grass, fibre hemp, flax, guar, guayule, jojoba, kenaf, lesquerella, maize,
meadowfoam, oil palm, peas, plantago, potato, pyrethrum, rape seed, safflower, soybean,
Stokes aster, sugar beet, sunflower, vernonia, and wheat.

Papers within the above indicated frame-work will be accepted if they cover or integrate research
on:

Agronomic production and modelling
Breeding, genetics, and biotechnology
Post-harvest treatment and storage
(Bio)process technology

(Bio)chemistry

Product testing, development, and marketing

e Economics, and systems analysis and optimization

Original research papers (regular papers)

Review articles

Short Communications

. Book Reviews

Original research papers should report the results of original research. The material should not

have been previously published elsewhere, except in a preliminary form.

PN E

Review articles Review articles should cover subjects falling within the scope of the journal which
are of active current interest. We welcome reviews but authors should contact the Editors-in-Chief
before submission to ensure appropriateness for publication.

A Short Communication is a concise but complete description of a limited investigation, which
will not be included in a later paper. Short Communications should be as completely
documented, both by reference to the literature and description of the experimental procedures
employed, as a regular paper. They should not occupy more than 4 printed pages (about 8
manuscript pages, including figures, tables and references).
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You can use this list to carry out a final check of your submission before you send it to the journal
for review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:
Include keywords
All figures (include relevant captions)
All tables (including titles, description, footnotes)
Ensure all figure and table citations in the text match the files provided
Indicate clearly if color should be used for any figures inprint Graphical Abstracts / Highlights
files (where applicable) Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

e All references mentioned in the Reference List are cited in the text, and viceversa

e Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

e A competing interests statement is provided, even if the authors have nocompeting interests

to declare
e Journal policies detailed in this guide have been reviewed
o Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

All authors must disclose any financial and personal relationships with other people or
organizations that couldinappropriately influence (bias) their work. Examples of potential conflicts
of interest include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/ registrations, and grants or other funding. Authors should
complete the declaration of interest statement using this template and upload to the submission
system at the Attach/Upload Files step. If there are no interests to declare, please choose:
'Declarations of interest: none' in the template. This statement will be published within the article
if accepted. More information.

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by
the responsible authorities where the work was carried out, and that, if accepted, it will not be
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published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright- holder. To verify originality, your article
may be checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see
'‘Multiple, redundant or concurrent publication' for moreinformation).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
beliefs or commitments of any reader, should contain nothing which mightimply that one individual
is superior to another on the grounds of race, sex, culture or any other characteristic, and should
use inclusive language throughout. Authors should ensure that writing is free from bias, for
instance by using 'he or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that
are free of stereotyping (e.g. ‘chairperson’ instead of ‘chairman' and 'flight attendant' instead of
'stewardess’).

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the
names of authors firstand CRediT role(s) following. More details and an example

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and

(b) written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already been
published in an online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article
is more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred automatically
on your behalf with no need to reformat. Please note that your article will be reviewed again by
the new journal. More information.

Upon acceptance of an article, authors will be asked tocomplete a'Journal Publishing Agreement'
(see more information on this). An e-mail will be sent to the corresponding author confirming
receipt of the manuscript together with a '‘Journal Publishing Agreement' form or a link to the
online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of gold open
access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study
design; in the collection, analysis and interpretation of data; in the writing of the report; and in the
decision to submit the article for publication. If the funding source(s) had no such involvement
then this should be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher
Academy offers several interactive modules, webinars, downloadable guides andresourcesto
guideyouthroughthe process ofwritingforresearchandgoingthrough peer review. Feel freeto use
these free resources to improve your submission and navigate the publication process with
ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to
use the English Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used
inthe peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article
for final publication. All correspondence, including notification of the Editor's decision and
requests for revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/indcro/

PREPARATION
This journal operates a single blind review process. All contributions will be initially assessed by

the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The
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Editor is responsible for the final decision regarding acceptance or rejection of articles. The
Editor's decision is final. More information on types of peer review.

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not use
the wordprocessor's options to justify text or to hyphenate words. However,do use bold face,
italics, subscripts, superscripts etc. Do not embed "graphically designed" equations or tables,
but prepare these using the wordprocessor's facility. When preparing tables, if you are using a
table grid, use only one grid for each individual table and not a grid for each row. If no grid is used,
use tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
https://www.elsevier.com/guidepublication). Do not import the figures into the text file but,
instead, indicate their approximate locations directly inthe electronic text and onthe manuscript.
See alsothe section on Electronicillustrations. Lines should be double- spaced and every line
and page should be numbered.

