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RESUMO

Conhecida popularmente por “urtiga” ou ‘“cansan¢do”, Cnidoscolus urens € uma espécie
pertencente a familia Euphorbiaceae, endémica da Caatinga. Bastante conhecida pela presenca
de pelos urticantes. Segundo conhecimentos populares, esta espécie € utilizada como
fitorerapico, utilizando- se principalmente raiz e caule para o tratamento de muitas
enfermidades, tais como inflamacéo da prostata e cistos ovarianos. Em estudos fitoquimicos,
metabolitos secundarios como flavondides, antraquinonas, terpenos, taninos, antocianinas,
esterdides e xantinas, foram detectados em extrados organicos de C. urens. O presente estudo
objetivou investigar o perfil fitoquimico e avaliar o potencial antitumoral, antidiarreico e
inseticida dos extratos aquoso e organico de C. urens coletadas em Caruaru/ area de Caatinga-
PE. Para tanto, foi investigado por cromatografia de camada delgada (CCD), os metabdlitos
secundarios produzidos por C. urens presente em extratos aquoso, acetato de etila e n-
butandlico. A toxicidade foi verificada seguindo o guideline OECD. Para a atividade
antitumoral, utilizou-se ensaios antiproliferativo in vitro sobre células de linhagem HELA e in
vivo, em animais com carcinoma de Ehrlich induzido, sendo tratados com extrato aquoso e
etanolico, administrados numa concentracdo igual a 200mg/kg. A atividade antidiarreica foi
averiguada pelas metodologias sobre o efeito nas fezes normais, diarreia induzida por éleo de
ricino, ensaio de enteropooling e transito intestinal por carvdo ativado, para tal, os animais
foram tratados com extrato etandélico de partes aéreas (folha, semente e flor) de C. urens. Quanto
a atividade inseticida, o extrato metandlico e também suas fraces: éter, cloroférmio, acetona e
metanol, foram avaliados quanto a sua toxicidade por ingestdo e contato, além do indice de
deterréncia alimentar. Os testes fitoquimicos demonstraram a presenca de taninos, flavonoides,
acuraces redutores, terpenos e cumarinas. No modelo de atividade in vitro o extrato aquoso e
etanolico (Aq200 e EtOH200) demonstroram moderada ac¢do citotoxica para as metodologias
testadas para os modelos in vitro (MTT e Vemelho neutro). Para a atividade in vivo, os extratos
AQg200 e EtOH200 produziram um percentual de reducéo do crescimento tumoral igual a 84.4%
e 79.2%, além de causar uma melhora representativa do perfil bioquimico e hematologico.
Todos os extratos de C. urens foram avaliados quanto a sua toxicidade e ndo mostrou agéo
toxica na dose méxima testada (2000mg/kg). Quanto a avaliacdo antidiarreica o extrato
etanolico de partes aérea de C. urens nas doses de 200 e 400mg/kg, mostraram excelentes
resultados. Para o ensaio de diarreia induzida por 6leo de ricino foi observado uma reducéo no

numero total de fezes (7.0 e 7.2), respectivamente, para o ensaio que avalia o0 acumulo de fluido,



Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

a reducdo foi de 23.4 e 20.8 para as concentrag@es de 200 e 400 mg/kg, respectivamente. J& a
avaliagdo do transito intestinal os resultados encontrados foram iguais a 36.3% para EtOH200
e 25.5% para EtOH400. Os extratos de C. urens também foram testados quanto sua acéo
inseticida e mostrou-se ser um potente agente. Para os testes inseticida, duas metodologias
diferentes foram utilizadas, avaliando a ag&o inseticida por ingestdo e contato. Quando espécies
de Sitophylos zeamais foram expostos a uma dieta contendo MeOH (0.18; 0.25; 0.5 mg/g) e
MeOHFrac (0.25- 0.5 mg/g) foi observado uma inducéo de 27 a 90% e 33 a 91% de mortalidade
por ingestdo, respectivamente. O percentual de mortalidade por contato foi avaliado para o0s
mesmos extratos nas concentragdes de 50 e 100 pg/mL e apresentou 45 a 75% e 77 a 87% de
mortalidade respectivamente. A LCso também foi determinada, tanto por ingestdo para MeOH
e MeOHFrac (LCso=0.241 mg/g e LCso= 0.11 mg/g, respectivamente), quanto por contato para
0s mesmos extratos (LCs0=0,012 pg/inseto e LCso= 0.026 pg/inseto), também respectivamente.
Essas metodologias também nos permitiram avaliar que os extratos induziram mudancas
significativas nos indices nutricional, além de induzir rejeicdo do alimento disponibilizado
durante o ensaio. Todos estes resultados contribuem para confirmar a hipétese popular de que
C. urens possui a¢do antitumoral, antidiarreica e inseticida. Estes resultados corroboram com o
enriquecimento bibliogréfico cientifico e contribuem para uma pespectiva na producdo de
novos farmacos e agentes inseticidas mais eficazes e com menor efeitos adversos.

Palavras-chave: Cnidoscolus urens (Euphorbiaceae). Antitumoral. Antidiarréia. Atividade

inseticida.
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ABSTRACT

Popularly known as "nettle” or "cansancdo” Cnidoscolus urens is a species belonging to the
family Euphorbiaceae, endemic to the Caatinga. Well known for the presence of stinging.
According to popular knowledge, this species is applied as fitorerapico, using mainly the root
and stalk for the treatment of many diseases, such as inflammation of the prostate and ovarian
cysts. In phytochemical studies, secondary metabolites such as flavonoids, anthraquinones,
terpenes, tannins, anthocyanins, steroids and xanthines were detected in extraneous organs of
C. urens. The present study aimed to investigate the phytochemical profile and evaluation of
the antitumor, antidiarrheal and insecticidal potential of the aqueous and organic extracts of C.
urens collected Caatinga area in in Caruaru - PE area. Therefore, it was investigated by thin
layer chromatography (TLC), secondary metabolites produced by C.urens. The toxicity was
observed following the OECD guideline. or antitumor activity, in vitro antiproliferative assays
on HELA lineage cells and in vivo in animals with induced Ehrlich carcinoma were treated
with aqueous and ethanolic extract, administered in a concentration equal to 200mg / kg. The
antidiarrheal activity was investigated by the methodologies on the effect on normal feces,
castor oil-induced diarrhea, enteropooling test and activated carbon intestinal transit. The
animals were treated with ethanolic extract of aerial parts (leaf, seed and flower) of C. urens.
Regarding the insecticidal activity, the methanolic extract and also its fractions: ether,
chloroform, acetone and methanol, were evaluated for their toxicity by ingestion and contact,
besides the food deterrence index. Phytochemicals tests showed the presence of tannins,
flavonoids, acuraces reducers, terpenes and coumarins. In the model of activity in vitro the
aqueous extracts and ethanol (Ag200 and EtOH200) showed moderate cytotoxic action for the
methodologies. For the in vivo activity, and Aq200 EtOH200 produced a reduction of
percentage of tumor growth equal to 84.4 and 79.2%, and cause a representative improved
biochemical and haematological profile. All C. urens extract was evaluated for toxicity and
showed no toxic action at the maximum tested dose (2000mg / kg). The evaluation antidiarrheal
ethanol extract of aerial parts of C. urens in doses of 200 and 400 mg / kg, showed excellent
results. For diarrhea assay induced by castor oil has been observed a reduction in the total
number of stools (7.0 and 7.2), respectively, to test that evaluates the accumulation of fluid, the

reduction was 23.4 and 20.8 for concentrations of 200 and 400 mg / kg, respectively. Since the
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evaluation of the intestinal transit the results were equal to 36.3% for EtOH200, and 25.5% for
EtOH400. The extracts of C. urens were also tested for their insecticidal action and proved to
be a potent agent. For the insecticide tests, two different methodologies were used, evaluating
the insecticide action by ingestion and contact. When S. zeamais species were exposed to a diet
containing MeOHC.urens (0.18, 0.25, 0.5 mg / g) and MeOHFrac (0.25- 0.5 mg / g) an
induction of 27 to 90% and 33 to 91% of Mortality on ingestion, respectively. The percentage
of contact mortality was evaluated for the same extracts at concentrations of 50 and 100 pg /
mL and presented 45 to 75% and 77 to 87% of 006Dortality, respectively. LCso was also
determined, both by ingestion for MeOHC.urens and MeOHFrac (LCsp = 0.24 and LCso = 0.11,
respectively), and by contact for the same extracts (LCso = 0.012 and LCso = 0.026,
respectively). Allowed to evaluate that the extracts induced significant changes in the
nutricionail indices, in addition to inducing rejection of the food available during the test. All
these results contribute to confirm the popular hypothesis that C. urens has antitumor,
antidiarrheal and insecticide action. These results corroborate with the scientific bibliographic
enrichment and contribute to a perspective on the production of new drugs and insecticides
more effective and with less adverse effects.

Key words: Cnidoscolus urens (Euphorbiaceae). Antitumor. Antidiarrhea. Insecticidal activity.
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CAPITULO |

1 INTRODUCAO

Organizacao Mundial de Satde (OMS), identificou que nos paises em desenvolvimento,
aproximadamente 80- 85% da populacdo, utilizam praticas tradicionais para os cuidados com a
salde (OMS, 2002; CRUZ et al., 2015). Na atualidade, tem- se falado muito em produtos de
origem natural, porém, sabemos que desde as mais antigas civiliza¢@es, as plantas sdo utilizadas
para tratar diversas enfermidades, e esta préatica, durante muito tempo foi a Unica alternativa de
cuidados e prevencdo que os individuos praticavam (BATTISTI et al., 2013; CRUZ et al.,
2015).

Sendo o Brasil detentor da maior biodiversidade, cerca de 55 mil espécies ja catalogada,
sendo estimado um total de 550 mil espécies. Por isso, ¢é tradicdo da populacdo brasileira,
utilizar recursos naturais como as plantas medicinais, sendo uma cultura transmitida entre as
geraces (FONSECA, 2012). Outro fator que contribui para a continuidade desta cultura, é
atribuido aos fatores socioecondmicos, principalmente pela falta de assisténcia médica
(ROQUE; LOIOLA, 2013; MARREIROS et al., 2015). O quantitativo de novas pesquisas em
torno das plantas medicinais tem crescido nos Ultimos anos, porém esse crescimento € muito
pequeno, apenas 8% ao ano (FONSECA, 2012).

A Caatinga tem uma vegetacao seca, e nem todas as partes das plantas (folhas, frutos e
flores) estdo disponiveis o ano inteiro, principalmente pela pequena duracdo do periodo
chuvoso e por essas caracteristicas, a maioria dos fitoquimicos retirados desta vegetacdo é
produzido através da casca dos vegetais (PINTO; AMOROZO; FURLAN, 2006). A explicacdo
para a ampla utilizacdo da casca, pode ser justificada pelo fato de estarem disponiveis o ano
inteiro independente da estacdo (ALBUQUERQUE; ANDRADE, 2002). Porém, essa prética
pode colocar esse ecossistema em risco de extingdo (ALBUQUERQUE et al., 2007).

Os jornais cientificos revelam muitos exemplares de vegetais da Caatinga que sao
aplicados na medicina popular (MARQUES, 2008; ROQUE et al., 2010; PEDROSA et al.,
2012; LUCENA et al., 2012). Como as plantas sdo amplamente utilizadas e muitas vezes de

forma indiscriminada, é de grande valia que seja dada uma aten¢do maior a respeito desta causa.
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A ciéncia revela e esclarece muitas informacdes, o semiarido brasileiro disponibiliza
recursos fitoterpicos com acbes e mecanismos diversificados: anti-inflamatdria, ténico,
analgésica, antidiabético, adstringente, entre outras acbes (SANTOS; ARAUJO;
ALBUQUERQUE, 2008; MACENA et al., 2012). Desta forma, a regido do nordeste brasileiro
é considerada, um centro de diversidade de familias, com aproximadamente 50 géneros e 240
espécies, com muitas espécies endémicas, que se distribuem, a maior parte, em areas de
Caatinga (LUCENA; ALVES, 2010; OLIVEIRA, 2013).

As Euphorbiaceae sdo uma das mais importantes familias vegetais encontradas em areas
de Caatinga (Tabela 1). Espécies desta familia pode ser facilmente encontrada em regiGes
tropicais e subtropicais dos continentes americano e africano (LUCENA; AMORIM; ALVES,
2009). As angiospermas, sdo uma das mais extensas e complexa familia. Espécimes de
Euphorbiaceae sdo bem representadas por cerca de 254 géneros e 6.300 espécies (HEYWOOD
et al., 2007), s6 no Brasil, ja foram registradas ocorréncias de 72 géneros distribuidos em 1.100
espécies, essa informacao pode ser confirmada na tabela 1, onde foram registradas algumas das
espécies de Euphobiaceae encontrada em uma regido do semiarido (WEBSTER, 1994;
GOVAERTS; FRODIN; RADCLIFFESMITH, 2000; RADCLIFFE- SMITH, 2001;
BARROSO, 2002; SOUZA; LORENZI,2008).

Tabela 1: Lista de espécies de Euphorbiaceae registradas em uma regido de Caatinga. A

tabela demonstra a riqueza e diversidade de espécies da familia Euphorbeaceae

Espécies Nome comum Habito Vocher
Acalypha multicaulis Mull. Arg Velaminho Arbustiva 20577
Acalypha poiretii Spreng. - Herbacea 20830
Astraea lobata (L.) Klotzch - Herbécea 20573
Cnidoscolus urens (L.) Arthur Cansangao Subarbustiva 20378
Croton adenocalix Baill. Marmeleiro- Arbustiva 20355
branco
Croton blanchetianus Baill. Marmeleiro Arborea 20384
Croton heliotropiifolius Kunth Velame Arbustiva 20382

Croton hirtus L' Her - Herbacea 25128
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Dalechampia scandens L. Cipo6-de-caboclo  Trepadeira 21068

Ditaxis malpighiacea (Ule) Pax & Pelo-de-raposa Arbustiva 20567

K. Hoffm

Euphorbia heterophylla L. - Herbacea 21342
Euphorbia hyssopifolia L Erva-de-leite Herbacea 21072
Euphorbia insulana Vell Maleiteira Herbécea 20829
Euphorbia prostrata Aiton - Herbéacea 21357
Euphorbia sp - Herbacea 20831
Jatropha molissima (Pohl) Baill Pinhédo Arborea 20347
Mabea sp Pau-de-estralo Arborea 20832
Manihot dichotoma Ule Manigoba Arborea 20346
Sapium glandulosum (L.) Morong Burra-leiteira Arborea 20358
Tragia volubilis L Urera Trepadeira 20374

Fonte: OLIVEIRA, 2013, com modificaces.

As Euphorbiaceas destacam-se por ser uma familia de importancia econémica, essa
importancia torna-se ainda maior quando avaliado a participacdo em setores industriais,
ornamentais, alimenticio e farmacoldgico (ALVES, 1998). Espécies como Manihot esculenta
Crantz, utilizada para a producao de farinha, no setor da industria podemos destacar a Hevea
Aubl, conhecida por seringueira, foi bastante explorada durante o periodo do ciclo da borracha
(CORREA et al., 2002).

Espécies como: Croton blanchetianus Baill (marmeleiro), Phyllanthus niruri L. (quebra
pedra) (CORREA et al., 2002), Ricinus communis L. (mamona) utilizado para extracio de 6leo
aplicado como lubrificantes e compostos biodegradaveis (SILVA, 1998), Cnidosculos urens
(L.) Arthur (urtiga), entre outras tantas (CORREA et al., 2002). Atualmente muitas dessas
espécies sdo alvo de diferentes estudos, acerca de suas propriedades quimica e bioldgicas,
importancia etnobotanica, contribuindo para melhor compreenséo sobre as espécies (SECCO,
2005).
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O género Cnidoscolus Phol é nativo do Brasil e 50-70 espécies com alastramento
neotropical (ARAUJO; LEAL; QUIRINO, 2012). A espécie Cnidoscolus urens, pertencente a
familia Euphorbiaceae, com importancia econdmica, apresenta distribuicdo no semiarido
(FERREIRA, 2011). Muitas sdo as causas, as quais espécies do género Cnidoscolus Phol, sdo
aplicadas pela medicina popular, entre as formas populares de utilizagdo podemos citar a
preparacdo de chas de raizes com efeito cicatrizante, ténico, diurético e até diarreico (BRAGA,
1976).

Conhecida como urtiga, de ocorréncia comum na Caatinga, porém também apresenta
ocorréncia no México e Argentina (ARAUJO; LEAL; QUIRINO, 2012). Estas plantas
apresentam pelos urticantes distribuidos pelo seu caule, nas pesquisas etnoboténicas
(PEIXOTO SOBRINHO, 2011), esta espécie é a mais relatada, segundo Albuquerque et al.,
(2007). Estudos realizados por Alves et al., (2007), identificaram que entra as espécies citadas
sendo utilizadas como medicinais, em uma feira livre no estado da Paraiba, a espécie C. urens,
estava entre as mais relatadas. Na maioria das vezes sdo administradas por via oral utilizando-

se déa raiz para tratar diversas enfermidades: Inflamacao da prostata, cisto de ovério e Utero.

Entre tanto, ainda se torna escasso a bibliografia cientifica que informem as
propriedades presentes em diferentes extratos desta espécie, corroborando com a necessidade
de iniciar estudos e avaliar os potenciais efeitos biolégicos que podem ser atribuidos aos
produtos sintetizados pelo C. urens, a fim de investigar seus metabdlitos secundarios para que

suas atividades sejam comprovadas, até que possam ser utilizados como terapicos seguros.

2 REVISAO DE LITERATURA

2.1 Plantas Medicinais

A evolucdo da humanidade apresenta uma relacdo muito intima com o mundo dos
vegetais. A espécie humana iniciou a domesticacdo de espécies vegetais e animais quando
processos evolutivos da ciéncia bioldgica, cultural e técnicas, tiveram inicio, acerca de 200 mil
anos. Os povos mais antigos passaram a reconhecer os produtos naturais, inicialmente, como

fonte alimenticia. Com o passar dos anos, a humanidade comecou a despertar outros tipos de
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interesse a esses produtos e reconhecer que as plantas tinham propriedades curativas E a partir
desta pratica, cada localidade desenvolveu e criou sua prépria cultura, tradicdo e crengas
(MAZOYER; ROUDART, 2010; MINISTERIO DA SAUDE, 2006).

A fitoterapia, que tem como base uma variedade inesgotavel de produtos
farmacoldgicos para fins terapéuticos sem isolamento de substancias ativas. (CARTAXO et al.,
2010; TAN et al., 2010; OLIVEIRA et al., 2012). Os fitoterapicos sdo produzidos de plantas
frescas ou secas, processadas por destilacdo, maceracgéo, percolacéo, entre outras metodologias.
Por tanto a procura por fitoterapicos a nivel mundial, tem crescido abundantemente. Esse
crescimento da-se pelo conhecimento acerca das plantas medicinais as quais apresentam um
alto valor econémico e sdo principais fontes para a retirada de recursos voltados para a producéo
de farmacos (OLIVEIRA et al., 2012).

O conhecimento sobre a acéo terapéutica das plantas, tem sido acumulado, aperfeicoado
e reproduzido, passado de geracdo em geracdo. Sendo assim, a sabedoria é passada entre
pessoas de uma mesma familia. Esta pratica garante a imortalidade do reconhecimento dessas
espécies com acdo terapéutica e que é influenciada pela idade, onde os mais antigos de uma
determinada comunidade eram o portador de maior conhecimento, capaz de identificar a planta
indicada para determinada doenca, a parte da planta (raizes, cascas, folhas, frutos e sementes)
gue podem ser utilizada e a melhor forma de preparo como chéas (onde a plantas é fervida junto
com a agua), decoccédo ou infusdo (o qual a &gua é fervida e depois colocada sobre a planta,
com agitacdo) (REZENDE; COCCO, 2002).

A utilizacdo de plantas como tratamento de enfermidades ocorreu nas civilizagdes
chinesas, assiricos, egipcios e hebreus desde 2.300 a.C, e que ainda hoje fazem uso desta
pratica. A fitoterapia cruzou toda a existéncia das mais antigas civilizagdes, iniciando na
antiguidade seguindo até a idade média, prosseguindo pela idade moderna e contemporanea,
sendo utilizada até hoje em todo o mundo. No Brasil ndo poderia ser diferente. A origem da
medicina popular com a utilizagdo de plantas foi influenciada de maneiras diferentes: (i) Os
conhecimentos deixados pelos indios que habitaram os territorios brasileiros; (ii ) A introdugéo
de tratamentos alternativos foram deixadas pelos negros escravos trazidos para o Brasil e
europeus; ( iii ) Durante o periodo que o Brasil foi colonizado e seguiu como coldnia de Portugal
(BIESKI, 2005).
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O Brasil encontra-se entre 0os 10 maiores consumidores de fitoterapicos, onde 91,9%
dos brasileiros utilizam ou ja utilizaram plantas para algum tipo de tratamento e quase 50%
desses possuem um cultivo medicinal caseiro, sendo 30% dos medicamentos, disponiveis e
registrados, de origem natural (OLIVEIRA et al., 2012).

A prética da medicina caseira, além do incentivo realizado pelo exercicio politico, é
estimulada entre as comunidades e sem supervisdo médica, a procura pela medicina tradicional,
nestes casos, s6 acontece se 0s sintomas persistirem. Outra causa que leva a escolha do
tratamento por métodos alternativos da-se quando a medicagdo tradicional ndo se encontra
acessivel ou € muito cara (RIBEIRO; LEITE; DANTAS- BARROS, 2005).

Diante da grande importancia mundial, nota- se a necessidade de incorporar a associagao
entre a medicina tradicional e a medicina alternativa, visto que nem sempre é possivel atingir
um potencial terapéutico ideal utilizando somente a medicina tradicional. Por isso, cada vez
mais vem sendo estimulado programas de salde adaptados especificamente para cada

localidade de acordo com o perfil socioeconémico (OLIVEIRA et al., 2012).

Deste modo, politicas governamentais estimulam a divulgacao de plantas com potencial
terapéutico e que poderdo ser utilizadas como fitoterapicos e implementadas no cotidiano do
Sistema Unico de Satde (SUS), com a finalidade de ampliar o nimero de fitoterapicos
financiados por verbas federal, a fim de torna-los acessiveis a populacdo. (PINHO;
PICHONELLI, 2009). Também foram incluidos a criacao de leis como o Decreto n 5.813, que
regula o programa de Politica Nacional de Plantas Medicinais e Fitoterapicos (PNPMF)
(BRASIL, 2007).

A fim de concretizar a utilizacdo de fitoterapicos, o governo brasileiro criou em 2006, a
Politica Nacional de Préaticas Integrativas e Complementares do SUS, a qual aprova o uso de
medicamentos fitoterapico. Mais tarde, em 2008, o Programa Nacional de Plantas Medicinais
e Fitoterapicas foi implantado, garantindo a populacdo brasileira, 0 acesso seguro aos
fitoterapicos (Instituto Ethos, 2016). Em 2009, o Ministério da Saude do Brasil divulgou uma
relacdo de 71 plantas (Tabela 2), as quais podem ser utilizadas como fitoterapicos (Ministério
da Salde, 2014).
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Tabela 2: Relacdo Nacional de Plantas Medicinais de Interesse ao SUS.

MNome cientifico

Nome popular

Utilidade

Achillea millefolinm

Mil-folhas, Dipirona

Combate tilceras, feridas e é
analgésico.

Allinm sativum

Alho

anti-séptico, antiiflamatorio e
anti-hipertensivo.

Aloe spp (A. vera ou A.
barbadensis)

Babosa, Aloes

Combate a caspa, calvicie e é
antisséptico. Retira lendia de
piolhos e é cicatrizante .

Alpinia spp (A. zerumbet ou A. |Coldnia Anti-hipertensivo.

speciosa)

Anacardium occidentale Caju Antisséptico e cicatrizante .
Ananas comosus Abacaxi Mucolitica e fluidificante das

secregdes e das vias aéreas
superiores,

Apuleia ferrea = Caesalpinia
ferrea

Juca, pau-ferro-verdadeiro,
Ibira-obi

Infecgdo catarral, garganta,
gota, cicatrizante

Arrabidaea chica

Crajird, carajiru

Afectes da pele em geral
(impigens), feridas,
Antimicrobiano

Artemisia absinthium

Artemisia

Estimago, figado, rins, verme
(lombriga e oxiuru, giardia e
ameba)

Baccharis trimera

Carqueja, carquejaamargosa

Combate feridas e estomaquico

Bauhinia spp (B. affinis, B. Pata de vaca
forficata ou variegata)
Bidens pilosa Picdo Combate tlceras

Calendula officinalis

Bonina, caléndula, flor-de-
todos-osmales, malmequer

Feridas, dlceras, micoses

Carapa guianensis

Andiroba, angiroba, nandiroba

Combate iilceras, dermatoses e
feridas

Casearia sylvestris

Guagatonga, apidacanogu,bugre
branco, café-bravo

Combate ilceras, feridas, aftas,
feridas na boca

Chamomilla recutita =
Marricaria chamomilla =
Matricaria recutita

Camomila

Combate dermatites, feridas
banais

Chenopodium ambrosioides

Mastruz, erva-de-santa- maria,
ambrosia, erva-debicho,
mastrugo, menstrus

Corrimento vaginal,
antisseptico local

Copaifera spp

Copaiba

Antiinflamacao

Cordia spp (C. curassavica ou

Erva baleeira

Anriiflamarorio
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C. verbenacea)

Costus spp (C. scaber ou C.
spicatus)

Cana-do-brejo

Combate leucorréia e
inflamacdio renal

Croton spp (C. cajucara ou C.
zehnimeri)

Alcanforeira, herva-mular,
péde-perdiz

Combate feridas, alceras

Curcuma longa Acafrao
Cynara scolymus Alcachofra Combate acido tirico
Dalbergia subcymaosa Veronica Auxilia no rratamento de

inflamacdes uterinas e da
anemia

Eleutherine plicata

Marupa, palmeirinha

Hemorroida, vermifugo

Equisetum arvense Cavalinha Diurético

Erythrina mulungu Mulungu Sistema nervoso em geral

Eucalypitus globulus Eucalipto Combate leucorréia

Eugenia uniflora ou Myrtus Pitanga Diarréia

brasiliana

Foeniculum vulgare Funcho Anti-séptico

Glycine max Soja Sintomas da menopausa e
osteoporose

Harpagophytum procumbens | Garra-do-diabo Avrtrite reumatdide

Jatropha gossypiifolia Pedo-roxo, jalopdo, batata-de- | Antisseptico e feridas

teu

Justicia pectoralis Anador Cortes, afecgdes nervosas,
catarro bronquial
Kalanchoe pinnata = Folha-da-fortuna Funinculos
Bryophyllum calycinum
Lamium album Urtiga-branca Leucorréia
Lippia sidoides Estrepa cavalo, alecrim,
alecrim-pimenta
Malva sylvesiris Malwva, malva-alta, malva- Furninculos

silvestre

Maytenus spp (M. aquifoliom
ou M. ilicifolia)

Concorosa, combra-de-touro,
espinheira-santa, concerosa

Antiséptico em feridas e tlceras

Mentha pulegium

Poejo

Mentha spp (M. crispa, M.
piperita ou M. villosa)

Horteld-pimenta, horteld, menta

Mikania spp (M. glomerata ou
M. laevigata)

Guaco

Broncodilatador

Momaordica charantia

Meldo de Sao Caetano

Morus sp

Amaora

Ocimum gratissimum

Alfavacao, alfavaca-cravo
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Orbhignva speciosa Babacu

Passiflora spp (P. alata, P. Maracuja Calmante

edulis ou P. incarnata)

Persea spp (P. gratissima ou P. |Abacate acido drico, prevenir queda de
americana) cabelo, anti-caspa
Petroselinum sativam Falsa

Phyllanthus spp (P. amarus,
P.niruri, P. tenellus e P.

Erva-pombinha, quebra-pedra

urinaria)

Plantago major Eanchagem, tanchas Feridas

Plectranthus barbatus = Coleus |Boldo

barbatus

Polygonum spp (P. acre ou P. | Erva-de-bicho Corrimentos

hydropiperoides)

Pormlaca pilosa Amor-crescido Feridas e tilcera

Psidium guajava Goiaba Leucorréia, aftas, tlcera,
irritagdo vaginal

Punica granatum Romeira Leucorréia

Rhamnus purshiana

Cadscara sagrada

Ruta graveolens

Arruda

Salix alba Salgueiro branco

Schinus terebinthifolius = Araguaiba, aroeira, aroeira-do- |Feridas e iilceras
Schinus aroeira rio-grande-do-sul

Solanum paniculatum Jurubeba

Solidago microglossa Amica Coniusdes
Stryphnodendron adsiringens = |Barbatimdo, abaremotemo, Leucorréia, feridas, ilceras,
Stryphnodendron barbatimam  |casca-da-virgindade corrimento vaginal
Svzygium spp (5. jambolanum | Jamboldo

ou 5. cumini)

Tabebuia avellanedeae Ipé-roxo

Tagetes minuta Cravo-de-defunto

Trifolium pratense

Trevo vermelho

Uncaria tomentosa Unha-de-gato Imunoestimulante e
antiinflamatorio
Vernonia condensata Boldo da Bahia
Vernonia spp (V. ruficoma ou | Assa-peixe
V. polyanthes)
Zingiber officinale Gengibre Tosse
Fonte: MINISTERIO DA SAUDE, 2014. Modificada.
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Em decorréncia da implementacdo desses programas, o0 MS iniciou convénios com a
indUstria e pequenos agricultores, além de selecionar 12 municipios distribuidos entre
Pernambuco, Parana, Minas Gerais, Pard, Goias, Rio de Janeiro e Sdo Paulo, objetivando
estimular a produtividade desses produtos, sendo esta a primeira vez em que recursos federais
foram investidos nesta area (Instituto Ethos, 2016). Hoje 21 unidades federativas (Tabela 3) ja
disponibilizam fitoterapicos assegurados por recursos do governo, estado e municipio
(Ministério da Saude, 2015).

Tabela 3: Vinte e uma unidades federativas pactuaram a disponibilizacdo de fitoterapicos
com recurso tripartite, conforme a Portaria GM/MS n° 1.555/2013:

UNIDADES DA FEDERACAO

ACRE (AC) ESPIRITO SANTO (ES) PARANA (PR)
ALAGOAS (AL) GOIAS (GO) RIO DE JANEIRO (RJ)
AMAZONAS (AM) MATO GFZSé?O DO SUL RONDONIA (RO)
RIO GRANDE DO
BAHIA (BA) MINAS GERAIS (MG) NORTE (RN)
CEARA (CE) PARA (PA) RIO GRAE';SD)E DO SUL
DISTRITO FEDERAL SANTA CATARINA
o PERNAMBUCO (PE) A
SAO PAULO (SP) SERGIPE (SE) TOCANTINS (TO)

Fonte: MINISTERIO DA SAUDE, 2015.

Os ramos de fitoterdpicos movimentam cerca de US$ 22 bilhGes de ddlares, no mundo,
com um crescimento anual de 12%. No Brasil, a fitoterapia € detentora de uma parcela de 5%
do mercado farmacéutico (MINISTERIO DA SAUDE, 2003). Os fitoterapicos apresentam uma
potencialidade inesgotavel, baseados nos recursos retornaveis. E através dos conhecimentos
obtidos por estudos realizados com matéria prima vegetal e levantamentos etnobotanicos, novas
descobertas, e desenvolvimento de novas moléculas com aplicabilidade tecnologica, poderdo
fazer parte do leque para a busca de terapéuticos com maior eficiéncia e com menor ou nenhum
efeito adverso (MINISTERIO DA SAUDE, 2006b).

No Brasil encontramos uma ampla biodiversidade e vinculada a essa biodiversidade,
temos a riqueza do conhecimento popular acumulado por pessoas que tém acesso direto a
natureza. Portanto, é um pais que somou seus conhecimentos sobre a medicina popular de uma

mistura cultural entre os indigenas, europeus e africanos, sendo, hoje uma nacéo que é dita
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como base para o desenvolvimento de novas pesquisas para descoberta de novas fontes de
medicamentos utilizando plantas medicinais como ponto de partida (SANTOS et al., 2012). Os
altos custos e o potencial adverso com efeitos colaterais que farmacos industriais apresentam e
incentiva a tendéncia para a procura de plantas que apresentam alto potencial bioldgico
(HALBERSTEIN, 2005).

O Brasil abriga a diversidade quimica vegetal. Sendo o pais que aloca a maior floresta
umida. Com seis Biomas bem distribuidos por todo o seu territorio. No territdrio brasileiro,
estdo localizados seis Biomas ricos em fauna e flora: Amazonia, Caatinga, Cerrado, Pantanal,
Pampa e Mata Atlantica, dentre eles destacamos o Bioma Caatinga, que atinge cerca de 70%
do Nordeste (PINTO et al., 2002; SANTOS; JUNIOR; PRATA, 2012). Plantas nativas da
Caatinga sdo vastamente utilizadas como medicinais e algumas espécies sdo comercializadas
como fitoterapico. Este cenario é bem representado pela Amburana cearenses e Erythrina
velutina, referendadas por Albuquerque e seus colaboradores em 2007.

2.1.1 Caracteristicas do Bioma Caatinga

Entre 1801 a 1900, século X1X, marcado por muitos conflitos militares, foi também, um
periodo marcado pelo aumento desenfreado de interesses em explorar areas inexploradas ou
pouco conhecidas, como o Cerrado, a Floresta Amazonica e a nossa inestimada Caatinga. Os
desbravadores que aqui chegaram, alimentavam uma expectativa de deparar- se com uma
vegetacao verde e florida, quando na verdade, encontraram uma vegetagéo seca, cheia de galhos
espinhos e sem folhas e nem flores (CARRARA, 1996).

