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RESUMO

Tetrapterys multiglandulosa coletadas no municipio de Bataypord, no Estado de
Mato Grosso do Sul é responsaveis por abortos e mortes nesta regido, este fato
nos levou a caracterizar a morfoanatomia das folhas e caules desta Malpighiaceae,
a fitoquimica das folhas e reproduzir experimentalmente a intoxicagdo por meio de
gavage utilizando extrato aquoso (200g L™') em coelhas da raca Nova Zelandia. Na
morfoanatomia dos 6rgaos vegetativos observou-se a presenga de células altas na
epiderme adaxial, mesofilo dorsiventral, parénquima palicadico com uma camada
de células e estbmatos do tipo paracitico. Os testes fitoquimicos nos extratos
aquoso e etanodlico (200g L") das folhas novas e velhas indicaram a presenca de
compostos fendlicos, taninos, flavonoides, saponinas, alcaloide e glicosideos
cardiotdnicos. Experimentalmente, apds a gavage, coletaram-se, de cada coelha,
amostras sanguineas, apos 24 horas, sete e 14 dias do experimento, para
avaliagao da bioquimica sérica sanguinea. Ao final deste periodo, todos os animais
foram eutanasiados, necropsiados e fragmentos de coragcdo e figado foram
coletados para histopatologia. Uma coelha do grupo G1 (folhas jovens) morreu 24
horas apdés a gavage, apresentando atividades de CK e CK-MB elevados
comparando com dados de referéncia. O mesmo foi observado em todos os
animais dos dois grupos. Alteragbes macroscopicas e microscopicas foram
observadas em todos os animais. Estes achados corroboram os estudos de outros
pesquisadores que estudaram a intoxicagéo por Tetrapterys spp. e sdo compativeis
com plantas que contém glicosideos cardiotonicos. A planta utilizada revelou conter
digoxina como um dos metabdlitos secundarios compativeis com as lesdes
cardiacas observadas.

Palavras-chave: Plantas toxicas, cardiotoxicidade, metabdlitos secundarios.



ABSTRACT

Tetrapterys multiglandulosa collected in the city of Bataypora in the state of Mato
Grosso do Sul is responsible for abortions and deaths in this region, this fact led us
to characterize the morphoanatomy the leaves and stems of this Malpighiaceae, the
phytochemical leaves and experimentally reproduce intoxication by gavage using
aqueous extract (200 g L") in rabbits of New Zealand race. In morphoanatomy of
vegetative organs was observed the presence of high cells on the adaxial
epidermis, mesophyll mesophyll palisade parenchyma with a layer of cells and
stomata of paracitic type. Phytochemicals tests in aqueous and ethanol extracts
(200 g L") of the new and old leaves indicated the presence of phenolic
compounds, tannins, flavonoids, saponins, alkaloid and cardiac glycosides.
Experimentally, after gavage, is collected from each rabbit, blood samples after 24
hours, seven and 14 days of experiment for evaluation of blood serum biochemistry.
After this period, all animals were euthanized, necropsied and heart and liver
fragments were collected for histopathology. A rabbit G1 (young leaves) died 24
hours after the gavage, with elevated CK activity and CK-MB compared with
reference data. The same was observed in all animals in both groups. Macroscopic
and microscopic changes were observed in all animals. These findings corroborate
the findings of other researchers who have studied the poisoning Tetrapterys spp.
and are compatible with plants containing cardiac glycosides. The herb was found
to contain digoxin as one of the secondary metabolites consistent with cardiac

lesions observed.

Keywords: Toxic plants, cardiotoxicity, secondary metabolites.
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INTRODUGAO

Estudos referentes as plantas toxicas sao de grande relevancia para o
Estado de Mato Grosso do Sul, uma vez que estas representam motivo de perdas
econdmicas no setor agropecuario, ndao s6 pela intoxicagdo de animais, mas
também pela perda de produtividade das pastagens. Em se tratando da toxicidade
de plantas, estudos que visam avaliar a mesma em modelos experimentais sao
importantes para o Mato Grosso do Sul, visto que a regido apresenta um dos
maiores rebanhos bovinos do pais, cuja taxa de mortalidade por intoxicagao por

plantas € o equivalente a 5% anual (BRUM, 2002).

Além disso, considerando a crescente procura da industria farmacéutica por
novas estruturas moleculares visando a produg¢ao de novos farmacos, as plantas
possuem uma enorme diversidade de moléculas produzidas pelo metabolismo
secundario e representam uma fonte praticamente inesgotavel destas moléculas. A
medicina tradicional é fonte de informacdes para a busca direcionada de atividades
bioldgicas, porém nao é suficiente para se esgotar todo o potencial farmacolégico

dos produtos naturais.

Nesta otica, os estudos fitoquimicos biodirigidos in vivo (modelos
experimentais) e in vitro, desde que metodologicamente estabelecidos para irem de
encontro aos seus objetivos, sdo de fundamental importéncia. Para se obter
sucesso nestes estudos, a interagcao entre as diversas areas do conhecimento é
fundamental. Dentre estas areas, destacam-se a Botanica, a Quimica, a

Farmacologia, a Toxicologia e a Biologia Molecular (YUNES e CALIXTO, 2001).

A Tetrapterys multiglandulosa € uma espécie pouco estudada e seus
principios ativos sdo desconhecidos, mas parece evidente que uma classe de

metabolitos secundarios pode ser responsavel pela causa de morte subita, além de
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lesdes em animais adultos e fetos (CARVALHO et al., 2006). Sendo assim, faz-se
necessario um estudo abrangendo analises que possam encontrar uma classe de
metabdlito secundario que esteja envolvida com a patogenia da intoxicagao.
Achados bibliograficos referentes a esta planta ndo citam e nem supdem qualquer
tipo de substancia suspeita de causar essa toxicidade (AGUILAR GUADARRAMA
et al., 2007), os estudos mostram apenas relatos de mortes de bovinos e ovinos e

as alteragdes clinicas e patoldgicas da intoxicagao (TOKARNIA et al., 2002).

De acordo com estes dados, optou-se por realizar uma analise
morfoanatdbmica e fitoquimica das folhas novas e adultas de Tetrapterys
multiglandulosa, e a partir desta identificar e confirmar a presenca de glicosideo
cardiotonico e determinar o indice afrosimétrico, além de um estudo patobiolégico
com objetivo de caracterizar a intoxicagdo produzida por T. multiglandulosa em

coelhas.
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ARTIGO 1: A ser submetido a revista Caatinga (Texto redigido conforme exigéncias de

formatacio da revista)

ANALISE MORFOLOGICA DAS FOLHAS E CAULES E FITOQUIMICA DE
FOLHAS DE Tetrapterys multiglandulosa CAV. no MATO GROSSO DO SUL'
Gilberto Gongalves Faccoz*, Eloty Justina Dias Schleder’® , Rosemary Matias® , Ricardo

Antonio Amaral Lemos*, Carlos Eurico dos Santos Fernandes”.

RESUMO - O presente estudo teve como objetivo caracterizar a morfoanatomia das folhas e
caules e a fitoquimica das folhas de Tetrapterys multiglandulosa Cav., coletados no municipio
de Bataypora no Mato Grosso do Sul em regido de fronteira com o estado de Sao Paulo,
responsaveis por surtos de abortamento e morte de bovinos nesta regido. Na anatomia dos
orgdos vegetativos observou-se a presenga de células altas na epiderme adaxial, mesoéfilo
dorsiventral, parénquima palicddico com uma camada de células e estomatos do tipo
paracitico, caracteristicas de espécies da familia Malpighiaceae. Os testes fitoquimicos nos
extratos aquoso e etandlico a 200g L' das folhas novas e velhas indicaram a presenca de
compostos fendlicos, taninos, flavonoides, saponinas, alcaloide e glicosideos cardiotonicos.
Conclui-se que das classes de metabdlitos secundarios evidenciadas nas folhas e nos caules
novos e velhos as saponinas e os glicosideos cardiotonicos presentes representam grupos
fitotoxicos em potencial e caracterizado pelos sinais clinicos observados nos animais deste
surto.

Palavras-chave: Metabolitos secundarios, Histoquimica, Indice afrosimétrico.
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MORPHOLOGICAL ANALYSIS OF LEAVES AND STEMS AND
PHYTOCHEMISTRY Tetrapterys multiglandulosa CAV LEAVES. IN MATO GROSSO
SUL

ABSTRACT - This study aimed to characterize the morphoanatomy the leaves and stems and
the leaves of the phytochemical Tetrapterys multiglandulosa Cav, collected Bataypora
municipality in Mato Grosso do Sul in the region bordering the state of Sao Paulo, responsible
for outbreaks. abortion and death of cattle in this region. In anatomy of the vegetative organs
was observed the presence of high cells on the adaxial epidermis, mesophyll palisade
parenchyma with a layer of cells and stomata of paracitic type, characteristics of
Malpighiaceae species of the family. Phytochemicals tests in aqueous and ethanol extracts
200g L of new and old leaves indicated the presence of phenolic compounds, tannins,
flavonoids, saponins, alkaloid and cardiotonic glycosides. It follows that the classes of
secondary metabolites evidenced in leaves and young and old stems saponins and glycosides
present carditonic represent potential phytotoxic groups and characterized by clinical sign
observed in animals of this outbreak.