To avoid unnecessary errors you are strongly advised to use the "spell-check" and "grammar-
check" functions of your wordprocessor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered

1.1 (then 1.1.1,1.1.2, ..), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may
be given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1,
etc.

Anexos 96


http://www.elsevier.com/guidepublication)

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any future
gueries about Methodology and Materials. Ensure that the e-mail address is given and that
contact details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article
via search engines. They consist of a short collection of bullet points that capture the novel
results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstractitself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should
be submitted as a separate file in the online submission system. Image size: Please provide an
image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should
be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferredfile types:
TIFF,EPS, PDF or MS Officefiles. You can view Example Graphical Abstracts on our information
site.

Authors can make use of Elsevier's lllustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible.
These keywords will be used for indexing purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placedon the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their
first mention there, as well as in the footnote. Ensure consistency of abbreviations throughout
the article. Try not to over-use abbreviations.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill& Melinda Gates Foundation, Seattle, WA[grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].

Itis not necessary to include detailed descriptions onthe program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided thefunding.
If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Nomenclature and Units

Follow internationally accepted rules and conventions: use the international system of units
(SD). If other units are mentioned, please give their equivalent in SI.

Authors and Editor(s) are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature.

All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific
names when the English term is first used, with the exception of common domestic animals.

All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified.

For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on Biochemical
Nomenclature should be followed.

Math formulae

Present simple formulae in the line of nhormal text where possible. In principle, variables are to
be presented in italics.

Number consecutively any equations that have to be displayed separate from the text (if referred
to explicitly in the text).

Subscripts and superscripts should be clear.

Greek letters and other non-Roman or handwritten symbols should be explained in the margin
where they are first used. Take special care to show clearly the difference between zero (0) and
the letter O, and between one (1) and the letter |.

Give the meaning of all symbols immediately after the equation in which they are first used. For
simple fractions use the solidus (/) instead of a horizontal line.

Equations should be numbered serially at the right-hand side in parentheses. In general only
equations explicitly referred to in the text need be numbered.

The use of fractional powers instead of root signs is recommended. Also powers of e are often
more conveniently denoted by exp.
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Levels of statistical significance which can be mentioned without further explanation are: "P

<0.05,"P <0.01 and P <0.001.

In chemical formulae, valence of ions should be given as, e.g., Ca®*, not as Ca*".
Isotope numbers should precede the symbols, e.g., 0.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors can build footnotes into the text, and this feature may be used. Otherwise, please
indicate the position of footnotes in the text and list the footnotes themselves separately at the
end of the article. Do not include footnotes in the Reference list.

Electronic artwork General points

Make sure you use uniform lettering and sizing of your original artwork.

Embed the used fonts if the application provides that option.

Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol,
or use fonts that look similar.

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Provide captions to illustrations separately.

Size the illustrations close to the desired dimensions of the published version.

Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired colorvision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e  Submit graphics that are disproportionately large for the content.

Color artwork
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Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF)
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color online (e.g., ScienceDirect and other sites) in addition to color reproduction
in print. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure.
A caption should comprise a brief title (not onthe figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations
used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparinginthe use of tables and ensure that the data presented in them do not duplicate results
described elsewhere inthe article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are notrecommended inthereference list, but may be mentionedinthe
text. Ifthesereferences are includedin the referencelistthey should follow the standard reference
style of the journal and should include a substitution of the publication date with either
'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies that
the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and pagination
may prevent link creation. When copying references, please be careful as they may already
contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should beinthe
same style as all other references inthe paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately (e.g., after the reference
list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.
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References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations
in the text) to other articles in the same Speciallssue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only
need to select the appropriate journal template when preparing their article, after which citations
and bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as
shown in this Guide. If you use reference management software, please ensure that youremove
all field codes before submitting the electronic manuscript. More information on how to remove
field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/industrial-crops-and-products
When preparing your manuscript, you will then be able to select this style using the Mendeley
plug- ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s), journal
title/ book title, chapter title/article title, year of publication, volume number/book chapter and
the article number or pagination must be present. Use of DOI is highly encouraged. The
reference style used by the journal will be applied to the accepted article by Elsevier atthe proof
stage. Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following
examples:

Reference style

Text: All citations in the text should refer to:

1.  Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically
if necessary. More than one reference from the same author(s) in the same year must be
identified by the letters 'a’, 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J.
Sci. Commun. 163, 51-59. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article.
Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
Strunk Jr.,W.,White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:
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Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones,
B.S.,Smith, R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc.,New York, pp.281—
304.