Sendo assim, a Caatinga se destaca dos outros Biomas, por apresentar uma vegetacao
arbustiva e grandes arvores, repletas de espinhos (Ministério do Meio Ambiente, 2016). De
aparéncia seca, mas com grande capacidade auto renovavel, basicamente localizado no
Nordeste do Brasil. Toda a extensdo territorial da Caatinga, encontra- se bem distribuida em 09
estados brasileiros: Piaui, Ceard, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas, Bahia e
Sergipe, além de atingir uma parte de Minas Gerais (TRENTIN et al., 2011; PINHEIRO et al.,
2013).
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Para atribuir a real importancia da vegetacdo do semidrido brasileiro, tornou- se
necessario que pesquisadores em suas minuciosas observacfes, notassem o perfil adaptativo
que esses vegetais exibiam. Num dia de sol ardente incidindo sobe aquela terra seca, com
arvores quase morta, fixadas em baixo da terra por raizes que se estendiam por quilémetros em
busca d’agua, bastava um rapido contato com a umidade para que esta vegetacao desenvolvesse

folhas e frutos (MARTIU, 1996).

Provavelmente, hoje, a Caatinga é uma area que tem sofrido com as intervencGes do
homem, com sua atuacéo explorativa. Com 844.453 Km?2 de extensao pelo territorio nacional,
rico em biodiversidade, o Bioma ampara 178 espécies de mamiferos, 591 de aves, 177 de
répteis, 79 espécies de anfibios, 241 de peixes e 221 de abelhas. Milhares de pessoas carentes
dependem deste Bioma para sua sobrevivéncia (MINISTERIO DO MEIO AMBIENTE, 2016).

Cartaxo et al. (2010) e Pinheiro et al., em 2013, observaram e relataram a existéncia de
muitos estudos em torno do Bioma, Caatinga, 0s quais comprovam uma potente capacidade
terapéutica, com competéncia para ampliar o arsenal de moléculas bioativa. Em conjunto a este
Bioma estd a importancia do conhecimento popular que pode auxiliar nesta busca. Véarios
estudos populacionais relatam que muitas espécies sdo utilizadas para tratar diversas
enfermidades, incluindo doencas de pele, gastrointestinais, infecciosas, entre outras
(CARTAXO etal., 2010; PINHEIRO et al., 2013).

Em pesquisa realizada por Agra, Freitas e Barbosa- Filho, em 2007, retratam
informacBes onde a vegetacdo espinhosa da Caatinga, abriga em média, 483 espécies que tem
suas propriedades bioativas reveladas. Em contrapartida, muitas dessas espécies ainda nao

foram estudadas a nivel de composi¢do de seus constituintes e de suas atividades biolégicas.

Enxergando a relevancia dessa vegetacdo rica e com baixissima reserva de agua,
passamos a compreender 0 seu importantissimo papel, pois é altamente vulneravel a a¢do do
homem sobre 0 mesmo e as modificacGes dela resultante, esse Bioma que hospeda mais de 20
milhdes de habitantes, que sofrem com as mudancas drasticas de estacdo, principalmente com
o0 periodo da seca (CARTAXO et al., 2010; PINHEIRO et al., 2013).
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A Caatinga ndo é um Bioma que serve de alojamento para apenas espécies animais e
vegetais, servindo também de abrigo para familias. Aproximadamente 27 milhGes de pessoas
vivem em regides de Caatinga, e a maior parte dessas pessoas, Sao pessoas carente e dependente
dos recursos do Bioma para sobrevivéncia. Essa mata seca tem um imenso potencial para a
conservacao de servicos ambientais, uso sustentavel e bioprospecgdo. Condicdes estas que, se
bem dirigidas e exploradas de forma conservativa, poderdo contribuir para o desenvolvimento

da regido e do pais. Ja é sabido que, essas regides (Ministério do Meio Ambiente, 2016).

A Caatinga d& suporte para varios tipos de atividades econdmicas voltadas para fins
agrosilvopastoris (Sistema integrativo de lavouras, com espécies florestais e pastagens) e
industriais, especialmente nos ramos farmacéutico, de cosméticos, quimico e de alimentos.
Entretanto, o Bioma de importancia inestimada, tem sido devastado de forma acelerada. Uma
das principais causas do rapido desmatamento pode ser atribuida ao consumo de lenha nativa
de forma ilegal e insustentavel, para fins domésticos e inddstrias, ao pastoreio e a conversdo da
vegetacdo nativa para pastagens e agricultura (ALMEIDA ET AL, 2010; MINISTERIO DO
MEIO AMBIENTE, 2016).

Na tentativa de cessar esse desmatamento que ja atinge 46% da area do Bioma,
conforme informacdes fornecidas pelo Ministério do Meio Ambiente (MMA), o governo luta
pela criacdo de mais unidades de conservacao federais e estaduais e promove alternativas para
0 uso sustentavel da sua biodiversidade. Parcerias também sdo seladas entre o governo e 0s
estados, para garantir a integridade e preservacao, além da promocao de acOes para a utilizacdo
sustentavel de espécies nativas, manejo florestal e eficiéncia energética nas industrias
(Ministério do Meio Ambiente, 2016). Mesmo com todas essas parcerias, a Caatinga continua

sendo um dos Biomas menos protegidos do pais (Ministério do Meio Ambiente, 20016).

Diante desta vasta biodiversidade, inUmeras espécies tém uma representatividade de
valor inestimado, outras dessas espécies sdo comercializadas em feiras livres como
fitoterapicos, mas algumas poucas destas tém propriedades medicinais conhecidas
(ALBUQUERQUE et al., 2007; CARTAXO et al., 2010).

Dentre todas as classes e espécies de vegetais ja conhecidas podemos destacar a notavel

contribuicdo das plantas superiores (CALIXTO, 2003). S&o cerca de 60 mil espécies de plantas
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superiores, onde somente 8% ja foram alvo de pesquisa quanto as a¢des de seus produtos e
pouco mais de 1000 espécies tiveram suas propriedades medicinais avaliadas. O Programa das
Nacdes Unidas para o Desenvolvimento (2010) estima que no Bioma Caatinga, possam existir
mais de 1500 exemplares de plantas superiores (entre Angiospermas e Gimnospermas)
(BRASIL, 2006).

As plantas superiores desempenham um papel fundamental para o desenvolvimento de
novas drogas, embora so se tenha 10% da biodiversidade mundial estudada. Aproximadamente
140 mil metabdlitos intermediarios sdo derivados em sua maioria, de plantas superiores
(CALIXTO, 2003). Esse grupo vegetal, que é composto por 55.000 espécies (SEVERIANO et
al., 2010; DUARTE et al., 2004), que apresentam uma heterogeneidade de tipos estruturais
como, por exemplo, os flavonoides, os terpendides e os alcaldides, os quais podem exercer
atividades biolégicas (GOTTLIEB; BORIN, 2012; DUARTE et al., 2004).

Estima- se que 520 novos farmacos aprovados pela Food and Drug Administration
(FDA), aproximadamente 39% tenha partido de recursos naturais. Demonstrando um pouco
mais da importancia desses derivados, 33% dos medicamentos mais prescritos e vendidos no
mundo sdo de origem vegetal. Este percentual atinge a margem de 70% quando essas drogas

sdo direcionadas para o combate contra o cancer e infeccdes (CALIXTO, 2003).

2.2 Caatinga e plantas medicinais

A maior responsavel pela producdo das substancias organicas € a natureza e o reino dos
vegetais sendo o produtor da maior parte desta fracdo. Seja oriundo de qual quer fonte, os
produtos de origem natural, podem servir como base para estudos de novos padrdes de
moléculas benfeitoras para a descoberta de novos farmacos (VIEGAS-JUNIOR; BOLZANI;
BARREIRO, 2006).

Apresentando- se como um dos mais importantes Biomas do Brasil, a Caatinga, tem se
tornado alvo de grandes pesquisas. E neste lugar onde muitas pesquisas s&o iniciadas. A fauna
e flora que compbem esta reserva instiga muita curiosidade, em especial as plantas. Esta
constatacdo pode ser confirmada pelo grande ndmero de estudos j& existente na literatura

cientifica, que correlacionam a utilizacdo dessas plantas como terapicos e a elas tem sido
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reportada muitas agdes: anticolinesterasica, gastroprotetora, analgésica, anti-inflamatoria,
anticoagulante, ansiolitica, antiplasmodica, antitumoral, antidiarreica, atividade inseticida,
entre outras numerosos potenciais (CARVALHO et al., 1996; DINIZ, 2013; PEREIRA et al.,
2012; TREVISAN; MACEDO, 2003).

Trevisan e Macedo (2003) em seus estudos, puderam comprovar que ao utilizar a casca
de Amburana cearenses, conhecida por umburana, e extraindo da casca 0s principios ativos
com etanol, aplicando a uma atividade de inibi¢éo enzimatica por teste de microplaca, poderiam
obter excelentes resultados. Sendo assim, o extrato da umburana é um potente inibidor de
acetilcolinesterase. Agentes que atuem neste sentido sdo bastante utilizados para o tratamento

de pacientes portadores da doenca de Alzheimer (DA).

A inducdo de ulcera cronica por acido acético, em roedores, € uma metodologia utilizada
a fim de se verificar a acdo gastroprotetora dos farmacos. E foi através deste método que Pereira
et al (2012) identificaram que Handroanthus impetiginosus (ipé roxo), quando utilizou- se
extrato hidroalcoodlico da casca do caule para tratar animais induzidos por acido acético, obteve
resultados significativos quanto a protecdo da mucosa gastrica e ainda pode sugerir que o
mecanismo de acdo esteja envolvido com a manutencéo da integridade da mucosa e estimulo

de proliferacéo celular.

O extrato aquoso de Libidibia ferrea (pau-ferro), foi testado quanto sua a¢do analgésica
e anti-inflamatdria. Nos modelos testes, o extrato apresentou resultados significantes quando
comparados ao controle negativo tanto para os modelos de edema de pata, contor¢do abdominal
e placa quente, entre tanto os melhores resultados foram obtidos para os modelos que avaliaram
a acdo analgésica do extrato (CARVALHO et al., 1996).

Em 2011, Aradjo e colaboradores, conseguiram isolar uma lectina da casca de trapia
(Crataeva tapia), a qual foi testada com relacdo a sua atividade anticoagulante. Existe
indicativo de que a lectina isolada tem acéo direta nos fatores VIII, 1X, X e XI da coagulacéo.
Este mesmo estudo ainda identificou que este composto isolado da trapia desempenha dupla

acao: inibicao e anticoagulacgéo.
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Testes que avaliam a utilizacdo de plantas da Caatinga, com ac¢ao sobre o sistema nervo
central (SNC) também foram testadas. O extrato etandlico de folhas de Annona vepretorum,
mais popularmente conhecida como “ pinha da Caatinga”, foi empregado para avaliar a atuagdo
sedativa do SNC em camundongos. Segundo resultados obtidos pelo estudo, a pinha da
Caatinga apresenta acdo sedativa, sem afeta a coordena¢do motora dos individuos testados
(DINIZ, 2013).

Quando testado frente a Plasmodium falciparum, os compostos extraidos do caule de
Hymenaea coubaril (jatobd) demonstrou ter atividade. Segundo Kohler et al, 2002, uma
concentracdo de aproximadamente 11 pug/mL, foi a dose encontrada e necessaria para induzir a

inibicdo do crescimento desta populacdo em 50%.

Peixoto (2011), conseguiu identificar e comprovar que algumas espécies de
Cnidoscolus, entre elas: C. infestus e C. quercifolius, desempenharam potencial citotdxico e
apresentaram a capacidade de inibir o crescimento celular. Extratos produzidos com a utilizagédo
de partes aéreas e raiz de C. insfestus, apresentaram atividade antiproliferativa contra as
linhagens Hep-2 e NCI- H292, numa concentracao de 50ug/ mL. Quanto ao extrato da casca de
C. quercifolius, demonstrou-se ativo frente as linhagens celulares HT-29 e Hep-2, também na
mesma concentracdo. Ainda segundo Peixoto, estas espécies sdo amplamente utilizadas

popularmente para o tratamento de processos inflamatérios e tumorais.

Segundo Beserra, 2014 extratos de Cissus sicyoides, ja conhecida pela sua agdo
hipoglicemiante, também chamada de insulina vegetal, foi capaz de inibir a diarreia provocada
por 6leo de ricino, tanto no que refere- se a frequéncia de evacuacBes quanto ao percentual de
fezes liquefeitas, quando realizado o pré-tratamento com doses iguais a 250 e 500 mg/Kg. Na
visdo do autor, 0 extrato pode apresentar a agdo antidiarreica, estando envolvido com a indugéo
de uma alteracdo na motilidade intestinal, em consequéncia, inibicdo do transito e aumento da

absorcdo de agua, contribuindo para menor secrecéo do TGI.

Extratos da Myracrodruon urundeuva (Anacardiaceae), Ziziphus joazeiro
(Rhamnaceae) e Croton blanchetianus (Euphorbiaceae), foram testados quanto sua atividade

de repeléncia contra Tetranychus bastosi. Ao fim do experimento, verificou- se que 0s extratos
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das folhas das trés espécies em teste, desempenharam além da atividade repelente, apresentaram
também um indice de mortalidade significativa (XAVIER et al., 2015).

Durante muito tempo as plantas medicinais foram negligenciadas e sé na década de 80
esse cenario comecou a mudar. Na atualidade, como pode ser comprovado pelos estudos
realizados por Xavier et al. (2015) sdo constantes as descobertas e as publica¢des na literatura
cientifica, sobre plantas como produto terapéutico. A importancia da medicina alternativa,
baseada na utilizacdo de plantas, tradicionalmente, assume que esses vegetais devem ser
empregados para finalidades curativas, ao ser utilizado qualquer parte do vegetal (FONTE,
2004).

2.3 Familia Euphorbiaceae

A familia Euphorbiaceae é composta por 5 subfamilias, 49 tribos, 300 géneros e 8000
espécies. Entre as familias de plantas com flores, é uma das maiores, de alta complexidade e
diversificada. (SECCO et al., 2012; WMINE; DAMME, 2011). Essa familia esta entre as mais
importantes por apresentar valor econémico histdrico, como por exemplo, o género Hevea
brasiliensis (seringueira), o qual economicamente fez parte do clico da borracha, que aconteceu
no Brasil, por volta do século XX e a Manihot esculenta (macaxeira) que esta entre 0s mais
importantes alimentos (SECCO et al., 2012). E mais recentemente a Jatropha curcas (pinhéo-
manso), matéria prima utilizada para a producdo do biodiesel (GARG; KHATRI; GANDHI,
2011).

No Brasil, a familia é representada por mais de 1000 espécies, dentro de 80 géneros
(SATIRO; ROQUE, 2008). No Nordeste a familia ¢ registrada com uma das mais importantes
do semiarido e se distribui em 211 espécies e 45 géneros (LUCENA; ALVES, 2010). A
Caatinga possui 17 espécies endémicas como representante das Euphorbias (SATIRO;
ROQUE, 2008).

As Euphorbiaceae exibem importancia terapéutica e caracteristicas peculiares que
atribuem a esta familia uma excelente atividade medicinal. Por apresentarem ampla
distribuicdo em todas as regifes tropicais de todos os continentes, a familia apresenta

caracteristicas de sobrevida excepcional, como adaptac6es climaticas, altas cargas de mutacdes,
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além dos estimulos ambientais. A disposicdo para sofrer adaptacdes, confere a esta familia a
capacidade de produzir diversos metabdlitos secundarios (WMINE; DAMME, 2011).
Compostos tais como fendis, ésteres, ricina, flavonoides, saponinas, terpenos, alcaldides e
taninos foram encontrados em espécies desta familia e relatados por Kiem et al. (2009); Duarte;
Lage; Ferreira (2008); Gressler et al. (2008); Goel et al. (2007); Liu et al. (2007); Yang et al.
(2007) e Rossi et al. (2003) respectivamente.

Os achados de inumeros pesquisadores em nivel de moléculas derivadas do
metabolismo das Euphorbiaceaes demonstram a alta eficiéncia desses derivados, ao
desempenhar funcdo medicinal, j& que esses metabdlitos sdo produzidos pelas plantas para
desempenharem papel protetor contra as adversidades encontradas no ambiente em que vivem.
(WMINE; DAMME, 2011). Assinalando assim, um bom ponto de partida para uma pesquisa
de novos fitoterdpicos os quais possam ser utilizados na medicina humana e veterinaria ou ainda

na agricultura contra pragas.

Muitas espécies de Euphorbiaceae sdo alvos de muitos estudos cientificos e séo
designadas para numerosas finalidades como alimentacdo, ornamentacdo, predecessor de
compostos quimicos, lubrificantes, resinas, além das utilidades medicinais. O latex que essas
espécies produzem apresentam grandes concentracdes de diterpenos de carater complexo, estes
apresentam atividades bioldgicas diversas como citotoxica, anti-inflamatoria, analgésica,
antiespasmadica, antitumoral, etc. Outras substancias bem caracteristicas desta familia sdo os

esterdides, lectinas, as hemaglutininas e compostos cianogénicos (FELIU, 2011).

Trindade e Lameira (2014), puderam comprovar que a maioria das espécies da
Euphorbiaceae, que foram citadas por populares em estudos etnobotéanicos, das 149 espécies, a
grande parte foram indicadas com potencial medicinal. Sabe- se que a utilizacdo dessa familia
é descrita por civilizagdes orientais e ocidentais. A tabela 4 abaixo destaca algumas das 149

espécies citadas por Trindade e Lameira e suas respectivas indica¢des de utilizag&o.
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Tabela 4: Lista de espécies da familia Euphorbiaceae que foram citadas em estudo

etnobotanicos e suas respectivas aplicagoes.

Nome Cientifico

Nome comum

Utilizacéo/ propriedade

Acalypha accedensMull.Arg.

Acalifa

Medicinal, ornamental

Acalypha amblyodonta(Mull. Arg.) Mull. Arg.

Pélo-vermelho

Medicinal

Acalypha arvensisPoepp.

Rabo-de-macaco

Medicinal, ornamental

Alchornea discolorPoepp. Supiarana Madeira (embalagem), ornamentacéo
Alchornea sidifolia Mull. Arg. Urucurana Reflorestamento, madeira (tabuas)
o y Reflorestamento, madeira (tabuas),
Alchornea triplinervia(Spreng.) Mull.Arg. Tapia o
medicinal
Aleurites moluccanus(L.) Willd. Nogueira-da India, ~ Ornamental

Aparisthmium cordatum(A.Juss.) Baill Marmeleiro Medicinal, paisagismo
Bernardia pulchella(Baill.) Mll. Arg Canela-de-vira Medicinal

Caryodendron amazonicum Ducke Mamaluco Medicinal

Caryodendron orinocense H. Karst. Tacai Alimento, perfumaria, madeira,

medicinal, fertilizante

Cnidoscolus phyllacanthus (Mull. Arg.) Pax &

Favela, faveleiro,

Alimento gado, medicinal, forrageira

L. Hoffm. quimadeira
Cnidoscolus quercifolius Pohl Favela-de-cachorro  Medicinal
Cnidoscolus urens (L.) Arthur Cansancdo Medicinal
Croton heliotropiifolius KUNTE Velame Medicinal e reflorestamento
Croton hirtus L'Hér. Croton Medicinal
Euphorbia heterophyllaL. Erva-de-leite Medicinal
Jatropha curcas L. Pido-branco Ornamental
L . Medicinal, cosmético, alimento
Jatropha gossypiifolia L Pinhao-roxo ) .
animal, combustivel, ornamental
Manihot esculenta Crantz Mandioca Alimento
o ) Codimento, 6leo, biocombustivel,
Ricinus communis L. Mamona o
medicinal
Sebastiania jacobinensis(Mull. Arg.) Mull. Arg.  Leiteiro Combustivel

Fonte: TRINDADE; LAMARIA, 2014.

A familia Euphorbiaceae tem um amplo espectro na sua utilizacdo na medicina

alternativa, bem como o género que tambem estd compreendido nesta familia, Cnidoscolus,

género este que é bastante citado em estudos etnofarmacoldgicos, em contrapartida, pouca sdo

as comprovagcdes e estudos cientificos que revelem suas propriedades bioldgicas.
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2.3.1 O Género Cnidoscolus Phol

Este género proposto por Pohl (MELO; SALES, 2008), apresenta uma distribuicdo por
todo o territdrio brasileiro no Norte (Para, Tocantins), Nordeste (Maranhdo, Piaui, Ceara, Rio
Grande do Norte, Paraiba, Pernambuco, Bahia, Alagoas, Sergipe), Centro-Oeste (Mato Grosso,
Goiés, Distrito Federal, Mato Grosso do Sul), Sudeste (Minas Gerais, Espirito Santo, Sao
Paulo, Rio de Janeiro) e no Sul (Parand) (Figura 1) (CORDEIRO; SECCO, 2012).

Cnidoscolus, do grego: knide = urtiga, skolos = ponta, sdo popularmente conhecidos
como ‘“‘urtiga”, uma das caracteristicas peculiares deste género é a presenca de tricomas
urticantes, 0s quais provocam irritacGes severas, na darea de contato, severas. Seus
representantes sdo encontrados principalmente na América Tropical, e praticamente
predominantes no México e no Nordeste Brasileiro. Para este género sdo relatados cerca de 50
a 75 espécies, em toda América tropical (PEIXOTO SOBRINHO et al., 2012).

No estado de Pernambuco o género Cnidoscolus é representado por oito espécies,
segundo Melo; Sales (2008), C. bahianus (Ule) Pax & K. Hoffm., C. loefgrenii (Pax & K.
Hoffm.) Pax & K. Hoffm., C. obtusifolius Pohl, C. oligandrus (Mll. Arg.) Pax, C. quercifolius
Pohl, C. urens (L.) Arthur, C. urnigerus (Pax) Pax e C. vitifolius (Mill.) Pohl. C. urens ocorre
praticamente em todos os Biomas. C. leofgrenii pode ser encontrado na Zona da Mata e
Caatinga, C. quercifolius, C. obtusifolius, C. vitifolius, C. bahianus e C. urnigerus, com resistro
na Caatinga e C. oligandrus presente somente na Zona da Mata (MELO; SALES, 2008). No
entanto, Peixoto Sobrinho et al. (2011), traz a informacdo que na Caatinga, 0 género é
representado por quatro espéces que se destacam por apresentar uma imensuravel diversificacdo
quanto a sua utilizacdo, entre elas, C. infestus Pax & K. Hoffm., C. pubescens Pohl, C.

quercifolius Pohl e C. urens (L). Arthur.
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Figura 1. Distribui¢io geografica do género Cnidoscolus sp no Brasil. Areas coloridas nas
cinco regides (Norte, Nordeste, Centro- Oeste, Sudeste e Sul) do Brasil demonstram a
presenca do género.

Fonte: CORDEIRO; SECCO, 2012. Cnidoscolus in Lista de Espécies da flora do Brasil.
Disponivel em: http://floradobrasil.jbrj.gov.br/2012/index?mode=dp&tid=17491.

Estudos sobre o perfil fitoquimico, a partir de extratos metandlicos, deste género
revelaram a presenca de cumarinas, flavondides, taninos, fendis e terpendides como metabolitos
secundarios (PEIXOTO SOBRINHO et al., 2012). Varias sdo as doencas em que 0S
Cnidoscolus sdo indicados através dos conhecimentos populares. Essas indicacdes incluem
atividades anti-inflamatéria (ALBUQUERQUE, 2006), antitumoral, para tratamento do sistema
genito-urinario, como anti-séptico e no tratamento de infeccGes renais, lesdes dermatologicas e
oftdlmicas, contusbes, fraturas, ferimentos, verrugas, disenteria, hemorragia, apendicite,
reumatismo (PEIXOTO SOBRINHO et al., 2012; ALMEIDA et al., 2005) e contra micoses
(ALBUQUERQUE et al., 2007). Além da empregabilidade que o género apresenta na medicina
caseira, este ainda pode ser utilizado como forrageiras, oleifera, laticifero e ornamental (MELO;
SALES, 2008).
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Por ser utilizada na medicina popular, de uso comum no Nordeste e em outras regides
do mundo e sempre citada em levantamentos etnobotanicos, a espécie C. urens se destaca dentro

do género.

2.3.2 Espécie Cnidoscolus urens (L.) Arthur

Largamente distribuida em todo territorio brasileiro, chamada popularmente por
cansancao, arrediabo, cansancéo de leite, pinha queimadeira, urtiga de mamao, urtiga cansangédo

ou simplesmente urtiga, o C. urens é uma planta invasora (SATIRO; ROQUE, 2008).

Esta espécie pode variar de subarbustos a arbustos, medindo entre 0,5- 2,5 m de altura
(SATIRO; ROQUE, 2008). E uma espécie nativa do Brasil e apresenta distribuicio geografica
nas regides do Nordeste (Piaui, Rio Grande do Norte, Paraiba, Pernambuco, Bahia, Cear3,
Alagoas, Sergipe), Centro-Oeste (Mato Grosso, Goids, Distrito Federal), Sudeste (Minas
Gerais, Espirito Santo, Sdo Paulo, Rio de Janeiro) e Sul (Parana) (Figura 2) (CORDEIRO;
SECCO, 2012).
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Figura 2: Distribuicio geografica da espécie de C. urens no Brasil. Areas coloridas nas
quatro regides (Nordeste, Centro- Oeste, Sudeste e Sul) do Brasil demonstram a presenca da
especie.

Fonte: Cordeiro; Secco, 2012. Cnidoscolus in Lista de Espécies da Flora do Brasil.
Disponivel em: http://floradobrasil.jbrj.gov.br/2012/index?mode=dp&tid=17495.
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A espécie € bastante conhecida pela presenca de pélos urticantes chamados de tricomas
urticantes, que sdo quebradicos e quando o tricoma é quebrado ocorre uma liberagédo instantanea
de cristais de oxalato de célcio os quais provocam irritacdes quando em contato com a pele
(MALHEIROS, 2012).

O C. urens tem como caracteristica que auxilia no seu reconhecimento, numerosas
glandulas papiliformes na juncao do peciolo com a lamina, perianto das flores pistiladas com
segmentos livres ou raramente unidos (MELO; SALES, 2008). As folhas da espécie sdo
membranéaceas, lamina foliar lobada, ovada, com lobos centrais e laterais, da &pice agudo e
margens serradas, estipulas triangulares. A inflorescéncia com 16 dicésios, brécteas, apice
agudo e bubescente. Suas flores estaminadas e pistiladas, sésseis, calice tubular-
hipocrateriforme, lobos elipticos a oblongos, glabros, ndo urticantes, com disco nectarifero
proeminente, estames em 10 e desprovidas de odor (ARAUJO; LEAL; QUIRINO, 2012;
SATIRO; ROQUE, 2008). Quanto as sementes, sdo ditas oblongas, do tipo capsula que se
abrem para dispersdo das sementes odor (ARAUJO; LEAL; QUIRINO, 2012) (Figura 3).
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Folha, (C) Semente, (D) Flor.
Fonte: SOUZA, P.G.V.D., 2016.

A ocorréncia de C. urens se da durante todo o ano e as maiores floragdes juntamente
com a frutificagdo ocorrem durante os meses de abril e julho, mas durante os outros meses
podem-se encontrar arbustos floridos, essa constante floracdo atribui a espécie importantes
recursos alimentares. Assim sendo, espécies com este tipo de caracteristica de floracéo,
atribuem importantes fontes alimentares, ja que ofertam estes recursos durante todo o ano
(ARAUJO; LEAL; QUIRINO, 2012).

Estudos prévios de Peixoto Sobrinho et al. (2012) identificaram a presenca de
antocianinas, derivados de antraquinonas, antraquinonas, cumarinas, flavondides, taninos,

triterpenos, esterdides, mono e diterpenos, xantinas pela extracdo com metanol de partes aéreas
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de C. urens e na extragdo da raiz, pelo mesmo processo foram identificados derivados de

antraquinonas, cumarinas, lignanas, mono, di e triterpenos, saponinas e esteroides.

Esta espécie nativa revela-se de grande acuidade, sendo a mais relatada em estudos
etnofarmacoldgicos, onde populares utilizam suas raizes e cascas do caule para tratamento das
mais diversas doengas, pois acreditam que esta espécie tem um potencial terapéutico contra
canceres, processos inflamatérios variados, dores generalizadas, problemas renais, disenteria,
hemorragias, apendicite e reumatismo (AGRA et al.,, 2007b; ALBUQUERQUE, 2006;
ALBUQUERQUE et al., 2007). Porém, até o momento ndo foram encontrados resistros de sua

utilizagdo na agricultura, com ag&o inseticida.

Os conhecimentos populares sdo estimulos que incentivam a ampliacdo dos
conhecimentos sobre as a¢bes bioldgicas e mecanismos, apontando o potencial terapéutico que
C. urens desempenha. Assim faz- se importante a realizacdo de novos estudos nao s6 sobre a
espécie, mas também sobre a familia, pois sua presenca é notada em estudos etnobotanicos

realizado por todo o Nordeste.

2.4 Atividade Bioldgicas

2.4.1 Atividade Antitumoral

Por haver muitas referéncias a neoplasia, na literatura médica da Grécia Antiga, a
palavra “neoplasia”, significa novo crescimento, Hipocrates criou os termos Karkinos e
KarkinGma, derivados de Karkinos que denotam Ulceras ndo cicatrizadas e tumores malignos
solidos, respectivamente. (PASCOAL et al., 2010; CERDEIRA FILHO, 2008). Outros relatos
existentes, também da Grécia Antiga entre 138 e 201 d.C. aproximadamente, Galeno, médico
de origem grega, tenha feito analogia entre o tumor e o caranguejo. (PASCOAL et al., 2010).
A palavras neoplasia ¢ a definigdo cientifica empregada para referendar o “cancer”.
(ALMEIDA et al., 2005; CERDEIRA FILHO, 2008). A expressdo cancer surgiu um pouco
mais tarde, advinda do latim da palavra cancrum que quer dizer “caranguejo”, essa designagao
foi atribuida ao céncer por apresentar-se com veias intumescidas e profundas, sendo
comparadas as patas de um crustaceo quando firmasse na areia prendendo-se e dificultando sua
remocdo. (MINISTERIO DA SAUDE, 1971; ALMEIDA et al., 2005).
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Entretanto, podemos definir a palavra neoplasia como sendo, o crescimento
descontrolado de uma nova massa celular/ tecido onde sua origem pode ser benigna ou maligna,
ja o cancer esta relacionado ao crescimento desordenado de uma massa celular/ tecido de
ascendéncia maligna (BOGLIOLO, 1998; MOURA et al., 2001).

Com a falta de conhecimento, sobre 0 comportamento desta doencga, somente no final
do século XVIII, o cancer iria comecar a ser entendido, a cerca de como ele poderia progredir
e destruir 6rgdos. Sua acao invasiva, agressiva e progressiva atribuiu ao cancer um protétipo
estigmatizado segundo o qual, de fato, pessoa que estivesse acometida com tal doenga, na certa
teria uma morte precoce e seriam rejeitadas pelo seu grupo de convivéncia. Essa rejeicdo dar-
se-ia devido a crenca de carater contagioso do cancer incentivada pela ciéncia, que perdurou
até as duas primeiras décadas do século XX (CARVALHO, 2006).

O termo cancer/neoplasia tornou-se generalizado e agora € utilizado para identificar
mais de uma centena de doencas. E definido e caracterizado por um histérico clinico-patoldgico
de uma enfermidade multifatorial crénica, com perda de peso (cerca de 30% dos pacientes com
cancer, apresentam perda de peso superior a 10%) e desnutricdo, além do crescimento
desordenado, proliferativo e difuso de células transformadas, as quais podem invadir tecidos e
orgaos levando a formacdo de um novo tecido atipico: o tumor. Células de um tumor primario
podem disseminar-se para diversas partes do corpo e diferentes 6rgdos levando ao surgimento
de tumores secundarios, assinalando-se como metastase. (MINISTERIO DA SAUDE, 1971;
ALMEIDA et al., 2005; GAROFOLO et al., 2004; GAROFOLO; PETRILLI, 2006; KOWATA
etal., 2009).

O cancer ganha relevancia pelo perfil epidemioldgico que apresenta, até os dias atuais
por ser considerada uma das doencgas que mais causa mortes no mundo. Segundo a Organizagéo
Mundial de Saude (OMS) em 2012 houve um total de 8,2 milhGes de mortes por cancer e 14,1
milhGes de novos casos de cancer. De acordo com essa estimativa o percentual de céancer
continuard aumentando em paises em desenvolvimento e também crescera ainda mais em paises
ja desenvolvidos. No Brasil, para o ano de 2014 e 2015 existiram aproximadamente 576 mil
novos casos de cancer (INCA, 2014). Os tipos de cancer mais incidentes na populacdo brasileira

para 0 ano de 2014, sdo demonstrados na figura 4.
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Figura 4: Incidéncia de diferentes tipos de cancer no Brasil.
Fonte: INCA (2014).

O processo complexo da formagéo e desenvolvimento das neoplasias, denominado
carcinogénese, surge de uma serie de alteracdes genéticas (alteracdes de genes ou cromossomo)
e epigenéticas (expressdo ou ndo de um determinado gene) (Figura 5) e ocorre em trés etapas:
iniciacdo, promocao e progressao. A iniciacdo € provocada por uma desregulacdo gendmica,
devido a um agente carcinogénico que incita modificacdes permanentes em alguns de seus
genes, transformando a célula (BOGLIOLO; BRASILEIRO FILHO, 2006).

Esta, agora iniciada, se apresenta menos responsiva a fatores que interfira no
crescimento celular ou aos indutores de diferenciacdo celular ou a apoptose (BOGLIOLO;
BRASILEIRO FILHO, 2006). A etapa de promocdo consiste na proliferacdo ou expansao das
células devido a uma série de interacbes entre citocinas, fatores de crescimento e seus
receptores. Para que o processo de transformacdo em célula maligna ocorra é necessario a

exposicéo longa e continuada com o agente cancerigeno promotor.
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Figura 5: Etapas de instalagdo do cancer.
Fonte: ABEL et al, 2009.