Keywords: Secondary metabolites, Histochemistry, Afrosimetric index.
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INTRODUCAO

A familia Malpighiaceae possui aproximadamente 75 géneros e 1300 espécies
distribuidas nas regides tropicais e subtropicais de ambos os hemisférios. No Brasil ha 45
géneros, com destaque naregido Centro-Oeste (SOUZA; LORENZI, 2012). O estudo da
familia Malpighiaceae ¢ dificultado, principalmente, devido ao grande nUmero de
representantes, aos problemas nomenclaturais e as complicacdes encontradas pelos
taxinomistas para distinguir alguns géneros, utilizando-se unicamente caracteres
morfologicos. Estas questdes decorrem, principalmente, da variabilidade morfologica exibida
pelas plantas e das sinonimias das espécies (GATES, 1982; MAKINO-WATANABE et al.,
1993; ANDERSON, 2001).

No Brasil, Tetrapterys multiglandulosa Cav. (Malpighiaceae), nativa da Mata
Atlantica (POTT et al., 2006), é conhecida por causar toxicidade em bovinos. E uma planta
vigosa, com folhas de coloracao verde bem evidente, inflorescéncia amarela sob a forma de
panicula, que quando frutificam adquirem coloracdo marrom-avermelhada (TOKARNIA et
al., 2000). Ocorre principalmente na regido de Resende e Rio das Flores, Estado do Rio de
Janeiro, e em alguns municipios do Estado de Sao Paulo, como Guaratingueta ¢ Lorena,
sendo conhecida pelos nomes populares de “cipd-vermelho” e “cipo-ferro” (CARVALHO et
al., 2009). Apesar de sua ocorréncia predominante na regido Sudeste, foram relatados casos de
intoxicagao no Mato Grosso do Sul (RIET CORREA; MEDEIROS, 2000; CARVALHO et
al., 2006). Devido as perdas econdmicas geradas a partir da morte de animais acometidos,
chegando a inviabilizar a atividade pecuaria em algumas propriedades, varios estudos foram
realizados, identificando, entdo, como a causa destes problemas, algumas espécies do género
Tetrapterys spp.

As intoxicagdes naturais por Tetrapterys multiglandulosa causam abortos e
mortalidade perinatal em bovinos e, experimentalmente também em ovinos e caprinos. Além
disso, esta planta causa uma forma nervosa de doenca, denominada de letargica, com
espongiose (status spongiosus) do sistema nervoso central e cardiomiopatia cronica, sem
prévias alteracdes clinicas ou com manifestacao de edemas de declive e morte (TOKARNIA
et al., 1989; GAVA; BARROS, 2001; GAVA et al., 2001; MARQUES et al., 2003). Apds
ingestdo da folha, os animais morrem apo6s curso subagudo ou crdnico, entretanto,
ocasionalmente ocorre morte subita. Além disso, hd historico de abortamento ou parto de
animais débeis, que morreram apos o parto (RIET CORREA et al., 2005, RIET CORREA,
2007; CARDINAL, 2009). Ha predominio de casos na época seca, quando ha falta de pasto e

a planta estd em fase de brotacdo, portanto mais palatavel (LAGO, 2007), porém nos casos
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acompanhados na regido sul capixaba um grande niimero de animais ingeriu a planta quando
esta estava em fase de floracdo, em plena fase reprodutiva da planta (CARVALHO et al.,
2009).

Embora a planta seja reconhecidamente importante do ponto de vista patologico para
bovinos e ovinos, poucos estudos sobre os seus aspectos morfoanatomicos e fitoquimicos tem
sido conduzidos no Brasil. Contudo, parece evidente que uma classe de metabdlitos
secundarios pode ser responsavel pela causa de lesdes em fetos e bovinos adultos, ovinos e
caprinos, além da morte subita (CARVALHO et al., 2006). Sendo assim, faz-se necessario um
estudo abrangendo andlises que possam encontrar uma classe de metabolito secundério que
esteja envolvido com a patogenia da intoxica¢do. Achados bibliograficos referentes a esta
planta ndo citam e nem supdem qualquer tipo de substancia suspeita de causar essa toxicidade
(AGUILAR-GUADARRAMA et al., 2007), os estudos mostram apenas relatos de mortes de
bovinos e ovinos e as alteragdes clinicas e patoldgicas da intoxicacdo (TOKARNIA et al.,
2002).

Os objetivos deste estudo foram identificar a morfoanatomia das folhas e caules da
Tetrapterys multiglandulosa, seus componentes fitoquimicos, bem como determinar a

presenga de glicosideo cardiotonico e saponinas.

MATERIAL E METODOS

O material botanico de Tetrapterys multiglandulosa foi colhido na Fazenda Sao Pedro,
no municipio de Bataypord — MS, (latitude 27° 31° 71”’sul e longitude 74° 95’ 99 oeste), no
dia 16 de Novembro de 2011 e transportado ao Laboratério de Morfologia Vegetal da
Universidade Anhanguera-Uniderp, em Campo Grande — MS. Parte foi conservado em alcool
70% e a parte foi herborizada. Amostras em forma de exsicatas foram depositadas no

Herbario da Institui¢ao, sob nimero 8022.

Analise Histoquimica

Os estudos morfoanatomicos das folhas e caules em material fixado foram realizados
com cortes a mao livre, com auxilio de lamina de tricotomia. Para a analise anatomica, os
cortes foram clarificados em hipoclorito de s6dio 20% (KRAUS; ARDUIN, 1997) e corados
com Safranina e Azul de Astra 1% (KRAUS; ARDUIN, 1997) e montados em glicerina 50%,
seguido da analise ao microscépio de luz.

Os testes histoquimicos foram realizados com aplicagdao de corantes e reagentes como

segue: Lugol para identificar amido (ROTH, 1964); cloreto férrico para identificagdo de
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compostos fenodlicos e taninos (JOHANSEN, 1940); Sudan IIl para identificar material
lipidico (JENSEN, 1962); azul de metileno para identificacdo de mucilagem (JOHANSEN,
1940); e Fehling para determinar a presenca de agucares redutores (PURVIS et al., 1962 In:
KRAUS; ARDUIN, 1997). As amostras foram analisadas e fotodocumentadas em
microscopia de campo claro (Olympus CH30 acoplado a camara fotografica Olympus PM-
BP35).

Analise Fitoquimica das Folhas e caules

As folhas e caules de T. multiglandulosa, foram limpas, secas em estufa circuladora
de ar a 40°C, trituradas e armazenadas em frascos hermeticamente vedados para posterior
analise.
Para a abordagem fitoquimica foram preparados 100 mL de extrato etanolico e aquoso a 200g
L' (20 g da planta para 100 mL de solvente), deixando por 60 minutos em banho de
ultrassom (Ultrasonic Cleaner”) seguido de maceragdo por 24 horas. Este procedimento foi
repetido por dois dias consecutivos. Em seguida, os extratos aquosos e etanolicos, foram
submetidos aos ensaios fitoquimicos para: compostos fendlicos, taninos, flavonoides,
cumarinas livres, antocianinas, antraquinonas, glicosideos cianogénicos, saponinas, esterdides
e triterpenos, alcaloides e glicosideos cardiotonicos, seguindo metodologia adaptada de Matos

(2009).

indice Afrosimétrico: Para estimar a quantidade de saponinas presentes no extrato aquoso
utilizou-se o teste do indice de espuma (indice afrosimétrico) adaptado conforme metodologia
descrita por Michelin (2004). O indice de espuma ¢ a determinagdo da maior dilui¢do em que
1 g do extrato bruto aquoso sera capaz de formar 1 cm de espuma (SIMOES et al., 2004;

MATOS, 2009).

Reacdes de caracterizacdo de glicosideos cardiotonicos: para avaliar a presenga dos
glicosideos cardiotonicos foi empregada a reagdo com anel lactonico insaturado utilizando a
Reacdo de Baljet, e a confirmacdo da presenca de glicosideos cardiotonicos exige
necessariamente a comprovagdo da existéncia de nticleo esteroidal, lactona insaturada em C-
17 e desoxi-agticares, no qual se incluem as reagdes de Keller-Killiani e Liebermann-
Burchard (SIMOES et al., 2004). A reagdo de Keller-Kiliani ¢ considerada como um ensaio
particular dos desoxi-agticares e dos heterosideos facilmente hidrolisaveis (SIMOES et al.,

2004).
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Para confirmar a presenga do glicosideo cardiotonico foi realizado analise em CCD
(cromatografia em camada delgada) utilizando-se a digoxina solubilizada em cloroférmio
como padrdo (Laboratorio Teuto™) solubilizada em cloroformio. A solugdo foi aplicada em
placas de silica gel e eluidas com Hexano: Acetato de etila (3,5: 0,5 mL) e reveladas com
acido oxalico:acido borico:metanol seguidas de aquecimento por 2 minutos, em sequéncia as
cromatoplacas foram aspergidas com vanilina sulftrica/acido cloridrico (HCl) 10% e
aquecidas. Apds a revelagao calculou-se o Rf (fator de reteng¢ao) da digoxina padrao e das

amostras.

