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Cabe ao homem compreender que o solo
fértil, onde tudo que se planta da, pode
secar; que o chao que da frutos e flores
pode dar erva daninha, que a caca se
dispersa e a terra da fartura pode se
transformar na terra da pendria e da
destruicdo. O homem precisa entender, que
de sua boa convivéncia com a natureza,
depende sua subsisténcia e que a destruicao
da natureza é sua propria destruicdo, pois a
sua esséncia é a natureza; a sua origem e 0
seu fim.

(Elizabeth Jhin — Amor Eterno Amor)



RESUMO

O veneno de Bothrops jararacussu (Bjssu) induz paralisia irreversivel in vitro e
mionecrose em preparacdes neuromusculares, sendo ideal para testar a habilidade
inibitoria desses efeitos toxicos em plantas etnobotanicas. Neste trabalho, o extrato
hidroalcodlico de entrecascas e caules de Terminalia fagifolia (EHTf) em
concentracdes de 100 e 500 pug/mL (isto €, 2,5 X maior que a quantidade do veneno)
foram ensaiadas contra 40 e 200 pg/mL de Bjssu em preparacdes nervo frénico-
diafragma (NFD) de camundongos e biventer cervicis (BC) de pintainhos,
respectivamente. Dois protocolos, modelos de pré incubacdo e pds veneno foram
testados para avaliar a acdo antineurotoxica do EHTf. A antimiotoxicidade de EHTf
foi avaliada via microscopia de luz em musculos resultantes de experimentos em
NFD e pela determinacdo da creatinoquinase (CK) dos experimentos com BC. A
resposta muscular evocada de estimulos indiretos mostrou a habilidade de EHTf em
impedir o bloqueio in vitro do veneno de Bjssu. As contraturas frente a adicdo
exdgena de acetilcolina em preparacdes de aves das linhagens HY-Line brown e
W36 mostraram que EHTf age sobre receptores nicotinicos extrinsecos,
preservando totalmente os intrinsecos. EHTf melhora a membrana do sarcolema em
uma correlagdo positiva com os resultados de CK e histologia. O elevado conteudo
de saponina (indice afrosimétrico=1333,33) pode explicar o sucesso de EHTf em
neutralizar os efeitos toxicos deste veneno. Em conclusdo, EHTf mostrou efeitos

antineurotéxico e antimiotéxico contra o veneno de Bjssu.

Palavras-chave: Biventer cervicis de pintainho. Camacari. Nervo frénico-diafragma

de camundongos. Miotoxicidade. Neurotoxicidade.



ABSTRACT

Bothrops jararacussu venom (Bjssu) induces an irreversible in vitro paralysis and
myonecrosis in neuromuscular preparations, being ideal for testing the inhibitory
ability these toxic effects in ethnobotanical plants. In this work, the hydroalcoholic
extract from stem barks of Terminalia fagifolia (TfHE) at 100 and 500 pg/mL
concentrations (i.e, 2.5 X higher than venom amount) were assayed against 40 and
200 pg/mL Bjssu venom in mouse phrenic nerve-diaphragm (PND) and chick
biventer cervicis (BC) preparations, respectively. Two protocols, preincubation and
post venom models were tested to evaluate the antineurotoxic action of TfHE.
Antimyotoxicity of TTHE was evaluated via light microscopy in resulting muscles from
PND and by creatine kinase (CK) determination from BC experiments. The evoked
muscular response indirectly elicited showed the ability of TfHE to avoid the in vitro
blockade of Bjssu venom. The contractures to exogenous addition of acetylcholine at
avian preparations (brown and W36 varieties) showed that TfHE acts on extrinsic,
preserving totally the intrinsic nicotinic receptors. TfHE meliorates the sarcolemmal
membrane in a positive correlation with CK and histological results. The high saponin
content (foam index=1333.33) can explain the TfHE success in neutralizing the toxic
effects of this venom. In conclusion, TfHE showed antineurotoxic and antimyotoxic

actions against Bjssu venom.

Keywords: Chick biventer cervicis. Camacgari. Mouse phrenic nerve-diaphragm.