Os promotores sdo substancias que apresentam uma propriedade em comum, de
provocar irritacdo dos tecidos desencadeando reac6es inflamatorias e proliferativas, como por
exemplo o promotor 0 12-O-tetradecanoilforbol-13-acetato (TPA)
(BOGLIOLO & BRASILEIRO FILHO, 2006).

mais conhecido,

Sendo complexo processo, a carcinogénese inicia-se e se estabelece por danos genéticos
induzidos por agentes carcinogénicos como: a radiacgdo, virus ou agente quimicos (Figura 6).
Os danos ocorrem nos genes conhecidos como, proto- oncogenes, que sdo promotores do
crescimento celular, e genes supressores de crescimento celular e ainda alteragdes em genes
que controlam o processo de morte programada das células (Figura 7). Por fim, o tumor ap6s
seu surgimento sofre modificacdes bioldgicas que o tornam mais agressivo e maligno, este
processo é designado progressdo tumoral e é caracterizado pela multiplicacdo descontrolada
irreversivel (ONCOGUIA, 2014).
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Figura 6: Desenvolvimento e modificagdes genéticas para o surgimento da carcinogénese.
Fonte: SOUZA, P. G. V. D., 2016.
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Figura 7: Esquema simplificado da patogénese do cancer. Demonstracdo dos genes que

podem sofrer mutacgdes e que estdo envolvidos com o surgimento do cancer.
Fonte: GOMES, 2008.

As neoplasias podem ser divididas de acordo com varios critérios: comportamento
clinico (benignas e malignas), aspectos microscopicos (histomorfoldgico) e pela origem do
tumor (histogenético). As neoplasias benignas possuem suas células bem diferenciadas,

discretas atipias celulares, baixo indice mitotico, com crescimento lento e expansivo,
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delimitacdo e geralmente ndo reicidivam ap0s cirurgia de remocao. J& as malignas apresentam
alteracbes na expressdo génica com tendéncias a sintese de isoformas de enzimas
predominantes na fase embrionéria, rapida captacdo de aminoacidos, resisténcia a hipdxia, séo
indiferenciadas e provocam metastase (BRASILEIRO-FILHO et al., 2000). Tém como
componentes basicos todas as neoplasias, 0 parénquima constituido de células tumorais e
estroma, composto principalmente de vasos neoformados e células inflamatorias e de tecido
conjuntivo (DVORAK,1986).

Inimeras sdo as razBes que levam a perca de funcdo dos genes que regulam o ciclo
celular, podendo ser por maltiplos fatores. A predisposic¢do genética, fatores fisicos, quimicos
e biologicos sdo exemplos. E os riscos envolvidos com a predisposi¢édo para o desenvolvimento
de um cancer podem ser identificados por alteragcbes moleculares. A carcinogénese se instala
lentamente, levando anos, até que o primeiro sinal seja percebido, sendo mais comum em
pessoas de idade avancada, devido ao acimulo de mutacdes, danos oxidativos e diminuigdo da
resposta imune (GOMES, 2008).

Existem hoje vérias formas de tratamento para o cancer com maior eficacia, como
esquemas terapéuticos associados a cirurgia, radioterapia e quimioterapia (RAINER et al,
2009). A remocdo do tumor com intuito curativo pela cirurgia oncoldgica, realiza uma
drenagem linfatica dos linfonodos locais e do tecido normal em quantidades suficientes
mantendo uma margem de seguranca adequada (TEICH; FRANKS, 1990). A radioterapia é um
método no qual aplica-se feixes de radiagBes ionizantes a um determinado tempo e volume de
tecido que engloba o tumor com o intuito de destrui-lo, porém ndo age de forma especifica e
resulta também na lesdo de células saudaveis. A quimioterapia emprega a utilizacdo de
medicamentos com o0 objetivo de destruir as células cancerosas bloqueando o seu

desenvolvimento.

Um dos principais farmacos utilizados no tratamento de diversos tipos de cancer é o 5-
Fluorouracil (5-FU) (Figura 8), € um analogo da uracila, contendo um atomo de flUor na posigéo
5 ao invés de um hidrogénio, amplamente usado a mais de 50 anos para tratar cancer de colon,
de mama, de cabega e de pescoco. Ele age incorporando Fluoronucleotideos ao DNA ou RNA,
bem como inibindo a a¢do enzimética da Timidilato sintetase (responsavel pela sintese de
DNA) (LONGLEY; HARKIN; JOHNSTON, 2003).
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Figura 8: Estrutura quimica da uracila, a esquerda e do 5- fluorouracil, a direita.
Fonte: GREM, 2000.

Apds sua administracdo, 80% do farmaco é catabolizado no figado por acles
enzimaticas, a massa biodisponivel é transportada para o interior da célula convertida em trés
metabdlitos  ativos:  Fluorodesoxiuridina-monofasfato ~ (FAUMP),  trifosfato  de
fluorodesoxiuridina (FAUTP) e fluorouridina trifosfato (FUTP). Ap6s a conversdo dos
metabolitos, sua acdo pode ser direta pela incorporacdo causando danos celulares ou ird ainda
ativar a via alternativa pela inibigdo da timidilato sintetase (Figura 9 e 10). (LONGLEY,
HARKIN; JOHNSTON, 2003). Os diferentes medicamentos anticancerigenos agem por
diversos mecanismos e podem ser derivados também de organismos marinhos, microrganismo

e plantas.
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Figura 9: Esquema do mecanismo de ac¢do do 5- Fluorouracil. Reacdo anabdlica e catabolica
do 5- FU.
Fonte: LONGLEY; HARKIN; JOHNSTON, 2003.
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T

Figura 10: Via alternativa envolvendo a timidina sintetase, resultando em dano ao DNA.
Fonte: LONGLEY; HARKIN; JOHNSTON, 2003. 5-Fluorouracil: Mechanisms of

Action and Clinical Strategies.

Os produtos naturais tém se destacado entre outros recursos, como sendo um dos mais
utilizados na busca de novos componentes antineoplasicos. E segundo Lima (2006), das
250.000 espécies de plantas existentes em todo mundo, aproximadamente cerca de 1000
espécies diferentes de vegetais apresentam acao antitumoral.

E muitas espécies e compostos isolados dos vegetais ja foram testados quanto a sua a¢éo
antitumoral: terpenos, alcal6ides, cumarinas, lignanas, flavonoides, taninos, stilbenos,
curcumindides, polissacarideos (PEI-WEN et al, 2005, GOMES, 2008). Segundo Gullo et al.
(2006) das novas drogas utilizadas para o tratamento dos tumores, 60% desses novos
tratamentos sdo de origem natural. Um exemplo sdo os alcaloides (vinblastina e vincristina)

extraidos da Catharanthus roseus e paclitaxel, extraido de Taxus brevifolia.

2.4.2 Anatomia, Fisiologia, Motilidade, Secre¢do do trato grastrointestinal e a Diarreia

Em seu pleno funcionamento, por sua acao contratil e secretora, 0 TGI tem sua funcéo
relacionada com a absorcdo, secrecdo e motilidade (SILVERTHORN, 2010; CHEN et al.,
2010). Em sua fisiologia, o TGI é formado por 4 camadas (Figura 11): mucosa, submucosa,
camada muscular circular e longitudinal e por Gltimo a camada serosa, sendo coordenadas por
uma rede de nervos do sistema nervoso entérico (SNE) (SILVERTHORN, 2010). O estimulo
da motilidade do intestino é iniciado em decorréncia do esvaziamento do estébmago, sendo
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modulada por fatores nervosos e humorais, sendo a acetilcolina (ACh) o principal
neurotransmissor (GUYTON; HALL, 2006).
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Figura 11: Lumen do trato gastrointestinal. O trato gastrointestinal possui quatro camadas
que auxiliam a desempenhar as fungdes durante o processo digestivo.
Fonte: <http://magicnumbers-parussolo.blogspot.com.br/2011/05/sistema-digestorio.html>,
traduzido por Souza, P. G. V., 2016.

Atuando nos receptores muscarinicos (M3), a ACh liga-se a proteina G, provocando
mudancas conformacionais e causando fosforiliagdo por uma molécula de GTP, a qual induzira
uma dissociacao da proteina G. A proteina G que foi subdividida, liberard a subunidade alfa-
GTP, e ativard a fosfolipase C- Bl (PLCB1) e que atuara hidrolisando o fosfatidilinositol
bifosfato (PIP2) em inositol trifosfato (IP3) e diacilglicerol (DAG). O IP3 se liga aos seus
receptores que estdo localizados no reticulo sarcoplasmatico das células e induz a liberacéo de
Ca2*, o qual ird atuar liberando mais Ca?*. O aumento da concentracdo de Ca2" intracelular mais
0 DAG ativa proteinocnase C (PKC) que contribuira para a inativacdo dos canais de potassio
(SILVERTHORN, 2010; BRUNTON et al., 2011).

A concentracdo de K* aumentada conduz a uma despolarizacdo da membrana e abertura
dos canais de calcio dependentes de voltagem (Cay), levando ao influxo de célcio na célula
muscular lisa. O Ca?* se liga a proteina ligadora de célcio (CaM) ativando MLCK que por sua
vez estimula a contracdo muscular (SILVERTHORN, 2010; BRUNTON et al., 2011).
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Por acdo da SERCA, que bombeia o Ca?* do citosol para dentro do reticulo, diminuindo
a concentragdo de Ca?*, assim como, a ativagdo da PMCA que empurraram sodio para o interior
da célula e retira o célcio, bem como a atividade da MLCP, ocorre o relaxamento do tecido
musculares liso intersticial (SILVERTHORN, 2010; BRUNTON et al., 2011). Processo
ritmado e executado por células chamadas de células de Cajal, localizadas na camada muscular
(TACK, 2007).

Na luz intersticial, se d& o controle da secre¢io. Neste processo estdo envolvidos o Ca?*,
Cl, e HCOz', o controle da secrecdo desses ions € realizado por varios transportadores
transmembranares e a secre¢do do Cl™ ocorre pela abertura dos canais i6nicos, que € regulado
pelo AMPc ou CMPc, por ativacdo de proteinas cinases, a qual estimula o bombeamento dos
ions através dos canais. Assim, qualquer processo patolégico que resulte no aumento de AMPc,
promove abertura dos canais com secrecdo de CI, Na* e H.O para o limen intestinal
(VANNUCCI; GUEDES, 2009; DONOWITZ et al., 2012).

Processos patoldgicos como, infeccdo bacteriana, toxinas, antibidticos, antidcidos
contendo magnésio, produtos contendo lactose, andlogos de prostaglandinas, colchicina,
antineoplasicos, gastrina, serotonina, bem como inibidores, a noradrenalina, colecistocinina,
NO, peptidio YY, prostaglandinas, dopamina e peptideo intestinal vasoativo e agentes
colinérgicos, provocam a diarreia (CHASSANY et al., 2000; KOEPPEN; STANTON, 2009;
CHEN et al., 2010).

Estes agentes contribuem para o aumento de AMPc ou GMPc que estdo envolvidos com
a ativacdo de PKA, PKG e por sequencia fosforilacdo dos reguladores de bombeamento de ions
transmembrana. Havendo abertura dos canais de reguladores transmembrana de fibose cistica
(CFTR), um aumento o bombeamento de ions (CI" e Na*) e agua para o limen intestinal,
acontecerd, induzindo alteracBes na motilidade e secregdo intestinal, causando a diarreia
(VANNUCCI; GUEDES, 2009; DONOWITZ et al., 2012).

A primeira estimativa da grandeza do problema das doencas diarreicas agudas, foi
realizado por Snyder e Merson, em 1982 (SNYDER; MERSON, 1982). InfecgOes
gastrointestinais, tem como principal sintoma, a diarreia, que mata cerca de 1,5 milhdes de

criangas todos os anos. Ainda que existam tratamentos baratos e eficazes, o quantitativo de
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casos e internagdes com doencas diarreicas ainda € muito alto e apenas 39% das criangas com
diarreia, recebem tratamento adequado. Embora a maioria dos casos néo apresentem evolucéo
mais grave, alguns agentes etiologicos podem contribuir para evolugédo grave, podendo chegar
até o obito. Mundialmente, os nimeros de Obitos por diarreia, podem ser atribuidos a ma
qualidade da &gua, inadequacdo de saneamento e falta de higiene, contribuindo para um
percentual de 88% da totalidade (UNITED NATIONS CHILDREN’S FUND ¢ WORLD
HEALTH ORGANIZATION, 2009).

Uma das doencas mais comum em quase todos os paises de clima tropical do mundo,
apresentando fases de agravamento, a diarreia € uma das principais causas de mortalidade nos
paises em processo de desenvolvimento socioecondmico (SATISH; RANJANA, 2015). O
maior indice de mortalidade pode ser encontrado entre criancas de até cinco anos de idade, esses

resultados podem ser comprovados na figura 12.
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Figura 12: Proporc¢éo de dbitos por doencas diarreica aguda em > de 5 anos de idade.
Fonte: DATASUS (2012) modificado por Souza, P.G.V.D., 20016.

As afeccOes que levam a uma alteracéo intestinal, evoluindo para um quadro aumentado
de nimeros de evacuages, € uma das causas mais comum de morte nos paises como a Nigéria
e a segunda causa de morte entre criangas no mundo. S6 na Europa, em 2001, foram constatados
1.793,000 casos de morte. A diarreia infecciosa é considerada uma doenca fatal e grave, com o
resultado de 4 a 6 milhdes de obitos/ano no mundo (BAMISAYE et al, 2013).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bahekar%20SE%5Bauth%5D
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A diarreia pode ser desencadeada, na maioria das ocasibes por infeccGes
gastrointestinais, podendo ser causadas por varias etiologias Tabela 5 (MINISTERIO DE
SAUDE, 2014).

Tabela 5: Tipos de agentes etioldgicos desencadeadores de diarreia.
INFECCIOSA NAO INFECCIOSA

Bactérias e suas | Intolerdncia a lactose e glaten

toxinas Ingestdo de grandes quantidades de adocantes

Ingestdo demasiada de alguns alimentos
Virus

Sais mal absorvidos (Ex: laxantes e antiacidos)

_ ) Acidos biliares (apos resseccdo ileal)
Toxinas naturais

Gorduras ndo absorvidas

Algumas drogas (Ex.: catarticos, o¢leo de ricino,

Parasitos prostaglandinas)

Hormonios peptidicos produzidos por tumores pancreaticos.
Fonte: Portal Sadde, MINISTERIO DA SAUDE (2014), modificado por Souza, P. G. V. D.,
2016.

A sindrome diarreica é caracterizada clinicamente, por uma alteracdo no volume,
consisténcia e frequéncia, associada a uma liquidez das fezes. Podendo ainda estar
acompanhada por intensas dores abdominais, febre e ainda vémito. Por tanto, caracterizando-
se por uma quantidade anormal de fezes malformadas, aumento do nimero de evacuacdes,
podendo durar até 14 dias. O comprometimento no equilibrio do bom funcionamento do sistema
digestivo, equilibrio entre a reabsorcdo e secrecdo da mucosa intestinal, leva a um aumento da
perca de agua e de eletrolitos, pela liquefacdo, malformacéo das fezes e uma massa fecal
superior a 200g/ dia (WGO, 2012; THIELMAN; GUERRANT, 2004).

Sendo chamados de antidiarreicos, esses farmacos atuam reduzindo os sinais da diarreia,
melhorando a frequéncia, o volume e a consisténcia das fezes. Desta forma, os antidiarreicos
exercem seus efeitos sobre a regulacdo da motilidade intestinal e da secrecdo de agua e ions
(BRUNTON et al., 2011). A terapéutica abordada para as doencgas diarreicas deve ser iniciada
pela hidratacdo oral, alimentacdo adequada e medicamentos que auxiliam na regulacdo da

reabsorcdo de nutrientes, como a loperamida e o difenoxilato. A exemplo, a loperamida atua
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diminuindo a motilidade e a secre¢do do fluido gastrointestinal (WANG et al., 2005; MARCOS;
DUPONT, 2007). Farmacos com agdo no retardamento do transito intestinal devem ser evitados
em casos de infec¢des bacterianas, a fim de evitar a evolucdo da doenca, com riscos de infeccdes
sistémicas (BRUNTON et al., 2011).

Os medicamentos utilizados para a terapéutica das DDA, s&o de classes diversas, desde
antibioticos, opiaceos até antagonista de receptores muscarinicos. Entretanto, alguns desses
farmacos, como a loperamida, podem desenvolver efeitos ndo desejados: constipacdo e
distensdo abdominal (RANG et al., 2011).

A Organizacdo Mundial de Salde, estimular a pesquisa com produtos naturais a serem
utilizados como possivel e potentes terapéuticos para diversas patologias, a fim de proporcionar
tratamento eficaz, de baixo custo e com menor ou até mesmo nenhum efeito adverso. Assim,
fica exposta a necessidade de novas pesquisas que possam comprovar 0s conhecimentos

populares, tencionando a producdo de novos farmacos com acéo otimizada e mais acessivel.

2.4.3 Controle de Insetos Praga

A guerra que o homem travou para habituar-se a natureza, faz parte da historia da
boténica e para tal adaptacdo o homem utiliza- se dos recursos naturais, em diversas areas, Como
na medicina, na inddstria e na agricultura. E desde da antiguidade a defesa contra pragas
agricolas, que se caracteriza por um surto de determinada espécie nociva ao desenvolvimento
agricola, € realizada com a utilizacdo de plantas e mais recentemente, aplicacdo de substancias
sintetizadas, como os agrotoxicos (GALLUN, KHUSH, 1984; VIEGAS-JUNIOR, 2003). A
etimologia aplicada, remete desde os tempos mais remotos, estudos que retratam esta realidade
além de apresentar a resisténcia de plantas a insetos (ORTMAN; PETERS, 1984)

A prética de controle de insetos € realizada pela aplicacdo de uma substéncia conhecida
como inseticida, substancias assim chamadas por ter acao letal, inibidora ou repelente contra
essas pragas. Esses agentes séo utilizados para controlar infestacGes de pragas que atacam tanto
na zona rural e quanto na zona urbana (ADDOR, 1994) e comegaram a ser utilizados apos a
Segunda Guerra Mundial e assim muitos desses compostos organicos passaram a Ser
sintetizados (LIU et al., 2011).
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Organoclorados, organofosforados e carbamatos s&o inseticidas sintéticos e sdo bastante
utilizados para o controle de inseto- pragas. A grande questdo se da pelo emprego desta pratica
em larga escala. O uso indiscriminado contribui para o aparecimento de populacdes de insetos
resistentes, prejuizo ao meio ambiente, efeitos sobre outras popula¢des que ndo sdo alvo, além
de danos a saude humana, em especifico para aqueles que trabalham diretamente com esses
produtos (BARROS et al., 2006; LEITE et al., 2007).

Inicialmente, dosado pela sua eficiéncia quanto ao controle de pragas em associagdo aos
custos, eram considerados os melhores defensivos, mais posteriormente, a busca acontece de
forma diferente, e a eficiéncia e economia, ja ndo eram mais o padrdo. Os interesses estavam
em alternativas que ndo apresentassem prejuizo a saude humana e ambiental. Recentemente,
mais exigéncias, € preciso avaliar mais propriedades, tais como: mecanismo de acdo,

especificidades, degradacdo ao ambiente e seguranca a salde e ao ambiente (SALAZAR, 1997).

Com o interesse crescente pela agricultura, o homem desenvolveu maiores
preocupacOes acerca das pragas com potencial em atacar suas plantagbes ou ainda causar
qualquer outro tipo de dano e por isto passou a compreender melhor o que representa as pragas.
As infestacdes por insetos, ameaca as culturas trazendo consigo ameacas devastadoras, como a
fome e ameacando também a salde humana e ambiental. E isto tem levantado uma certa
inquietacdo e tém sido acompanhadas pela criacdo de estratégias mais adequadas. Neste cenario
atual, tem- se percebido a busca por novos métodos, que envolve a aplicacdo de biocidas
(CASIDA; QUISTAD, 1998; BESTETE et al., 2011).

Fatalmente 0 emprego de inseticidas convencionais acarreta em desequilibrio bioldgico,
como por exemplo, a morte ou repeléncia de especies polinizadoras (AZEVEDO, 1998;
KNAAK et al., 2012). A alternativa seria a substituicdo de técnicas convencionais, por técnicas
de origem bioldgica a qual, seria uma alternativa para diminuir tais danos (SALAZAR, 1997).

E talvez por isso, o controle biologico de pragas, seja uma area promissora.

A matéria prima vegetal se constitui uma nova fonte e praticamente inesgotavel para a
pesquisa de novas moléculas biologicamente ativas e com potencial toxicolégico a serem
aplicadas ao manejo e controle de pragas (SIMOES et al., 2004; GRZESIUK, CATELAN,
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GEBARA, 2013). E o Brasil dettm uma das maiores biodiversidades em espécies (COSTA,
2001). Algumas dessas espécies ja foram investigadas quanto ao seu mecanismo de acdo, com

relacdo a reguladores do crescimento ou inseticida.

Em 2003, Junior, verificou que isolados de Croton cajucara, apresentou potencial
inibidor de crescimento em Heliothis virescens e neurotoxico em Cylas formicarius. O
potencial inseticida do extrato etandlico do caule de Croton linearifoliu contra Cochliomya
macellaria foi evidenciado por Cunha et al, em 2010. Segundo Grzesiu, Catelan e Gebara
(2013), relataram que os extratos de folhas e galhos de Croton florinbundus, podem ser
utilizados como isca para Periplaneta americanas. Vale destacar que todas essas espécies
supracitadas fazem parte da mesma familia, Euphorbiaceae, revelando sua importancia como

novas alternativas promissoras nao apenas como inseticidas, mas também para outros fins.

Mesmo havendo potentes inseticidas, nos Ultimos anos o que se tém visto € a capacidade
espantosa de resisténcia e adaptacéo dos insetos aos inseticidas sintéticos (MAIRESSE, 2005).
Na atualidade, aparentemente existe um sucesso no controle bioldgico, pela utilizacdo de
técnicas de melhoramento genético para a resisténcia a pragas, atraves da engenharia genética,
mas ainda assim, sdo técnicas caras e pouco exploradas (OLSON et al., 1996).

N&o é por acaso que a utilizacdo de inseticidas vem crescendo nas Ultimas décadas
(TSUNECHIRO, FERREIRA, 2000), porém ja se conhece os danos causados pela utilizacdo
extensiva dos agrotoxicos, como intoxicagdo e contaminacdo do meio ambiente, do aplicador e
dos alimentos. Este contexto tem contribuido pela busca de novas alternativas, através de
bioativos (BESTETE et al., 2011). Torna- se importante destacar que os produtos alternativos,
apesar de apresentar menor toxicidade, podem afetar as plantacGes, por ja existir alguns estudos
gue comprovem a acdo na alteracdo no ciclo germinativo de algumas espécies. Partindo desta
prerrogativa, informagdes sobre este tipo de interacdo ainda € bastante escasso, fazendo- se
necessario estudo mais especificos que contribuam para a sele¢do de produtos mais adequados
para serem aplicados como fitoinseticida (SMANIOTTO et al., 2013). E ainda apresenta
vantagens como, alta especificidade em relacdo a praga alvo, sem causar danos a outros insetos,
plantas e animais, sendo mais facilmente degradados que os sintéticos (KOUL; DHAWIWAL,
2001)
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Apenas 1% do mercado mundial de inseticidas, é composto por fitoinseticidas. Essa
realidade é atribuida a algumas barreiras encontradas. A escassez de recursos vegetais com
atividade comprovada, o controle e padronizagéo das formulagdes, séo fatores que dificultam o
registro e a comercializacdo destes produtos. Mesmo assim, € evidente que inseticidas vegetais
é uma ferramenta vantajosa, inclusive no que se trata da obtencéo de novos compostos bioativos
contra novas pestes que possam surgir. Além disso, o interesse crescente por produtos naturais,
conscientizacdo de produtores e consumidores inclinando na direcdo de atitudes
ecologicamente correta (ISMAN, 1997; VIEGAS- JUNIOR, 2003; KRINSKI, MASSAROLLI,
MACHADO, 2014). E ainda apresenta vantagens como, alta especificidade em relacéo a praga
alvo, sem causar danos a outros insetos, plantas e animais, sendo mais facilmente degradados
que os sintéticos (KOUL; DHAWIWAL, 2001).

2.4.3.1 O Gorgulho do Milho (Sitophilus zeamais), Insetos Praga de Gr&os Armazenados

O Brasil ¢ um dos maiores produtores mundiais de frutas (BOTTON et al., 2005a) e de
grdos, principalmente de milho o qual é direcionado para alimentacdo humana e producédo de
racao animal. Esses produtos podem ser atacados por pragas levando a prejuizos (FONTES,
FILHO ALMEIDA, ARTHUR, 2003). Aproximadamente 10% da producdo de grdos séo
descartadas, devido aos danos causados pelo ataque de pragas, em especial pelo gorgulho do
milho, o Sitophilus zeamais (PAIXAO et al., 2009). Cerca de 20% da safra de milho, arroz,
trigo e feijdo, do Brasil entre 0 ano de 1991- 1992 foi desperdicada pelo ataque de insetos praga
(FONTES, FILHO ALMEIDA, ARTHUR, 2003).

Diante deste cenario, torna- se notoria a perda qualitativa e quantitativa desses produtos,
que geralmente acontecem no periodo de armazenamento dos grdos (PAIXAO et al., 2009) ou
ainda durante o periodo de amadurecimento (pré-colheita) das frutas susceptiveis aos ataques
(BONETI; RIBEIRO; KATSURAYAMA, 2002). Das causas e fatores que contribuem para
estas perdas, estdo 0s insetos praga, entre eles: mosca- da- fruta (Anastrepha fraterculus)
(Figura 13 A), mariposa oriental (Grapholita molesta) (Figura 13 B), e o gorgulho (S.s zeamais)
(Figura 13 C), que sdo um dos principais agentes causadores de danos em grdos armazenados
e frutas, no Brasil, segundo Bonetti et al., (1999) e Botton; LORINI; AFONSO, (2005).
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Figura 13: Espécies de insetos pragas que estdo associados com o0s prejuizos e perdas da
producéo de graos e frutas no Brasil. (A) Anastrepha fraterculus (Mosca das frutas Sul
Americana), (B) Grapholita molesta (Mariposa oriental), (C) Sitophilus zeamais (Gorgulho de
milho)

Fonte: [A] http://quintaisimortais.blogspot.com.br/2013/07/anastrepha-fraterculus-mosca-
das-frutas.htmi
[B] http://agrolink.com.br/agricultura/problemas/busca/mariposa-oriental_1505.html
[C] http://www.beefpoint.com.br/cadeia-produtiva/dicas-de-sucesso/pragas-de-

armazenamento-de-milho-4575/

Uma das maiores dificuldades encontradas no combate desses insetos, esta envolvido
com a forma com que 0s vegetais sdo parasitados. Como o gorgulho apresenta um periodo de
ataque justamente préximo ao periodo de colheita, além, os insetos adultos ficam protegidos
dentro dos frutos ou grédos, dificultando o contato com os inseticidas e podendo estes
permanecerem depositados nos alimentos (BOTTON et al., 2005b).

O S. zeamais (Figura 14), sendo no Brasil, a principal praga para o milho, pode causar
danos na reproducéo deste gréo, reducdo da biomassa, da qualidade e germinacéo das sementes
(MARSARO JUNIOR, et al., 2005; PAIXAO et al., 2009). Foi descrito pela primeira vez em
1885, por Mostschuescky (TAVARES, 2002), hoje bem distribuido em regides tropicais e
temperadas (VILARINHO, 2012). Os insetos adultos (Figura 14 A) séo pequenos, medindo em
torno de 3 mm, de coloragéo castanha, possuem manchas avermelhadas nas asas (Figura 14 A-
2), cabeca com projecéo frontal e rostro curvados (Figura 14 A-1) apresentando pecas bucais,
as quais sdo mais curtas e grossas nos individuos machos (Figura 14), (VILARINHO, 2012) e
ainda alimentam- se dos grédos. As fémeas ainda utilizam os grdos para oviposi¢do e protecdo
de seus ovos (Figura 14 B) (ALVES et al., 2008; SANTOS et al., 2010).


http://agrolink.com.br/agricultura/problemas/busca/mariposa-oriental_1505.html
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s e

Figura 14: Caracteristicas das fases do Sitophilus zeamais. [A]- Inseto adulto com destaque
para o rostro (1) e manchas avermelhadas nos élitros (2), [B]- Estagios de desenvolvimento do
inseto, (1) Fémea ovopositando no interior do gréo, (2) Larva em desenvolvimento no interior

do gréo, (3) Pupa, (4) Fase final, adulta, do inseto.

Fonte:
[A]http://www.azoresbioportal.angra.uac.pt/listagens.php?lang=pt&sstr=8&id=A00470,
[B] http://www.agronegocios.eu/noticias/sitophilus-zeamais-e-sitotroga-cerealella-pragas-do-
milho/

As fémeas da espécie do S. zeamais, com o periodo de pré-oviposicdo que dura cerca de
6 dias, logo apds iniciando o ciclo de oviposi¢do com duragdo de 104 dias, sendo 282, 0 nimero
médio de ovos depositados por cada fémea. Os ovos sdo depositados no interior dos gréos,
através de um orificio aberto pelo aparelho bucal da fémea. O tempo de incubacéo varia entre
3 a6 dias, passando por 4 fases larvais, levando 34 dias até atingirem a fase adulta. Ao deixarem
0 grdo, 0s novos insetos cruzam e ddo inicio ao novo ciclo (GALLO et al., 2002; ANTUNES,
DIONELLO, 2010).

A aplicacdo de produtos quimicos para o combate e controle das pragas, normalmente
é alcancado com o uso dos inseticidas do tipo fumigante ou com residuos protetores, este
segundo é o principal método preventivo (VASQUEZ- CASTRO, 2006). Segundo Coitinho et
al. (2011), outras préaticas também tém sido aplicadas de forma paralela, como a limpeza e
secagem dos grédos, aeracdo e manutencdo da temperatura. Porém, todas as alternativas, por
mais viaveis que sejam, apresentam alto poder de causar intoxicacdes, deixar residuos
impregnados nos graos e inducdo do aparecimento de especies resistentes (VASQUEZ-

CASTRO, 2006). Porém uma outra alternativa, aparentemente bastante promissora, se faz pela


http://www.azoresbioportal.angra.uac.pt/listagens.php?lang=pt&sstr=8&id=A00470
http://www.agronegocios.eu/noticias/sitophilus-zeamais-e-sitotroga-cerealella-pragas-do-milho/
http://www.agronegocios.eu/noticias/sitophilus-zeamais-e-sitotroga-cerealella-pragas-do-milho/
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utilizacdo de espécies vegetais e por isto, 0 uso de extratos de espécies vegetais, como praticas
alternativas podem ser mais sustentaveis (TAVARES et al., 2009; TAVARES et al., 2010).

Sendo assim, as aplicacBGes indiscriminadamente desses inseticidas sintéticos tém
desencadeado problemas com a producdo de insetos resistentes e contaminacdo de alimentos
com residuos de agrotoxicos (MARSARO JUNIOR et al., 2005) e envenenamento dos
operadores (VILARINHO, 2016). Desvantagens como essas tém contribuido para impulsionar
a busca por alternativas de menor impacto prejudicial para 0 homem, os gréos e o ambiente.
Dentre as alternativas mais atuais sdo encontrados os inseticidas de origem vegetal (Figura 15).
A utilizacdo destas praticas tem como principais vantagens a reducao de residuos impregnados
nos alimentos, dos efeitos nocivos a outros organismos ndo alvo, da intoxicacdo humana e
problemas ambientais. Para tanto, essas pesquisas apresentam expressividade quando objetivam
a descoberta de novas moléculas, as quais poderdo ser aplicadas para o controle e combate de
insetos praga (VILARINHO, 2016).

Figura 15: (A) Exemplar de inseticida de origem vegetal, (B) Azadirachta indica,
(C)Estrutura quimica da azadiractina.

Fonte: [A]https://www.google.com.br/search?g=inseticida+de+origem+vegetal&source
=Inms&tbm=isch&sa=X&ved=0ahUKEwin_tL206jNAhWHjJAKHcnXAFAQ AUICSgC&b
iw=1360&bih=643#imgrc=2Ln6KPgR4DY5NM%3A
[B] https://www.cpt.com.br/cursos-agricultura/artigos/nim-um-agente-biologico-eficaz-no-
controle-natural-de-pragas

[C] http://orquideascomocuidar.com/inseticida-natural-para-combater-pragas/


https://www.google.com.br/search?q=inseticida+de+origem+vegetal&source%20=lnms&tbm=isch&sa=X&ved=0ahUKEwin_tL2o6jNAhWHjJAKHcnXAFAQ_AUICSgC&biw=1360&bih=643#imgrc=2Ln6KPqR4DY5NM%3A
https://www.google.com.br/search?q=inseticida+de+origem+vegetal&source%20=lnms&tbm=isch&sa=X&ved=0ahUKEwin_tL2o6jNAhWHjJAKHcnXAFAQ_AUICSgC&biw=1360&bih=643#imgrc=2Ln6KPqR4DY5NM%3A
https://www.google.com.br/search?q=inseticida+de+origem+vegetal&source%20=lnms&tbm=isch&sa=X&ved=0ahUKEwin_tL2o6jNAhWHjJAKHcnXAFAQ_AUICSgC&biw=1360&bih=643#imgrc=2Ln6KPqR4DY5NM%3A

61
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

Vérios autores tém demostrado e constataram muitas espécies vegetais com atividade
inseticida. Liu, Goh e Ho (2007), testaram quanto a atividade inseticida de contato, deterrente
e de fumigante de 40 espécies de erva medicina de 32 familias botéanicas, frente duas espécies
de insetos: S. zeamais e Tribolium castaneum, dentre as familias, destaca-se a espécie da familia
da Euphorbiaceae. Liu e colaboradores relataram que 30 das espécies exibiram atividades

inseticidas.

Devappa et al. (2010) sugeriram que inseticidas contendo ésteres de forbol,
desempenham atividade inseticida importante e esses produtos s&@o produzidos como
metabdlitos secundarios, pelos vegetais, principalmente por espécies da familia Euphorbeaceae,
principalmente pelo género Jatropha. Silva et al., (2012), constataram efeito inseticida sobre S.
zeamais e Rhyzopertha dominica. Em estudos realizados por Silva et al. (2012), apresentaram
mortalidade dos insetos para os grupos tratados com extrato aquoso das sementes, comprovando
que as a¢des pesticidas também podem varias de acordo com as partes das ervas.