Determinacio de fendis totais: O teor de fendis totais (FT) foi determinado pelo Método
Folin-Ciocalteu’s utilizando 100 mg do extrato bruto etanolico e aquoso de cada amostra. As
absorbancias foram medidas em espectrofotometro na regido de 750 nm, em cubetas de
quartzo. A andlise foi executada por interpolacdo da absorbancia das amostras contra uma
curva de calibragdo (y = 0,0021x + 0,6691; R? = 0,9978), construida com padrdes de acido
galico (EAG 10 a 300 pg mL™") (SOUSA et al., 2007).

RESULTADOS E DISCUSSAO

A andlise morfoanatdmica do caule em corte transversal apresentou sec¢do circular,
epiderme uniestratificada, com cuticula espessa e tricomas malpiguidceos, felogénio em
diferenciagdo. O cortex apresentou colénquima angular, parénquima com canais exogenos,
cristais de oxalato de calcio em forma de drusas e prismaticos, fibras sobre a regido do
floema, cilindro vascular continuo e colateral. Internamente ao sistema vascular observa-se a
medula formada por tecido parenquimatico, que em alguns pontos, durante o crescimento, foi
absorvida (Figuras la e b).

A lamina foliar, em vista transversal, apresentou epiderme uniestratificada com glandulas,
cuticula espessa, tricomas na superficie abaxial, mesofilo dorsiventral, com uma a duas
camadas de parénquima pali¢cadico e trés a quatro estratos de parénquima lacunoso, drusas e
cristais prismaticos (Fig. le). Foi evidenciada nervura mediana plano-convexa formada por
feixes colaterais em forma de arco aberto, envoltos por uma bainha de esclerénquima (Fig. Ic
e d). Em vista frontal, as folhas apresentaram estomatos paracitico na superficie abaxial,
células epidérmicas com contorno irregular e forma variada (Fig. 1f). As caracteristicas das
estruturas observadas estao de acordo com Mamede (1993) e Araujo (2008) que encontraram
células altas na epiderme adaxial, meséfilo dorsiventral, parénquima palicddico com uma

camada de células e estdmatos do tipo paracitico para espécies da familia Malpighiaceae.
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Figura 1. Fotomicrografia de Tetrapterys multiglandulosa em corte transversal do caule. Secg¢do circular,
epiderme uniestratificada, com cuticula espessa e tricomas malpiguiaceos, felogénio em diferenciacio (a
e b). Nervura mediana plano-convexa formada por feixes colaterais em forma de arco aberto (seta),
envoltos por uma bainha de esclerénquima em vista transversal de lamina foliar (c e d). A lamina foliar (e
e f), em vista transversal apresenta epiderme uniestratificada (seta) e cuticula espessa (asterisco) (e). Em
vista frontal as folhas apresentam estomatos paracitico (seta) na superficie abaxial, células epidérmicas
com contorno irregular e forma variada (f). Barras — 200 pm (a,c); 50 um (b, d, e, f).
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Os resultados dos testes histoquimicos realizados nos 6rgdos estudados estao organizados

na Tabela 1.

Tabela 1 — Resultados dos testes histoquimicos realizados em folhas e caules de Tetrapterys

multiglandulosa coletadas no Mato Grosso do Sul

Teste histoquimico Caule Folha
Compostos Fenolicos + +
Amido + +
Acucares redutores + +
Mucilagens + +
Compostos lipidicos + +

(+): Resultado positivo; presenga da substincia; (-): Resultado negativo; auséncia da

substancia.

Os testes histoquimicos, em caule de 7. multiglandulosa, evidenciaram compostos
fenolicos, especialmente no cértex e regido dos vasos condutores; amido disperso no
parénquima cortical, formando uma bainha amilifera envolvendo os vasos (Fig. 2a); aglicares
redutores tanto na regido cortical como nos vasos e medula; mucilagem no parénquima
cortical (Fig. 2e); e substancias lipidicas na cuticula e dispersas no cortex (Fig. 2c).

Nas folhas, os testes histoquimicos evidenciaram compostos fendlicos na regido do floema
e no mesofilo foliar (Fig. 2b); amido disperso no mesofilo foliar, especialmente no
parénquima palicadico; agucares redutores amplamente distribuidos em todos os tecidos e
glandulas foliares (Fig. 2d); mucilagem préximo ao floema, nas nervuras central e
secundarias; substancias lipidicas na cuticula e nas glandulas foliares. Resultados semelhantes
foram encontrados por Santana et al. (2013), que detectaram em analises da folha de
Byrsonima coccolobilifolia, a presenga de lipideos e compostos fendlicos nas células do

mesofilo foliar.
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Figura 2. Fotomicrografia dos testes histoquimicos de corte transversal do caule e da lamina foliar de
Tetrapterys multiglandulosa: Amido - Lugol (setas) disperso no parénquima cortical, formando uma bainha
amilifera envolvendo os vasos (a). Compostos fenolicos — Cloreto férrico (seta) na regido do floema e no
mesofilo foliar (b). Substancias lipidicas — Sudam III, na cuticula e dispersas no cortex do caule (setas), na
cuticula e glandulas foliares, na folha (c). Agticares redutores — Fehling - amplamente distribuidos em todos
os tecidos e glandulas foliares (d). Mucilagem — Azul de metileno - no parénquima cortical do caule (seta)
(e). Glandula — Sudam III, na borda da folha (seta) (f). Barra— 50 um (a, b, c, d, e, f).

Os metabdlitos secundarios sdo substancias de defesa das plantas, sendo expressos de
forma qualitativa e quantitativamente, diferentes de 6rgdo para o6rgdo e de espécie para
espécie (TAIZ; ZEIGER, 2004). Seus niveis sdo determinados por influéncia ambiental e

controle genético (CASTRO et al., 2009).

Os compostos fenolicos sdo metabolitos secundarios quimicamente heterogéneos,

incluem uma grande diversidade de compostos, como os flavonoides, os taninos, € os acidos
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benzoicos e cindmicos. Os idioblastos e as células epiteliais que delimitam cavidades sdo
estruturas de secrecdo destas substincias, que estdo presentes em quase todos os vegetais
predominam nos vactolos, no citoplasma ou impregnados a parede celular. Segundo Pfluger e
Zambryski (2001) os compostos fendlicos podem funcionar como uma barreira simplastica, a
qual impulsiona uma mudan¢a morfologica, favorecendo o surgimento dos embrides
somaticos da planta. Em o6rgdos completamente diferenciados a presenca dos compostos
fenolicos estd relacionada com os mecanismos de defesa da planta, como protecdo contra a
herbivoria, ataque de patdogenos e microrganismos, dessecamento, entre outros
(APEEZZATO-DA-GLORIA; CARMELLO-GUERREIRO, 2006).

Nao foram encontrados trabalhos que citam a toxicidade de plantas pela presenga de
compostos fenolicos, normalmente os fendis comuns nas plantas nao sao considerados
toxicos, com exce¢do dos fendis poliméricos denominados de taninos, que possuem
capacidade de complexar proteinas em solugdes aquosas (SIMOES et al., 2004). Tokarnia et
al. (2000), observaram a presenga destes compostos em lesdes por intoxicacdo natural em
bovinos por Mascagnia pubiflora e Thiloa glaucocarpa. Entretanto com a sintomatologia
diferente observada nas toxicoses causadas por 7. multiglandulosa sinais que normalmente
ocorrem repentinamente acarretando a morte dentro de poucos dias (HENRIQUES, 2014).
Este quadro clinico ndo foi relatado para animais intoxicados com 7. multiglandulosa (GAVA
et al., 2001).

Os taninos sdo substancias polifendlicas que apresentam atividade antioxidante
decorrente da inativagdo de radicais livres. A sintese dos taninos esta relacionada aos
processos de crescimento e diferenciagdo celular e a degradacio destas substancias favorece a
divisdo celular evitando a oxidacao do material vegetal. Sdo biossintetizados diretamente do
metabolismo do carbono e armazenados nos vactolos das plantas (CASTRO et al., 2009).

O amido ¢ um polissacarideo e principal agucar de reserva dos vegetais, em células
embriogénicas ¢ utilizado para fornecer energia para a atividade mitdtica e, posteriormente
para o desenvolvimento dos embrides (NOGUEIRA et al., 2008). Segundo Torres (2013),
células com grao de amido indicam alta atividade metabolica energética, sendo utilizados para
iniciar ¢ manter o desenvolvimento, sendo também viavel para aquisicdo de competéncia
embriogénica.