Myotoxicity. Neurotoxicity.
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1. INTRODUCAO

Os acidentes ofidicos sdo importantes problemas de Saude Publica,
principalmente em paises tropicais, por sua alta ocorréncia e indice de letalidade
que ocasionam (PINHO; PEREIRA, 2001). E dificil estimar a verdadeira incidéncia
mundial de envenenamento por picada de serpente. Tem-se relatado que ha 5
milndes de picadas de serpente, resultando em 2,5 milhdes de envenenamentos,
125.000 mortes e talvez trés vezes esse numero de sequelas permanentes no
mundo por ano (CHIPPAUX, 1998). Esses numeros levaram a OMS a enquadrar o
acidente ofidico na lista de doengas tropicais negligenciadas, que reune
enfermidades erradicadas ou praticamente erradicadas nos paises desenvolvidos,
mas que persistem nagueles em desenvolvimento (WHO, 2009).

No Brasil, tais ocorréncias tornaram-se agravos de notificacdo obrigatéria a
partir de 1986, o que permitiu uma melhor compreensdo de sua epidemiologia
(ROJAS; ALMEIDA SANTOS; GONCALVES, 2007). Em 2010 foram notificados
29.635 casos de acidentes ofidicos (BRASIL, 2011).

O tratamento antiofidico é realizado com soroterapia especifica e de acordo
com a gravidade. O soro consiste em imunoglobulinas heterélogas, que pode gerar
reacbes de hipersensibilidade, tais como urticaria, nduseas/vomitos, rouquiddo e
estridor laringeo, broncoespasmo, hipotensédo e choque, bem como reacdes tardias
(doenca do soro) como, febre baixa, artralgia e adenomegalia (BRASIL, 2005). As
tentativas de compreender o mecanismo de acdo das toxinas do veneno de
Bothrops jararacussu (B. jararacussu) e a busca de formas alternativas para o0s
tratamentos com acidentes ofidicos sao alvo frequente de diversos pesquisadores
(BELLINI, 2004).

As plantas e seus derivados podem ser utilizados como alternativa ou
complemento de tratamentos convencionais para combater os efeitos causados
pelos envenenamentos. O estudo de plantas com efeitos antiofidicos tem sido pouco
explorado cientificamente, uma vez que a flora brasileira pode compreender uma
variedade de plantas com tais efeitos e pode, também, favorecer a descoberta de
novas alternativas e/ou tratamentos para vitimas de envenenamentos por animais
peconhentos (DE SOUZA; FELFILI, 2006).



2. REVISAO BIBLIOGRAFICA

2.1. Acidentes ofidicos

O acidente ofidico (ou ofidismo) é caracterizado pelo quadro de
envenenamento proveniente da inoculacdo de toxinas através do aparelho
inoculador (presas) de serpentes. Somente € caracterizado envenenamento quando
ocorre a inje¢do do contetdo das glandulas venenosas no individuo, o que significa
gue nem toda picada resulta em envenenamento. Ha muitas espécies de serpentes
gque ndo possuem presas ou, quando presentes estdo localizadas na porcéo
posterior da boca, o que dificulta a injecdo de veneno ou toxina (BRASIL, 2014).

As serpentes peconhentas de interesse na saude publica sdo aquelas da
Familia Viperidae, que séo representadas por trés géneros: as serpentes do grupo
Bothrops e Bothrocophias (jararaca, jararacucu, urutu, comboia, cruzeira, caissaca);
Crotalus  (cascavel); Lachesis  (surucucu-pico-de-jaca,  surucucu-de-fogo,
surucutinga); e o da familia Elapidae a do género Micrurus (coral-verdadeira)
(NELSON, 1989).

O numero total de acidentes no mundo varia de aproximadamente 5 milhdes
de acidentes / ano, sendo que 2 % desses resultam em o6bitos, atingindo um indice
de mortalidade de 100.000 mortes / ano a nivel mundial (BRUNDA; SASHIDHAR,
2007). O nuamero de notificagbes de ofidismo no Brasil vem aumentando com os
anos, sendo as serpentes peconhentas as maiores responsaveis pelos numeros de
casos, alcancando em 2010 uma porcentagem de 85 % de acidentes (BRASIL,
2011). A importancia médica dos acidentes ofidicos se da pela grande frequéncia e
gravidade que ocorre (CARDOSO; WEN, 2003). A padronizacdo atualizada de
condutas de diagnéstico e tratamento dos acidentados é imprescindivel, pois as
equipes de saude, com frequéncia consideravel, ndo recebem informacdes desta
natureza durante os cursos de graduacao ou no decorrer da atividade profissional
(BRASIL, 2001).