A utilizacdo de plantas medicinais como C. urens e a sua impactante representacdo
encontrada em citaces nos estudos etinobotanicos, desperta curiosidade e sdo alavancas que
impulsionas a busca pelo conhecimento sobre esta espécie, a cerca de sua potencial acdo
bioldgica e seus mecanismos, apontando o potencial terapéutico e agriculo que ndo apenas C.
urens, mas outras espécies possam desempenhar. Assim faz- se importante a realizacdo de
novos estudos e pesquisas, afim de ampliar os conhecimentos e tornar esta espécia uma possivel
alternativa para a prevencao e o tratamento de enfermidade com menor efeito adverso e também
seu emprego na agricultura diminuindo as chances de resisténcia e permanéncia de ressisduos

em graos.
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3 OBJETIVOS

3.1 GERAL
Investigar o perfil fitoquimico e avaliar o potencial bioldgico dos extratos aquoso e organico de

Cnidoscolus urens coletadas em Caruaru/ &rea de Caatinga- PE.

3.2 ESPECIFICOS

Realizar triagem Fitoquimica das fracbes acetato de etila, N- butanol e aquosa de
extratos de Cnidoscolus urens;

Identificar as principais classes de constituintes quimicos presente em extratos
organicos e aquoso, derivados do metabolismo de C. urens, por analise em cromatografia em
camada delgada (CCD);

Investigar a capacidade antioxidante dos extratos aquoso e organico de C. urens;

Determinar o perfil de seguranca, através do estudo da toxicidade aguda (in vivo) de
extratos aquoso e organico de C. urens;

Avaliar o efeito de citotoxicidade in vitro dos extratos aquoso e organico de C. urens
frente a linhagem celular HELA;

Averiguar a atividade inibitoria dos extratos aquoso e etandlico de C. urens frente a
tumor sélido de carcinoma de Ehrlich;

Interpretar o perfil hematoldgico e bioquimico nos grupos experimentais com tumores
solidos induzidos e tratados com 0s extratos aquoso e organico de C. urens;

Estabelecer a capacidade de interferéncia na normalidade do sistema digestivo de
extratos organicos de C. urens, em modelos animais;

Comprovar a acdo antidiarreica de extratos organicos de C. urens frente a modelo de
diarreia induzida por éleo de castor;

Identificar a influéncia dos extratos organicos de C. urens sobre a capacidade de
interferir no acimulo de fluido intestinal, além de sua capacidade de inferir sob o peristaltism
em modelos experimentais;

Verificar o efeito dos extratos organicos de C. urens sobre insetos praga.

Determinar a atividade inseticida de extratos organicos de C. urens e os indices
nutricionais de S. zeamais.

Avaliar a toxicidade por ingestdo de dieta artificial e da toxicidade ppor contato de
extratos organico C. urens sobre S. zeamais
Avaliar a toxicidade por contato de extratos organicos de C. urens sobre S. zeamais.



63
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

REFERENCIAS BIBLIOGRAFICAS

ABEL, E.; ANGEL, J.; KIGUCHI, K. E DIGIOVANNI, J. Multi-stage chemical
carcinogenesis in mouse skin: Fundamentals and applications. Nature Protocol, v. 4, n. 9,
p. 1350- 1362, 20009.

ADDOR, R.W. Insecticides. In: GODFERY, C.R.A. (ed.). Agrochemicals from natural
products. New York: Marcel Dekker Inc., p. 1-62, 1994,

AGRA, M. F, FREITAS, P. F., BARBOSA-FILHO, J.M. Synopsis of the plants known as
medicinal and poisonous in Northeast of Brazil. Brazilian Journal of Pharmacognosy. v.
17,n. 1, p. 114- 140, 2007.

AGRA, M. F.; BARACHO, G. S.; NURIT, K.; BASILIO, I.J. L. D.; COELHO, V. P. M.
Medical and Poisonous Diversity of the Flora “Cariri Paraibano”, Brasil. Journal of
Ehnopharmacology. v. 111, p. 383- 395, 2007b.

ALBUQUERQUE, A.C. et al. Patogenicidade de Metarhizium anisopliae var. anisopliae e
Metarhizium acridum var. acridum sobre Nasutitermes coxipoensis (Holmgren)
(Isoptera: Termitidae). Neotropical Entomology, v. 34, p. 585-592, 2005.

ALBUQUERQUE, U. P. Re-examining hypotheses concerning the use and knowledge of
medicinal plants: a study in the Caatinga vegetation of NE Brazil. Journal Ethnobiology
and Ethnomedicine, v. 2, n. 3, p. 1- 10, 2006.

ALBUQUERQUE, U. P., et al. Medicinal plants of the Caatinga (semi-arid) vegetation of
NE Brazil: A quantitative approach. Journal of Ethnopharmacology. v.114. p.325-354,
2007.

ALBUQUERQUE, U.P.; ANDRADE, L.H.C. Uso de recursos vegetais da Caatinga: O
caso do Agreste do Estado de Pernambuco (Nordeste do Brasil). Interciéncia, v. 27, p.
336-345, 2002.

ALMEIDA, C. F. C. B. R,, etal. Life strategy and chemical composition as predictors of
the selection of medicinal plants from the Caatinga (Northeast Brazil). Journal of Arid
Environments. v.62, p. 127-142, 2005.

ALMEIDA, C. F. C. B. R,, et al. Comparison of knowledge about medicinal plants for
three rural communities in the semi-arid region of northeast of Brazil. Journal of
Ethnopharmacology. v. 127, p. 674-684, 2010.

ALVES, M. V. Checklist das espécies de Euphorbiaceae Juss. ocorrentes no semi-arido
Pernambucano, Brasil. Acta Botanica Brasilica, v.12, n.3, p. 485-495, 1998.

ALVES, R. R. N. et al. Utilizagdo e Comercio de Plantas Medicinais em Campina
Grande, PB, Brasil. Revista Eletronica de Farmacia. v. 4, n. 2, p. 175- 198, 2007.

ALVES, W. M.; D’ANTONINO F. L. R.; ALENCAR, E. R.; PAES, J. L. Influéncia do
inseto-praga Sitophilus zeamais (Motschulsky) (Coleoptera - Curculionidae) na taxa


http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Albuquerque%20UP%5Bauth%5D

64
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

respiratoria e na perda de matéria seca durante o armazenamento de milho. Engenharia
na Agricultura, v.16, p.260-269, 2008.

ANTUNES, L. E. G., DIONELLO, R. G. Bioecologia de Sitophilus zeamais Motschulsky
1885 (Coleoptera: Curculionidae). 2010. Artigo em Hypertexto. Disponivel em:
<http://www.infobibos.com/Artigos/2010_2/Sitophilus/index.htm>. Acesso em: jun. de 2016.

ARAUJO, L. D. A, LEAL, A. S., QUIRINO, Z. G. M. Fenologia e biologia floral da urtiga
cansancao (Cnidoscolus urens L., Euphorbiaceae). Revista Brasileira de Biociéncias. v. 10,
n. 2, p. 140-146, 2012.

ARAUJO, R. M. S, et al. A new exogen anticoagulant with high selectivity to intrinsic
pathway of coagulation. Thrombosis research, v. 128, p. 395-397, 2011.

AZEVEDOQO, J. L. Controle Bioldgico de Insetos- pragas e seu Melhoramento Genético. In:
Melo, I. S.; AZEVEDQO, J. L., eds., Controle Bioldgico. v.1, Jaguariuna: EMBRAPA, p. 69-
96, 1998.

BAMISAYE, F. A, et al. Phytochemical constituents and antidiarrhoeal effects of the
aqueous extract of Terminalia superba leaves on Wistar rats. African Journal of
Pharmacy and Pharmacology. Vol. 7(16), pp. 848-851, 2013.

BARROS, R. et al. Flutuacéo populacional de insetos predadores associados a pragas do
algodoeiro. Arquivos do Instituto Bioldgico, v. 73, p. 57-64, 2006.

BARROSO, G.M et al. Sistematica de Angiospermas do Brasil. Vigcosa: UFV, ed. 2, v. 1, p.
309, 2002.

BATTISTI, C., et al. Plantas medicinais utilizadas no municipio de Palmeira das Missoes,
RS, Brasil. R Bras Bioci. v. 11, v. 3, p. 338-348, 2013.

BERTI- FILHO, E. et al. Manual de Pragas em Florestas: Cupins ou Térmitas. Programa
Cooperativo de Monitoramento de Insetos em Florestas. Instituto de Pesquisa e Estudos
Florestais- IPEF. 3 ed. p. 56, 1993.

BESERRA, F. P. Determinagédo dos Mecanismos de Ac¢éo Envolvidos no Efeito
Antiulcerogénico, Antidiarreico e Antiinflamatorio da “Insulina Vegetal” (Cissus
Sicyoides Linneu) em Modelos Animais, 2014. Dissertacdo (Mestrado), em Ciéncias
Biologicas. Universidade Estadual Paulista “Julio de Mesquita Filho”. p. 162. Botucatu- SP.

BESTETE, L. R., et al. Toxicidade de 6leo de mamona a Helicoverpa zea e a
Trichogramma pretiosum. Pesg. agropec. bras., Brasilia, v.46, n.8, p.791-797, 2011.

BIESKI, I. G. C. Plantas Medicinais e Aromaticas no Sistema Unico de Salde da Regi&o
Sul de Cuiaba- MT. Secretaria Municipal de saide de Cuiaba-MT. Universidade federal de
Lavras- Minas Gerais — Brasil. p. 13-18, 2005.

BOGLIOLO, G. B. F. Patologia Geral. 2. ed. Rio de Janeiro: Guanabara Koogan. p. 646-
647, 1998.


http://www.infobibos.com/Artigos/2010_2/Sitophilus/index.htm

65
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

BOGLIOLO, L; BRASILEIRO FILHO, G. Bogliolo: Patologia. 7 ed. Rio de janeiro. Ed.
Guanabara Koogan, p. 1472. 2006

BONETI, J. I. S et al. Doencas da macieira (Malus domestica Bork), 1999.

BONETI, J. I. S, RIBEIRO, L. G., KATSURAYAMA, Y. Manual de identificacdo de
doencas e pragas da macieira. Florianopolis, Epagri. p. 149, 2002.

BOTTON, M. et al. O gorgulho do milho Sitophilus zeamais (Coleptera: Curculionidae)
como praga em frutiferas de clima temperado. Circular Técnica. EMBRAPA, ISSN 1808-
6810. Bento Gongalves- RS. 2005b.

BOTTON, M. et al. O gorgulho do milho Sitophilus zeamais (Coleptera: Curculionidae)
como praga em frutiferas de clima temperado. Circular Técnica n° 58. Bento Gongalves:
Embrapa, 2005a.

BOTTON, M., LORINI, I., AFONSO, A. P. S. Ocorréncia de Sitophilus zeamais Mots.
(Coleoptera: Curculionidae) Danificando a Cultura da Videira no Rio Grande do Sul.
Neotropical Entomology. n. 34, v. 2, p. 355-356, 2005.

BRAGA, R. A. Plantas do Nordeste, especialmente do Ceara. Mossoro: Col. Mossoerense.
Ed. 3; 1976.

BRASIL- OMS. Organizacdo Mundial de Salde. Estrategia de la OMS sobre medicina
tradicional 2002-2005. Genebra. p. 67, 2002.

BRASIL. Instituto Nacional do Cancer (INCA). Estimativa da incidéncia e mortalidade
por cancer no Brasil em 2014. Rio de Janeiro. 2014. Disponivel
em:<www.inca.gov.br/estimativa/2014/index.asp?ID=2>

BRASIL. Instituto Oncoguia. Carcinogénese. Sdo Paulo- SP. 2014. Disponivel em:
<http://www.oncoguia.org.br/conteudo/carcinogenese/6851/844/>, acessado: 29/06/2016.

BRASIL. Ministério da Saude (MS). Mensagem aos médicos. Cancer Fundamentos,
Secretéria de Asisténcia Médica-Divisdo Nacional de cancer; Brasilia,1971, p. 7-47.

BRASIL. DATASUS. Ministério da Saude (MS)/ Sistema de Informacdes de Mortalidade
(SIM). Indicadores de Mortalidade, 2012. Disponivel
em:<http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2012/-c06.def>. Acessado: 02/04/2016.

BRASIL. Ministério da Saude. Secretaria de Ciéncia, Tecnologia e Insumos Estratégicos.
Departamento de Assisténcia Farmacéutica. Politica nacional de plantas medicinais e
fitoterapicos / Ministério da Saude, Secretaria de Ciéncia, Tecnologia e Insumos
Estratégicos, Departamento de Assisténcia Farmacéutica. — Brasilia- DF. Ministério da Saude,
2006.

BRASIL. Ministério da Saude. Forum de Competitividade da Cadeia Produtiva
Farmacéutica. Acesso aos Medicamentos, Compras Governamentais e Inclusdo Social.
Brasilia- DF. Ministério da Saude, 2003


http://www.inca.gov.br/estimativa/2014/index.asp?ID=2
http://www.oncoguia.org.br/conteudo/carcinogenese/6851/844/
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2012/-c06.def

66
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

BRASIL. Ministério DA saude. Politica Nacional de Plantas Medicinais e Fitoterapicas.
Brasilia: Ministério da Saude, 2007.

BRASIL. Ministério da Saude. Secretaria de Ciéncia, Tecnologia e Insumos Estratégicos.
Departamento de Assisténcia Farmacéutica. A fitoterapia no SUS e o Programa de
Pesquisa de Plantas Medicinais da Central de Medicamentos / Ministério da Salde,
Secretaria de Ciéncia, Tecnologia e Insumos Estratégicos, Departamento de Assisténcia
Farmacéutica. — Brasilia- DF. Ministério da Saude, 2006b. p.10.

BRASIL. Ministério da Saude, 2015. Vinte e uma unidades

federativas pactuaram a disponibilizacéo de fitoterapicos com recurso tripartite,
conforme a Portaria GM/MS n° 1.555/2013. Disponivel em:
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/464-
sctie-raiz/daf-raiz/ceaf-sctie/fitoterapicos-cgafb/19473-unidades-federativas-que-pactuaram-a-
disponibilizacao-de-fitoterapicos. Acessado em: 03/08/2017.

BRASIL. Miniatério da Saude, 2014. Relacdo Nacional de Plantas Medicinais de Interesse
ao SUS. Disponivel em:
http://portalarquivos.saude.gov.br/images/pdf/2014/maio/07/renisus.pdf. Acessado em:
03/08/2017.

BRASIL. Ministério do Meio Ambiente (MMA). Caatinga. Esplanada dos Ministérios-
Bloco B. Brasilia- DF. 2016. Disponivel em: <http://www.mma.gov.br/biomas/caatinga>.
Acessado em: 19/ 04/ 2016.

BRASIL. Portal de Saude/ Ministério da Saude. Doenca Diarreica Aguda, 2014. Disponivel:
<http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/652-
secretaria-svs/vigilancia-de-a-a-z/doenca-diarreica-aguda-dda/I2-doenca-diarreica-aguda-
dda/11139-informacoes-tecnicas-dda>. Acessado em: 01/04/16.

BRASILEIRO-FILHO, G. et al. Disturbios de crescimento e da diferenciacéo celular. In:
BRASILEIRO-FILHO, G.. Bogliolo — Patologia. 62 ed. Belo Horizonte: Ed. Guanabara
Koogan, 2000. cap. 8, p. 149-193.

BRUNTON, L.L. Goodman e Gilman: as bases farmacoldgicas da terapéutica.12? ed. Rio de
Janeiro: McGraw-Hill; 2011.

CALIXTO, J. B. Biodiversidade como fonte de medicamentos. Ciéncia e Cultura, v.55, n.
3, p. 37- 39, 2003.

CANCELLO, E.M.; REIS, Y.T. Rigueza de cupins (Insecta, Isoptera) em areas de Mata
Atlantica primaria e secundaria do sudeste da Bahia. lheringia: Série Zoologia, v. 97, n. 3,
p.229-234, 2007.

CARRARA, E. Tsi Tewara: um voo sobre o Cerrado Xavante. Dissertagdo de Mestrado,
Universidade de Séo Paulo, Brasil, p. 218, 1996.

CARTAXO, S. L. et al. Medicinal plants with bioprospecting potential used in semi-arid
northeastern Brazil. Journal of Ethnopharmacology. v. 131, p. 326-342, 2010.


http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/464-sctie-raiz/daf-raiz/ceaf-sctie/fitoterapicos-cgafb/19473-unidades-federativas-que-pactuaram-a-disponibilizacao-de-fitoterapicos
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/464-sctie-raiz/daf-raiz/ceaf-sctie/fitoterapicos-cgafb/19473-unidades-federativas-que-pactuaram-a-disponibilizacao-de-fitoterapicos
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/464-sctie-raiz/daf-raiz/ceaf-sctie/fitoterapicos-cgafb/19473-unidades-federativas-que-pactuaram-a-disponibilizacao-de-fitoterapicos
http://portalarquivos.saude.gov.br/images/pdf/2014/maio/07/renisus.pdf
http://www.mma.gov.br/biomas/caatinga
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/652-secretaria-svs/vigilancia-de-a-a-z/doenca-diarreica-aguda-dda/l2-doenca-diarreica-aguda-dda/11139-informacoes-tecnicas-dda
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/652-secretaria-svs/vigilancia-de-a-a-z/doenca-diarreica-aguda-dda/l2-doenca-diarreica-aguda-dda/11139-informacoes-tecnicas-dda
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/leia-mais-o-ministerio/652-secretaria-svs/vigilancia-de-a-a-z/doenca-diarreica-aguda-dda/l2-doenca-diarreica-aguda-dda/11139-informacoes-tecnicas-dda

67
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

CARVALHO, A. O. R. O Instituto Nacional de Cancer e sua Memdria: Uma
Contribuicéo ao Estudo da Invengao da Cancerologia no Brasil. Dissertagcdo (Mestrado).
Programa de Pds-Graduacdo em Historia Politica e Bens Culturais — PPHPBC. Fundagéo
Getulio Vargas. Rio de Janeiro- RJ, 2006.

CARVALHO, J. C. T,, et al. Preliminary studies of analgesic and anti-inflammatory
properties of Caesalpinia ferrea crude extract. Journal of ethnopharmacology, v. 53, p.
175-178, 1996.

CASIDA, J. E.; QUISTAD, G. B. Gold Age of Insecticide Research: Past, Present, or
Future. Ann. Rer. Entomol. v. 43, p. 1-16, 1998.

CERDEIRA FILHO. F. Prevaléncia de lesdes Bucais em pacientes submetidos a
radioterapia associada ou ndo a quimioterapia para o tratamento do cancer localizado
na regido de cabeca e pescoco. Dissertacdo (mestrado em Periodontia) — Universidade do
Grande Rio “Prof. José de Souza Herdy”, Escola de Odontologia, 2008.

CHASSANY, O. et al. Drug-induced diarrhoea. Drug Saf. v. 22, p. 53-72, 2000.

CHEN, K. et al. Termite feeding deterrent from Japanese larch wood. Bioresource
Technology. v. 95, p. 129-134, 2004.

CHEN, Y.T.; et al. Ghrelin improves LPS-induced gastrointestinal motility disturbances:
roles of NO and prostaglandin E2, Shock. v. 33, p. 205-212, 2010.

CHENG, S. et al. Anti-termitic activities of essential oils from coniferous trees against
Coptotermes formosanus. Bioresource Technology. v. 98, p. 456-459, 2007.

COITINHO, R.L.B.C. et al. Toxicidade por fumigacao, contato e ingestéo de 6leos
essenciais para Sitophilus zeamais Motschulsky, 1885 (Coleoptera: Curculionidae).
Ciénc. Agrotec. v. 35, p.172-178, 2011.

CONSTANTINO, R. Abundance and diversity of termites (Insecta: Isoptera) in two sites
of primary rain forest in Brazilian Amazonia. Biotropica, v. 24, p. 420-430, 1992.

CONSTANTINO, R. OnLine Termites Database, 2016. Disponivel
em:<http://164.41.140.9/catal/>. Acesso em: 04.jun.2016

CORDEIRO, I., SECCO, R. 2012. Cnidoscolus in Lista de Espécies da Flora do Brasil.
Jardim Botanico do Rio de Janeiro. Disponivel
em:<http://floradobrasil.jbrj.gov.br/2012/FB017491>. Acessado em: 22 de janeiro de 2012.

CORREA, A. D. et al. Farinha de folhas de mandioca — efeito da secagem das folhas sobre
a atividade da linamarase. Ciéncia e Agrotecnologia, Lavras, MG, v. 26, n. 2, p. 368-374,
2002.

COSTA, S. O. P. As bactérias em Biotecnologia. In: SERAFINI, L. A.; BARROS, N. M.;
AZEVEDOQO, J. L. Coord., Biotecnologia na Agricultura e Agroindustria. Guaiba:
Agropecuéria. Cap. 1, p. 75- 91, 2001.


http://floradobrasil.jbrj.gov.br/2012/FB017491

68
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

COSTA-LEONARDO, A.M. Cupins-Praga: morfologia, biologia e controle. Rio Claro:
Divisa, p. 128, 2002.

CRUZ, M. J. B. et al. Use of Medicinal Plants for Families from Jequitinhonha Valley,
Minas Gerais, Brazil. Infarma, Ciéncias Farmacéuticas. v. 27, ed. 1, p. 38-48, 2015.

Cunha, S L., et al. Bioatividade do extrato etanolico do caule de Croton linearifolius
Mull. Arg.(Euphorbiaceae) sobre Cochliomyia macellaria (Diptera: Calliphoridae). Acta
Veterinaria Brasilica, v.4, n.4, p. 252-258, 2010.

DEVAPPA, R.K. et al. Jatropha Toxicity — a review. J. Toxicol. Environ. Health B., v.13,
p.476-507, 2010.

DINIZ, T. C. Toxicologia Pré-clinica e Avaliacdo do Extrato Etanélico Bruto de Annona
vepretorum Mart. (ANNONACEAE) sobre o Sistema Nervoso Central de Roedores,
2013. Dissertacdo (Mestrado), Universidade Federal do Vale do Séo Francisco. p. 116.
Petrolina- PE.)

DONOWITZ, M., et al. Translational approaches for pharmacotherapy development for
acute diarrhea. Gastroenterol. v.142, n.3, p.1-9, 2012.

DUARTE, M. C. T, et al. Atividade antimicrobiana de extratos hidroalcélicos de espécies
da colecdo de plantas medicinais CPQBA/UNICAMP. Revista Brasileira de
Farmacognosia. v. 14, p. 06- 08, 2004.

DUARTE, N., LAGE, H., FERREIRA, M.J.U. Three new jatrophane polyesters and anti
proliferative constituents from Euphorbia tuckeyana. Planta Medica, v. 74, p. 61-68,
2008.

DVORAK, H. F. Tumors: wounds that do not heal. Similarities between tumor stroma
generation and wound healing. N. Eng. J. Med., 315, p.1650-1659, 1986.

ELEOTERIO, E. S. R. Levantamento e Identificacdo de Cupins (Insecta: Isoptera) em
Area Urbana de Piracicaba, SP. Dissertacdo (Mestrado pelo Programa da Escola Superior
de Agricultura “Luiz de Queiroz”. Universidade de Sao Paulo, USP. Piracicaba, SP, p. 101,
2000.

FELIU, D. A. Andlise de Terpendides de Espécies de Croton sect. Lamprocroton (Mull.
Arg.) Pax (Euphorbiaceae). Dissertacdo (Mestrado) - Instituto de Biociéncias das
Universidade de S&o Paulo. Séo Paulo, 2011.

FERREIRA, E. V. R. Composicao floristica, estrutura da comunidade e sindrome de
dispersdo de sementes de um remanescente de Caatinga em Poco Verde — Sergipe. 2011.
Dissertacdo (Mestrado em Ecologia e Conservacao) — Universidade Federal de Sergipe, p. 81.
Sergipe.

FONSECA, M.C.M. Epamig pesquisa, producao de Plantas Medicinais para Aplicacio
no SUS. Espaco para o produtor, Vigosa, 2012.



69
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

FONTE, N. N. A Complexidade das Plantas Medicinais: Enfoque Farmacéutico.
Colombo. Embrapa: Florestas, p. 24- 46, 2004.

FONTES, L. S.; ALMEIDA FILHO, A. J.; ARTHUR, V. Danos Causados Por Sitophilus
Oryzae (Linné, 1763) e Sitophilus zeamais Motschulsky, 1855 (Coleoptera:
Curculionidae) em Cultivares de Arroz (Oryza Sativa L.). Arg. Inst. Biol., S&o Paulo, v.70,
n.3, p.303-307, 2003.

GALLO, D. et al. Entomologia agricola. Piracicaba: FEALQ. p. 920, 2002.

GALLUN, G. L.; KHUSH, G. S. Factores Genéticos que Afectan la Expresion y
Estabilidad de la Resistencia In. Mejoriamento de Plantas Resistentes a Insectos.
Meéxico. Editorial Limusa S. A. p. 83-105, 1984.

GARG, P., KHATRI, P., GANDHI. D. Plant Tissue Culture of Jatropha curcas L.: A
REVIEW. Imperial Journal of Pharmacognosy & Natural Products. v. 1, n. 1, 2011.

GAROFOLO, A. et al. Dieta e cancer: um enfoque epidemioldgico. Rev. Nutr., Campinas, V.
17, n. 4, p. 491-505, 2004.

GAROFOLO, A.; PERTRILLE, A. S. Omega-3 and 6 fatty acids balance in inflammatory
response in patients with cancer and cachexia. Rev. Nutr., Campinas, v. 19, n. 5, p. 611-
621, 2006.

GAZAL, V. Decayed Wood Affecting the Attraction of the Pest Arboretum Termite
Nasutitermes corniger (Isoptera :Termitidae) to Resource Foods. Sociobiology, v.59,
p.287-296, 2012.

GOEL, G. et al. Phorbol esters: Structure, biological activity, and toxicity in animals.
International Journal of Toxicology, v. 26, p. 279-288, 2007.

GOMES, J. P. M. Pesquisa de Atividade Antitumoral e Mutagénica in vitro de Produtos
Naturais. 2008. Tese (Doutorado), pelo Programa de P6s-Graduagdo em Ciéncias
Farmacéuticas. p. 86, Araraquara-SP.

GOTTLIEB, O. G., BORIN, M. R. M. B. Quimico-Biologia Quantitativa: Um Novo
Paradigma? Quimica. Nova, v. 35, N. 11, p. 2105-2114, 2012.

GOVAERTS, R.; FRODIN, D.G.; RADCLIFFESMITH, A. World Checklist and
Bibliography of Euphorbiaceae (and Pandaceae). Royal Botanical Gardens, Kew. v.2, p.
420, 2000.

GREM, J.L. 5-Fluorouracil: forty-plus and still ticking. A review of its preclinical and
clinical development. Investigational New Drugs, v. 18, p. 299-313, 2000.

GRESSLER, V.et al. Quinolone alkaloids from Waltheria douradinha. Phytochemistry, v.
69, p. 994-999, 2008.



70
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

GRZESIUK, V. L.; CATELAN, T. S.; GEBARA, K. S. Evaluation of Insecticidal Potential
of Plant Specie Croton floribundus (EUPHORBIACEAE) Front of Periplaneta
americana (BLATTIDAE). Interbio. v.7, n.1, 2013.

GULLO, V. P. etal. Drug discovery from natural products. J. Ind. Microbiol. Biotechnol.,
v.33, p.523- 531, 2006.

GUYTON, ARTHUR C.; HALL, JOHN E. Tratado de fisiologia médica. ed. 11. Rio de
Janeiro: Elsevier, 2006.

HALBERSTEIN, R. A. Medicinal Plants: Historical and Cross-Cultural Usage Patterns.
Ann Epidemiol, v. 15, p. 686-699, 2005.

HEYWOOD, V.M. et al. Flowering Plant Families of the World. Firefly Books. p. 424,
2007

HIGASHIE, M., ABE, T. Global diversifications of térmites driven by evolution of
symbiosis and sociality. (ed. Higashie). Biodiversity — an Ecological Perspective. Springer-
Verlag, p. 83- 112, 1997.

HOJO, M. et al. Identification of soldier caste-specific protein in the frontal gland of
nasute termite Nasutitermes takasagoensis (Isoptera: Termitidae). Insect Biochem Mol
Biol. v.35, p. 347-354, 2005.

ISMAN, M.B. Neem and other botanical insecticides: barriers to commercialization.
Phytoparasitica, Berlin, v. 25, n. 4, p. 339-344, 1997.

INSTITUTO ETHQOS, 2016. Programa incentiva o cultivo de plantas medicinais.
Disponibel em: https://wwwa3.ethos.org.br/cedoc/programa-incentiva-o-cultivo-de-plantas-
medicinais/#.WYMqZ4jyvcc. Acessado: 03/08/2017.

JUNIOR, C. V. Terpenos com Atividade Inseticida: uma Alternativa para o Controle
Quimico de Insetos. Quimica Nova, v. 26, n. 3, p. 390-400, 2003.

KIEM, P.V. et al. New Triterpenoid Saponins from Glochidion eriocarpum and Their
Cytotoxic Activity. Chemical and Pharmaceutical Bulletin, v. 57, p. 102-105, 2009.

KNAAK, N. et al. Atividade Inseticida de Extratos de Plantas Medicinais sobre
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae). Sociedade Entomoldgica do
Brasil. BioAssay, v.7, n.1, 2012.

KOEPPEN, B. M.; STANTON, B. A. Berne & Levy — Fisiologia. 6. ed. Rio de Janeiro:
Elsevier. 26-30:491 — 543, 2009.

KOHLER, L.; et al. In vitro antiplasmodial investigation of medicinal plants from El
Salvador. Zeitschrift fir Naturforschung C., v. 57c, p. 277-281, 2002.

KOUL, O.; DHAWIWAL, G. S. Phytochem. Biopesticides. Harwood Academis Publisheres.
2001.


https://www3.ethos.org.br/cedoc/programa-incentiva-o-cultivo-de-plantas-medicinais/#.WYMqZ4jyvcc
https://www3.ethos.org.br/cedoc/programa-incentiva-o-cultivo-de-plantas-medicinais/#.WYMqZ4jyvcc
https://www.jstage.jst.go.jp/browse/cpb

71
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

KRINSKI, D., MASSAROLI, A., MACHADO, M. Potencial Inseticida de Plantas da
Familia Annonaceae. VV Congresso Internacional & Encontro Brasileiro sobre Annonaceae:
do gene a exportacdo. Botucatu-SP. v. 36, edicdo especial, e., p. 225-242, 2014.

LA CRUZ, M. N. S., et al. Terpenos em Cupins do Género Nasutitermes (Isoptera,
Termitidae, Nasutitermitinae). Quimica Nova, v. 37, n. 1, p. 95-103, 2014.

LEITE, M.1.S. et al. Agéo residual de inseticidas para larvas e adultos do predador
Cycloneda sanguinea (Linnaeu, 1763) (Coleoptera: Coccinellidae). Arquivos do Instituto
Bioldgico, v. 74, p. 251-258, 2007.

LIMA, A. P. Avaliacao da Atividade Antitumoral e Citotdxica da Planta Siolmatra
brasiliensis. Revista Eletrénica de Farmaécia. v. 3, n. 2, p. 10-12, 2006.

LIU, D. et al. Thermostable cellulase production of Aspergillus fumigatus Z5 under
solid-state fermentation and its application in degradation of agricultural wastes.
International. Biodeterioration Biodegradation, v. 65, n. 5, p. 717-725, 2011.

LIU, Y. et al. Antimalarial flavonol glycosides from Euphorbia hirta. Pharmaceutical
Biology, v. 45, p. 278-281, 2007.

LIU, Z. L; GOH, S. H.; HO, S. H. Screening of Chinese Medicinal Herbs for Bioactivity
Against Sitophilus zeamais Motschulsky and Tribolium castaneum (Herbst). Journal of
Stored Products Research, v. 43, p. 290-296, 2007.

LONGLEY, D.B.; HARKIN, D.P.; JOHNSTON, P.G. 5-Fluorouracil: Mechanisms of
Action and Clinical Strategies. Nature Reviews Cancer, v. 3, p. 330-33, 2003.

LUCENA, M. F. A., ALVES, M. Notas taxondmicas para Euphorbiaceae s.I. do Nordeste
do Brasil. Hoehnea, v. 71, n. 1, p. 71-85, 2010.

LUCENA, M. F. A.; AMORIM, B. S.; ALVES, M. Sinopse das espécies de Euphorbiaceae
s. I. do Parque Nacional Serra de Itabaiana, Sergipe, Brasil. Revista Caatinga, Mossoro. v.22,
n.4, p. 214-224, 2009.

LUCENA, R.F.P. et al. Uso de recursos vegetais da Caatinga em uma comunidade rural
no Curimatau Paraibano (nordeste do Brasil). Polibotanica, v. 34, p. 237-258, 2012.

MACENA, L. M., et al. Plantas medicinais utilizadas por gestantes atendidas na unidade
de saude da familia (USF) do Bairro Cohab Taruma no Municipio de Tangara da Serra,
Mato Grosso. Revista de Biologia e Farmacia - Biofar, v. 7, n. 1, p.143-155, 2012.

MAIRESSE, L. A. S. Avaliacédo da Bioatividade de Extratos de Espécies Vegetais,
Enquanto Excipientes de Aleloquimicos, 2005. Tese (Doutorado). Programa de Pds-
Graduagdo em Agronomia. Universidade Federal de Santa Maria (UFSM). p. 326. Santa
Maria, RS.



72
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

MALHEIROS, S. G. M. Estudo Farmacobotéanico de Seis Espécies de Uso Medicinal no
Nordeste Brasileiro. Dissertacdo (Mestrado). Universidade Fedral da Paraiba. Jodo Pessoa,
PB, 2012.

MARCOS, L.A.; DUPONT, H,L. Advances in defining etiology and new therapeutic
approaches in acute diarrhea. J Infect. v.55, p.385-393, 2007.

MARQUES, J.B. Comércio e conservacao de trés espécies vegetais da Caatinga
ameacadas de extin¢do e de uso medicinal em duas areas do Cariri Oriental Paraibano.
2008. 105 f. Dissertagdo (Mestrado em Desenvolvimento e Meio Ambiente) — Universidade
Federal da Paraiba, Jodo Pessoa, 2008.