Reference to a website:

Cancer Research UK, 1975. Cancer  statistics reports  for  the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13
March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, v1.
https://doi.org/10.17632/ xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in
the same way as a figure or table by referring to the video or animation content and noting in
the body text where it should be placed. All submitted files should be properly labeled so that
they directly relate to the video file's content. In order to ensure that your video or animation
material is directly usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect. Please supply 'stills' with your files: you can choose any frame from
the video or animation or make a separate image. These will be used instead of standard icons
and will personalize the link to your video data. For more detailed instructions please visit our
video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about available
data visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementaryfile. If
you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the "Track Changes' option in Microsoft Office files as these will appear in the
published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
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facilitate reproducibility and data reuse, this journal also encourages you to share your software,
code, models, algorithms, protocols, methods and other useful materials related to the project.
Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are sharing
data in one of these ways, you are encouraged to cite the datain your manuscript and reference
list. Please refer to the "References" section for more information about data citation. For more
information on depositing, sharing and using research data and other relevant research
materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevantrepositories, giving readers access to underlying data that gives them
abetter understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submissionsystem.
For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. During the submission process, after
uploading your manuscript, you will have the opportunity to upload your relevant datasets
directly to Mendeley Data. The datasets will be listed and directly accessible toreaders nextto
your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data
articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. You are encouraged to submit your article for Data in
Brief as an additional item directly alongside the revised version of your manuscript. If your
research article is accepted, your data article will automatically be transferred over to Data in
Brief where it will be editorially reviewed and published in the open access data journal, Data in
Brief. Please note an open access fee of 600 USD is payable for publication in Data in Brief. Full
details can be found on the Data in Brief website. Please use this template to write your Data in
Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs
or setting, but often without getting credit for this part of their work. MethodsX, an open access
journal, now publishes this information in order to make it searchable, peer reviewed, citable
and reproducible. Authors are encouraged to submit their MethodsX article as an additional item
directly alongside the revised version of their manuscript. If your research articleis accepted, your
methods article will automatically be transferred over to MethodsX where it will be editorially
reviewed. Please note an open access fee is payable for publication in MethodsX. Full details
can be found on the MethodsX website. Please use this template to prepare your MethodsX
article.

Data statement
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To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the submission process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect. For more information, visit
the Data Statement page.

AFTER ACCEPTANCE

Toensure a fast publication process of the article, we kindly ask authors to provide us with their
proof corrections within two days. Corresponding authors will receive an e-mail with alink to our
online proofing system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on figures/tables and
answer questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing willbe giveninthe e-mailwe sendto authors, including alternative methods
to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use
this proof only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.

The corresponding author will, at no cost, receive acustomized Share Link providing 50 days free
access tothe final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co- authors may order offprints at any
time via Elsevier's Author Services. Corresponding authors who have published their article gold
open access do not receive a Share Link as their final published version of the article is available
open access on ScienceDirect and can be shared through the article DOIllink.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article
will be published.
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Anexo 2 - Comprovante de submissé&o do artigo.

Elsevier Editorial System(tm) for Industrial
Crops and Products
Manuscript Draft

Manuscript Number:

Title: QOil-in-water emulsion of Caraps guisnensis using silk fibroin, ==
an alternative to traditional surfactants, and active sgainst larvas of
the wvector Resdes aegyptl

Zrticle Type: Ressarch Paper
Section/Category: Non-food bicactive products

Keywords: Mini-emulsion; Free fatty acids; Fatty acid sthyl ester;
Larvicidal effect; Silkworm cocoon

Corresponding Ruthor: Professor Irlon M. Ferreira, Dr.
Corresponding Ruthor's Institution: Unifap
First Ruthor: Icaro R Sarquis

Order of Ruthors: Icaro R Sarquis; Rosadngela S Sarquis; Victor H Marinho;
Fernando B Neves; Inana F RAratjo; Leandro F Damasceno; Ricardo M
Ferreira; Raiumundo N Souto; José C. T Carwalho; Irlon M. Ferreirzs, Dr.

Ebstract: This paper reports on preparation of an oil-in-water new
microemulsion of Carapa guianensis oil and derivates [fatty acid ethyl
ester (FREE's) and fatty free acid (FFA's)], using silk fibroin, as
alternative to traditional surfactants, and its activity against the
larvae of the vector Rsdes aegypti. Emong the emulsions that wers
prepared, FFAZ-5F derived from 202 presented ths best results =gainst
larvae of Ze. aegypti after Z24h (LC50 = 1€.7S mg.mL-1), through causing
structural zalterations to the vector that were boosted by the fibroin.
The lipid profile, enhanced by the fibroin mini-emmlsion state, of the
oils strongly influences larval mortality, the 202 mostly contained
unsaturated fatty acids.
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