Os acidentes ofidicos foram incluidos, pela OMS, na lista das Doencas
Tropicais Negligenciadas que acometem na maioria dos casos, populagbes pobres
gue vivem em areas rurais (WHO, 2009). No Brasil, as notificacbes séo registradas
no Sistema de Informacéo de Agravos de Notificagcdo (SINAN). O Sistema Nacional

de Informagbes Toxico — Farmacoldgicas registrou, em 2012, a segunda principal
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causa de intoxicagcbes em humanos que foram originadas por envenenamento de
animais peconhentos (26,85 %), perdendo apenas para as intoxicagdes provocadas
por medicamentos (27,27 %) dos casos notificados (SINITOX, 2012).

2.2. Género Bothrops e Bothrops jararacussu

Em todo territério brasileiro existem 250 espécies de serpentes, sendo 70
delas peconhentas. O maior numero de acidentes é representado pelo género
Bothrops, com cerca de 90 % dos casos envolvidos (PINHO; PEREIRA, 2001).

O género Bothrops representa o grupo mais importante de serpentes
peconhentas, com mais de 60 espécies encontradas em todo o territorio brasileiro
(incluindo os géneros Bothriopsis e Bothrocophias). As principais espécies sdo: B.
atrox — o ofidio mais encontrado na Amaz6nia, principalmente em beiras de rios e
igarapés; B. erythromelas — abundante nas areas litorAneas e Umidas da regido
Nordeste; B. jararaca — tem grande capacidade adaptativa, ocupa e coloniza tanto
areas silvestres como agricolas e periurbanas, sendo a espécie mais comum da
regido Sudeste; B. moojeni — principal espécie dos cerrados, capaz de se adaptar
aos ambientes modificados, com comportamento agressivo e porte avantajado; B.
alternatus — vive em campos e outras areas abertas, da regido Centro-Oeste ao Sul;
B. jararacussu — é a espécie que pode alcancar o maior comprimento (até 1,8 m) e
que produz a maior quantidade de veneno dentre as serpentes do género,
predominante nas regides Sul e Sudeste (BRASIL, 2014).

A B. jararacussu (Figura 1) possui cabeca grande, negra e estrias amarelas
pés-oculares, exibindo no dorso de tom aveludado, o contraste entre 0 negro e o

amarelo — dourado.



Flgura 1 Eotografla de um espemme de Bothrops | jararacussu
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Fonte http /Istatic. panoramlo com/photos/ongmal/9179345 iPg

Estd distribuida geograficamente pelo territério sul-americano: Bolivia,
Paraguai, Uruguai, Argentina e no Brasil, principalmente nas regifes Sul e Sudeste.
Tem habitos predominantemente noturnos ou crepusculares. Podem apresentar
comportamento agressivo quando se sentem ameagadas, desferindo botes sem
produzir ruido (MELGAREJO; CARDOSO; FRANCA, 2003).

Os venenos de serpentes sdo considerados misturas complexas, sendo 90%
do seu peso seco constituido de toxinas, enzimas e proteinas que estao envolvidas
na captura e digestao das presas, bem como defesa contra predadores. As fracOes
ndo proteicas sdo representadas por carboidratos, lipidios, aminas biogénicas,
nucleotideos e aminoacidos livres (HODGSON; WICKRAMARATNA, 2002;
CARDOSO et al., 2003).

A peconha da B. jararacussu possui importantes atividades fisiopatologicas,
com lesbes locais e destruicdo tecidual (acdo proteolitica), ativa a cascata da
coagulacdo podendo induzir incoagulabilidade sanguinea por consumo de
fibrinogénio (acdo coagulante), promove liberacdo de substancias hipotensoras e
provoca lesées na membrana basal dos capilares por acdo das hemorraginas (acao
hemorragica), que associada a plaquetopenia e alteracdes da coagulacdo, promove
as manifestacdes hemorragicas, frequentes neste tipo de acidente (AMARAL et al.,
1986; JORGE; RIBEIRO, 1990).