MARREIROS, N. A. et al. Conhecimento Botanico Tradicional sobre Plantas Medicinais
no Semiarido da Paraiba (Nordeste, Brasil). Revista Ouricuri, Paulo Afonso, Bahia, v.5,
n.1, p.110-144, 2015.

MARSARO JUNIOR, A. L. et al. Evaluation of Resistence of Corn Hybrids Against the
Attack of Sitophilus zeamais mostchulsky (Coleoptera: Curculionoidae) in Stored
Kernels. Semina: Ciéncias Agrarias, Londrina, v. 26, n. 2, p 173- 178, 2005.

MARTINS, M. C. B. AplicacGes biotecnologicas de Compostos obtidos dos Linques. Tese
(Doutorado em Bioquimica e Fisiologia), Universidade Federal de Pernambuco, Recife, 2013.

MARTIUS, K. P. von. A viagem de Von Martius: tabulae physiognice. Rio de Janeiro. v. 1,
p. 1840. 1996.

MAZOYER, M.; ROUDART, L. Histdria das agriculturas no mundo: do neolitico a crise
contemporanea. Sdo Paulo: Editora UNESP; Brasilia, DF: NEAD, 2010.

MELO, A. L.; SALES, M. F. O género Cnidoscolus Pohl (Crotonoideae-Euphorbiaceae)
no Estado de Pernambuco, Brasil. Acta bot. Bras, v. 22,n. 3, p. 806-827,. 2008.

MIURA, T.; ROISIN, Y.; MATSUMOTO, T. Molecular phylogeny and biogeography of
the nasute termite genus Nasutitermes (Isoptera: Termitidae) in the Pacific tropics.
Molecular Phylogenetics and Evolution, v. 17, p. 1-10, 2000.

MOURA, M. D. et al. Matural Products Inhibitors of Models of mammary. Neoplasia.
Revista Brasileira de Farmacognosia, v. 5, p.124- 145, 2001.

NAPOLEAO, T. H. Atividade Inseticida E Mecanismos de Ac3o de Lectinas de
Myracrodruon urundeuva Contra Nasutitermes corniger, Aedes aegypti e Sitophilus zeamais,
2012. Tese (Doutorado pelo Programa de P6s-Graduacéo de Bioquimica e Fisiologia).
Universidade Federal de Pernambuco- UFPE, p.142, Recife- PE.

OLIVEIRA, D. G. The family Euphorbiaceae Juss. in a fragment of Caatinga in Sergipe.
Scientia Plena, v. 9, n. 4, 2013.

OLIVEIRA, S. G. D. et al. An ethnomedicinal survey on phytotherapy with professionals
and patients from Basic Care Units in the Brazilian Unified Health System. Journal of
Ethnopharmacology, v.140, p. 428- 437, 2012.



73
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

OLSON, D. L. et al. Comparative Evaluation of Population Effect and Economic
Potential of Biological Supression Tactics Versus Chemical Control for squash Bug
(Heteroptera: Coreidae) Managment on Pumpkins. J. Econ. Entomol, v. 89, n. 3, p 361-
639, 1996.

ORTMAN, E. E.; PETERS, D. C. Introduccion In. Mejoramento de Plantas Resistentes a
Insectos. México, D. F.: Editorial Limusa S. A. p. 21- 32, 1984,

PAIXAO, M. F. et al. Alternative control of corn weevil, Sitophilus zeamais, in storage
using byproducts of oil shale processing in Parana, Brazil. Revista Brasileira de
Agroecologia. n. 4, v. 3, p. 67-75, 20009.

PASCOAL, C. K. P. et al. Relatos de Mulheres Submetidas a Bidpsia do Linfonodo
Sentinela quanto as OrientacGes Recebidas para Prevencdo de Linfedema: Um Estudo
Qualitativo. Revista Brasileira de Cancerologia, v. 56, p. 219-226, 2010.

PEDROSA, K.M. et al. Uso e disponibilidade local de Sideroxylon obtusifolium (ROEM.
& SCHULT.) T.D. PENN. (quixabeira) em trés regides da depressdo sertaneja da
Paraiba, nordeste do Brasil. Revista de Biologia e Farmacia — Biofar, volume especial, p.
158-183, 2012.

PEI-WEN, et al. Apigenin induced apopyosis through p53-dependent patway in human
cervical carcinoma cells. Life Sci., v.76, p.1367-1389, 2005.

PEIXOTO SOBRINHO, T. J. S. Estudo Quimico e Bioldgico de Espécies do Género
Cnidoscolus Presente no Ecossistema Caatinga com Potencial Atividade Terapéutica.
2011. Tese (Doutorado) pelo Programa de P6s-Graduacao em Ciéncias Farmacéuticas.
Universidade Federal de Pernambuco. Recife-PE.

PEIXOTO SOBRINHO, T. J. S. et al. Phenolic content and antioxidant capacity of four
Cnidoscolus species (Euphorbiaceae) used as ethnopharmacologicals in Caatinga, Brazil.
African Journal of Pharmacy and Pharmacology, v. 5, n. 20, p. 2310-2316, 2011.

PEIXOTO SOBRINHO, T. J. S. et al. Phytochemical Screening and Antibacterial Activity
of four Cnidoscolus Species (Euphorbiaceae) Against Standard Strains and Clinical
Isolates. Journal of Medicinal Plants Research, v. 6, n. 21, p. 3742-3748, 2012.

PEIXOTO, T. J. S. S. Estudo Quimico e Biologico de Espécies do Género Cnidoscolus
Presente no Ecossistema Caatinga com Potencial Atividade Terapéutica, 2011. Tese

(Doutorado), pelo programa de Pds- Graduacao em Ciéncias Farmacéutica, Universidade
Federal de Pernambuco, p. 113. Recife- PE.

PEREIRA, I. T. et al. Antiulcer Effect of bark extract of Tabebuia avellanedae:
Activation of cell proliferation in gastric mucosa during the healing process.
Phytotherapy Research. v. 27, n. 7, p. 1067- 1073. Jul. 2012,

PINHEIRO, E. A. R. et al. Effective root depth of the Caatinga biome. Journal of Arid
Environments, v.89, p. 1- 4, 2013.



74
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

PINHO, A.; PICHONELLI, M. Governo lista plantas que poderéo virar fitoterapicos. Séo
71 espécies, que servirdo de base para o desenvolvimento de remédios. Folha de S&o Paulo,
20009.

PINTO, A. C.; et al. Produtos Naturais: Atualidades, Desafios e Perspectivas. Quimica
Nova, v. 25, p. 45-61, 2002.

PINTO, E.P.P.; AMOROZO, M.C.M.; FURLAN, A. Conhecimento popular sobre plantas
medicinais em comunidades rurais de mata atlantica — Itacaré, BA, Brasil. Acta Botanica
Brasilica, v. 20, n. 4, p. 751-762, 2006.

RADCLIFFE- SMITH, A. Genera Euphorbiacearum. Royal Botanic Gardens, Kiew, p.464,
2001.

RAINER, J. et al. Glucocorticoid-regulated microRNAs and mirtrons in acute
lymphoblastic leukemia. Leukemia, v. 23, n. 4, p. 746-52, 2009.

RANG, H.P., et al. FArmacos ansioliticos e hipnéticos. In: Farmacologia. Rio de Janeiro:
Elsevier. p.531-39, 2011.

REZENDE H. A., COCCO M. I. M. A utilizacéo de fitoterapia no cotidiano de uma
populacéo rural. Revista Esc Enferm.USP, v. 36, p. 282-288, 2002.

RIBEIRO, A. Q., LEITE, J. P. V., DANTAS-BARROQOS, A. M. Profile of the utilization of
phytotherapie medicines in communitary pharmacies of Belo Horizonte, under the
influence of the national legislation. Brazilian Journal of Pharmacognosy, v. 15, p. 65-70,
2005.

ROQUE, A. A., ROCHA, R. M., LOIOLA, M. 1. B. Uso e diversidade de plantas
medicinais da Caatinga na comunidade rural de Laginhas, municipio de Caico, Rio
Grande do Norte (nordeste do Brasil). Revista Brasileira de Plantas Medicinais, v. 12, n. 1,
p. 31-42, 2010.

ROQUE, A.A.; LOIOLA, M.I.B. Potencial de uso dos recursos vegetais em uma
comunidade rural no semiarido potiguar. Revista Caatinga, v. 26, n. 4, p. 88-98, 2013.

ROSSI, D. et al. Evaluation of the mutagenic, antimutagenic and antiproliferative
potential of Croton lechleri (Muell. Arg.) latex. Phytomedcentral, v. 10, p. 139-144, 2003.

SALAZAR, E. C. Inseticidas e Acaricidas. Pelotas: Universidade Federal de Pelotas, p. 646,
1997.

SANTOS, F. J. B. et al. Genotoxic and mutagenic properties of Bauhinia platypetala
extract. Traditional Brazilian medicinal plant. v. 144, p. 474- 482, 2012.

SANTOS, J.P.; ARAUJO, E.L.; ALBUQUERQUE, U.P. Richness and distribution of
useful woody plants in the semi-arid region of northeastern Brazil. Journal of Arid
Environments, v. 72, n. 5, p. 652-663, 2008.



75
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

SANTOS, T. C.; JUNIOR, J. E. N.; PRATA, A. P. N. Frutos da Caatinga de Sergipe
utilizados na alimentacdo humana. Scientia Plena, v. 8, n. 4, 2012.

SANTOQOS, S. B.; MARTINS, M. A.; D’ANTONINO FARONI, L. R.; RODRIGUES
JUNIOR, V.; DHINGRA, O. D. Quality of maize grains treated with allyl isothiocyanate
stored in hermetic bags. Journal of Stored Products Research, v.46, p.111-117, 2010.

SATIRO, L. N., ROQUE, N. A Familia Euphorbiaceae nas Caatingas Arenosas do Médio
Rio S&o Francisco, BA, Brasil. Acta Botanica Brasilica, v. 22, n. 1, p. 99-118, 2008.

SATISH, E. B; RANJANA S. K. Antidiarrheal activity of ethanolic extract of Manihot
esculenta Crantz leaves in Wistar rats. Journal of Ayurveda and Integrative Medicine. v. 6,
n. 1, p. 3540, 2015.

SCHEFFRAHN, R.H. et al. Nasutitermes costalis (Isoptera: Termitidae) in Florida: first
record of a non-endemic establishment by a higher termite. Florida Entomologist, v. 85, p.
273-275, 2002.

SECCO, R. S. et al. An Overview of Recent Taxonomic Studies on Euphorbiaceae s. I. in
Brazil. Rodriguésia. v. 63, n. 1, p. 227- 242, 2012.

SECCO, R.S. Flora da Reserva Ducke, AM, Brasil: Euphorbiaceae-Parte-1 Rodriguésia,
Revista do Jardim Botanico do RJ. v.56, n. 86, p.143-168, 2005.

SEVERIANO, M. V. N. et al. Levantamento das Plantas Medicinais Cultivadas no
Centro de Estudo e Pesquisa Malaquias da Silva Amorim. Revista de Biologia e Farmécia.
v.4,n. 1, p.93-101, 2010.

SILVA S. I. Euphorbiaceae da Caatinga: distribuicdo de espécies e potencial oleaginoso.
Tese (Doutorado) S&o Paulo: Universidade de Sdo Paulo; 1998.

SILVA, G. N,, et al. Bioactivity of Jatropha curcas L. to insect pests of stored products. J.
of Stored Products R. v. 48, p. 111-113, 2012.

SILVERTHORN, D. U. Fisiologia humana: uma abordagem integrada. 5. ed. Porto Alegre:
Artmed, 2010.

SIMOES, C.M.O. et al. Farmacognosia — da Planta ao Medicamento. Porto Alegre /
Florianopolis: Editora da UFRGS/ Editora da URSC, 2004.

SMANIOTTO, L. F,, et al. Selectivity of alternative products to Telenomus podisi
Ashmead (Hymenoptera: Scelionidae). Semina: Ciéncias Agrarias, Londrina, v. 34, n. 6, p.
3295-3306, 2013.

SNYDER, T.D.; MERSON, M.H. The Magnitide of the Global Problem of Acute
Diarrhoeal Disease: A Review of the Active Surveillance Data. Bulletin World Health
Organization. V. 60,n. 4, p. 605- 613, 1982.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bahekar%20SE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kale%20RS%5Bauth%5D

76
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

SOUZA, V. C.; LORENZI, H. Botanica Sistematica: guia ilustrado para identificacdo das
familias de Faner6gamas nativas e exoticas no Brasil, baseado em AGP Il. Nova Odessa,
SP: Instituto Plantarum, ed. 2, p. 704, 2008.

TACK, J. Gastric motor disorders. Gastroenterol. v. 21, p. 633-644, 2007.

TAN, A.C. et al. Towards the discovery of novel phytochemicals for disease prevention
from native Australian plants: an ethnobotanical approach. Asia Pacific Journal of
Clinical Nutrition. v. 19, p. 330-334, 2010.

TAVARES, M. A. G. C. Bioatividade da erva-de-santa-maria, Chenopodium
ambrosioides L. (Chenopodiaceae), em relacédo a Sitophilus zeamais Mots., 1855 (Col.
Curculionidae). Piracicaba. Dissertacdo (Mestrado), ESALQ. p. 59, 2002.

TAVARES, W. S. et al. Deleterious activity of natural products on postures of
Spodoptera frugiperda (Lepidoptera: Noctuidae) and Diatraea saccharalis
(Lepidoptera: Pyralidae). Zeitschrift fur Naturforschung C, v. 65, 2010.

TAVARES, W. S. et al. Potential use of Asteraceae extracts to control Spodoptera
frugiperda (Lepidoptera: Noctuidae) and selectivity to their parasitoids Trichogramma
pretiosum (Hymenoptera: Trichogrammatidae) and Telenomus remus (Hymenoptera:
Scelionidae). Industrial Crops and Products, v.30, p.384-388, 2009.

TEICH, NM; FRANKS, LM. Introducéo a biologia celular e molecular do céancer. Ed.
Roca, Sao Paulo, 12 ed, 1990.

THIELMAN, N. M.; GUERRANT, R.L. Acute infectious diarrhoea. New Engl J Med, v.
350, p. 38-47, 2004.

THORNE, B. L. Termite terminology. Sociobiology, v. 28, p. 253-263. 1996.

TRENTIN, D. S. et al. Potential of medicinal plants from the Brazilian semi-arid region
(Caatinga) against Staphylococcus epidermidis planktonic and biofilm lifestyles. Journal
of Ethnopharmacology, v. 137, p. 327-335, 2011.

TREVISAN, M. T. S.; MACEDO, F. V. V. Selec¢éo de plantas com atividade
anticolinesterasica para tratamento da doenca de Alzheimer. Quimica Nova, v. 26, n. 3, p.
301-304, 2003.

TRINDADE, M. J. S.; LAMEIRA, O. A. Species from the Euphorbiaceae family used for
medicinal purposes in Brazil. Rer. Cubana de Plantas Medic. v. 19, n. 4, p. 292-309, 2014.

TSUNECHIRO, A., FERREIRA, C. R. R. P. T. Defensivos: Mercado em Alta. Cultivar.
Pelotas, RS. n. 22, p. 22- 24, 2000.

United Nations Children’s Fund (UNICEF)/ World Health Organization (WHO), 2009. All

rights reserved. Diarrhoea: Why children are still dying and what can be done. Disponivel
em:<http://www.unicef.org/media/files/Final_Diarrhoea_Report_October 2009 final.pdf>.
Acessado em: 01/04/2016.


http://www.unicef.org/media/files/Final_Diarrhoea_Report_October_2009_final.pdf

77
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

VANNUCCI, F.A.; GUEDES, R.M.C. Fisiopatologia das diarreias dos suinos. Ciéncia
Rural.v.39, p.233-42, 20009.

VASCONCELLOS, A. et al. Cupins de duas florestas de restinga do nordeste brasileiro.
Iheringia - Série Zoologia, v. 95, n. 2, p. 127-131, 2005.

VASQUEZ-CASTRO, J. A. V. Residuos de fenitrotion e esfenvalerato em graos de milho
e trigo, em alguns de seus subprodutos processados e sua ac¢ao residual sobre Sitophilus
oryzae (L.,1793) Sitophilus zeamais Motsch., 1855 (Coleoptera: Curculionidade) e
Rhyzopertha dominica (Fabr., 1792) (Coleoptera: Bostrichidae). Tese (Doutorado) Escola
Superior de Agricultura Luiz de Queiroz, Piracicaba, SP. p. 213, 2006.

VIEGAS JR, C.; BOLZANI, V. DA S.; BARREIRO, E. J. Os produtos naturais e a quimica
medicinal moderna. Quim. Nova, v. 29, n. 2, p. 326-337, 2006.

VIEGAS-JUNIOR, C. Terpenos com atividade inseticida: uma alternativa para o
controle quimico de insetos. Quimica Nova, Séo Paulo, v. 26, n.3, p.390-400, 2003.

VILARINHO, M. K. C. Chemical Pesticides and Vegetal Extracts on Sitophilus zeamais
Control in Stored Corn Grains. Biosci. J., Uberlandia, v. 32, n. 2, p. 288-297, 2016.

VILARINHO, M. K. C. Inseticidas Quimicos e Extratos Vegetais Aquosos no Controle de
Sitophilus zeamais em Gréaos de Milho sob CondicGes de Armazenamento. Dissertacdo
(Mestrado) pelo Programa de P6s-Graduacdo em Engenharia Agricola Campus Universitario
de Rondondpolis. Universidade Federal de Mato Grosso- UFMG. p. 84, 2012.

WANG, H.H. et al. A blind, randomized comparison of racecadotril and loperamide for
stopping acute diarrhea in adults. World J Gastroenterol. v.11, n.10, p.1540-1543, 2005.

WEBSTER, G.L. Systematics of the Euphorbiaceae. Annals of the Missouri Botanical
Garden, v.81, n. 1, p.1-144, 1994.

WMINE, J. T., DAMME, P. V. Why do Euphorbiaceae tick as medicinal plants? A review
of Euphorbiaceae family and its medicinal features. Journal of Medicinal Plants Research,
v.5,n. 5, p. 652-662, 2011.

WGO: World Gastroenterology Organisation Global Guideline. World Gastroenterology
Organisation Global Guideline, 2012. Disponivel em:
http://www.worldgastroenterology.org/UserFiles/file/guidelines/acute-diarrhea-portuguese-
2012.pdf. Acessado: 06/10/2016.

XAVIER, M.V.A, et al. Toxicidade e repeléncia de extratos de plantas da Caatinga sobre
Tetranychus bastosi Tutler, Baker & Sales (Acari: Tetranychidae) em pinh&o-manso.
Rev. Bras. Pl. Med., Campinas, v.17, n.4, p.790-797, 2015.

YANG, X.W. et al. Bioactive Phenols from the leaves of Baccaurea ramiflora. Planta
Medica, v. 73, p. 1415-1417, 2007.

ZANETTI, R. et al. Manejo integrado de cupins. Lavras: UFLA, 2002.


http://www.worldgastroenterology.org/UserFiles/file/guidelines/acute-diarrhea-portuguese-2012.pdf
http://www.worldgastroenterology.org/UserFiles/file/guidelines/acute-diarrhea-portuguese-2012.pdf

78
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

CAPITULO Il

Manuscrito 1: In vitro and in vivo antineoplasic activity of Cnidoscolus urens (L). Arthur

extracts.

% ETHM-
1 PHARMACOLOGY

Souza, P.G.V.D.%; Araujo, T.F.S.P; Campos, J.K.L.°; Martins, M.C.B.#; Lima, V.L.M.";
Santos, N.P.S.%%: Silva, N.H.*

Manuscrito a ser submetido ao periddico Journal of Ethnopharmacology no formato Original
Research Article (FI: 3.055; QUALIS CB II: B1).



79
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

In vitro and in vivo antineoplasic activity of Cnidoscolus urens (L). Arthur extracts.

Souza, P.G.V.D.% Aratjo, T.F.S.P; Campos, J.K.L.>; Martins, M.C.B.2; Lima, V.L.M.”;
Santos, N.P.S. ©¢: Silva, N.H.%"

@ Laboratorio de Produtos Naturais. Departamento de Bioguimica, Centro de Biociéncias,
Universidade Federal de Pernambuco, Brazil.

b |_aborat6rio de Metabolismo de Lipidios e Lipoproteinas. Departamento de Bioquimica,
Centro de Ciéncias Biologicas, Universidade Federal de Pernambuco, Brazil.

¢ Laboratério de Biotecnologia de Farmacos, Centro Académico de Vitoria, Universidade
Federal de Pernambuco, Brazil.

d_aboratdrio de Imunopatologia Keizo-Asami (LIKA), Universidade Federal de Pernambuco,
Brazil.

*Corresponding author

Laboratorio de Produtos Naturais, Departamento de Bioquimica, Centro deBiociéncias,
Universidade Federal de Pernambuco. Avenida Professor Moraes Rego, s/n, Cidade
Universitaria, CEP 50670-420, Recife/ Pernambuco, Brasil. (55) 81 21268541, (55) 81

21268540 (219), e-mail: nicacio_hsilva@hotmail.com



80
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

ABSTRACT

Ethnopharmacological relevance: Brazil comprises 20% of biodiversity in the world and one
the six major biomes, the Caatinga, is a highly threatened biome, covering an area of 60% in
Northeast region, totally restricted this country. Cnidoscolus urens (Euphorbiaceae) is a plant
commonly known as “urtiga” by rural community of Northeast of Brazil. This species has been
used for rubber production, are widely used, empirically, alternatively paw treating diseases by
many popular.

Aim of the study: Evaluate the antitumor activity in vivo and in vitro of aqueous and ethanol
extracts of C. urens.

Materials and Methods: Aqueous and ethanolic extracts were obtained from total parts of C.
urens. Ehrlich carcinoma (EC) solid tumor which induced in mice and then treated with aqueous
or ethanolic extracts at 200 mg / kg. Tumor weight, biochemical and hematological parameters
of the animals were analyzed. Toxicity of the extracts was tested antineoplastic in vitro test
HELA cells and antioxidant activity was accessed by 1,1- diphenylpicrylhydrazyl (DPPH)
method at different concentrations 50, 100, 200 e 500 pg/mL of extracts. Phytochemical
screening of C. urens was realized by Thin Layer Chromatography (TLC).

Results: Flavonoids, terpenoids, coumarins, tannins and reducing sugars were found in
aqueous, ethyl acetate and n-butanolic extracts of C. urens. Aqueous and ethanolic extracts at
200 mg / kg were effective in inhibiting the tumor growth 84.4% and 79.2%, respectively and
no adverse side effects due to the treatment were observed in biochemical urea, creatinine, total
cholesterol, HDL-cholesterol, glucose and triglycerides and hematological red and white blood
cells and hemoglobin parameters. C. urens extracts did not show any in vitro toxicity effect
against HELA, however showed great antioxidant potential > 50% at 50, 100, 200 and 500 pg/

mL.
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Conclusions: Agueous and ethanolic extracts of C. urens have a notorious antitumoral effect
and could explain the basis for traditional use to treatment of cancer by rural community of

Northeast of Brazil.

Keywords: Cnidoscolus urens (Euphorbiaceae), antitumoral activity, EC solid tumor,

antioxidant, HELA cells, toxicity.



82
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

1 INTRODUCTION

Cancer is a particular group of diseases, characterized by uncontrolled cellular
growth, tissue invasion and metastases (Dashora et al., 2011; Instituto Oncoguia, 2015;
SBCO, 2015). This s one leading causes of death in world (Ferlay et al., 2015) and accounted
for 7.9 million deaths in 2007, with 38% in developed countries and 62% in developing
countries. Projections to 2030 show that almost 21.4 million of new cancer cases and more 13.2
million deaths will occur worldwide (GLOBOCAN, 2008). According to INCA, it is esteemed

600.000 new cancer cases only in Brazil, a country in Development (INCA, 2016).

Chemotherapy is an effective treatment against various types of cancer singly or in
combination with surgery and radiotherapy. However, chemotherapeutic effects of most the
drugs showed a limited efficacies due to the development of many side effects, nausea causing,
pain, neurotoxicity, nephrotoxicity and Other So many effects (Asirvatham et al., 2012;
Ostadhadi et al., 2015). This have been stimulated to evaluate new products against cancer
(Syamala et al., 2015) capable to cause less serious side effects (Aranjani et al., 2013). The
plant kingdom is a potential source of bioactive compounds of varying composition (tannins,
coumarins, phenols, flavonoids, catechins, anthocyanins and proanthocyanins) (Jeevananthan
et al.,, 2011; Ashraf et al., 2015) with antitumor activities and various plants which
traditionally have been used in the treatment of infectious diseases and in particular cancer
(Noolu et al., 2013; Servin Wesley et al., 2013; Ramasamy et al., 2013 and Ashraf et al.,

2015).

Brazil comprises 20% of biodiversity in the world and the six major biomes (Amazon,

Atlantic Forest, Pantanal, Cerrado, Caatinga and Pampa) comprise the highest levels of
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diversity in the on world (Pilatti et al., 2011; Rada, 2015). The Caatinga vegetation is a highly
threatened biome, covering an area of 60% in Northeastern region of Brazil. This ecosystem is
dominated by one of the few types of vegetation whose distribution is totally restricted to the

country (Silva et al., 2012).

Euphorbiaceae is a family of plants which has high medicinal use, as well as the genus
Cnidoscolus, popularly known as “urtiga” or “favela”, and highly cited due its properties
(Crepaldi et al., 2016). This genus has 50 to 75 representatives, whose characteristic is the
presence of stinging trichomes that when stimulated by contact with skin, can cause severe and
localized pain (Satiro and Roque, 2008; Melo and Sales, 2008). In the Caatinga biome the
genus is represented by various species, among them Cnidoscolus urens (L). Arthur (Sobrinho
et al., 2012). Popularly this species have been used orally for the treatment of hemorrhage,
inflammation, antiseptic, for treat kidney infections and antitumoral in the Brazilian region
Northeastern (Sobrinho et al., 2012; Albuquerque and Andrade, 2002; Sobrinho et al.,

2011, Menezes et al., 2014).

In this way we can suggest that this species can present effective therapeutic properties,
based on its popular use and the presence of metabolites such as flavonoids and terpenoids,
which are cited with properties in studies demonstrating its antiinflammatory, analgesic and

antitumor action.

This study was carried out to evaluate the antitumoral activity of the ethanolic and aqueous
extracts of total plant of Cnidoscolus urens against in vivo Ehrlich tumor solid model and in

vitro toxicity of HELA cells and determine the antioxidant activity of these extracts.
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2 MATHERIALS AND METHODS

2.1 Chemicals

1,1-diphenylpicrylhydrazyl (DPPH), Neutral Red, 3-[4,5-Dimethylthiazol-2-yl]-2,5-
Diphenyltetrazolium Bromide (MTT), 5-Fluorouracil (5-FU) and standard for Thin Layer
chromatography (TLC) was purchased from Sigma-Aldrich Chemical Company, St. Louis,
MO. Solvents for this work were purchased from Merck, Darmstadt, Germany. All the

chemicals were of analytical grade.

2.2 Collect of Botanical Material

C. urens were collected in the county Agrestina, Pernambuco, Northeasth Brazil in
Caatinga area (Lat 8 ° 23'04.8 "S; Long 35 ° 58'49.7". W), from June 2011. A sample of
collected material is archived as voucher specimen number 84.190, at the herbarium of Instituto

Agronbémico de Pernambuco (IPA).

The total plant (root, stems, leaf, seeds and flowers) materials were dried at room
temperature, followed by milling of the dry plant material, was carried out in a Willey type mill,
guaranteeing the standardization of the vegetal fragments. The crushed amperial was used for

the preparation of the extracts.
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2.3 Preparation of Extracts

2.3.1 Preparation of Extract for Phytochemistry

Screenig Extract: 50 g of dried plant material were homogenized for 20 minutes in a
mechanical stirrer with 100 mL of methanol in ebulition and filtered with Whatman filter paper
(No. 1). The extract was concentrated to dryness, by rotary evaporator pressure Buchler
Instruments, Fort Lee, NJ, USA, and resuspended in water (100 mL). The aqueous extracts
(Aq) obtained was subjected to partition into separatory funnel with an equal volume of ethyl
acetate (EA). Obtaining 2 phases, where the EA phase was separated. This process was repeated
twice in order to obtain 2 fractions: Ag and AE. The EA fraction was reserved and Ag was used
to obtain N-butanolic fraction that was performed in the same manner of EA fraction. At the

end was obtained three fractions: Aq, EA and N-bu (Wagner; Bladt, 1996).

2.3.2 Preparation of Extracts for Biological Activities

Agqueous Extract: Dried plant material 100 g were homogenized for 1 hour in a
mechanical stirrer with 200 mL of water, kept under refrigeration (4 — 10°C) during 24 hours
and filtered with Whatman filter paper (No. 1). This process was repeated twice more. The

extract was lyophilized (Liofilizador L101, LIOTOP®, S&o Paulo, Brasil).

Ethanolic Extract: 100 g of dried plant material were homogenized for 1 hour in a
mechanical stirrer with 200 mL of absolut ethanol, kept under refrigeration (4 — 10°C) and
filtered with Whatman filter paper (No. 1). The extract was concentrated to dryness, by rotary

evaporator pressure Buchler Instruments, Fort Lee, NJ, USA.
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The extracts EA, N-bu and Aqg were selected according to Wagner; Bladt (1996), for a
better elucidation of the chemical constituents of the extracts, while the extracts ag and EtOH
were chosen for the toxicity, antioxidant and antitumor experiments in vivo and in vitro, based

on ethnomedical (ethnopopulational) information available in ethnobotanical studies.

2.4 Phytochemical Screening of Cnidoscolus. urens

Thin layer chromatography (TLC) assays were performed for qualitative detection of
the substances contained in C. urens. Samples of Ag., EA and N-bu extracts were applied to
specific Merck silica gel Fass+3s6 Chromatoplates developed in ascendenting unidimensional,
according Wagner; Bladt (1996). Spots were revealed by spraying and revealing specific
followed by visualization under UV light of wavelength of shorter (256 nm) and long (366 nm).
In order to identify the main chemical groups of secondary metabolites. The results were

compared to the standards specific for each metabolite analysis.

2.5 Animals

The study was carried out with adult male albino Swiss mice (30 + 5g), obtained from
Biotherium of Laboratory of Immunopathology Keizo-Asami (LIKA), UFPE, Brazil. There
were housed at a temperature of 22 + 2°C with a schedule of 12 h light and 12 h dark cycle.
Mice were allowed to feed on chow (Labina®, Purina, Brazil) and water ad libitum. All
experiments reported herein are in accordance with the Animal Care and Use Committee at the
Federal University of Pernambuco n° 23076.041082/2011-25 and Guidelines for Care and Use

of Laboratory Animals.
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2.6 Acute Toxicity in Mice

Acute Toxicity study performed as per Organization for Economic Co- operation and
Development (OECD Guidelines) (OECD, 2004). Swiss Albino mice of either sex were used.
The animals were fasted for 4 h, allowed free access water. Dose maximum of the extracts
of C.s urens were from 2000 mg/kg, solubilized in saline solution, through the intraperitoneal
route of administration. The mices were observed continuously for behavioral changes for the

first 4 h and then observed for mortality if any 24 h after the extract administration.

The dose used for other tests was determined from the maximum dose (2000 mg / kg)

for the acute toxicity test and the dose applied, corresponding to 10% of the maximum dose.

2.7 Antitumoral Activity of Extracts of Cnidoscolus urens in Mice

Ehrlich carcinoma (EC) solid tumor cells were supplied by the Department of
Antibiotics, Federal University of Pernambuco (UFPE), Brazil. The cells were maintained in
vivo in mice by intraperitoneal transplantation. EC cells aspirated from the peritoneal cavity of
mice were washed with saline and injected subcutaneously to develop EC solid tumor. For the
experimental tumor induction mice were injected with EC (5.0 x 107), subcutaneously in the

left footpad to obtain the EC solid tumor (Stock; Clack; Philip, 1955).

The mice (n=36) were divided into 6 groups (n=6, for group) as follows:
Group (1) — Control mice without induction of tumor, receiving saline solution 0.9%, named

normal control (NC);
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Group (I1) — Control mice with induction of tumor, treated with saline solution 0.9%, named
saline treated (Saline);

Group (I11) — Control mice with induction of tumor, treated with 5-FU (20mg/kg- according
to the manufacturer), named 5- FU treated;

Group (1V) — Group of mice with induction of tumor, treated with aqueous extract 200mg/kag,
named aqueous fresh treated (Ag200);

Group (V) — Group of mice with induction of tumor, treated with ethanolic extract 200mg/kg,

named aqueous dried treated (EtOH200).

All the groups were treated for seven days, beginning after the tumor inoculation. On
the 8" day, after fasting overnight, all mice were anaesthetized with urethane 1.25g/kg and
blood samples were withdrawn by retro-orbital venipuncture technique. After, all mice were
euthanized by cervical dislocation and the tumor, liver, kidney and spleen were collected and

weighed.

The blood was stored in two separate tubes: (1) containing the anticoagulant
ethylenediamine tetraacetic acid (EDTA) and other (2) without anticoagulant, called dry tube
(VACUETTE™, Greiner, Kremsmunster, Austria). The dry tube was immediately centrifuged
2500 rpm / 15 min to obtain serum. Serum was utilized for determination of levels of glucose,
total cholesterol, HDL-cholesterol, triglycerides, urea, creatinine, total protein, alobumin and
globulin by chemical automatic analyzer (COBAS® 6000, Roche Diagnostics, England). The
tube containing EDTA was used to determine the hemathological parameters: total white blood
cell (WBC), red blood cell (RBD) and hemoglobin (Hb) were determined by standard method

using haemocytometer (SYSMEX XT-4000i™, Sysmex Corporation, Curitiba, Brazil).
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2.8 Antiproliferative Activity of Extracts of Cidoscolus urens in HELA Cells

Antiproliferative activity of extracts of C. urens was assessed by cell culture method
used to epithelial cell carcinoma of human cervix (HELA). HELA is a line of human cell oldest
and most used in scientific research since 1951 (Masters, 2002). The cells were obtained from
the Cell Bank of the Rio de Janeiro, Brazil. The HELA cells were maintained in 90%
Dulbeccos’s Modified Eagle (DMEM) supplemented with 2mM L-glutamine, peniciline 100

IU/mL, streptomycin 25mg/mL and 10% heat-inactivated fetal bovine serum.