Os resultados obtidos com o estudo fitoquimico do extrato aquoso e etandlico das
folhas (novas e adultas) de 7. multiglandulosa estao apresentados no Quadro 1 e confirmam a

histoquimica realizada.
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Quadro 1: Resultados obtidos com o estudo fitoquimico do extrato aquoso e etandlico das

folhas (novas e adultas) de 7. multiglandulosa coletadas no Mato Grosso do Sul

Extrato aquoso de 7. Extrato etanolico de T.
Metabdlitos multiglandulosa (200g L) multiglandulosa (200g L™)
Secundarios Folhas Folhas
Folhas novas Folhas novas
adultas adultas
Compostos fenolicos +++ +++ 4+ +++
Taninos + + +++ ++
Flavonoides +/- +/- +++ +++
Antocianinas ++ ++ - -
Antraquinonas livres + + - -
Cumarinas + + - -
Esterdides - - + +
Triterpenos - - - -
Saponinas + + - -
Glic. Cianogénicos - - - -
Glic. Cardiotonicos™* ++ + ++ +
Alcaloides + + + +
FT (mg de
equivalentes de acido 77,6 £ 0,04 74,5 + 0,03 87,8 £ 0,04 80,1 + 0,03
galico/g)
*Analisc ndo cfeiuada com o cxiralo aquoso. **Analisc cfefuada apenas com O extrato seco para deferminagdo do fndice de

saponificagdo. Testes: + (menor intensidade) ++ (média intensidade) +++ (maior intensidade) (-) Negativo; FT= fenois totais.

A presenga dos metabdlitos secundarios varia em quantidade e qualidade e pode estar
na dependéncia de fatores biodticos e abiodticos como idade do o6rgdo da planta, temperatura,
intensidade luminosa, disponibilidade de nutrientes, atividade microbiana da rizosfera e
composi¢do dos solos em que se encontram as raizes, entre outros (FERREIRA; AQUILA,
2000). Em relacdo aos fatores fisiologicos como: fotossintese, comportamento estomatal,
mobilizagdo de reservas, expansdo foliar e crescimento, estes sdo alterados por situagdes de
estresse ambiental, levando a modificagdes na rota biossintética do vegetal. Essas alteragdes
no metabolismo secundario induzem a produgdo de substancias de defesa como respostas as
mudancas de seu habitat (SALISBURY; ROSS, 1991). Com base nestas informagdes € nos

dados obtidos neste estudo, as estruturas encontrados nas folhas e caules de T.
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multiglandulosa e a presenca de saponinas e glicosideos cardiotonicos (Quadro 1) sugerem
adaptagdes fisiologicas e anatomicas como estratégia de sobrevivéncia dessa planta as
condi¢gdes ambientais da regido sulmatogrossense € consequentemente pode-se relacionar com
os casos de intoxicagdo de animais na regiao.

Neste trabalho qualitativamente ndo houve diferenca nos tipos de metabdlitos
secundarios detectados nos extratos aquosos e etandlicos das folhas novas em relacdo as
folhas adultas. Quantitativamente, as folhas novas apresentaram teores mais elevados de

compostos fendlicos para o extrato aquoso e etanolico em relagdo as folhas adultas (Quadro

1.

CJORCRCY |
©“ & &

Figura 3: Cromatografia de camada delgada (CCD) de extratos aquosos das folhas novas (1)
e velhas (2) e etandlicos das folhas novas (3) e velhas (4) de T. multiglandulosa e do padrao

Digoxina (P).

A andlise de CCD (Figura 1) dos extratos aquosos e etandlicos das folhas novas e
adultas apresentaram, em comparagdo com o padrao Digoxina (Rf: 0,81) a mesma substancia
com Rf préoximos o que indica que uma das saponinas presentes trata-se da digoxina, a classe
de saponinas nao havia sido ainda relatada para esta espécie. No trabalho de Melo et al.
(1999) a andlise fitoquimica das folhas (brotos e maduras) frescas, foram detectados os
heterosideos antrasénicos, saponinicos, flavonicos, taninos (hidrolisaveis e condensados),
alcaloides (tercidrios e quaternarios), esteroides, cumarinas e especificamente os glicosideos
cardiotOnicos, sem relatar a da classe de cardiotonicos.

O valor determinado para o Indice Afrosimétrico ndo seguiu o mesmo padrio dos
compostos fendlicos. As folhas adultas apresentaram maior indice (I= 1428,6) do que as

folhas novas (I= 1111,1). Nao foi encontrado um valor padrao para o indice de saponificacao
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relacionado com atividade antimicrobiana e especificamente para fungos, porém estes valores
sdo considerados acima dos padrdes descritos pela ANVISA (BRASIL, 2009), que aponta que
para humanos, em drogas vegetais utilizadas como cha, o indice de espuma deve ser abaixo
de 100. Os resultados indicam, portanto, que esta planta independente da idade da folha pode
ser toxica para o homem, herbivoros e insetos (MARQUI et al., 2008).

A familia Malpighiaceae ¢ comumente relacionada com terpenoides e 6leos essenciais,
alcaloides, substancias fendlicas, polifenois e quinonas, flavonoides, flavonois e flavonas,
cumarinas ¢ taninos (SOUZA; LORENZI, 2012). Especificamente, para as folhas de T.
multiglandulosa Melo et al. (2001) apontam a presenga de flavonoides, taninos condensados,
alcaloides quaterndrios e esteroides. No presente estudo também se comprovou a presenca
destes compostos secundarios.

Rodriguez et al. (2008) em seus estudos detectaram no extrato aquoso de folhas e
caules de T. styloptera os monoterpenoides, alcaloides e saponinas e no extrato etandlico
dessas partes aéreas foram encontrados triterpenos, monoterpenoides e alcaloides. E na
espécie T. mucronata, foram relatados os monoterpenoides e alcaloides. Estes metabolitos
estdo de acordo com os achados no estudo, revelando que pode ser recorrente )caracteristica)
na familia.

Coelho e Spiller (2008) e Carlini et al. (2002) confirmaram a presenga de glicosideos
cardiotonicos em outra espécie de Malpighiaceae Heteropterys aphrodisiaca. Nascimento e
Habermehl (1995) isolaram das folhas um glicosideo de Mascagnia (M. publiflora),
quimicamente positivos para aglcares desoxi e para nucleo esteroidal. Em uma triagem
fitoquimica preliminar, Melo e Dantas-Barros (1999), também conseguiram isolar glicosideos
cardiotonicos de Tetrapterys multiglandulosa de folhas jovens e maduras. A presenca de
glicosideos cardiotonicos em outras pesquisas com outros géneros de Malpighiaceae reforgam
0s nossos achados, identificando que este composto metabdlico causa € importante se nao o

principal composto relacionado a lesdo cardiaca nos animais (CARVALHO et al., 2006).

CONCLUSOES

As analises morfoanatomicas das folhas e caules 7. multiglandulosa reforgam as
caracteristicas desta planta, tais como a presenca de tricomas e cristais de oxalato, bem como
glandulas na borda das folhas. Os testes histoquimicos evidenciam a presenga de compostos

fenolicos, amido, agucares redutores, mucilagem e compostos lipidicos.
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As folhas de T. multiglandulosa obtidas em Mato Grosso do Sul, em local com
historico de surtos de mortalidade e abortos em bovinos, apresentam glicosideos cardiotonicos

nos seus compostos secundarios.
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1. RESUMO

O presente trabalho teve como objetivo caracterizar a intoxicagado produzida por T.
multiglandulosa em coelhas. Foram utilizados extratos aquosos a 200g L™ de folhas
jovens e folhas adultas, administrados respectivamente por gavage a cinco coelhas
jovens da raga Nova Zelandia, pesando entre 1,9 a 2,0 kg (G1) e seis coelhas jovens
com as mesmas caracteristicas (G2). Apds a gavage, coletaram-se, de cada coelha,
amostras sanguineas, apos 24 horas, sete e 14 dias do experimento, para avaliagéo
da bioquimica sérica sanguinea. Ao final deste periodo, todos os animais foram
eutanasiados e necropsiados quando se coletaram fragmentos de 6rgaos para
exame histopatologico. Uma coelha do grupo G1 morreu 24 horas apds a gavage,
apresentando atividades de CK e CK-MB elevados comparando com dados de
referéncia. O mesmo foi observado em todos os animais dos dois grupos.
Macroscopicamente observaram-se congestao, ascite e hepatomegalia. Os achados
microscopicos estavam restritos ao figado, apresentando areas de degeneragao
hidropica, precipitacdo proteica e congestao e, no coragdo separagédo das fibras
miocardicas e pontos de calcificagdo distréfica. Estes achados corroboram os
estudos de outros pesquisadores que estudaram a intoxicagao por Tetrapterys spp.
e sao compativeis com plantas que contém glicosideos cardiotdnicos. A planta
utilizada revelou conter digoxina como um dos metabdlitos secundarios compativeis
com as lesdes cardiacas observadas.