No caso de serpente do género botropico ha uma diferenca entre o veneno do
filhote, que é predominantemente coagulante, e do adulto, com maior agéo
proteolitica e menor acao coagulante (JORGE; RIBEIRO, 1990).

Logo nas primeiras horas apds a inoculacdo do veneno, as manifestacdes
locais comecam a aparecer. A presenca de edema, dor e equimose na regido
atingida, que progride ao longo do membro acometido sédo alguns dos sinais e
sintomas. As marcas da picada bem como o sangramento nos pontos de inoculacéo
das presas podem nao ser visiveis. Também podem ocorrer bolhas com contetudo
seroso ou sero-hemorragico, evoluindo para necrose cuténea, que é a principal
complicagdo, pois pode levar & amputacdo e/ou déficit funcional do membro
(BRASIL, 2014).

As manifestacBes sistémicas podem causar sangramentos em pele e
mucosas (gengivorragia, equimoses distantes do local da picada), hematuria,
hematémese; e hemorragia em outras cavidades pode determinar risco de morte ao
paciente. A hipotensédo pode ser decorrente de sequestro de liquido no membro
picado ou hipovolemia consequente a sangramentos, que podem contribuir para a
instalacdo de insuficiéncia renal aguda (BRASIL, 2014).

O conhecimento da composi¢cao dos venenos e seus principais efeitos sobre o
organismo humano permitem ao médico reconhecer o género da serpente
responsavel pelo acidente e selecionar a soroterapia adequada, mesmo na auséncia
da serpente (AZEVEDO-MARQUES; CUPO; HERING, 2003).

2.3. Tratamento antiofidico

O diagnéstico é eminentemente clinico-epidemiolégico, ndo sendo empregado
na rotina clinica, o exame laboratorial para confirmacao do tipo de veneno circulante.
Nos acidentes botrépicos, laguéticos e crotalicos, exames de coagulacdo devem ser
realizados para confirmacao diagnostica e avaliacdo da eficacia da soroterapia. Para
as areas onde ha superposicdo na distribuicdo geografica de serpentes do grupo
Bothrops e do género Lachesis, o diagnostico diferencial somente & possivel com a
identificagcdo do animal ou, no caso de acidente laquético, pela possibilidade de
desenvolvimento de manifesta¢des vagais (BRASIL, 2014).

O soro antiveneno € a terapéutica mais eficiente e disponivel para o

tratamento e contra os efeitos toxicos que causam. E impreterivel ser administrado

10



em tempo habil, doses e vias adequadas (CUPO et al.,, 1991). As entidades
governamentais sdo as responsaveis pela producdo nacional do soro. Em SP é
compromisso do Instituto Butantan, em MG da fundacdo Ezequiel Dias, no RJ do
Intituto Vital Brasil e no PR cabe ao Centro de Producdo e Pesquisa de
Imunobiologia suprir a necessidade de atender aos casos de intoxicagcado por
envenenamentos (BRASIL, 2001).

Quando administrado intravenosamente, o soro antiveneno garante maior
rapidez e eficacia de neutralizacdo do veneno circulante. Porém, essa pratica leva a
uma grande preocupacado pelas manifestacées de hipersensibilidade que podem
advir de seu uso. Quatro tipos de reacdes de hipersensibilidade estédo relacionadas
com a soroterapia: imediata, precoce, tardia e pirogénica, onde somente a primeira é
considerada preocupante devido a gravidade (CUPO et al., 1991).

A efetividade da soroterapia em prevenir o dano tecidual local é limitada, pelo
menos em parte, pela rapida acdo das toxinas comparada com a distribuicédo lenta
de anticorpos (LOMONTE; LEON; HANSON, 1996).

O soro é caracterizado como neutralizador do veneno, ndo determinando a
regeneracao das hemacias, do endotélio e dos tecidos em geral, apenas evitando a
progressdo destes fendmenos, fazendo-se necessario instituir medidas de suporte
como elevacdo do membro afetado, uso de analgésicos, hidratacdo e
antibioticoterapia (ARAUJO et al., 2003).