The cell viability was assessed by Trypan Blue staining with assistance of an inverted
microscope. The cell suspension 105 cells/mL was plated in 96-well flat bottom plates 220
uL/well. Cells were allowed to adhere to the wells overnight, and then the extracts of C. urens
were added to triplicate wells 22uL/well. These plates were incubated at 37 °C, 5% CO; for 72
hours, then assayed from growth inhibition using a colorimetric method of MTT, according to
protocol of National Cancer Institute, such method, allows to measure the ability to metabolize
tetrazolium, by viable cells. A second colorimetric method used to measure cell viability was
neutral red, capable of measuring the retention of the dye by the lysosomes of viable cells. and
also by the neutral red method. The percentage of cell viability was calculated as:

% Cell viability = ABS mean extract wells X 100/ ABS mean control well and

% Cell inhibition = 100 - ABS mean extract wells/ ABS mean control well x 100.

2.9 In vitro Antioxidant Activity of Extracts of Cnidoscolus urens

The method was carried out as described by Brand- Williams et al. (1995). Various

concentrations 50, 100, 200 and 500 pg/mL of the ethanolic and aqueous extracts of total plant
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of C. urens were used. The DPPH solution 150 uM was prepared with methanol solvent. The
assay mixture had a total volume of 1 mL (500uL of the extract + 500uL of DPPH solution).
a-tocopherol (50, 100, 200, 500 pg/mL). was used as the positive control. After 30 min it’s
incubation at 25 °C, the absorbance was measured at 490 nm (ELx 800uv Universal Microplate
Reader, BIO-TEK INTRUMENTS, INC., Vinooski, VT). The radical scavenging activity was
calculated from the equation:

% Scavenging = [(Acontrol — Asample) I Acontrol] X 100

2.10 Statistical Analysis

Data were expressed as mean * standard deviation (SD). Statistical significance was
determined by one-way ANOVA followed by Turkey’s tests. P <0.05 implied significance.
All analyses were carried out using software PRISMA (GraphPad Software, Inc., San Diego,

CA, version 5.01).

3 RESULTS

3.2 Phytochemical Screening

Phytochemicals assays were used to determine the presence of the main secondary
metabolites present in the Ag, EA and N-bu extracts C. urens. Through the tests can reveal the
significant presence of chemical groups such as flavonoids and terpenoids in EA extract and
reduction of sugar in extract Agq. At lower concentrations, we can also detect a presence of
tannins and coumarins without N-bu extract, in addition to traces of proanthocyanidins in EA.

In the meantime, alkaloids and saponins can not be detected in the samples used for the
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phytochemical experiment. In previous studies carried out in 2007 by Yuan et al., Also
indicated the presence of flavonoids, terpenoids and coumarins in methanolic extract of C.
texanus. More recently Peixoto Sobrinho, et al. (2012), identified the presence of anthocyanin,
coumarins, flavonoids, tannins and terpenoids in methanolic extracts of aerial parts and root of
C. urens, corroborating our results. In disagreement, the author referended above detected the
presence of saponins in methanolic extract of the C. urens root, such a metabolite can not be
detected in our studies. As early as 2016, Gomez et al., identified a presence of eight different
flavonoids, nine phenolic acids, as well as saponins and alcalde in aqueous extract of C.
chayamansa leaves. As well as Pérez-Gonzélez et al., 2017, determine a presence of phenolic

compounds and flavonoids in methanolic extract of C. chayamansa leaf.

3.2 Acute Toxicity

Intraperitoneal administration of a maximum dose 2000 mg/kg of the C. urens did not
result in any mortality or observable behavioral changes such as writhing, gasping, palpitation,
pilo-erection, hyperventilation and decreased respiratory rate, in the treated mice. Additional
studies about chronic toxicity are necessary, which are needed for the best solution on the

effects that may or may not be induced by treatment with extracts of C. urens.

3.3 Antiproliferative Effect of Cnidoscolus urens Extracts

As shown in (Figure 1) the Aq and EtOH extracts of C. urens exhibited no satisfactory
growth and inhibitory activity against a HELA cells. However, ethanolic (100ug/ mL) extract
showed greater inhibition of cell growth by the MTT method, with a percentage of

approximately 40% (Figure 1- A). The aqueous (100ug/ mL) extract was more effective during
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antiproliferative activity with neutral red method, demonstrated a percentage of inhibition of
approximately 25% (Figure 1- B). In the meantime, if we compare the MTT and NR
methodology, the ethanolic extract shows to have developed a simple improvement of the

antiprologative activity. (Figure 1- A, B).

3.4 Antitumor Activity of Cnidoscolus urens Extracts

After induction of EC solid tumor, the footpad thickness curve presented a significantly
behavior from the fourth day post inoculation (Figure 2- A). The saline treated group (negative
control) showed significant differences in tumor growth between 6" and 8" days. There was a
significant reduction of tumor growth in mice treated with 5-FU, Ag200 and EtOH200 at 6"

and 8" day, different from control group that increased the tumor weight.

The EC solid tumor weight in the saline treated group was 2.31 + 0.35g (Figure 2- B).
The treatment with Ag200 and EtOH200 showed a significant antitumor activity which was
further evidence by percentage reduction (84.4% and 79.2%, respectively). Administration of
5-FU, a commercial drug for treatment of cancer, also lowered tumor weight in 65.4%.
However, treatment with Aq200 was significantly (P<0.05) greater than the treatment with 5-

FU.

The antitumor nature of Ag200 and EtOH200 was accompanied by the significant
reduction in organ weights of animals treated with the extracts (P<0.05 compared to EC solid
tumor bearing mice). It was also supported by the significant reduction in liver EtOH200 and
kidneys Ag200 and EtOH200 in the extracts treatment when compared to the EC solid tumor

treated with saline, named Saline Group (Table 1).
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Urea, creatinine, total cholesterol, HDL-cholesterol and triglycerides were significantly
decreased in animals treated with Aq200 as compared to the saline treated group (Table 1). The
glucose levels alteration were significantly in all groups with EC solid tumor, and treatment
with Ag200 was able to reverse this condition. The 5-FU is a potent agent against tumor (Figure
2- B), however, biochemical parameters such as urea, creatinine, total cholesterol, HDL-
cholesterol and triglycerides were higher in this group as adverse effects. These parameters
were significantly (P<0.05) lower in the groups treated with Ag200 when compared with the
group treated with 5-FU. The treatment with EtOH200 showed a significant reduction in the
creatinine, total cholesterol and triglycerides levels when compared with the 5-FU group.

The time of tumor development 7 days, which already allows us to see some changes in
white blood cells in the treated groups 5-FU and Ag200 (Table 2). Also, the treatment with 5-
FU promoted significant (P<0.05) decreasing in white blood cells number when compared to
the saline treated group. The Aq200 and EtOH200 showed significantly increased in the

WBCparameter when compared to the 5-FU treated group.

3.5 Antioxidant Activity of Cnidoscolus urens Extracts

The antioxidant method performed by DPPH can be achieved by the elimination of its
radicals, being determined by the absurd. The antioxidant capacity of extracts of C. urens and
of a-tocopherol can be evidenced in Figure 3, showing a decrease (p <0.05) in the concentration
of DPPH radicals, this is due to the ability of extracts and a- tocopherol to eliminate reactive
species. The radical scavenger activity of the standard and extracts followed the order o —
tocopherol > aq > EtOH, with a percentage of 85, 65 and 52% in the concentration of 500 ug /
mL. These results indicated that the extract Aq of C. urens has a better effect by eliminating the

free radicals than the extracted EtOH of C. urens, independent of concentration
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4 DISCUSSION

Bioactive products of plants have served as a good source of antitumor treatment.
Recently, several studies have been conducted and a large number of plants possessing
anticancer properties have been documented (Aranjani et al., 2013; Noolu et al., 2013; Servin
Wesley et al., 2013; Ramasamy et al., 2013; Thummar et al., 2015 and Aliya, et al., 2016).
The Cnidoscolus genus was traditionally used for the treatment of many diseases (Bijekar,
Gayatri, 2014), especially against cancer in Northeaste Brazilian population (Jiménez-
Arellanes et al, 2014). Administration of the Aq200 and EtOH200 extracts of C. urens for 7
days showed an expressive and significant antitumoral activity. Similar results were found by
Ribeiro et al., (2012), when inducing solid tumor of Ehrlich in mice and performing the
treatment with aqueous and ethanolic extract of leaf of Arrabidaea chica. Thus, it can show the
smaller development of the tumor mass when compared to the control. The antitumor activity
was demonstrated for the methanolic extract of Euphorbia dendroides (Euphorbiaceae) when
used for the treatment of mice also with Ehrlich solid tumor. Fayad et al. (2017) highlighted
reduction of tumor volume and weight in addition to Increase in the mean survival time of the

animals treated with such extracts.

The treatment with Aq200 extract of C. urens was a significantly better in decreasing
the tumor growth in comparison with treatment of 5-FU, and significantly improve hemoglobin,
RBC and WBC. Indicating that extract from C. urens has antitumor activity and protective
action to hematopoietic system. Similar results were found by Pillai et al. (2012), when used
ethanolic extract of C. chayamansa sheet for the treatment of Dalton's ascitic Lynphoma. In

most cases chemotherapy is accompanied by adverse effects as myelosuppression and anemia.
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This framework is already well known tumor patients and can be associated with iron deficiency

or hemolytic conditions.

Recent studies with other species of the Euphorbiaceae family also collaborate with our
findings, indicating a potent anti-tumor action of these species. Acetone extract of aerial parts
of Phyllanthus niruri (Euphorbiaceae) showed the presence of flavonoids which was used to
demonstrate and prove its antitumor activity (Padmapriya; Poonguzhali, 2015). The results
found by our phytochemical tests also revealed the significant presence of flavonoids in C.
urens extract. The presence of this compound in the extracts can be directly related to its potent
anti-tumor action, as suggested by scientific studies (Babu et al., 2013; Yu-Ke et al., 2014;

Zhong et al., 2015).

Under normal conditions, the synthesis of new fatty acid molecules isinhibited by the
presence of fatty acids derived from food. This condition altered appears in patients with tumors
installed. There is a probability that the altered cells lose their sensitivity, fail to notice an
increase in the concentration of fatty acids, and continue to synthesize. Researchers propose
that enzymes involved in the synthesis of fatty acids (ATP citrate lyase (ACLY), acetyl-CoA
carboxylase a (corn meal), fatty acid synthase (FASN), and long chain acyl-CoA fatty
synthetases 1, 3 and 5 (ACSL1, ACSL3, ACSL5)) are increased (Wu et al., 2014), being able

to influence the lipid profile.

Elevated triglycerides levels were observed in EC solid tumor group in comparison to
the normal control group (Laza-Jacoby et al., 1984). This finding may be related to changes
in lipid metabolism that occurs during cancer development, where a defect in clearance, due to

the decrease in the activity of adipose tissue LPL, may be responsible for the early development
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of hypertriglyceridemia during tumor growth (Laza-Jacoby et al., 1984; Wu et al., 2014). The
treatment with Aq200 and EtOH200 extracts of C. urens showed reduction of serum
triglycerides and total cholesterol. The previous biochemical studies supported properties of
bioactive plant compounds that can contribute to the lipid profile ameliorating (Kumar et al.,

2011; Ramachandran et al., 2012).

Elevated urea and creatinine levels are well reported as one of the most sensitive markers
of kidney damage (Omara et al., 2012). In the serum of EC solid tumor animals urea showed
elevated, indicating kidney damage in these groups. After 8 days of treatment of aqueous extract
of C. urens, the levels of urea significantly decreased and this result clearly indicates that Aq200
possess effectiveness to improve kidney damage in EC solid tumor animals. Species such as
Jatropha gossypiifolia (Euphorbiaceae) were tested in order to assess the toxicological ability
of ethanol extract of the leaves. The animals treated with doses of 1-5 g / kg were analyzed for
their biochemical profile after 14 days (Silva et al., 2014). The same study showed the ability
to reduce the concentration of urea. By contrast observed an increase in creatinine

concentration. Data partially corroborate our.

Recent surveys depict glucose metabolism related to the development of tumor cells.
Tumor cells are involved in changes in glycolytic and mitochondrial metabolism, providing
enough energy for the multiplication of altered cells, to the synthesis of ATP and NADPH, as
well as amino acids, lipids and nucleotides. One of the consequences of the change of glucose
metabolism, is the decreased level of glucose significantly. This change may be triggered by a
disruption in signaling pathways and activation of oncongenes, allowing the production of
glucose via the intermediates (Weinberg; Chandel, 2015). Decrease in glucose level is a

characteristic feature of all types of tumor (Reinhold et al., 1991). This may be attributed to
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the multiplication of cells requiring more glucose to produce energy in cancer cells (Bartrons;

Caro, 2007; Weinberg; Chandel, 2015).

Treatment with Ag200 C. urens extract increased glucose levels with treatment after 8
days, corroborating with decreasing in a multiplication of EC solid tumor cells in vivo model.
Shetti; Kaliwal (2015) was able to prove that different species of Euphorbiaceae can also show
an improvement in glycemic profile of animals with diabetes induced by alloxan. After
treatment with a single dose of 400mg / kg ethanol extract of Phyllanthus amarus, the animals
demonstrated a low level of blood glucose and hypoglycemic activity of P. amarus extract was
maintained until the ending of the experiment. The results of Shetti and Kaliwal help prove the

hyperglycemic capacity Aq200 and EtOH200.

Gomez et al (2016), used the C. chayamansa extract 2% and were able to prove that at
the end of the experiments the animals treated with the extract it sufficient to cause an
improvement in glucose levels, suggesting the presence of phenolic compounds from the extract
could improve insulin secretion, cellular regeneration and inhibition of digestion and absorption

of glucose.

Tumor development time for 8 days was able to induce changes in the hematological
profile of the groups, improving the immune response of animals that were treated with extract
of C. urens, with an expressive increase in the number of white blood cells (WBC). Also, the
treatment with 5-FU, promoted significant (P<0.05) decreased in white blood cells number. The
myelosupression and anemia are the great problems caused by tumors and the anemia
encountered in EC solid tumor animals is mainly due to reduction in red blood cells (RBC) or

hemoglobin (Hb) percentage and this may occur either due to iron deficiency or due to
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hemolytic or myelopathic conditions (Sreelatha et al., 2011). Similar results were showed in
animals with EC solid tumor in the present study. The treatment with Ag200 extract promoted
a reverse condition for these hematological parameters, suggesting that the aqueous extract of

C. urens may possess protective action on the hematopoietic system.

Preliminary studies with leaf extract C. aconitifolius administered (400, 600 and 800
mg/kg) in groups of diabetic rats showed a great improvement in hemoglobin concentration.
This improvement is related to the presence of phenolic compounds identified by prior
phytochemical analysis. These phytochemicals findings of the study Obichi, et al. (2015), as
our results are similar and suggest that these species possess potential anti-inflammatory and
antioxidant and strong indication for the treatment of cancer. Pillai et al (2012) Also found

similar results by treating mice with induced tumors with ethanol extract of C. chayamansa.

Agueous and ethanolic extracts of C. urens exercised the antioxidant potential and
previous studies showed that the antitumor activity of plant extracts may be attributed to the
antioxidant principles present in the extract (Sreelatha et al., 2011). These findings in the
present study are consistent with the earlier reports, which support the antioxidant activity of
of methanolic extract of root and leaves C. urens (Sobrinho et al., 2011). The antioxidant
activity is not just a feature of the species C. urens, other species of Cnidoscolus also showed
antioxidant activity, with the antioxidant activity of C. aconitifolius demonstrated by Obichi,

et al., 2015.

Cytotoxic activity of the extracts was determined according to NCI scale. Extracts are
considered without cytotoxic activity when inhibition percentage range was 1-20%, with little

activity when such percentage was between 20 and 50%, moderate activity when the inhibition
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was 50 to 70% and high activity when the inhibition range was 70 to 100%. Thus, aqueous and
ethanolic extracts had their cytotoxicity evaluated by two different methodologies, MTT
(access cell with active mitochondrial metabolism) which evaluates the succinate
dehydrogenase enzyme ability to reduce MTT to formazan in the mitochondria cell and Neutral
Red (soluble in water that accumulates in the lysosomes of viable cells), which assesses the
damage caused in the cell membrane. Both extracts showed little cytotoxic activity at the
highest concentration (100 ug) by MTT and neutral red dye, similar to that observed by

Sobrinho et al. (2011).

The preliminary phytochemical screening of C.urens indicated the presence of various
compounds. A number of studies reports indicate terpenoids, and phenolic compounds such as
tannins, coumarins and flavonoids have a chemo preventive role in cancer through their effects
on signal transduction in tumor cell proliferation and many of such compounds are known to
possess potent antitumor activity (Weber et al., 1996; Blois, 2002). The biochemical studies
supported its antioxidant properties and preliminary phytochemical screening showed
compounds that can contribute to the in vivo antitumor activity of C. urens extracts (Obichi, et

al., 2015).

5 CONCLUSION

The aqueous and ethanolic extracts of C.urens were effective in inhibiting the growth
of Ehrlich solid tumor models and no adverse side effects due to treatment were observed.
However, the cytotoxicity of C. urens extracts in HELA cells showed no in vitro
antiproliferative activity. The biochemical studies supported its antioxidant properties and

preliminary phytochemical screening showed the presence of flavonoids, terpenoids, coumarins
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and reducing sugar that can contribute to the in vivo antitumor activity of C. urens extracts. C.
urens merites further investigation in a tumor model to elucidate its mechanism of action and

isolation of its active constituents may prove rewarding in cancer treatment.

The data our pre-clinical suggest that C. urens extract is a systematically and nontoxic
available angiogenesis inhibitor and should be further evaluated as a potent chemotherapeutic
agent. Although C. urens be defended as an effective treatment against cancer and widely used
for this purpose by the people claiming that in some cases cure the disease, and our preliminary
studies have shown promising results, more detailed scientific studies to evaluate its

effectiveness and mechanism of action are missing.
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Figurel. Antiproliferative activity of extracts of Cnidoscolus urens in HELA cells by MTT

method (A) and Neutral Red method (B). *P<0.05 for all analysis as compared with Aq group.
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Figure 2. Effect of C. urens extracts on footpad thickness (A) and EC solid tumor weight (B).
Data are reported as the mean £ S.D. Statistical differences from the controls were determined
by ANOVA followed Tukey’s Test. *P<0.05 for all groups as compared saline treated group
(negative control); P<0.05 for all groups as compared with 5-FU treated group.
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Figure 3. Radical scavenging activity of Cnidoscolus urens extracts by DPPH method. *P<0.05

for all analysis as compared with a-tocopherol; "P<0.05 for all analysis as compared with Aq

group.
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Table 1. Biological parameters in mice bearing EC solid tumor treated with Cnidoscolus
urens extracts.

. i Groups
Biological Normal
Parameters Saline 5-FU AQg200 EtOH200

Control

Liver (g) 1.84+0.15 2.16 £0.10 2.27 £0.107 1.97 +£0.43 1.71 £ 0.29%T
Spleen (g) 0.17 £0.02 0.18 £ 0.02 0.23+£0.03 0.23+0.05 0.20 £ 0.07
Kidneys () 0.56 £ 0.04 0.51+0.02 0.42 +0.03%* 0.42 +0.07+* 0.38 + 0.06%*
Total Proteins  5.24 £0.39 4.25+0.17 4.42 +£0.15 4.45 + 0.46 3.53 +1.26¢
(9/dL)
Albumin 3.52+0.19 2.37 £0.23% 2.45 +0.16% 1.97 +0.21* 2.13 + 0.80*
(9/dL)
Globulin 1.72 £ 0.50 1.88+£0.11 1.97 + 0.05* 2.48 £0.42 1.40 £ 0.46
(g/dL)
Urea 27.67+3.78 4655+568"  48.67 £5.07¢ 27.1 +7.80%" 38.1+£11.90
(mg/ dL)
Creatinine 0.21+£0.01 0.5+0.06* 0.65 + 0.09%* 0.22 + 0.04*" 0.25 + 0.14*"
(mg/ dL)
Glucose 116.1+10.40 81.3+2.04% 79.5 + 2.80% 127.9 + 47.40%7  115.9+17.20
(mg/ dL)
TC 120.6+9.10 116.1+10.40 138.1+11.30* 77.6+8.10**T 88.3+17.00%*1
(mg/ dL)
HDL-c 69.1£5.20 63.3+£3.10 72.1+£8.20 41.1 + 4,105*F 58.3£18.90
(mg/ dL)
Triglycerides  118.7+5.90 292.5+29.20 209.4 +25.30%* 167.8 + 35.70%*1 173.6 + 31.20+*
(mg/ dL)

Data represent the mean + S.D. (n=6). Statistical differences from the controls were
determined by ANOVA followed Tukey’s Test. *P<0.05 for groups as compared with normal
control group; “P<0.05 for groups as compared with saline treated group (saline group);
TP<0.05 for groups as compared with 5-FU (positive control). TC — total cholesterol; HDL-c —
high density lipoprotein cholesterol.
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Table 2. Hematologic parameters in mice bearing EC solid tumor treated with Cnidoscolus
urens extracts.

. Groups

Hematologic Normal
Parameters Saline 5-FU Ag200 EtOH200

Control
Total RBC 98.0+26.90 71.2+28.60* 88.4+25.60 93.5 + 0.40* 84.1+0.70
Total WBC 1.31£0.05 1.25+0.09 0.35+0.06** 2.74+0.50%*" 1.51+0.26"
Hb (%) 15.0£0.30 12.8 + 0.40* 13.9+0.40 14.8 + 0.40*%* 13.4 + 1.30%*"
PLT 1.31+0.08 1.67+0.12%* 1.13+0.11 1.48 +£0.35 1.00 + 0.02*

Data represent the mean + S.D. (n=6). Statistical differences from the controls were determined
by ANOVA followed Tukey’s Test. *P<0.05 for groups as compared with normal control
group; *P<0.05 for groups as compared with saline treated group (saline group); 'P<0.05 for
groups as compared with 5-FU (positive control). RBC — red blood cells (x10° cells/mL); WBC
— white blood cells (x10* cells/mL); Hb — hemoglobin; PLT — platelets (x10°).
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CAPITULO I

Manuscrito 2: Effects of methanolic extract of aerial parts of Cnidoscolus urens
(Euphorbeaceae) on the spontaneous contractile activity and induced castor oil in an
animal model.

A5 Jeurnal of
% ETHM(-

Souza, P. G. V. D.% Campos, J. K. L.%Lima, V. L. M.”; Silva, N. H*".

Manuscrito a ser submetido ao periédico Journal of Ethnopharmacology no formato Original
Research Article (FI: 3.055; QUALIS CB II: B1).



114
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

Effects of methanolic extract of aerial parts of Cnidoscolus urens (Euphorbeaceae) on the
spontaneous contractile activity and induced castor oil in an animal model.

Souza, P. G. V. D.% Campos, J. K. L.%;Lima, V. L. M.”; Silva, N. H*".

Laboratorio de Produtos Naturais. Departamento de Bioquimica, Centro de Biociéncias,
Universidade Federal de Pernambuco, Brasil. #

b_aboratério de Metabolismo de Lipideos e Lipoproteina. Departamento de Bioquimica,
Centro de Biociéncias, Universidade Federal de Pernambuco, Brasil. °

*Corresponding author

Laboratorio de Produtos Naturais. Departamento de Bioquimica, Centro de Biociéncias,
Universidade Federal de Pernambuco. Avenida Professor Moraes Rego, s/n, B. Cidade
Universitaria, CEP 50670-420, Recife- Pernambuco, Brasil. 55 81 21268541, 55 81 21268540

(219), e-mail: nicacio_hsilva@hotmail.com



mailto:nicacio_hsilva@hotmail.com

115
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

ABSTRACT

Ethnopharmacological relevance: Cnidoscolus urens (Euphorbiaceae) popularly called
"nettle” and well known for causing irritating reactions when in contact with the skin. Area
native species of Caatinga, always present in sitations in ethnopharmacological surveys. Parts
of this plant, root and stem are widely used as herbal medicines. C. urens popular believe that
can be used for the treatment of cancer, inflammation, pain, kidney problems and diarrhea. But
there is limit scientific study on its activity and mechanism against almost any of these diseases
which are used as therapeutic, nor for the treatment of gastrointestinal disorders.

Aim of the study: To evaluate the anti-diarrheal activity and acute toxicity in vivo of the
methanol extract of aerial parts of C. urens.

Materials and Methods: The methanolic extract of aerial parts of C. urens (MeOH) was tested
at two different doses (200 and 400 mg / kg, p.o. in mice), against experimental models which
evaluated the effect in normal stools and diarrhea models using the test Castor- oil induced
diarrhea, enteropooling and Charcoal meal. The evaluated criteria were whether the
administration MeOH (200 and 400 mg / kg) induce a change as the consistency and total
number of stools in diarrhea model induced by castor oil; production and fluid accumulation
was achieved by enteropooling model and intestinal transit as to the methodology of choice was
the Charcoal meal test. The acute toxicity was evaluated following the guidelines of the OECD.
Results: The MeOHC extract C. urens was unable to cause toxic effects at the highest dose
tested, which was 2000 mg / kg. For the antidiarrheal activity, the doses of 200 and 400 mg /
kg MeOHC. urens showed a significant decrease in diarrhea, inhibiting in 68 and 87%
respectively, the number of bowel movements. The MeOHC. urens (200 and 400 mg / kg) was
also able to decrease to 3.4 and 3.0 respectively, wet number stools on castor oil induced

diarrhea, compared to the control, which was 11.2, improving the consistency of the faeces over
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of time. In an enteropooling assay of the two doses were capable of inhibiting fluid
accumulation induced by oil, given value of 23.4, at a dose of 200mg / kg and 20.8, at a dose
of 400mg / kg. Finally the Charcoal meal test demonstrated efficacy as the action of the
intestinal transit. In this test it was obtained a reduction in motility percentage equal to 36.3 for
the dose of 200 mg / kg and 25.5 to 400mg / kg, a significant reduction when compared to the
negative control that reduced to a percentage of 79.3.

Conclusions: These results indicated MeOH extract an anti-diarrheal action, working on
improving the consistency of stool, decreased intestinal motility and the accumulation of
intestinal fluid.

Keywords: Cnidoscolus urens (Euphorbiaceae), Diarrhea, Castor oil, Motility and Charcoal.
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1 Introduction

Gastrointestinal infections present as fear symptoms, diarrhea, which may be, caused by
a wide array of pathogens. Among the main pathogens, we mention can bacteria, viruses and
protozoa. In the meantime a single pathogen, it becomes primarily responsible for about 40%
of hospital admissions for diarrhea due to the rotavirus. However, we can, not help but draw
attention to other important actors, such as bacteria, including: E. coli, V. cholerae, Shigella

and Salmonella. (WHO, 2009; Palla; Gilani, 2015)

Gastrointestinal disorders are usually, accompanied by muscular contractions that
cause abdominal pain, constipation, intestinal colic, diarrhea or occlusions leading to an
inflammation of the mucosa, this symptomatology is caused by the alteration in the movement
of the smooth muscle of the small intestine, which can increase or decrease the speed of the
Muscle contractility (Salaga et al., 2015). Intestinal transit, gastrointestinal tract length, muscle
tone and myoelectric and contractile activity are a set of actions that contribute to

gastrointestinal system (SGI). (Joseph et al., 2015).

According to the World Health Organization (2013), diarrheal disease is a leading
cause of child mortality and morbidity worldwide. Developing countries are the most affected
by these types of diseases, in these children under three years of age, have on average three
episodes of diarrhea / year. The Acute Diarreal Diseases (DDA) is the second leading cause of
death in children under five years. It is estimated, about 760 000 children under five will death/
year due to diarrheal disease origin, which is the main cause of malnutrition in children under
five years of age, and 1.7 billion cases of diarrhea each year. Diarrhea is a major cause of

malnutrition in children under five years of age.
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Important cause of mortality and morbidity in Brazil and in developing countries, the
DDA has a high prevalence (Ministério da Saude Brasilia/DF, 2004). According Eduardo et al.,
em 2005, the Brazil, in spite of limitations to how many records DDA cases reached more than
600,000 hospitalizations due to intestinal infections and about almost 8000 deaths. In 2011,
there were 49,175 deaths from infectious and parasitic diseases (Ministério da Saude, 2012a),
and these numbers became more significant when analyzing the number of deaths due to ADD
in children under 5 years of age, reaching a total of 756 per year In Brazil (Ministério da Saude,

2012b).

Many countries live a socioeconomic condition of transition, like Brazil. And for this
reason their populations coexist with important social problems that end up in severely affect
public health. These problems such as lack of sanitation and environmental pollution, contribute
to intestinal infections. This type of infection is, considered relevant because it can cause
damage to the physical and intellectual development, in particular, children under 5 years
(Santos et al., 2014). Other important factors that may be associated diarrheal diseases are
reduced productivity at work, morbidity, increased use of medical and hospital resources, and

unnecessary expenses (Palla; Gilani, 2015).

To support our research, the Caatinga, exclusively Brazilian biome, presents about 900
plant species (Zanirato, 2010; Pinheiro et al., 2013). They have aroused great interest among
researchers from around the world, for its high therapeutic power and their ability to expand
the arsenal of bioactive molecules (Cartaxo et al., 2010). The scientific community has shown
that many species of plants are, enjoyed by the population as a therapeutic product and the

Euphorbiaceae family it stands out for the wide use. Among those belonging to his family, give
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emphasis on the gender Cnidoscolus (Gomes et al., 2014; Peixoto Sobrinho et al., 2012). In the
Caatinga biome, the Cnidoscolus genre is represented by four, C. infestus, C. pubescens, C.
quescifolius and C. urens, species that are used as therapeutic componentes, such as anti-
inflammatory, appendicitis, rheumatism, kidney infections among other utilities (Peixoto

Sobrinho et al, 2012; Agra et al., 2008; Coelho et al., 2012; Gomes et al., 2014).

The species C. urens gained great prominence in the popular medicinal, for always
appear in quotes with therapeutic activities in ethnobotanical studies. To find out its biological
activity, methanolic extract of parts of C. urens sand was, used to demonstrate its antidiarrheal

effect in experimental models in mice.

2 MATERIALS AND METHODS

2.1 Chemicals

Castor oil (SD Fine Chem. Ltd.), loperamide [2 mg] were from square pharmaceuticals
limited and Vincristine Sulphate (VINCRIRST ®) from Techno Drugs Ltd, atropine sulphate
were purchased from Sigma Aldrich Chemie Gmbh (Taufkirchen, Germany), activated

charcoal (Vetec), methyl alcohol (99.8% - Vetec).

2.2 Collect of Botanical Material

C. urens, commonly known as nettle, were collected in Agrestina, located 136 km from
the capital Recife, state of Pernambuco, Brazil Northeasth, in Caatinga area (Lat 8 ° 23 '04.08",
Long 35 ° 58' 49.7" w) from January 2014. The collected sample was, filed with the voucher

specimen number 84.190, in the herbarium of the Agronomic Institute of Pernambuco (IPA).
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Aerial parts (leaves, flowers and fruits) were, dried at room temperature (27 £ 28° C) and used

to extract preparations.

2.3 Preparation of Extract

Methanol extract: 100 g aerial parts of C. urens collected and adequately dried, it was
placed in a percolator and added to 1 liter of methanol, left overnight and then filtered with
Whatman filter paper (no. 1), this procedure, was repeated until exhaustion.The extract was

concentrated to dryness by rotary evaporator pressure Buchler Instruments, Fort Lee, NJ, USA.

2.4 Animals

Swiss male albino mice, weighing 30 to 35 g were, used for all experiments. All animals
were, originally obtained from the vivarium Keizo Asami Immunology Laboratory (LIKA),
UFPE, Brazil. The animals were, housed in polypropylene cages (47 X 34 X 18 cm®), with
sawdust at a temperature of 22 + 2 ° C, with a schedule of 12 h light and 12 h dark cycle. Mice
were, allowed to feed on Labina® chow, Purina, Brazil and water ad libitum. All tests described
herein are in accordance with the Animal Care and Use Committee at the Federal University of
Pernambuco (No. 23076.041082 / 2011-25) and Guidelines for Care and Use of Laboratory

Animals of Laboratory
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2.4.1 Study Desing

The study was, designed to evaluate the methanol extract of C. urens (MeOH) in
different concentrations and different models of diarrhea induction. The activities | and 1l
(Normal defaecation and Castor- oil induced diarrhea, respectively) and Il and 1V
(Enteropooling and Charcoal meal, respectively) followed the same design distribution groups.

The mice (n = 24) Were divided in to 4 groups (n = 6, for group) as follows:

2.4.1.1 Drawing for the activities | and I1:

Group (I) - Negative control, inducing diarrhea from castor oil and treated with saline solution
only.

Group (11) - Control loperamide (10mg / kg), inducing diarrhea from castor oil and treatment
with standard drugs.

Group (I1) - Group test, inducing diarrhea from castor oil and treated with MeOH [200mg /
ka].

Group (1V) - Group test, inducing diarrhea from castor oil and treated with MeOH [400 mg /

ka].

2.4.1.2 Drawing for the activities Il and 1V:

Group (I) - Negative control, inducing diarrhea from castor oil and treated only with saline.

Group (I1) - Control atropine sulfate (0, 25mg/kg), inducing diarrhea from castor oil and treated
with standard drugs.

Group (I11) - Group test, inducing diarrhea from castor oil and treated MeOH [200mg / kg].

Group (IV) - Group test, inducing diarrhea from castor oil and treated MeOH [400mg / kg].
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2.5 Toxicity Study

Before starting any type of test, the extract was, tested for its acute oral toxicity. For the
determination of acute toxicity, we follow the guidelines of the Organization for Economic
Cooperation and Development (OECD, 2004). Swiss Albino mice, females and males, were,
used to evaluate the tocicity of the methanolic extract of C. urens. The animals were fasted for
6 h, received free water. After the fasting period, the animals were, treated with a maximum
dose of 2.000 mg / kg MeOH and diluted in saline solution. Administration of the extract was,
done orally. The treated animals remained under observation for 4 h to detect any changes in
their behavior such as: Piloerection, train survey, agitation, respiratory and cardiac frequency
and then were evaluated for mortality, if there was mortality up to 24 h after administration of

the extract of C. urens.