Palavras chave: Cardiomiopatia; histopatologia; intoxicagdes por digitalicos; plantas
toxicas.
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ABSTRACT: This study aimed to characterize the intoxication produced by T.
multiglandulosa (Malpighiaceae) in rabbits. Aqueous extracts 200g L of young
leaves and mature leaves, respectively, were administered by gavage to five New
Zealand breed young rabbits, weighing from 1.9 to 2.0 kg (G1) and six young rabbits
with the same characteristics were used (G2). After gavage, each rabbit had blood
samples collected after 24 hours, seven and 14 days for evaluation of blood serum
biochemistry. At the end, all animals were euthanized and necropsied having the
fragments of the organs collected for histopathological examination. One rabbit from
G1 died 24 hours after gavage, with elevated AST and CK activities compared with
reference data. The same was observed in all animals in both groups.
Macroscopically were observed vascular congestion, ascites, and hepatomegaly.
Microscopic findings were observed in the liver, showing areas of hepatocyte
ballooning, protein precipitation and vascular congestion, in the heart were observed
separation of myocardial fibers and dystrophic calcifications. These findings
corroborate the studies of other researchers who have studied the Tetrapterys spp.
poisoning and are compatible with plants containing cardiac glycosides. The herb
was found to contain digoxin as one of the secondary metabolites consistent with
cardiac lesions observed.

Keywords: Cardiomyopathy; digitalis intoxication; histopathology; toxic plants.

2. INTRODUGAO

A Tetrapterys multiglandulosa (Malpighiaceae), € um cip6 originaria da Mata
Atlantica, comum nas bordas de florestas, encostas de morros e mata ciliar (POTT et
al., 2006; SOUZA and LORENZI, 2012). Ocorre principalmente na regiao de
Resende e Rio das Flores, Estado do Rio de Janeiro, e em alguns municipios do
estado de Sao Paulo, como Guaratingueta e Lorena, sendo conhecida pelos nomes
populares de “cipo-vermelho” e “cipo-ferro” (CARVALHO et al., 2009). Esses autores
relatam que, apesar de sua ocorréncia predominante na regido Sudeste brasileira,
sua presencga e casos de intoxicagcdes foram relatados em Mato Grosso do Sul, no
municipio de Bataypora. Devido as perdas econdmicas geradas a partir da morte
dos animais acometidos, chegando a inviabilizar a atividade pecuaria em algumas
propriedades, varios estudos foram realizados, identificando-se, como a causa
destas intoxicagdes, algumas espécies do género Tetrapterys ssp. (RIET CORREA

and MEDEIROS 2000).
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As intoxicagbes por T. multiglandulosa causam abortos e mortalidade
perinatal em bovinos e, experimentalmente, também em ovinos e caprinos. Além
disso, esta planta causa uma forma nervosa de doenga, denominada forma
letargica, com espongiose (status spongiosus) do sistema nervoso central e
cardiomiopatia com mortes subitas, sem prévias alteracdes clinicas ou, em outros
casos, com manifestagcdo de edemas de declive, seguido de morte (TOKARNIA et

al., 1989, GAVA and BARROS 2001, GAVA et al., 2001, MARQUES et al., 2003).

A T. multiglandulosa € pouco estudada e seus principios ativos séao
desconhecidos, mas parece que uma classe de metabdlitos secundarios pode ser
responsavel pela causa de lesdes em fetos e adultos de bovinos, ovinos e caprinos,
além da morte subita (CARVALHO et al., 2006). Dados da literatura referentes a
esta planta nado elucidaram qualquer tipo de substancia suspeita de causar essa
toxicidade (AGUILAR-GUADARRAMA et al.,, 2007), os estudos mostram apenas
relatos de mortes de bovinos e ovinos e as alteragbes clinicas e patologicas da

intoxicacao (TOKARNIA et al., 2002).

Assim, no presente estudo, com testes in vivo em coelhas, para se caracterizar
as lesdes da intoxicagao relacionadas a planta e sugerir o uso desses animais como

modelo experimental para o estudo de plantas cardiotdxicas.
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3. MATERIAL E METODOS

3.1 Local da colheita do material

O material botanico (folhas novas e adultas) de T. multiglandulosa foi colhido
na Fazenda Sdo Pedro, no municipio de Bataypord—MS, (latitude 27° 31’ 717sul e
longitude 74° 95’ 99" oeste), no dia 16 de Novembro de 2011, coincidindo com o
periodo de chuva da regido e enviado ao Laboratério de Morfologia Vegetal da
Universidade Anhanguera-Uniderp, em Campo Grande-MS, e depositadas no

Herbario da Instituicdo, sob o numero 8022.
3.2 Estudo Quimico/Extracao

O material botanico da espécie em estudo apds secagem e trituragao foi
submetido a extracdo alcodlica, via maceragao, com o uso de um sonicador. O
solvente foi evaporado e o extrato bruto etandlico foi dissolvido em agua destilada e
submetido a partigdo com hexano e acetato de etila, a fracdo do extrato aquoso foi
submetido aos bioensaios. Considerou-se folhas novas aquelas situadas préximo a
ponta do ramo (apical), com aparéncia verde claro, menores em tamanho e
crescimento. Ja as folhas adultas foram consideradas as maiores, com coloragao

verde escura, localizadas na distal do ramo, medindo em média 11.0 x 5.0 cm.

3.3 Ensaios biologicos

Os experimentos foram conduzidos no laboratério de Produtos Naturais da
Anhanguera-Uniderp, no campus Il (Agrarias). Foram utilizadas 11 coelhas
(Oryctolagus cuniculus) da raga Nova Zelandia, adultas, pesando de 1,9 a 2,0 kg. Os
animais provenientes de um criador particular, as quais foram separadas em dois

grupos experimentais. Cinco animais compondo o grupo G1 (N=5) recebendo extrato



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

41

aquoso de folhas jovens de T. multiglandulosa a 200g L™ e outro grupo experimental
(G2), composto por seis animais (N=6) recebendo extrato aquoso a 200g L de
folhas adultas de T. multiglandulosa. Optou-se por utilizar os dados bioquimicos de
literatura (PINELLI et al., 2002; BORBOLETA et al.,, 2011; ZAYERZADEH et al.,
2012) referentes a coelhas controle com o intuito de se reduzir o numero de animais
a serem sacrificados ao final do experimento, minimizando o sofrimento animal
conforme a Lei Federal 6.638 que estabelece normas para a pratica didatico-
cientifica da vivissecg¢ao de animais (Brasil, 1979).

Os animais receberam 50 mL do extrato aquoso por meio de agulha de
gavage para coelhos (Marca Insight® Modelo IC 815) em uma dose Unica no periodo
matutino. Todos os animais foram mantidos em baias de alvenaria separados por
grupo experimental a temperatura ambiente, tendo livre acesso a agua e ragao
(Nuvital®). Os animais foram inspecionados visualmente por um periodo de 14 dias,
procurando-se observar alteragdes de comportamento, consumo de ragao e agua e
possiveis mortes durante o periodo experimental. Apés a inspecao clinica os
animais eram exercitados por um periodo de 10 minutos para avaliar possiveis
alteragdes fisiolégicas causadas pelos tratamentos.

Colheu-se sangue as 24 horas, e aos sete e 14 dias, ap6s a gavage por
venopungao da jugular esquerda, para analise da creatino quinase (CK) e a
isoenzima MB de creatino quinase (CK-MB) em ambos os grupos.

Apo6s o periodo de 14 dias, as coelhas foram eutanasiadas por
aprofundamento anestésico com Zoletil® 50 mg (0,1 mLKg, Virbac Satde Animal).
Em seguida foi feita a necropsia com retirada do coragao e figado, os quais foram
avaliados macroscopicamente e fixados em formol tamponado a 10% para posterior

processamento histologico.
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Todos os procedimentos experimentais foram aprovados pelo Comité de ética
e Experimentacdo e Uso de Animais (CEUA) da Universidade Federal de Mato

Grosso do Sul, protocolo N° 385/2012.
3.4 Andlise histopatoldgica.

Os fragmentos dos 6rgaos foram processados no laboratério de Histologia da
CCBS (Centro de Ciéncias Bioldgicas e da Saude), UFMS pelas técnicas de rotina
histoldgica com aparelho histotécnico (Marca LUPE® Modelo PT05) para inclusdo em
parafina e corte em micrétomo rotativo (Marca LEICA® Modelo RM2255), com 5um
de espessura. Esses fragmentos foram corados pelo método de hematoxilina-eosina
(HE), sendo montados em lamina de vidro de microscopia, com resina. Os 6rgaos
foram analisados microscopicamente e as alteragdes descritas de acordo com a
intensidade (analise qualitativa). Para essas analises foi usado microscépio de luz
de campo claro. As imagens foram digitalmente capturadas e armazenadas para a
subsequente analise. Essas analises foram realizadas no laboratério de Anatomia

Patoldgica da FAMEZ/UFMS e no laboratério de Patologia Geral do CCBS/UFMS.