From the acute toxicity test, we can determine the dose of choice used for the treatment
of the experimental tests, which corresponded to 10% of the maximum dose of the doxicity test,
which is equal to 200 mg / kg. An additional dose, which corresponds to twice the dose of
choice, being 400 mg / kg was, also used in order to evaluate if there would be improvement as

the dose was increased.

2.6 Evaluation of the effect of the extract MeOH on normal defaecation (1)

The effect of the extract on the production of the normal number of stools was, assessed

as described by Melo et al., 1988. Adult rats were fasted for 18 h with free access to water and
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divided into four groups (n = 6) and treated according to the design described in item 2.4.1.1.

The animals were, individually placed in plastic cages coated with filter paper.

The 4 groups were, treated orally, with saline, loperamide and MeOH (200 and 400 mg
/ kg). The total number of feces of each group was, counted every hour for 4 hours. The
percentage reduction in the number of feces of the treated groups was, compared with the

control group.

2.7 Evaluation of the Castor- oil induced diarrhea in mice (1)

Adult mice were, divided into 4 groups randomly fasted for 18 h with free access to
water. The groups were, divided and treated in accordance with item 2.4.1.1. After 30 minutes
of treatment was, administered to all animals 0.1 mL of castor oil orally. The animals were,
placed in polyethylene cages lined with filter paper and evaluated for 4h for the production of
diarrheal stools. The total count of diarrheal stools of treated groups was, compared to the
control group, which was, considered 100% of diarrheal stools production. Thus, the results
were expressed as % reduction of the production of diarrhea stools (Awouters et al., 1978).

Percent reduction was, calculated by using equation as follows:

% reduction: [(Mean castor oil diarrhea score (control) — mean score of treatment

group)/ Mean castor oil diarrhea score (control)] X 100
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2.8 Castor oil induced enteropooling assay in mice (111)

As part of the studies that evaluated the antidiarrheal activity of MeOH extract, the
accumulation of intraluminal fluid was determined by the method of Robert et al., 1976;
Capasso et al., 2002; Gilani et al., 2005. The animals fasted for 24 h were divided into 4 groups
(n = 6) and treated (saline, loperamide and MeOH 200 and 400 mg / kg), as described in activity
I11 of the study desing (topic 2.4.1.2). After 30 minutes of treatment, all animals received 10 ml
/ kg of castor oil orally. A further 30 minutes after administration of the oil, the animals were,
sacrificed by servic displacement and the small intestine was, removed. The small intestine was
filled heavy (W1), then emptied and weighed again (W2) and the length, determined (L). The
weight difference divided by the length demonstrates the enteropooling in mg / cm when
applied the following formula:

Enteropooling: (W1-W2)/L

2.9 Charcoal meal in mice (1V)

To determine the transit of the small intestine, a solution of charcoal suspended in
carboxymethylcellulose (CMC), orally administered in mice was, used as previously described
by 1ZZO et al. (1992). The animals were fasted for 18 h with free access to water and divided
into 4 groups. The four groups were, treated according to item 2.4.1. 2, being administered as
saline treatment, atropine sulfate and MeOH (200 and 400 mg / kg). After 30 minutes of
pretreatment, all animals received castor oil (0.2 mL). After a further 30 minutes, after
administration of the oil, a suspension of CMC coal (0.5%) was, given in all animals orally.

After 30 minutes of administration of the charcoal suspension, the animals were, sacrificed. The
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abdomen of each animal was, opened, removing the small intestine from the pylorus to the
cecum. The small intestine was, carefully stretched under a tape measure to obtain, in
centimeters, the total length of the small intestine and the distance traveled by the charcoal.
Intestinal transit was expressed as a percentage of the total intestinal length and the values
applied in the following formula: Intestinal transit (%) = (DC / LSI) x 100, where DC is the

distance reached by charcoal and LSI refers to the length Total of the small intestine.

2.10 Statistical evaluation

The results were submitted to analysis of variance (ANOVA) followed by Tukey's

multiple comparison test, with p <0.05 considered to denote a statistically significance .all

data were expressed as mean values + standard deviation (SD).

3 RESULTS

3.1 Toxicity activity

The MeOH extract was, used to test its possible toxicity at a dose of 2000 mg / Kg in

albino camundogos, by oral route, which has shown to be devoid of any toxic effect. Thus, for

the antidiarrheal effect studies, doses of 200 and 400 mg / kg of MeOH extract were used.
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3.2 Evaluation of the effect of MeOH extract on normal defaecation

Oral administration of MeOH 200 and 400 mg / kg showed that there was an inhibition
percentage of the number of evacuations of 68 and 87% respectively, during the 4 h evaluation.
In the same way the group that was treated with loperamide showed a percentage of 74%

inhibition compared to the negative control.

3.3 Effect of the MeOH extract on the diarrhea induced by castor oil in mice

C. urens extract was, used to test its ability to inhibit the diarrhea caused by castor oil
after 4 hours. The negative control group, the castor oil administration promoted early on, an
increase in the total number of bowel movements and loose stools. The treatment prior to
administration oil with MeOH (200 and 400 mg / kg) and loperamide, caused a reduction in the
total number of stools, and the final number of diarrheal stools, plus an increase in the first time
defecation. It can be observed an improvement in the consistency of fecal material causing a

change from solid to aqueous state. These results can be found in Table 1.

3.4 Castor oil Induced enteropooling Assay in Mice

The castor oil adiministration a dose of 0.2 mL induces an increase in the production
and intestinal fluid accumulation in mice, as can be seen by the control group, Figure 1.
Treatment with MeOH at doses of 200 and 400mg/kg, was shown to be significantly effective

(p <0.0001) inhibition of fluid accumulation induced by the oil, given a value of (23.4 £ 1.9



127
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

and 20.8 * 3.2), respectively, when comparison is made with the control negative that was equal

to (30.2 + 3.9).

3.5 Evaluation of the small intestinal transit model charcoal meal in mice

The effect of MeOH on intestinal motility induced a change in the rhythm of intestinal
transit in mice. In the table 2, we can see that, the negative control group showed a distance
traveled by coal in % 79.3 + 4.7. The groups treated with loperamide and MeOH (200 and 400
mg / kg) showed an average 19.7 + 2.3, 36.3 £ 4.5 and 25.5 + 4.7 respectively. The groups
treated with MeOH and atropine sulfate, produced a significant reduction of motility precentual
when measuring the distance traveled by the charcoal in the intestine compared to the negative
control. When comparing the average dose was, taken between 200 and 400 mg / kg treated

groups MeOH can, not be observed significant effects.

4 DISCUSSION

It affects children more frequently, so diarrhea is a national health and common problem
among people with low hygiene standards. The number of causes of morbidity and mortality
and diarrhea in all age groups, is higher in developing countries. It is, estimated that 4 million
cases of diarrhea occur each year (Sachdeva et al., 2012). Therapies currently used as
rehydration has, been indicated with good prognosis in cases of diarrhea Acute. Between both

chronic cases are more, serious problems, and can progress to death of the patient.
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The disturbing and shocking situation of diarrhea causes, contributes to the search for
new drugs, and the plants are targeted at the moment. Despite the wide availability of simple
and inexpensive for diarrhea treatments, poor communities and popular still use and rely on
herbal remedies, herbal, being extremely contribution the herbal treatments and research the

background of its pharmacological action (Heinrich et al., 2005; Smith et al., 2016).

The use of castor oil diarrhea inducer is common and has been reported (Bamisaye et
al., 2013). The obtained, oil is accomplished by extraction Ricinus communis seeds (Guo et al.,
2014). An active metabolite, castor oil constituent is ricinoleic acid. In the intestinal mucosa,
ricinoleic acid has an irritant causing inflammation and changes in the permeability of
membranes of water and electrolyte (Guo et al., 2014; Bamisaye et al., 2013). Quickly becomes
fluid and the aqueous contents of the intestinal lumen, resulting in a hypersecretory response
(Guo et al., 2014). These events contribute to the release of substances such as prostaglandin,
nitric oxide, platelet-activating factor and cAMP. Luderer et al (1980) found experimentally
that mice had a high serum concentration of prostaglandins, after oral administration of castor
oil. These substances induce an increase in the motility and secretion of the intestinal fluid, in
addition to reducing the reabsorption of sodium and potassium ions. (Guo et al., 2014;
Bamisaye et al., 2013). Thus, the induction of diarrhea model castor oil is the motility and

secretory diarrhea (Guo et al., 2014).

Some synthetic drugs which act by inhibiting prostaglandin synthesis, are recommended
to retard diarrhea induced by castor oil (Bamisaye et al., 2013). A drug sample holding action

antagonist to the castor oil is loperamide, used against diarrheal disturbances (Magaji et al.,
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2007). It reduces fecal volume, intestinal fluid and the unnecessary excretion of electrolytes

(Sarin et al., 2013).

The drug causes almost immediate inhibition peristalsis, by decreasing the circular and
longitudinal muscle action in the intestine, besides having antisecretory activity by acting on
opipaceos receptors. Atropine is an alkaloid extracted, mainly from the plant Atropa belladona,
consists of a powerful muscarinic blocker with action in the central and peripheral nervous
system. Being commercially available as atropine sulfate, it is a drug that works by blocking
the action of acetylcholine on receptors present on smooth muscles and is therefore an

antispasmodic agent (Sarin et al., 2013).

In this way, we can prove that the methanol extract of C. urens in the two tested doses,
may be, indicated as having antidiarrheal activity since caused decreased frequency of stooling
and fecal parameters such as, number of stools, physical condition (dry, or wet pasty), intestinal

transit and production of fluid.

Shalaby et al. (2015) demonstrated antidiarrheal activity for the aqueous and ethanolic
extracts of Euphorbia helioscopia (250 mg / kg and 500 mg / kg, respectively) belonging to the
Euphorbiaceae family. Its finding was, based on tests of diarrhea induced by castor oil and
charcoal meal, observing a significant decrease in the number of feces and reducing intestinal
transit. Antidiarrheal activity induced by oil, was also, achieved when ethanol extract of
Cronton grewioides (Euphorbiaceae) induced a significant reduction in frequency of stool and
the number of liquid stools. The same extract was, tested for its action on the intestinal transit

and intestinal fluid accumulation (Silva et al., 2016).
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Other authors also reported several other species of Euphorbiaceae with antidiarrheal
activity. As is the case of methanol extract of the bark of the stem of Jatropha curcas (100 and
300 mg / kg) that has been, shown effective in the treatment of diarrhea (Sacheva et al., 2012).
To test for efficacy of another species activity, aqueous extract of the stem bark of Sapium
ellipticum was used and during the tests, it was observed that animals treated had reduced start
time of the first stool, decreased frequency of defecation and intestinal transit, suggesting strong

antidiarrheal action (Wansi et al., 2014).

Preparation of aqueous and methanolic extract of Sebastiania chamaelea leaves,
administered at a dose of 100 and 200 mg / kg were, used to establish the antidiarrheal activity
of this species. A significant antidiarrheal activity has, been demonstrated up to 90% for this
kind of treatment. Yasodamma et al (2013) suggest that activity may be related to the present
tannins and cinnamic acid in the extracts causing astringently and anti-inflammatory action

resulting in an effective antidiarrheal action.

Authors suggest that the antidiarrheal activity of Euphorbiaceae family species can this
related to the anti-inflammatory capacity and the anti-inflammatory activity, which has also,
been proven for other species of this family, such as Cnidoscolus quercifolius (Gomes et al.,
2014). Ethanolic extracts of bark and leaves of C. quercifolius (100, 200 and 400 mg / kg, ip)
was used to test the antinociceptive activity, and the end of the experiments was supported
popular use of this plant for the treatment of inflammatory pain. Magaji et al. (2007) also

portrays the anti-inflammatory activity of extracts from leaves, bark and root Securinega virosa
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(Euphorbiaceae) exhibited anti-inflammatory action in paw edema induced by carrageenan and

writhing induced by acetic acid.

The biosynthesis of prostaglandins has been involved in inflammatory processes. Many
plants are, related to inhibitory effect of these substances production, especially those that
produce flavonoids as its secondary metabolite. It has been, well described in the literature that
flavonoids may alter biosynthesis of cyclooxygenase and lipoxygenase inhibiting inflammation

(Magaji et al., 2007).

The activity demonstrated by our studies with methanolic extract of aerial parts of C.
urens, can probably be, attributed by the presence of flavonoids and tannins with or without
combination with other constituents. The presence of such secondary metabolites in extracts of
C. urens has, already been proven in studies by Peixoto Sobrinho et al. (2012). In the diarrhea
induced model castor oil, we had a decrease in the number of wet stool next to loperamide
group. We have also achieved a significant decrease as the decrease the accumulation of fluids
and intestinal transit. This scenery can corroborate wich the results of other surveys conducted
with other species of the Euphobiaceae family, as demonstrated above. We therefore suggest
that the results demonstrated that methanol extract of C. urens can inhibit the motility and

hypersecretion induced by castor oil.

5 Conclusion

This study thus demonstrates that methanol extract of aerial parts of C. urens has

significant antidiarrheal activitys. This activity is, correlated with its inhibitory effect of
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propulsion and intestinal secretion. This study also claims that the dynamic mechanism
involved in these findings may be the main inhibitory activity of inducing substances
inflammation and hypersecretory activity. Thus, the indication of this herbal medicine for the
treatment of diarrhea is justified by the pharmacological properties described herein. Studies
about extract mechanism of action should be performed, especially by hardly exist descriptions

with antidiarrheal activities for this species.
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Table 1. Effect of the MeOH (200 and 400 mg/kg) extract of C. urens on castor oil induced

diarrhea.
Treatment (00 ook sodls | swools stoaks
Control - 112+ 2.7 05+0.8 00 10.7+2.1
Loperamide 2 58+3.3 15+16 08%16 35+0.38
MeOH 200 7+0.9* 23+0.5 13+1.0 3.4+14*
MeOH 400 7.2+1* 26+0.5 16+14 3+15*

*Data are presented as mean + SD.P values are significantly diferente from control using
Tukey post hoc test (n=6). P< 0.0001.
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Fig 1: Effect of the MeOH (200 and 400 mg/kg) extract of C. urens on enteropooling induced
by castor oil in mice. P<0.001 vs. Control.
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Table 2. Effect of the MeOH (200 and 400 mg/kg) extract of C. urens on small intestinal
transit in mice.

Atropine MeOH
Parameters/ dose Control sulphate 200 mg/Kg 400 mg/Kg
LSI (cm) 50.3+2.3 508+19 57727 575+43
DC (cm) 398+23 10+1.1 21.2+6.8 145+75

Intestinal transit (%) 79.3+4.7 19.7+23 36.3+10.6* 255+158*

*Data are presented as mean * SD. P values are significantly diferente from control using
Tukey pos hoc tes (n= 6). P< 0.001.
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CAPITULO IV

Manuscrito 3: Potential effect of extracts of Cnidoscolus urens on Sitophilus zeamais, an

insect Prague Biology.

Pamella G. V. D. de Souza?, Cibele M. A. Silva?, Paula F. Mercés?, Bernardo R. Belmonte®,

Ménica C. B. Martins 2, Thiago H. Napole&o®, Nicacio H. Silva®".

Manuscrito a ser submetido ao periddico Pesticide Biochemistry & Physiology no formato
Original Research Article (FI: 2. 388; QUALIS CBIlI).
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ABSTRACT

Products obtained from botanical material (extracts, oils and purified compounds) were
suggested as an excellent alternative for the control of stored grain pests. The deterioration of
these grains by pest insects leads to unpredictable economic losses. Species such as Sitophilus
zeamais are responsible for crop damage of many foods, grains, rice and wheat. Conventional
insecticides present high environmental and human toxicity, as well as causing many cases of
resistance. Plants are currently target in the alternative search for new products with insecticidal
action. In this study, we demonstrated the effect of crude methanolic extract (MeOHC.urens)
and fractionated (ether, chloroform, acetone and methanol (MeOHFrac.). The choice of the use
of the types of extracts was based on the extracts that presented the best results. From the aerial
parts (leaves, flowers and seeds) of C. urens, extracts MeOHC. urens and MeOHFrac available
from ingestion, which adult insects of S. zeamais, divided into 5 groups, were exposed to a diet
containing MeOHC. urens (0.18, 0.25, 0.5 mg / g) and MeOHFrac (0.25, 0.5 mg / g) showed
an induction of 27 to 90% and 33 to 91% in ingestion mortality, respectively. For the same
extracts at concentrations of 50 and 100 ug / mL and presented 45 to 75% and 77 to 87% of
mortality respectively. The LC50 was also determined, both by ingestion for MeOHC.urens and
MeOHFrac (LC50 = 0.24 and LC50 = 0.11, respectively), and by contact for the same extracts
(LC50 = 0.012 and LC50 = 0.026), respectively. These methodologies also allowed us to
evaluate that the extracts induced significant changes in the nutricionail indices, leading to a
decrease of the biomass, being perceived by the negative values of the relative biomass gain
and conversion of ingested foods, in addition to inducing food rejection, inducing a strong
deterrence to the food source available during the test. In conclusion, the extract of aerial parts
of C. urens potential for the control of S. zeamais. The deleterious effects of extracts may be

associated with the presence of flavonoid and terpenes.

Keywords: Cnidoscolus urens; Insecticidal activity; Sitophilus zeamais
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1 Introduction

The first reported insecticide resistance occurred about a century ago. Soon after, other
sporadic cases of insecticide inactivity were reported. In the mid 1940, new management
methods were implemented, such as synthetic organic pesticides, for example
organophosphates and phosphine, which were then used in biological control. Synthetic

compounds were efficient in their insecticidal activity, resulting in large-scale application [,

Consequently the great use of pesticides, resistance cases have rapidly increased again,
along with the number of resistant species and new compounds. Over the decades, herbicides
and fungicides have also shown reduced efficiency, but resistance to insecticides has increased
61 Attempts to control insect pest attacks, by synthetic compounds, are volatile, toxic to the
environment and to the human, contribute to insect resistance and target non-target insects.
Cleaning, drying, aeration and temperature control of stored grains are also alternatives to

combat, however they still do not seem to be enough ©71,

Populations of agricultural and urban insect pests have demonstrated an evolution in
their physiological and behavioral mechanism, becoming increasingly resistant. In view of this
condition, the importance of more accurate information before the choice to replace the new
control method to be used in plantations, storage places and urban centers 81011 js important.

Many insect species are being reported and causing post-harvest losses 2231,



143
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

The three major grain pests belong to the same genus, Sitophilus [*4l. S. zeamais, from
brown to reddish color, is described among the three 2151, It presents preference for cereals such
as wheat, rice and corn, which are the most cultivated, consumed and well distributed in the
world [6 271" Adult individuals and larvae feed on intact grains and cause damage such as weight
loss and economic value [*6281 Tefera et al. [°] found that the damage begins at harvesting,
with about 10% of perches and continues to spread during storage, reaching up to 50% . S.
zeamais presents a moderate level of resistance to some synthetic insecticides 2. Meanwhile
the increase in the levels of inactivity are expected due to excessive application, in addition to

environmental damages €1,

Proved by several studies 281 the resistance to existing pesticides is very important
and in view of the great losses caused, the development of new control strategies, with greater
specificity for the target species, low toxicity to the environment Environment and the farmer,
in addition to minimizing waste, are increasingly sought after 22 A new way out can be

found in our biodiversity.

Pest control is a worldwide practice 1. Public Health and Agroindustry organs have
been faced with major concerns regarding care and protection with food grown and stored 21,
Among the foods most attacked by pests are wheat, rice, barley !, corn and even industrialized
foods such the pasta . According to Lira et al. [, the damages caused by insect pests are
devastating, leading to economic and environmental damages. These damages account for
about 30% - 60% of total production !, contributing to the loss of billions of dollars 2,

However, the pest perch occurs from agricultural products and non-renewable source products

[21
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Biodiversity and its chemical compounds have been explored for their biological
performance. Extracts and purified plant compounds are the main focus of these studies. These
products are being reported with high insecticidal potential for many different species of these

organisms including species that have created resistance to existing insecticides 2?2,

Some plant species have already been indicated with insecticidal properties, Jatropha
curcas, Ricinus communis ™, Tithymaloides pedilanthus, Phyllanthus amarus, Euphobia hirta
and Euphorbia tirucalli °!. These species, which are part of the Euphorbiaceae family, have
been tested against insects such as Anopheles stephensi, Aedes aegypti L. and Culex
quinquefasciatus 2 however, the number of studies proving their insecticidal activity on
Euphorbiaceae species is still few when tested against S. zeamais. This evidence is even smaller,

when we speak of some species of the family Euphobiaceae, as is the case Cnidoscolus urens.

C. urens is a weed species, which has a wide distribution throughout the Brazilian
territory, mainly in the Caatinga area [242%1. Popularly, this species is used for the treatment of
hemorrhage, cancer and inflammation 2627281 Among the rare studies, antibacterial actions [2°!

and fibrinolytic could be attributed to the use of derivatives of this species [2°].

In this study, we report for the first time, the biocidal properties of different extracts of
aerial parts of C. urens, evaluating its insecticidal action with S. zeamais. In addition to

suggesting a new low cost and sustainable botanical insecticide .
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2 Matherials and Methods

2.1 Plant material

The collection of C. urens samples was carried out in the city of Agrestina, located
approximately 136 km from the capital of the state of Pernambuco, in northeastern Brazil (Lat
8 ° 2304 .08 ", Long 35 ° 5849 .7" W). The sample period was collected in January 2014. A
small part of the collected botanical material, containing root, leaves, flowers and fruit, was
prepared for identification and sent to the Herbarium of the Instituto Agronémico de
Pernambuco (IPA). The species collected and used for biological testing was deposited and
identified by the number 84.190. The aerial parts (leaves, flowers and seeds) of C. urens were,

dried at room temperature (27 to 28 ° C) and used to prepare extracts.

2.2 Preparation of Methanolic Extract

Methanolic extract: Initially, the collected botanical material was sanitized and
separated 100 g of aerial parts of C. urens. Then, the material already selected was adjusted for
drying in the oven at room temperature (27 to 28 ° C) and controlled in a drying oven for
botanical material. After drying, the plant material was triturated and placed in a erlenmeyer,
100mL of methanol was added and left overnight, then filtered with Whatman paper (No. 1).
This process was repeated several times until complete exhaustion. The methanolic extract of
C. urens (MeOHC.urens) was concentrated by rotary evaporator pressure Buchler Instruments,

Fort Lee, NJ, USA, resulting in the corresponding crude organic extract (Figure 1) B,


https://www.google.com.br/search?q=erlenmeyer&spell=1&sa=X&ved=0ahUKEwiDqcqj4N7RAhXBFJAKHd-MCmsQvwUIGSgA
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2.2.1 Fractionation of the methanolic extract

Aerial parts (100 g) of C. urens dried and crushed were used to obtain fractionated
extracts. Initially 100 mL of ether was added to the plant material and kept under stirring for
1h, then left under refrigeration for 24h. After 24 h the solvent was filtered and the same volume
of ether added again. This procedure was repeated 3 times with each solvent (ether, chloroform,
acetone and methanol) using the same plant material (Figure 1). This method of extraction
allowed the probable separation of the major secondary metabolites resulting in a total of 4

different types of extracts.

v Aerial parts of C urens ] _
/ \ Stirring for 1H
\ ! \, — . )
Stirring for 1H \' /{ Refrigeration [24h)
Left overnight i —— — i “wﬂ\.
. s co08) J’ww:mf‘
l Lmnml(mw) —
D d hed l
Multiple repetitions, l Y Sl crushe ;_._3 !
until exhaustion . L g}'
' ,.é?w i === | Filtration
N 14
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=
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l procedure was repeadet 3 times with each solvent
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Figure 1: Diagram of production of raw extracts and partitioning of C. urens.



147
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

2.3 Ethical considerations

All experimental procedure used for the construction of this study were submitted for
evaluation and approval by the Animal Experiment Ethics Committee of the Universidade
Federal de Pernambuco, from the Center for Biological Sciences (CEEA-UFPE). Under

protocol approval 23076.012693/2016-71.

2.4 Insects

Adult insects of S. zeamais, taxonomically identified by specialists from the Department
of Biology of the Federal University of Pernambuco (UFPE), were obtained from colonies kept
in the Department of Mycology of UFPE, located in the city of Recife, Brazil. The insects were
kept in breeding grounds at the Natural Products Laboratory, Department of Biochemistry, also
from the same university. The creation of the insects was granted permission, N°. 36301-2, from
the Chico Mendes Institute for Biodiversity Conservation (ICMBio) of the Ministry of

Environment.

The insects purchased were placed in a glass container (1L), sealed with nonwoven
(TNT) fabric, allowing the aeration at a relative humidity of 70%, in addition to photoperiod of
12: 12 ligth: alonk and temperature 28 + 2 ° C. The individuals of S. zeamais were submitted
to a diet of corn grains, selected under conditions of health, sanitary and absence of

contamination. The insects used for the tests were approximately 30-50 days old.
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2.5 Bioanalysis of toxicity by ingestion of extracts of C. urens

The toxicity level of the different types of extracts of C. urens was determined following
the methodology of Xie 2, with adaptations described by Napoledo 2, that was used to
determine the insecticidal activity of C. urens extracts. For each test, a suspension of 2 mg of
properly-prepared wheat flour (Dona Benta, Bunge Alimentos S.A., Benevides, PA, Brazil)
was used, homogenized with a solution of 5 mL of the 5 extracts (MeOHC. urens, ether,
chloroform, acetone and MeOHFrac), in the concentrations 0.18, 0.25, 0.5 mg / g with sterile
distilled water. Five aliquots (200 L) of the obtained solutions were distributed in Petri dishes
(90 mm x 100 mm, of known weight) with the help of micropipette coupled to a disposable and
cut tip (2mm internal diameter). Subsequently, placed in a greenhouse overnight, at 37 ° C to
dry. Thereafter, each plate was reweighed and the weight of the dough was determined by the
difference of the empty plate between the plate and the flour disc. Twenty individuals of S.
zeamais (n= 20), of known weight, were placed on each plate. Finally, each test was performed
in quadruplicate and the tested concentrations of samples on disc at the following final
concentrations [0.18, 0.25, 0.5 mg/g] (mg of each extract/g of wheat flour). For comparison,
another group of the same S. zeamais number was maintained in petri dish containing only the

flour solution diluted in sterile water.

All groups were maintained at 28+ 2 ° C in the dark for 15 days. At the end of this

period, can determine the mortality rate and weights of flour discs.
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2.6 Determination of feeding-deterrence index and nutrition

The determination of feeding-deterrence (FDI) was achieved by applying the following
formula: FDI (%) = 100 x (A-B) / (A). Where A is the feed mass ingested by the control test
insects and B is equal to the feed mass ingested by the groups of insects exposed to the different
extracts 31, The difference between the weight of the plate containing the flour discs (0 days)
and the empty plate (15 days), was used to determine the FDI. In agreement with the IDE, the
samples were classified: Strong feeding deterrence (FDI > 70%), moderate feeding deterrence
(70% > FDI > 50%), weak feeding deterrence (50% > FDI > 20%) or feeding deterrence (FDI
< 20%) 134, The data found by the assay described in the above table can be used to determine
the relative consumption rate (RCR) by the formula: RCR = C / (D x Days), where C, the
ingested feed mass (mg) and D corresponding to the initial biomass of the insects (mg). The
ratio of the biomass gain rate (RBGR) = E / (D x Days), where E is equal to the biomass obtained

(mg). Regarding the efficacy of food intake concersion (ECIF) = E / (C x 100).

The concentrations applied in this study and varied from 0.18 to 0.5 mg /g were
determined according to the LCso values were cauculated using StatPlus. These concentrations
were, applied to the tests for the determination of ingestion toxicity against S. zeamais, being

able to vary between the types of extracts.

2.7 Evaluation of contact toxicity of C. urens extracts

To determine the toxicity potential of C. urens extracts on populations of S. zeamis, the

assay was performed according to Liu and Ho 31, The extracts MeOHC. urens and MeOHFrac
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(50 and 100 pg / mL) were solubilized in distilled water. From the aliquot removal solutions
(0.5mL), was applied with a micropipette, on the dorsal surface of the insects thorax. For this
test, 5 groups (n= 20) each were created and each experiment was repeated in quadruplicate.
The group classified as control only distilled water. The other groups make up the tested groups.
Mortality of insects was observed daily until end-point, when the number of dead insects did

not increase over time.

The ability to induce toxicity of extracts from aerial parts of C. urens was evaluated by
5 different extracts: crude methanol (MeOHC.urens), and the fractions: ether, chloroform,
acetone and methanol (MeOHFrac) as described in item 2.2. 1. Initially pilot tests were
performed, which helped to select the extract with better efficiency with the tested insects. From
the pilot test, two extracts, MeOHC.urens and MeOHFrac, which showed a significant
insecticidal effect when compared to the control were selected, the other extracts practically did
not exert effective mortality. Regarding to the choice of concentrations to be tested, they were

determined according to the lethal dose (LCso).

2.8 Statistical analysis

GraphPad Prism version 5.1 for Windows (GraphPad Software, San Diego, California,
USA) was used to express a mean of replicates + SD. Significant differences between the test
treatment groups were developed by the Tukey’s test for multiple comparisons (significance p
<0.05) using PRISMA software (GraphPad Software, Inc., San Diego, CA, version 5.01). For
determination of lethal concentration to kill 50% of insects (LCso) Probit was used with a 95%

confidence interval with StatPlus ® 2008 computer software (AnalystSoft, Canada) [°1.
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3 Results

3.1 Determination of mortality by ingestion of S. zeamais from extracts of C. urens

Thus, it was possible to identify that MeOHC.urens extracts at all concentrations (0.18,
0.25; 0.5 mg/ g) and MeOHFrac (0.25; 0.5 mg/ g) had a significant effect (p <0.05) on the
percentage of ingestion mortality when compared to the control (Figure 2), during the ingestion
toxicity bioassay. As for the percentage of mortality, MeOHC.urens induced a percentage of
27, 73 and 90% death at concentrations (0.18; 0.25; 0.5 mg / g), whereas MeOHFrac induced

33 and 92% mortality at concentrations (0.25; 0.5mg / g).

% *
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é : 50 E= MeOHC. urens [0.25 mg/g]
E-..é 404 -ik- [l meOHC. urens [0.5 mg/g]
g g;ﬁ 30- _’:_ MeOHFrac [0.25 mg/ g]
Zo ~  20- o] MeOHFrac [0.5 mg/ g]
101
0'# 1 | | 1

Figure 2: Percentage of mortality by ingestion of S. zeamais exposed to different concentrations of
MeOHC.ures and MeOHFrac of C. urens. * P <0.05 for all groups compared to control.
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3.2 Determination of the effects of extracts of Cnidoscolus urens on nutritional indexes

The nutritional results obtained through the ingestion methodology, including the
application of both extracts of C. urens in the diet available for S. zeamais, interfered in the
nutritional development of the insects distributed in the test groups, significantly affecting
nutritional indices (Figure 3). The relative mean biomass gain (Figure 3A) and the average feed
conversion efficiency (Figure 3B) were remarkably affected, approaching zero or becoming
negative, according to the increase in the concentration of the extracts tested. These findings
reveal that insects were unable to ingest and / or digest the available food and still used their
nutritional reserves to generate energy. The biomass gain is relevant when we compare the

lowest and highest concentration of MeOHC.urens.

Meanwhile, with respect to feed intake conversion efficiency (ECI), only MeOHFrac
(0.25 mg / g) was not significant when compared to the control. In addition, the relative
consumption rate (RCR) was also affected, observing a significant and significant reduction in
insect food consumption (Figure 3C) in all groups that received both extracts and in all

concentrations when compared to the group control (p <0.05).
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Figure 3: Evaluation of the anti-feeding action of S. zeamais grown in artificial diets (0.18 -0.5mg /g
of wheat flour). (A) Rate relative to biomass gain (RBGR) indicates a biomass (mg) gained every day
per mg of initial body weight. (B) The percentage of conversion of ingested food (ECI%) indicates the
amount of food consumed and converted to insect mass. (C) A relative consumption rate (RCR) indicates
an amount of food consumed by S. zeamais (mg) per mg of body weight per day. Each column
corresponds to the mean + SD of five replicates. The different letters are indicative of the significant
differences (p <0.05) between the treatments by the Tukey’s test.
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3.3 Feeding-deterrent index (FDI)

As regards the feeding-deterrent effect, representing the capacity of repulsion to the
food, it was observed that the MeOHC.urens and MeOHFrac (0.5mg / g) had an FDI of 72 and
78% respectively, having a strong action effect, according to the Classification of Liu 4. As

the concentration is decreased observed a weak action, corresponding to 21 and 38% (Table 1).

As the concentration increases MeOHC.urens (0.18- 0.5 mg / g) showed a strong effect
on the percentage of FDI increasing from 21 to 72% (Table 1). Similar behavior can be
identified in the groups receiving food impregnated with MeOHFrac. A 38% feeding-deterrent
percentage was found for the concentration of 0.25mg / g, becoming strong, 78%, when there
was an increase in concentration (0.5mg / g). For this, the MeOHFrac shows a slightly better

effect, but with no significant difference between the two extracts.

Table 1: Effect the feed-deterrence index of extracts of C. urens against S. zeamais.

Concentration % FDI Classificacio

Grou
4 (mg/g) (MeanSD)  (SegundoLiu etalls)
0.18 21£0.003 FDI- Fraca
MeOHC.urens 0.25 78 £0.002 FDI- Forte
0.5 72£0.004 FDI- Forte
0.25 38£0.008 FDI- Fraca
MeOHFrac
0.5 78 £0.002 FDI- Forte

The data here are expressed, represented by mean + SD.
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3.4 Ingestion toxicity assessment of extracts of C. urens

MeOHC.urens has promoted mortality of 50% of the insect population with an LCso of

0.236 + 0.01mg / g, while MeOHFrac presented an LCso of 0.114 + 0.03mg / g (Table 2).