3.5 Analise Estatistica

A analise de varidncia ndo paramétrica "Mann Whitney test" (P<0,05) foi

usada para comparacgao da analise bioquimica sérica entre os grupos experimentais.

4. RESULTADOS

As alteragdes clinicas observadas nas coelhas, apds a gavage, foram apatia e

prostracdo, fraqueza, movimentos somente quando estimuladas, apresentavam
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cansago apos movimentagcdo e diminuicdo da ingestdo de agua e ragao. Nao se
observaram alteragbes neurolégicas em nenhum dos animais dos dois grupos no
periodo experimental. Uma coelha do grupo experimental G2 morreu em 24 horas

apos a gavage. Nao houve mais 6bitos no periodo experimental.

A bioquimica sérica ndo revelou diferenga estatistica significativa (P>0,05)
entre as coelhas pertencentes aos diferentes grupos. A coelha que morreu 24 horas
pOs gavage apresentou atividade enzimatica de CK (9480 Ul/L) e CK-MB (2060
Ul/L). As atividades de CK e CK-MB de todos os animais estiveram sempre acima
dos valores de referéncia (CK: < 275 Ul/L, segundo Thall, 2007, e CK-MB: 435+ 211
UI/L, segundo Borboleta et al., 2011), nos animais dos dois grupos, variando

bastante em cada individuo (Fig.1).

10000

N
(=3
(=3
(=]

CK (UIlL)
CK-MB (UI/L)

1000

24h 7d 14d 24h 7d 14d
Dias Dias
Bl Fjovens B Fadultas WM Referéncia Bl Fjovens B F adultas WM Referéncia

Figura 1. Atividade enzimatica de CK e CK-MB de coelhas consumindo extratos de
folhas jovens e adultas de T. multiglandulosa. Sao apresentadas as médias e seus
respectivos erros padrdes.

Os achados macroscopicos mais evidentes a necropsia foram observados no

figado. O 6rgao estava de aumentado de tamanho, difusamente avermelhado, com
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areas palidas evidentes e em alguns lobos exibindo impressdo dos ossos das

costelas.

2013 7 1

201‘1 B

Figura 2 Fotografias de figado de coelhas intoxicadas com extratos de folhas de T.
multiglandulosa. (A) a esquerda observa-se coloragao pardacenta em regiao distal de lobo
hepatico (seta). (B) a direita observa-se congestao com impressao de costelas (seta).

Na cavidade abdominal, visualizou-se ascite em quase todos os animais (Fig.

3A), porém, em um dos animais (G1) observou-se a presenga de hemoperitdnio (Fig.

3B).

Figura 3 Fotografia de cavidade abdominal de coelhas intoxicadas com extratos de folhas
de T. multiglandulosa. A) ascite (seta). B) hemoperitonio (setas).

A superficie epicardica apresentou congestdo em vasos sanguineos na

superficie (Fig. 4).
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Figura 4 Fotografia de coracdo de coelha intoxicada com extrato de folhas de T.
multiglandulosa, apresentando congestao de vasos coronarianos (setas).

Microscopicamente, nas amostras de figado, observaram-se precipitagao
proteica de coloragéo eosinofilica e aspecto amorfo dentro das veias centrolobulares
(Fig. 5A). O parénquima hepatico apresentava areas focais de infiltrado inflamatério

mononuclear (Fig. 5B).

Figura 5. Fotomicrografias de corte histologicos de figado de coelha intoxicada
por T. multiglandulosa. A) exibindo precipitagdo proteica (seta) e B) infiltrado
mononuclear (seta). Coloragao de Hematoxilina e Eosina.
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Observaram-se, ainda, lise dos hepatécitos e acentuada degeneragao
hidropica na regido centrolobular ou zona 2 (Fig. 6A). Os ductos biliares
apresentavam espessamento da parede, com areas de necrose e infiltrado

inflamatério mononuclear e visivel hiperplasia epitelial reacional (Fig.6B). Havia

acentuada congestao centrolobular (Fig. 6C) e areas de esteatose (Fig. 6D).

(a2 ~

Figura 6. Fotomicrografia de figado de coelhas intoxicadas com extrato de folhas de
T. multiglandulosa. A) Degeneragao hidropica (seta), lise de hepatdcitos (cabeca da
seta). B) Espessamento e necrose da parede ductal (seta). C) Acentuada congestao
em vaso sanguineo e necrose e espessamento de parede ductal da triade portal
(seta). D) Hepatocitos apresentando vacuolizagdo citoplasmatica (esteatose)
distribuida irregularmente pelo parénquima hepatico (setas) Coloracdo de
Hematoxilina e Eosina.
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As amostras de coragido apresentavam microscopicamente areas multifocais
de calcificagdo distréfica em alguns animais, com coloracdo acentuadamente
basofilica, associadas a escasso infiltrado inflamatério mononuclear, representado
predominantemente por macréfagos. O miocardio apresentava em alguns animais
areas de necrose coagulativa de aspecto acentuadamente eosinofilico e separagao
entre as fibras e feixes das fibras miocardicas, com degeneragao dos cardiomidcitos.

Observou-se também congestao vascular (hiperemia passiva) em vasos de grande e

médio calibre em todos os animais dos dois grupos experimentais.

A i 5 Al e S T O :
Figura 7. Fotomicrografias de corte histolégicos de coragao de coelho intoxicado por
Tetrapterys multiglandulosa. Figura 7a exibe area focal de infiltrado inflamatdrio
mononuclear (seta). Figura 7b apresentando area de necrose eosinofilica (setas).
Figura 7c exibindo areas do miocardio com separagédo das miofibrilas (setas). Figura
7d congestao vascular (seta). Coloragao de Hematoxilina e Eosina.
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Tabela 2. Alteragbes histopatolégicas observadas em coelhas da raga Nova
Zelandia submetidas ao extrato aquoso (20%) via oral de Tetrapterys
multiglandulosa em folhas jovens e adultas provenientes da regido de
Bataypora, MS

Folhas Jovens Folhas adultas

Orgao 1 2 3 4 5 1 2 3 4 5 6*
Figado = Congestéo P P P P P P P P P P P

centrolobular

Infiltrado inflamatorio P P P P P P P P P P P

(area focal)

Degeneragédo hidropica P P P P P P P P A P P

Hiperplasia epitelialde P P P P P P P P P P

ducto biliar

Espessamento de P P P P P P P P P P P

parede ductal

Necrose AA A A A P A P A A A

Esteatose A A A P A P A P A P A
Coragdo Congestéo vascular P P P P P P P P P P P

Infiltrado inflamatério P P A A A AA A A A A

(area focal)

Necrose P A A A A A A A A A

Separagéo das fibras P P P P P P P P P P P

* numero de animais; (P), presenca da lesao, (A), auséncia da leséo.

6. DISCUSSAO

Os achados clinicos observados neste experimento sdo muito semelhantes aos
observados em intoxicagao por T. multiglandulosa, experimental em ovinos (RIET-
CORREA et al., 2005) e bovinos (TOKARNIA et al., 1989) e em intoxicag&o natural
em bovinos (CARVALHO et al., 2006). Em intoxicacdo experimental com ovinos
consumindo T. multiglandulosa e Ateleia glazioviana, Almeida et al. (2008),

observaram quadros clinicos e patolégicos similares para as duas plantas. A Ateleia
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glazioviana contém como principio ativo téxico glicosidios cardiotbénicos e, em
funcdo da semelhanga dos sinais de intoxicagdo, ha suspeitas de que as duas

plantas possuam o mesmo agente toxicante.

Nos exames bioquimicos séricos a auséncia de diferengca estatistica
significativa entre os animais dos dois grupos, revelou que a capacidade toxicante
das folhas jovens é similar a das adultas. Essas atividades enzimaticas elevadas
quando comparadas aos valores de referéncia de CK (< 275 UIl/L), segundo Thall
(2007), e CK-MB (435+ 211 UI/L), segundo Borboleta et al., 2011, indicam les&o
celular. Os resultados desta pesquisa sao semelhantes aos encontrados por Melo et
al. (2008), que, apo6s administragdo da Mascagnia rigida, também uma
Malpighiaceae, relataram aumento da concentracdo sérica de CK-MB em
camundongos. De forma semelhante, Cobucci et al. (2009), relataram valores
elevados de CK-MB em coelhos apds a administragao de extrato soluvel em agua de

M. rigida, que possuem agao toxica sobre os cardiomidcitos.

Esta enzima é mais sensivel que a creatina quimase (CK) e lactato
desidrogenase para detectar alteragcdes do miocardio (FOURIE et al.,, 1989) e é
utilizada rotineiramente em patologia clinica para avaliar a fungcado cardiaca, seu
aumento indica lesdes cardiacas (GONZALEZ and SILVA, 2006; BAPTISTELLA,

2009), como as que ocorreram no presente trabalho.