Table 2: Determination of the lethal dose (LC50) of extracts of C. urens, capable of inducing mortality
in 50% of the population of S. zeamais by ingestion.

95% Confidence limits

Group LC50 (mg) LCL ULC
MeOHC. urens 0.236 +0.01 0.209 0.263
MeOHFrac 0.112 +0.03 0.061 0.167

LC50 values were cauculated using StatPlus. The 95% confidence limits between the paragraphs were
based on five replicates (P<0.05). LCL: Lower confidence limit. UCL: Upper confidence limit.

3.5 Determination of mortality of S. zeamais by contact of C. urens extracts

The toxic potential of MeOHC.urens and MeOHFrac was significantly (p <0.05).
Meanwhile of all concentrations and types of extracts tested, only MeOHC.urens (509 / insect)
did not present a significant percentage (45%) when compared to the control (38%).
MeOHC.urens (100ug / insect) presented an average of 75% (Figure 4), being significantly
different from the control.

Better results were observed when the insects were submitted to MeOHFrac contact (50;
100ug / insect) with averages of 77 and 78% (Figure 4) of mortality, respectively, and were

therefore significant when compared to the control.
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Figure 4: Percentage of mortality by contact of S. zeamais exposed to different concentrations of
extracts of MeOHC.ures and MeOHFrac of C. urens. * P <0.05 for all groups compared to control.

3.6 Assessment of contact toxicity of extracts Cnidoscolus urens

The contact toxicity of MeOHC.urens induced a mortality of 50% of the S. zeamais
population with an LCso of 0.012 + 0.05 pg / insect. MeOHFrac, however, showed an LCsg of

0.026 £ 0.001 pg/ insect (Table 3).

Table 3: Determination of the lethal dose (LC50) of extracts of C. urens, capable of inducing mortality
in 50% of the population of S. zeamais by contact.

95% Confidence limits

Group LCso (Ug/ inseto) L CL UCL
MeOHC. urens 0.012 £ 0.05 0.109 -0.086
MeOHFrac 0.026 £ 0.01 0.009 0.042

LC50 values were cauculated using StatPlus. The 95% confidence limits between the paragraphs were
based on five replicates (P<0.05). LCL: Lower confidence limit. UCL: Upper confidence limit.
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4 Discussion

With a territorial extension and extensive biodiversity, the Caatinga is a biome still little
explored, but it has a huge potential to be an inexhaustible source of bioactive. Currently, many
studies, based on the use of extracts, oils and even purified compounds, suggest that plant
products from this biome present bioinsecticidal action %1, However, there are few studies
that portray the potential of the Caatinga plants as protectors of stored grains, their potential to
influence nutritional indices and deterrent capacity, and that few existing studies only determine

the potential of mortality [ 391,

The use of plant extract to control insect-pest infestation is an old practice “°!. Published
studies show a growing interest in the alternative search for the use of synthetic products [“3,
In the present study, the insecticidal activity at different concentrations and different types of
extracts of C. urens were tested in order to investigate their ability to act on contact and

ingestion toxicity, as well as to analyze their potential to infer the nutrient indices of S. zeamias.

As described in the methodology of ether, chloroform and acetone extracts from aerial
parts of C. urens that showed no insecticidal action at any concentration tested, nor did they
interfere with nutritional indices. Different results were obtained on the action of MeOHC.
urens extracts and MeOHFrac, which showed influence on biomass gain, consumption rate,
feed conversion efficiency and even on mortality. This difference can be related to the different
compounds extracted by using solvents with polarity difference, indicating that bioactive with

insecticide action, were extracted by using methanol or if they remained in the last fraction,
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these different extract may still contain the same compounds, but may differ in relation to their

concentration 421,

Meanwhile, the extracts MeOHC. urens and MeOHFrac demonstrated a great
insecticidal effect when compared to the control. Numa et al.; Candido et al.; LEE et al. [434445]
in their research have indicated the insecticidal potential of some species of the Euphobiaceae
family, including Sebastiana corniculata and Cnidoscolus acontifolius and Cnidoscolus
phyllacanthus, which are of the same genus of C. urens, for different species of insects,
Tetranychus urticae, Aedes aegypti and Nilaparvata lugens, Sogatella furcifera, Laodelphax
striatellus. However, this study seems to be a pioneer in presenting the bioside effect of C.
urens. Both extracts exerted effects on the nutritional parameters in S. zeamais population. In
addition to proving to be a potent deterrent agent. According to the data found in this study we
can suggest that the insecticidal action may be related to an effect linked to the pre-ingestion of
the flour treated with the extracts. Sievers, in 1949 6l had already reported some plants in

tropical areas with action to combat insects.

Combating S. zeamais, one of the insects with destructive capacity, by consuming the
stored grains at high speed 1447481 ‘may have as an alternative the use of MeOHC. urens and
MeOHFrac. For demonstrating anti-nutritional effects, its anti-nutritional effects affected the
assimilation of food as a result of rejection of available food. Similar results to those found in
these studies were reported by Taghizadeh, the use of aqueous and hydroalcoholic extracts from
aerial parts of Alhagi maurorum, to demonstrate their anti-nutritional potential against

Tribolium castaneum. Applying the same methodology (the flour disk bioassay) that we used
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the author found a significant decrease in RGR, RCR and ECI, in addition to the increase in

FDI, results were improved as concentrations were increased, as were our 191,

In previous studies, a Phytochemical analysis of extract Cnidoscolus sp was performed.
Among the analyzed species was C. urens. In extracts of aerial parts identified a low presence
of anthraquinones and xanthine derivatives, in moderate concentration whach were triterpenes
and steroids, but among the groups of major compounds: anthocyanins, flavonoids, tannins,
mono and diterpenes 2%, Upasani et al. reported the isolation of flavonoids from aqueous leaf
extract of Ricinus communis L. (Euphorbeaceae) and it exerted insecticidal action against
Callosbruchus chinensis . These results help us to suggest that extracts of C. urens, due to
their expressive flavonoid content, their insecticidal activity may be related to the great presence
of these compounds. Another recent study shows the repelling action of hydroethanolic extracts
of leaves of R. communis, which has been tested and proven its repellent action against

Scyphophorus acupunctatus, also known as weevil 5,

Some species of the Euphorbiaceae family, are already used in the fields with the
objective of inhibiting the infestations by pests. On these aspects, it was demonstrated that a
mixture of the R. communis plant with the beans repelled the weevil 2. Another study
evaluated the potential of inducing mortality of larvae and adults of Tribolium castaneum from
R. communis seed extracts, concluding that mortality increases as a consequence of
concentration and time of exposure 5%, Mortality of eggs and larvae of S. zeamais was

attributed to potent action of C. quercifolius extracts [,



160
Souza. P. G. V. D. “Cnidoscolus urens DA CAATINGA: FITOQUIMICA...”

An important aspect for the effectiveness of the insecticidal action of any plant material
is its lower lethal dose 41, In this same concept, we can prove that through the numbers obtained
by this study, extracts of C. urens, are excellent when the subject is mortality, because the
MeOHC. urens and MeOHFrac. They showed high mortality with low concentrations, 75% and
87% of contact mortality, and 90% and 91% mortality from ingestion. Promising results were
shown for Jatropha curcas, where the petroleum ether extract acted as an antifeedent agent,
with an LCso of 6.82 ul / g for a species of Sitophilus sp . A 100% mortality was reached by
root methanol extract and 70% for the ethereal extract of the J. curcas leaf, according to Verma
et al. 1. Silva et al. also showed the bioactivity of powders and aqueous extract of seeds and
pericarp of J. curcas. The mortality of S. zeamis in this study was attributed the presence of
toxic compounds such as esters 71 which are commonly found in species of the family

Euphorbiaceae 81,

Many studies have shown that many extracts and plant oils may have a representative
percentage of mortality against insects 5%6%61 especially against S. zeamais 243857621 Some
of the tested plants were part of more than ten different families, among them Anonaceae and
Euphorbiaceae, which the species Anona muricata and J. curcas had a percentage of mortality
of 100%, while the other species evaluated had a mortality less than 50%. The results could still
be different if we compare with different extracts obtained from different parts of the same plant
and if the concentrations are increased %31, These data corroborate with those found in the
present study, where we observed an increase in mortality when the concentration was
increased. However, we found no significant difference between MeOHC.urens and MeOHFrac
when applied by contact, the significant difference was evidenced when the same extracts were

ingested at a concentration of 0.25 mg / g. The presence of diterpenes has been described for
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the oil of J. curcas [®¥, and the insecticidal property of the products extracted from botanical

material can also be bound by the presence of diterpenes [,

5 Conclusion

The use as insecticidal agents and application of botanical materials in rural areas,
aiming an the protection of stored grains which is a traditional method in these areas. Many
farmers use bioavailable resources, especially in areas where commercial resources are difficult
to access, such as in the Caatinga area. These farmers have low incomes and need to surrender

their production soon after harvest to avoid possible infestations by pest insects.

In conclusion we can suggest that the extracts of aerial parts of C. urens have the
potential to be used in the control of S. zeamais because it has been toxic to adult insects when
exposed through contact or through ingestion, besides having exerted anti-nutritional effect.
MeOHC.urens and MeOHFrac may be an alternative, without the need to isolate secondary
metabolites, but the insecticidal effect may possibly be associated with the presence of
flavonoid and terpene fractions, which have been described for this action. Further research
should be conducted to increase the efficiency of these extracts.

The results reported here are initial findings and for use of C. urens extracts in
agriculture as an insecticide, further studies including testing with other insect species are

needed.
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4 Concluséo

e Os extratos de C. urens revelaram a presenca de compostos majoritarios tais como:
Flavondides, agucares redutores e terpenos, além de outros metabdlitos como:
proantocianidinas, taninos e cumarinas, em menor quantidade.

¢ Os extratos de C. urens apresentaram uma Otima atividade antioxidante, mostrando agéo
significativa em todas as concentra¢des 50, 100, 200 e 500 pg/mL quando comparados ao
controle.

¢ No entanto, os extratos aquoso e etandlico ndo apresentaram resultados satisfatorios quando
foram testados contra células de linhagem HELA in vitro.

¢ Os extratos aquoso e etandlico de C. urens apresentaram acGes antitumoral para 0 modelo
experimental in vivo quando testado contra tumor solido de carcinoma de Ehrlich, numa
concentragdo de 200 mg/Kg, entretanto o extrato aquoso mostrou- se mais eficiente quando
comparado com o extrato etanolico, sugerindo que 0s compostos presentes em extratos de C.
urens desempenham um potencial inibitorio contra células tumorais.

e Além da atuacdo da inibicdo do crescimento tumoral pode ser observado que os extratos
aquoso e etandlico de C. urens também atuaram melhorando a resposta imunolégica, bem
como o perfil bioquimico dos grupos tratados.

e MeOHC.urens ndo interferiu na producao do nimero de fezes normais em camundongos por
tratamento oral.

¢ O MeOHC.urens (200mg/kg; 400mg/kg) demonstrou ter uma eficiéncia em reduzir o
percentual de producdo de fezes diarréicas em camundongos com diarreia induzida por oléo
de ricino.

e Além disso MeOHC.urens, também se mostrou eficiente em reduzir de forma significativa, o
acumulo e fluido intestinal induzido por dleo de ricino in vivo.

e Extratos de éter, clorofomio e acetona de partes aéreas de C. urens foram testados quanto a
sua acdo inseticida, porém ndo demonstraram atividade siginificativo.

e Entretanto, extratos metandlicos bruto e fracionado de partes aéreas de C. urens
(MeOHC.urens e MeOHFrac) demonstrou ser eficiente contra S. zeamais em baixas

concentragoes.
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e Ambos os extratos metanolicos (0,18- 0,5 mg/g) foi eficiente em induzir efeito deterrente
sobre S. zeamais.

e Alteracdes no perfil nutricional de insetos, pode ser verificado quando foram expostos a uma
dieta impreguinada por MeOHC.urens e MeOHFrac.

e MeOHC.urens e MeOHFrac € capaz de induzir letalidade de 50% da populacgéo de S. zeamais

em baixissimas concentracdes.
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ANEXOS
ANEXO A - Carta de aprovacdo do comité de ética (01)

Universidade Federal de Pernambuco
Centro de Cignceiag Biologicns

Recife, 06 de agosto de 2012.
Oficio ne 458/12
Da Comissao de Eti imai
! tica no Uso de Animais (CEUA) da UFPE
gara. Prof®, Noémia Pereira da Silva Santos
entro Académico de Vitéria

Universidade Federal de Pernambuco
Processo ne 23076.041082/2011-25

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias
Biologicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu projeto de
pesquisa intitulado, “Avaliagdo da agio antitumoral de Cnidoscolus urens sobre tumores
solidos experimentais em camundongos Swiss”.

Concluimos que os procedimentos descritos para a utilizagao experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentagdo Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sao adotadas como critérios de
avaliagéo e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei 11.794
de 08 de outubro de 2008, que trata da questdo do uso de animais para fins cientificos e

didaticos.

Diante do exposto, emilimos parecer favoravel aos protocolos experimentais a serem
realizados.
Origem dos animais: Biotério do LIKA - UFPE; Animais: Atenciosamente,

Camundongos; Linhagem: Swiss; Sexo: machos; Peso:
30g; Idade: 40 a 60 dias; Numero de animais previsto no

protocolo: 100

L
3& Presidente do C

CCB: Integrar para desenvolver
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ANEXO B - Carta de aprovacao do comité de ética (02)

Universidade Federal de Pernambuco
Centro de Biociéncias
Av. Prof. Nelson Chaves, s/n

50670-420 / Recife PE - Brasi)
fones: (55 81) 2126 8840 | 2126 835]

l\ fax: (55 81) 2126 8350
www.ccb.ufpe.br

Recife, 07 de julho de 2016.
Oficio n° 65/16

Da Comissao de Etica no Uso de Animais (CEUA) da UFPE

Para: Prof. Nicacio Henrique da Silva

Departamento de Bioquimica

Centro de Biociéncias

Universidade Federal de Pernambuco

Processo n° 23076.012693/2016-71

Certificamos que a proposta intitulada “Cnidoscolus sp da caatinga: fitoquimica e
atividades bioldgicas”, registrada com o n° 23076.012693/2016-71, sob a
responsabilidade de Prof. Nicacio Henrique da Silva - que envolve a produgio,
manutencao ou utilizagdo de animais pertencentes ao filo Chordata, subfilo Vertebrata
(exceto humanos), para fins de pesquisa cientifica (ou €nsino) - encontra-se de acordo
com os preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de
15 de julho de 2009, e com as normas editadas pelo CONSELHO NACIONAL DE
CONTROLE DE EXPERIMENTACAO ANIMAL (CONCEA), e foi aprovada pela
COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA) DA UNIVERSIDADE FEDERAL
DE PERNAMBUCO (UFPE), em reuniao de 28/06/2016.

Finalidade (_) Ensino (X) Pesquisa Cientifica
Vigéncia da autorizacao Até 27/02/2020
Espécie/linhagem/raca Camundongo albino Swiss Mus musculus
| N° de animais 138
| Peso/ldade 30-35g/ 30-60 dias
[ Sexo machos e
Origem Biotério do LIKA
Atenciosamente,
O oV, Grel
mmacaum-“"

SIAPE 1801584
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Anexo C - Guide for authors - JOURNAL OF ETHNOPHARMACOLOGY

A
W

i JOURNAL OF ETHNOPHARMACOLOGY

An Interdisciplinary Journal Devoted to Indigenous Drugs

TABLE OF -
CONTENTS
= 1S @
° Description p.1 i’fv‘ il d
o Audience p.2 B K CoLbGY
° Impact Factor p.2 i
° Abstracting and Indexing p.2 m

° Editorial Board p.2 e Guide for Authors p.4

ISSN: 0378-8741

DESCRIPTION

The Journal of Ethnopharmacology is dedicated to the exchange of information and
understandings about people's use of plants, fungi, animals, microorganisms and minerals and their
biological and pharmacological effects based on the principles established through
international conventions. Early people confronted with illness and disease, discovered a wealth of
useful therapeutic agents in the plant and animal kingdoms. The empirical knowledge of these
medicinal substances and their toxic potential was passed on by oral tradition and sometimes
recorded in herbals and other texts on materia medica. Many valuable drugs of today (e.g.,
atropine, ephedrine, tubocurarine, digoxin, reserpine) came into use through the study of
indigenous remedies. Chemists continue to use plant-derived drugs (e.g., morphine,
taxol, physostigmine, quinidine, emetine) as prototypes in their attempts to develop more effective
and less toxic medicinals.

In recent years the preservation of local knowledge, the promotion of indigenous medical systems in
primary health care, and the conservation of biodiversity have become even more of a concern to all
scientists working at the interface of social and natural sciences but especially to
ethnopharmacologists. Recognizing the sovereign rights of States over their natural resources,
ethnopharmacologists are particularly concerned with local people's rights to further use and develop
their autochthonous resources.
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Accordingly, today's ethnopharmacological research embraces the multidisciplinary effort in the:

¢ documentation of indigenous medical knowledge,

« scientific study of indigenous medicines in order to contribute in the long-run to improved
health care in the regions of study, as well as
e search for pharmacologically unique principles from existing indigenous remedies.

The Journal of Ethnopharmacology publishes original articles concerned with the observation
and experimental investigation of the biological activities of plant and animal substances used in the
traditional medicine of past and present cultures. The journal will particularly welcome
interdisciplinary papers with an ethnopharmacological, an ethnobotanical or an
ethnochemical approach to the study of indigenous drugs. Reports of anthropological and
ethnobotanical field studies fall within the journal's scope. Studies involving
pharmacological and toxicological mechanisms of action are especially welcome. Clinical
studies on efficacy will be considered if contributing to the understanding of specific
ethnopharmacological problems. The journal welcomes review articles in the above mentioned fields
especially those highlighting the multi-disciplinary nature of ethnopharmacology. Commentaries are
by invitation only.

AUDIENCE

Ethnopharmacologists, Medicinal Chemists, Pharmacologists, Toxicologists, Anthropologists,

Pharmacognosists, Ethnobotanists, Economic Botanists, Ethnobiologists

IMPACT FACTOR

2015: 3.055 © Thomson Reuters Journal Citation Reports 2016
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R. Verpoorte, Institute of Biology, Natural Products Laboratory, Universiteit Leiden, Sylviusweg 72, 2333BE, Leiden,
Netherlands

Deputy Editor-in-Chief
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Associate Editor:
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PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor 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 word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. 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). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

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

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2, ...), 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 detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.
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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.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

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.

Essential title page information

o Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
. 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. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lowercase
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.

. Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that the e-mail address is
given and that contact details are kept up to date by the corresponding
author.

. 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.

Abstract

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 abstract itself.

The author should divide the abstract with the headings Ethnopharmacological
relevance, Aim of the study , Materials and Methods, Results, and
Conclusions. Click here to see an example.
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Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. 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 5x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

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

Keywords

After having selected a classification in the submission system, authors must in the same step select 5
keywords. These keywords will help the Editors to categorize your article accurately and process it
more quickly. A list of the classifications and set keywords can be found here.

In addition, you can provide a maximum of 6 specific 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.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database
and display it next to the online version of the article on ScienceDirect. You can include up to 10 names
of chemical compounds in the article. For each compound, please provide the PubChem CID of the
most relevant record as in the following example: Glutamic acid (PubChem CID:611). Please position
the list of compounds immediately below the 'Keywords' section. It is strongly recommended to follow
the exact text formatting as in the example below: Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865) More information.

Plant names

In the Materials and Methods section there must be a separate heading for describing the material
used. That includes official name, local name, English name (if known), GPS position in case of
collection in the wild or cultivation, a voucher specimen must be deposited in an official herbarium for
possible future comparison. In the text it should be stated that the plant name has been checked with
www.theplantlist.org mentioning the data of accessing that website.

In case of commercially procured material should mention the source, batch number, quality control
data. Data on chemical characterization (metabolomics, chromatographic methods) should also be
presented, in case of known active compounds their quantitative analysis should be presented.

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.).
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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 aaaal.

It is not necessary to include detailed descriptions on the 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 the funding.

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.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional terms,
e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more conveniently
denoted by exp. Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

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.

Artwork

Electronic artwork General points

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

e 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, oruse
fonts that look similar.

e 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.

e Submit each illustration as a separate file.

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.
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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:

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

o Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as possible to where they
are initially cited. It is also mandatory to upload separate graphic and table files as these will be
required if your manuscript is accepted for publication.

Color artwork

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) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will
receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or online only. 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 (Nnot on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

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 sparing in the use of
tables and ensure that the data presented in them do not duplicate results described elsewhere in the
article. Please avoid using vertical rules.

References

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 not recommended in the reference list, but may be mentioned in the text. If these
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references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with "Unpublished results".
"Personal communication" will not be accepted as a reference. 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
encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI 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, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

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 and Zotero, as well as EndNote. Using the word processor 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.

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/journal-of-ethnopharmacology
When preparing your manuscript, you will then be able to select this style using the Mendeley plugins
for Microsoft Word or LibreOffice.

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 should be listed first
alphabetically, then chronologically.

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

have recently shown ...."
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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.

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:

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 13.03.03).

Video

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 files in one of our recommended file formats with a preferred maximum
size of 150 MB. 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.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary files offer
the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel file
or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated file,
and do not annotate any corrections on a previous version. Please also make sure to switch off the
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"Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

Data in Brief

Authors have the option of converting any or all parts of their supplementary or additional raw data
into one or multiple Data in Brief articles, a new kind of article that houses and describes their data.
Data in Brief articles ensure that your data, which is normally buried in supplementary material, is
actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. Authors are encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your Data in Brief
article will automatically be transferred over to Data in Brief where it will be editorially reviewed
and published in the new, open access journal, Data in Brief. Please note an open access fee 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.

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer to
relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). More information and a full list of supported databases.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available.
Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a data file.
Full instructions.

Submission checklist
The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

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, and contain:

e Keywords

o All figure captions

¢ All tables (including title, description, footnotes)
Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'
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o References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

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

Printed version of figures (if applicable) in color or black-and-white

¢ Indicate clearly whether or not color or black-and-white in print is required.For any further
information please visit our Support Center.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link 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 will be given in the e-mail we send to 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.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the 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 Webshop. Corresponding authors who have published their article 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 DOI link.

AUTHOR INQUIRIES

Track your submitted article
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Anexo D: Guide for Authors- PESTICIDE BIOCHEMISTRY AND PHYSIOLOGY

PESTICIDE BIOCHEMISTRY AND
PHYSIOLOGY

TABLE OF =  pRPp

CONTENTS

° Description p-1

° Audience p.1

° Impact Factor p.1

° Abstracting and Indexing p.2

° Editorial Board p.2 e Guide for Authors p.4

ISSN: 0048-3575

DESCRIPTION

Pesticide Biochemistry and Physiology publishes original scientific articles pertaining to the
mode of action of plant protection agents such as insecticides, fungicides, herbicides, and
similar compounds, including nonlethal pest control agents, biosynthesis of pheromones, hormones,
and plant resistance agents. Manuscripts may include a biochemical, physiological, or molecular study
for an understanding of comparative toxicology or selective toxicity of both target and
nontarget organisms. Particular interest will be given to studies on the molecular biology of pest
control, toxicology, and pesticide resistance.

Research Areas Emphasized Include the Biochemistry and Physiology of:

e Comparative toxicity

Mode of action

e Pathophysiology

* Plant growth regulators

¢ Resistance

Other effects of pesticides on both parasites and hosts

Benefits to authors
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We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center

AUDIENCE

Pesticide scientists, agricultural scientists, entomologists, plant scientists

IMPACT FACTOR

2015: 2.388 © Thomson Reuters Journal Citation Reports 2016

ABSTRACTING AND INDEXING

Scopus

EMBiology

EDITORIAL BOARD

Editor:

J.M. Clark, Dept. of Veterinary and Animal Sciences, University of Massachusetts, 311B Morrill 1 N, Amherst,
Massachusetts, MA 01003, USA

Associate Editors:
C. Preston, School of Agriculture, Food & Wine, University of Adelaide, PMB 1, Glen Osmond, SA 5064, Australia K.Y.
Zhu, Dept. of Entomology, Kansas State University, 123 Waters Hall, Manhattan, Kansas, KS 66506, USA

Editorial Board:

M.J. Adang, Dept. of Entomology, 413 Biological Sciences Bldg., University of Georgia, 120 Cedar Street, Athens, Georgia,
GA 30602-2606, USA

K.A. Aliferis, Macdonald Campus; Fac. of Agricultural & Environmental Sciences, McGill University, 21111 Lakeshore
Road, Ste. Anne de Bellevue, H9X 3V9, Canada

T. Arie, Fac. of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwaicho, Fuchu, 183, Tokyo, Japan
J.R. Bloomquist, Dept. of Entomology and Nematology, Emerging Pathogens Institute, University of Florida, 2055
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D. Cordova, Stine-Haskell Research Center, Dupont Crop Protection, 1090 Elkton Road, Newark, Delaware, DE 19711-
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S.0. Duke, NPURU, U.S. Department of Agriculture (USDA), Agricultural Research Service (ARS), University, Mississippi,
MS 38677, USA

R.H. Ffrench-Constant, Daphne du Maurier School of Biosciences, Cornwall Campus, University of Exeter, TR10 9EZ,
Penryn, Cornwall, England, UK

M. Fujimura, Life Sciences, University of Tokyo, 1-1-1 Izunimo, Itakura, Oura, 374-0193, Gunma, Japan

B.D. Hammock, Entomology & Cancer Research Center, University of California, Davis, Davis, California, CA 95616, USA
S.H. Lee, Dept. of Agricultural Biotechnology, Seoul National University (SNU), 151-742, Seoul, South Korea

Z. Ma, Institute of Biotechnology, Zhejiang University, 866 Yuhangtang Road, 310058, Hanzhou, China

H. Matsumoto, School of Life & Environmental Sciences, University of Tsukuba, 305-8572, Tsukuba, Ibaraki, Japan

R. Nauen, Research Insecticides, Bayer CropScience, D-40789, Monheim, Germany

W.J. Owen, Discovery Research, Dow AgroSciences, 9330 Zionsville Road, Indianapolis, Indiana, IN 46268, USA B.R.
Pittendrigh, Dept. of Entomology, University of Illinois at Urbana-Champaign, 1101 Peabody, Urbana, Illinois, IL 61801,
USA

X. Qian, Dept. of Pesticides and Pharmaceuticals, East China University of Science and Technology, 130 Meilong Road,
200237, Shanghai, China

S. Qiang, Weed Research Laboratory, Nanjing Agricultural University, 210095, Nanjing, China
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GUIDE FOR AUTHORS

INTRODUCTION

Pesticide Biochemistry and Physiology will publish original research papers in English, dealing
with the biochemistry and physiology of insecticides, herbicides fungicides, acaricides, nematocides,
rodenticides and similar compounds, including nonlethal pest control agents such as antifeeding
compounds and chemosterilants as well as, for example, the biosynthesis of pheromones, hormones
and plant resistance agents. Topics of interest include the effects of these agents on the biochemistry
and physiology of both target and non-target organisms, and the biochemical transformations of the
agents themselves. The mechanisms of resistance, and interactions such as synergism and antagonism,
are also suitable topics.

The journal does not encourage papers devoid of biochemical or physiological content, e.g., reports of
toxicity testing, or chemical synthesis, or analysis of residues (except when used as a tool for
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elucidation of metabolic pathways), or of the efficacy of pesticide treatments. Nevertheless, suitability
is based on the purpose or rationale of the study, and not only upon the technique used.

In addition to full-length manuscripts containing original data, the Editor will consider occasional
publication of concise reviews describing up-to-date and timely analysis of specific research areas of
interest to readers of the journal. The recommended length of each "minireview" is four to seven
published pages, including references, presented in a format identical to that used in regular
contributions. They will be reviewed for their scientific merit in the same manner as full-length articles.

Contact details for submission

All new manuscripts must be submitted through the Pesticide Biochemistry and Physiology
online submission and review Web site ( http://www.evise.com/evise/jrnl/PESTBIO ). Authors are
requested to submit the text, tables, and artwork in electronic form to this address. Authors are highly
encouraged to include a list of three or more potential reviewers for their manuscript, with complete
contact information.

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
o Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

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

o All references mentioned in the Reference List are cited in the text, and vice versa

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

¢ Relevant declarations of interest have been made

e Journal policies detailed in this guide have been reviewed

o Referee suggestions and contact details provided, based on journal requirements
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For further information, visit our Support Center.

BEFORE YOU BEGIN

Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human subjects must always
be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should clearly
indicate in the manuscript that such guidelines have been followed.

Declaration of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
information.

Submission declaration

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic preprint,
see 'Multiple, redundant or concurrent publication' section of our ethics policy 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 published elsewhere including electronically in the same form, in English
or in any other language, without the written consent of the copyright-holder.

Changes to authorship

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.
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Copyright

Upon acceptance of an article, authors will be asked to complete 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.

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 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 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.

Role of the funding source

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.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:

Open access

o Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research
funderor institution.

Subscription

o Articles are made available to subscribers as well as developing countries and patient groups
throughour universal access programs.

¢ No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
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For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective work
(such as an anthology), text or data mine the article, even for commercial purposes, as long as they
credit the author(s), do not represent the author as endorsing their adaptation of the article, and do
not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our green open access page for further
information. Authors can also self-archive their manuscripts immediately and enable public access
from their institution's repository after an embargo period. This is the version that has been accepted
for publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before an
article becomes freely available to the public. This is the embargo period and it begins from the date
the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

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 WebShop.

Submission

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 in the 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.
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http://elsevier.com/greenopenaccess
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PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor 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 word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. 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). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Line number
Include line numbers in the source file as it is mandatory for submission.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2,...), 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 detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

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.


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

Essential title page information

o Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
. 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. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lowercase
superscript letterimmediately 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.

. Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that the e-mail address is
given and that contact details are kept up to date by the corresponding
author.

. 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.

Abstract

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 abstract itself.

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. 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. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

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

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and 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). You can view example Highlights on our information
site.


http://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://www.elsevier.com/highlights
http://www.elsevier.com/highlights
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Keywords

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.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on 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.

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].

It is not necessary to include detailed descriptions on the 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 the funding.

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.

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

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional terms,
e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more conveniently
denoted by exp. Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

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.
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Artwork

Electronic artwork General points

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

e 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, oruse
fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

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

e Submit each illustration as a separate file.

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:

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

o Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

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) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will
receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or online only. Further
information on the preparation of electronic artwork.

lllustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators can


http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://webshop.elsevier.com/illustrationservices
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produce scientific, technical and medical-style images, as well as a full range of charts, tables and
graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve them
to a professional standard. Please visit the website to find out more.

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 on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

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 sparing in the use of
tables and ensure that the data presented in them do not duplicate results described elsewhere in the
article. Please avoid using vertical rules.

References

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 not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they 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
encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI 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, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the 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.
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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.

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 Special Issue.

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 and Zotero, as well as EndNote. Using the word processor 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.

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/pesticide-biochemistry-and-physiology
When preparing your manuscript, you will then be able to select this style using the Mendeley plugins
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 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 at the 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: Indicate references by number(s) in square brackets in line with the text. The actual authors can
be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...." List:
Number the references (numbers in square brackets) in the list in the order in which they appear in
the text.

Examples:

Reference to a journal publication:

[1]J. van der Geer, J.AJ. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun.163 (2010) 51-59.
Reference to a book:


http://citationstyles.org/
http://citationstyles.org/
http://www.mendeley.com/features/reference-manager
http://www.zotero.org/
http://endnote.com/downloads/styles
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[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones,
R.Z.Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281—
304.

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed
13.03.03).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease
and surrounding forest compositions, Mendeley Data, v1, 2015. http://dx.doi.org/10.17632/
Xxwj98nb39r.1.

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

Video

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 files in one of our recommended file formats with a preferred maximum size of 150
MB. 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.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary files offer
the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel file
or as a PowerPoint slide will appear as such online). Please submit the material together with the article
and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated file,
and do not annotate any corrections on a previous version. Please also make sure to switch off the
"Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.


http://www.issn.org/services/online-services/access-to-the-ltwa/
http://www.sciencedirect.com/
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
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RESEARCH DATA Data in Brief

Authors have the option of converting any or all parts of their supplementary or additional raw data
into one or multiple Data in Brief articles, a new kind of article that houses and describes their data.
Data in Brief articles ensure that your data, which is normally buried in supplementary material, is
actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. Authors are encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your Data in Brief
article will automatically be transferred over to Data in Brief where it will be editorially reviewed
and published in the new, open access journal, Data in Brief. Please note an open access fee 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.

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer to
relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). More information and a full list of supported databases.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available.
Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a data file.
Full instructions.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link 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 will be given in the e-mail we send to 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


http://www.journals.elsevier.com/data-in-brief
http://www.elsevier.com/dib-template
http://www.elsevier.com/dib-template
http://www.elsevier.com/databaselinking
http://www.elsevier.com/audioslides
http://www.elsevier.com/audioslides
http://www.elsevier.com/interactiveplots
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in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access
to the 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
Webshop. Corresponding authors who have published their article 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 DOI link.

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.

© Copyright 2014 Elsevier | http://www.elsevier.com
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Anexo E: Ficha de identificacdo botanica- Instituto Agronémico de Pernambuco (IPA)

wziz: - PERNAMBUCO

sevenns bo ratase

HERBARIO IPA - DARDANO DE ANDRADE LIMA
FICHA DE IDENTIFICACAO BOTANICA

FIB N 06/2013

N° Familia N°IPA Nome Cientifico
01 | Euphorbiaceae. 84.190 Cnidoscolus wrens (L.) Arthur
Material identificado por A.G.S1ilva.
[
Dr* Rita de Cissia Pereira
Curadora do Herbério IPA

Procedéncia: PE — Carvaru.

Determinada em: Setembro de 2012.

Instituto Agronémico de Pernambuco - IPA
Vinculado a Secretaria de Agricultura e Reforma Agréria
Av. Gal. San Martin, 1371 — Bongi - 50761-000 — Recife — PE - C.P. 1022
CNPJ 10.912.293/0001-37 — PABXC (1) 3184-7200 - Fax: (81) 3184-7211
Home Page: www.ipa.br / E-mail: ipa@ipa.br

IPA - 77 anos semeando conhecimento