As alteracbes macroscopicas das amostras de tecido hepatico e cardiaco
avaliados também foram relatadas na literatura para bovinos intoxicados tanto com
T. multiglandulosa como por A. glazioviana (RIET-CORREA et al.,, 2005;
CARVALHO et al., 2006; MIRI et al., 2012). A presenca de hidroperitdnio (ascite)

também foi relatada por estes pesquisadores além de Tokarnia et al., 1989,
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estudando bovinos. Gava et al. (2001), também observaram a presenga de
derrames em cavidades organicas em intoxicagdo natural por A. glazioviana em

bovinos.

Os achados histopatologicos deste experimento concentraram-se no figado e
no coragao, corroborando os achados de Carvalho et al. (2006), que também
observaram congestéo, vacuolizagdo dos hepatdcitos, lise dos hepatocitos, edema
do espaco de Disse e proliferagdo biliar. Por sua vez, Gava et al. (2001), observaram
a presenca de necrose na regido centrolobular do figado. As lesbes cardiacas
observadas microscopicamente no presente trabalho, sdo similares aos achados por
Tokarnia et al. (1989), Gava et al. (2001) e Almeida et al. (2008) estudando a

intoxicagao por T. multiglandulosa em bovinos.

Os achados clinicos, laboratoriais, necroscopicos e histopatoldgicos causados
pela T. multiglandulosa em coelhas, no presente trabalho, coincidem com aqueles
observados em bovinos e ovinos relatados por diferentes autores, além disso, a
presenca desses achados observada nos casos de intoxicacdo por plantas como a
Nerium oleander (FURTADO et al., 2012) e Digitalis purpurea (GUERRA et al., 2002;
MATOS, 2007), que possuem glicosideos cardiotdxicos, permite sugerir que um
principio ativo do mesmo grupo pode estar presente na T. multiglandulosa estudada
no presente trabalho, em fungdo da coincidéncia estreita das lesdes e alteragdes

clinicas.

7. CONCLUSAO

O experimento com coelhos demonstrou a susceptibilidade desta espécie a

intoxicagao, causando insuficiéncia cardiaca e hepatica.
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Esses resultados revelaram que o coelho se adequa como modelo
experimental para estudar a intoxicagdo por Tetrapterys multiglandulosa,
reproduzindo sinais clinicos e patologia semelhantes as que ocorrem na intoxicagao

espontanea em bovinos e ovinos.
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Ex: GURGEL, J. J. Relatdrio anual de pesca e piscicultura do DNOCS-ortaleza: DNOCS, 1989. 27 p. Datilografado.
g) Literatura cuja autoria € uma ou mais pessoas judicas:

Ex: ASSOCIACAO BRASILEIRA DE NORMAS TECNICASNBR 6023:informagéo e documentacéo — referéncias — elafioraio de
Janeiro, 2002. 24 p.

h) Literatura sem autoria expressa
Ex: NOVAS Técnicas — Revestimento de sementest&oiplantio.Globo Rural, Sdo Paulo, v. 9, n. 107, p. 7-9, jun. 1994.
i) Documento cartografica

Ex: INSTITUTO GEOGRAFICO E CARTOGRAFICO (S&o PauiR).Regifes de governo do Estado de S&o Paufio Paulo, 1994. 1
atlas. Escala 1:2.000.

J) Em meio eletrdnico (CD e Internet) Os documentos /informagdes a@gesso exclusivo por computadafon line) compdem-se dos
seguintes elementos essenciais para sua referéncia:

AUTOR. Denominacéo ou titulo e subtitulo (se hopderservico ou produto, indicagéo de responsatuikd enderecgo eletrdnico entre os
sinais < > precedido da expresséo — Disponiveleena data de acesso precedida da expresséo -o&tess

Ex: BRASIL. Ministério da Agricultura e do abasteeinto. SNPC — Lista de Cultivares protegidas Disponivel em:
<http://agricultura.gov.br/scpn/list/200.htm>. Asesem: 08 set. 2008.

GUNCHO, M. R. A educac&o a distancia e a bibliotawizersitaria. In: SEMINARIO DE BIBLIOTECAS UNIVERITARIAS, 10., 1998,
FortalezaAnais... Fortaleza: Tec Treina, 1998. 1 CD-ROM.

UNIDADES E SIMBOLOS DO SISTEMA INTERNACIONAL ADOTADOS PELA R EVISTA CAATINGA

Grandezas bésicas Unidades Simbolos Exemplos
Comprimento metro m
Massa quilograma quilograma kg
Tempo segundo S
Corrente elétrica amper A
Temperatura termodinamica Kelvin K
Quantidade de substancia mol mol

Unidades derivadas
Velocidade ms' 343 m¢
Aceleracéo m s? 98m¢
Volume Metro cubico, litro M, L* 1 m%1 000 L*
Frequéncia Hertz Hz 10 Hz
Massa especifica Kg m* 1.000 kg ¥
Forca newton N 15N
Presséo pascal pa 1,013.1®a
Energia joule J 4]
Poténcia watt W 500 W
Calor especifico J (kg°C)*? 4186 J (kfC)*
Calor latente J kg* 2,26.16 J kg*
Carga elétrica coulomb C 1C

Potencial elétrico volt \Y 25V
Resisténcia elétrica ohm Q 290
Intensidade de energia Watts/metros quadrado ANV m 1.372 W n?



Concentragio Mol/metro clbico Mol it 500 mol n?¥
Condutancia elétrica siemens S 300 S
Condutividade elétrica desiemens/metro dSm 5ds m'
Temperatura Grau Celsius °c 25°C
Angulo Grau 0 3
Percentagem % 45%

Numeros mencionados em sequéncia devem ser sepg@@mponto e virgula(;). Ex: 2,5; 4,8; 5,3
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DESCRIPTION
Toxicon's "aims and scope" are laid down in the journal as:

To publish:

articles containing the results of original research on problems related to toxins derived from animals,
plants and microorganisms papers on novel findings related to the chemical, pharmacological,
toxicological, and immunological properties of natural toxins molecular biological studies of
toxin and other genes from poisonous and venomous organisms that advance understanding of the
role or function of toxinsclinical observations on poisoning and envenoming where a new therapeutic
principle has been proposed or a decidedly superior clinical result has been obtained material on the
use of toxins as tools in studying biological processes and material on subjects related to venom and
antivenom problems review articles on problems related to toxinology.

And
To encourage the exchange of ideas, sections of the journal may be devoted to Short Communications,
Letters to the Editor and activities of the International Society on Toxinology.

Toxicon strives to publish articles that are current and of broad interest and importance to the
toxinology research community. Emphasis will be placed upon articles that further the understanding
and knowledge of toxinology.

Types of paper

Full-Length Research Papers: Articles containing the results of original research on problems related
to toxins derived from animals, plants and microorganisms.

Short Communications: Short communications differ from full manuscripts only in that the research
study does not lend itself to an extended presentation. Even though brief, the Short communication
should represent a complete, coherent and self contained study. The quality of Short Communications
is expected to be as good as that of full articles, and both full articles and Short communications will
be refereed in an identical manner. The form is identical to that for a full article except that the report
should not be divided into Introduction, Materials and Methods, Results and Discussion. An abstract
of not more than 75 words should be provided. The Short Communication may not be longer than five
double-spaced typewritten pages (not including references, tables and figures) and should include
not more than two tables of two figures or one of each.
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Letters to the Editor: These may be published if judged by the Editor to be of interest to the broad
field of toxinology or of special significance to a smaller group of workers in a specialized field of
toxinology. They should be headed " Letter to the Editor' which should be followed by a title for the
communication. Names of authors and affiliations should be at the end of the letter.

Announcements: Toxicon will only accept for publication announcements of great interest to
toxinologists, such as notices of appropriate meetings and symposia and activities of the International
Society of Toxinology.

Reviews and mini-Reviews: Articles of interest to toxinologists which are published in journals other
than Toxicon may be abstracted in the Reviews section of Toxicon. Readers who feel that a particular
article or book should be abstracted in this section are encouraged to bring their opinions to the
attention of one of the Review Editors. Mini-Reviews and proposals for mini-Reviews are welcome

Molecular Biology: Papers on molecular biological aspects of toxins are welcome. They can include
cloning, expression, genetic and related studies. The papers must add to the understanding of the
role or function of toxins. Papers providing cDNA sequences without any relevant conclusions are
not acceptable. If cDNA sequences are included, authors must guarantee that the sequences will be
deposited in a public gene bank before the publication of the paper in Toxicon.

Clinical reports: Toxicon will publish clinical reports on poisoning where a new therapeutic principle
has been proposed or a decidedly superior clinical result has been established. Please observe the
following: Clinical Reports Guidelines

Classic Toxins: The main aim of these articles is to educate and inform both the experienced scientist
and new scientists entering the field of toxinology. These articles should serve as a reference guide
for anyone using toxins. Please contact Dr. Ed Rowan with your suggestions for inclusion in the 'classic
toxins' feature.

AUDIENCE

Toxicologists, toxinologists, molecular biologists and chemists.

IMPACT FACTOR

2013: 2.581 © Thomson Reuters Journal Citation Reports 2014

ABSTRACTING AND INDEXING

BIOSIS

Elsevier BIOBASE

Cambridge Scientific Abstracts
Chemical Abstracts

Current Contents/BIOMED Database
Current Contents/Life Sciences
Current Contents/SciSearch Database
Current Contents/Science Citation Index
MEDLINE®

EMBASE

PASCAL/CNRS

Research Alert

Scopus

EMBiology
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EDITORIAL BOARD

Editor-in-Chief
Alan L. Harvey, Strathclyde Institute for Drug Research (SIDR), Strathclyde Institute of Pharmacy and

Biomedical Sciences (SIPBS), University of Strathclyde, The John Arbuthnott Building, 27 Taylor Street, Glasgow,
G4 ONR, UK, Fax: 44 141 552 8376

Honorary Editors
Philip Rosenberg

Review Editor
Peter N. Strong, Sheffield, England, UK
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Official Journal of The International Society on Toxinology (http://www.toxinology.org/), Toxicon's
"aims and scope" are laid down in the journal as:

To publish:

articles containing the results of original research on problems related to toxins derived from animals,
plants and microorganisms papers on novel findings related to the chemical, pharmacological,
toxicological, and immunological properties of natural toxins molecular biological studies of toxin
and other genes from poisonous and venomous organisms that advance understanding of the role
or function of toxins clinical observations on poisoning and envenoming where a new therapeutic
principle has been proposed or a decidedly superior clinical result has been obtained material on the
use of toxins as tools in studying biological processes and material on subjects related to venom-
antivenom problems review articles on problems related to toxinology.

And
To encourage the exchange of ideas, sections of the journal may be devoted to Short Communications,
Letters to the Editor and activities of the International Society on Toxinology.

Toxicon strives to publish articles that are current and of broad interest and importance to the
toxinology research community. Emphasis will be placed upon articles that further the understanding
and knowledge of toxinology.

Full-Length Research Papers: Articles containing the results of original research on problems related
to toxins derived from animals, plants and microorganisms.

Short Communications: Short communications differ from full manuscripts only in that the research
study does not lend itself to an extended presentation. Even though brief, the Short communication
should represent a complete, coherent and self contained study. The quality of Short Communications
is expected to be as good as that of full articles, and both full articles and Short communications will
be refereed in an identical manner. The form is identical to that for a full article except that the report
should not be divided into Introduction, Materials and Methods, Results and Discussion. An abstract
of not more than 75 words should be provided. The Short Communication may not be longer than five
double-spaced typewritten pages (not including references, tables and figures) and should include
not more than two tables of two figures or one of each.

Letters to the Editor: These may be published if judged by the Editor to be of interest to the broad
field of toxinology or of special significance to a smaller group of workers in a specialized field of
toxinology. They should be headed ° Letter to the Editor' which should be followed by a title for the
communication. Names of authors and affiliations should be at the end of the letter.

Announcements: Toxicon will only accept for publication announcements of great interest to
toxinologists, such as notices of appropriate meetings and symposia and activities of the International
Society of Toxinology.

Reviews and mini-Reviews: Articles of interest to toxinologists which are published in journals other
than Toxicon may be abstracted in the Reviews section of Toxicon. Readers who feel that a particular
article or book should be abstracted in this section are encouraged to bring their opinions to the
attention of one of the Review Editors. Mini-Reviews and proposals for mini-Reviews are welcome
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Molecular Biology: Papers on molecular biological aspects of toxins are welcome. They can include
cloning, expression, genetic and related studies. The papers must add to the understanding of the
role or function of toxins. Papers providing cDNA sequences without any relevant conclusions are
not acceptable. If cDNA sequences are included, authors must guarantee that the sequences will be
deposited in a public gene bank before the publication of the paper in Toxicon.

Clinical reports: Toxicon will publish clinical reports on poisoning where a new therapeutic principle
has been proposed or a decidedly superior clinical result has been established. Please observe the
following: Clinical Reports Guidelines

Classic Toxins: The main aim of these articles is to educate and inform both the experienced scientist
and new scientists entering the field of toxinology. These articles should serve as a reference guide
for anyone using toxins. Please contact Dr. Ed Rowan with your suggestions for inclusion in the 'classic
toxins' feature.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Toxicon follows the ICMJE recommendations regarding conflict of interest disclosures. All authors are
required to report the following information with each submission: All third-party financial support
for the work in the submitted manuscript. All financial relationships with any entities that could be
viewed as relevant to the general area of the submitted manuscript. All sources of revenue with
relevance to the submitted work who made payments to you, or to your institution on your behalf, in
the 36 months prior to submission. Any other interactions with the sponsor of outside of the submitted
work should also be reported. Any relevant patents or copyrights (planned, pending, or issued). Any
other relationships or affiliations that may be perceived by readers to have influenced, or give the
appearance of potentially influencing, what you wrote in the submitted work.

As a general guideline, it is usually better to disclose a relationship than not. This information will
be acknowledged at publication in a Transparency Document. Additional information on the ICMJE
recommendations can be found at: http://www.icmje.org. The form for conflict of interest disclosure
can be downloaded here, or at http://www.icmje.org/coi_disclosure.pdf (if this link does not display
properly in your browser, please right-click the link and select "Save Target As..." or "Save Link as..."
from the popup menu.)

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 http://www.elsevier.com/sharingpolicy), 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
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, 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. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
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After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). 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
(please consult http://www.elsevier.com/permissions). 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: please consult
http://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see http://www.elsevier.com/copyright.

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.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy:
Elsevier facilitates author response to the NIH voluntary posting request (referred to as the NIH
"Public Access Policy"; see http://www.nih.gov/about/publicaccess/index.htm) by posting the peer-
reviewed author's manuscript directly to PubMed Central on request from the author, 12 months after
formal publication. Upon notification from Elsevier of acceptance, we will ask you to confirm via e-
mail (by e-mailing us at NIHauthorrequest@elsevier.com) that your work has received NIH funding
and that you intend to respond to the NIH policy request, along with your NIH award number to
facilitate processing. Upon such confirmation, Elsevier will submit to PubMed Central on your behalf
a version of your manuscript that will include peer-review comments, for posting 12 months after
formal publication. This will ensure that you will have responded fully to the NIH request policy. There
will be no need for you to post your manuscript directly with PubMed Central, and any such posting
is prohibited.

This journal offers authors a choice in publishing their research:

Open access

¢ 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 funder
or institution

Subscription
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e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).
¢ 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.

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.

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 (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

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.

The Editors welcome submissions by the authors of the names and addresses of up to five individuals
who could expertly review the paper, and who are not from the same institutions as the authors. The
Editors reserve the right to use these or other reviewers.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

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
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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.

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and has consecutive line numbering- this is
an essential peer review requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). 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.

Subdivision - numbered sections

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

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

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Experimental
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.

Experimental procedures

All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, the European Communities Council Directive of
24 November 1986 (86/609/EEC) 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. All animal studies need to
ensure they comply with the ARRIVE guidelines. More information can be found at http://
www.nc3rs.org.uk/page.asp?id=1357.

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

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

Appendices

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

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

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

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

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

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.

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

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 file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet
points (maximum 125 characters including spaces, or, maximum 20 words per bullet point). See
http://www.elsevier.com/highlights for examples.

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.

AUTHOR INFORMATION PACK 28 May 2015 www.elsevier.com/locate/toxicon 10


http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm

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.

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.).

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 should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

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

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

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

Regardless of the application used, 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 the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e 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. For further information on the preparation
of electronic artwork, please see http://www.elsevier.com/artworkinstructions.
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Please note: Because of technical complications that can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. 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.

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.

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.

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.

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 a standard template available in key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (http://www.mendeley.com/features/reference-manager) and also others
like EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are
available from the above sites, authors only need to select the appropriate journal template when
preparing their article and the list of references and citations to these will be formatted according
to the journal style as described in this Guide. The process of including templates in these packages
is constantly ongoing. If the journal you are looking for does not have a template available yet,
please see the list of sample references and citations provided in this Guide to help you format these
according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style for
this journal by clicking the link below:

http://open.mendeley.com/use-citation-style/toxicon

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice. For more information about the Citation Style Language, visit
http://citationstyles.org.
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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: 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 ...."

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.]., 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.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

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: http://www.sciencedirect.com.
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 at
http://www.elsevier.com/artworkinstructions. 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.

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 at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.
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Elsevier accepts electronic supplementary material to 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. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

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). See http://www.elsevier.com/databaselinking for more
information and a full list of supported databases.

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 designhated 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

e All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

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

¢ 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.

e For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

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

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
(the PDF file is a watermarked version of the published article and includes a cover sheet with the
journal cover image and a disclaimer outlining the terms and conditions of use). 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 (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://www.elsevier.com/track-submission. You can track your
accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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