2.4. Plantas - Tratamento alternativo

Algumas alternativas como o0 uso de extratos de plantas medicinais tém sido
propostas como coadjuvantes dos antivenenos, devido a varias plantas
apresentarem atividade antiofidica (MORS et al., 2000), No entanto, € funcdo da
pesquisa investigar e comprovar se uma planta é realmente dotada de acles
farmacoldgicas.

A Combretaceae € uma familia botanica, constituida de 600 espécies
distribuidas em 18 géneros, sendo a Terminalia composta por aproximadamente 200
espécies. A Terminalia fagifolia (Figura 2), conhecida popularmente como camacari,
capitdo-do-mato, mirindiba e pau-de-bicho, é encontrada no cerrado brasileiro
(MASOKO; PICARD; ELOFF, 2007).
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Figura 2 — Foto ilustrativa de um espécime deTerminalia fagifolia

Sua madeira € utilizada na carpintaria (vigas, caibros, ripas e tabuas para
assoalho, carrocerias e confeccbes de mdveis), como lenha e carvdo, e como
ornamental em projetos paisagisticos (LORENZI, 1992).

Na medicina popular, a casca do caule e entrecaule da T. fagifolia é usada
como digestivo (FREIRE; LOPES; MENESES, 1992), citotoxica contra células
tumorais (GARCEZ et al.,, 2006), no combate contra aftas e tumores (AYRES;
CHAVES, 2009), antiulcerogénica (NUNES et al., 2014), antibiofilme e atividade
anticitotoxica (de ARAUJO et al., 2015).

Da madeira e das cascas do caule de T. fagifolia foram isolados 1,3-
diarilpropanos, 1-(4’-hidroxi-2’-metoxifenil)-3-(3”-metoxi-4”-hidroxifenil)-propano e 1-
(2’-hidroxi-4’,6’-dimetoxifenil)-3-(3"-metoxi-4”-hidroxifenil)-propano, sete flavanonas,
naringenina, 5-hidroxi-4’,7- dimetoxiflavanona, sakuranetina, isosakuranetina, 7,4’-
dimetoxiflavanona, 7-hidroxi-4’-metoxiflavanona, 7-metoxi-4’-hidroxiflavanona, duas
chalconas, 2',4’-diidroxi-4-metoxichalcona e 2’-4-diidroxi-4’-metoxichalcona, uma
flavana, 7,4’-diidroxi-3’-metoxiflavana e nove triterpenos pentaciclicos, &cido
arjunico, arjunetina, arjungenina, arjunglucosideo I, acido arjunélico, arjunglucosideo

II, 23-galoilarjunglucosideo (isolado como seus derivados mono-, di- e trimetilados
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apos metilacdo com diazometano), &cido betulinico e acetato do acido ursélico, além
de &cido galico e sitosterol (GARCEZ et al., 2006).

A utilizacdo de plantas medicinais para tratamento, cura e prevencao de
doencas, é uma das mais antigas formas de pratica medicinal da humanidade
(VEIGA-JUNIOR; PINTO; MACIEL, 2005). Essa tendéncia pode ser explicada por
diferentes fatores, destacando-se entre eles o custo elevado e os efeitos
indesejaveis dos farmacos sintéticos, preferéncia dos consumidores por “produtos
naturais”, a certificacdo cientifica das propriedades farmacoldgicas de espécies
vegetais, o desenvolvimento de novos métodos analiticos colocados a disposicéo do
Controle de Qualidade, o desenvolvimento de novas formas de preparacdo e
administracdo de produtos fitoterapicos, um melhor conhecimento quimico,
farmacoldgico e clinico das drogas vegetais e seus derivados (DI STASI, 1996;
VIEIRA, 2001; CANIGUERAL; DELLACASSA; BANDONI, 2003).

A aplicabilidade de plantas medicinais com poder antiofidico vem sendo
registrada em diversos estudos e acredita-se que isso se deva a presenca dos
inlmeros compostos ativos presentes nas mesmas (SOARES et al., 2002), podendo
citar Casearia sylvestris Swartz (RUPPELT et al.,, 1991; BORGES et al., 2000;
CINTRA-FRANCISCHINELLI et al., 2008) a Casearia gossypiosperma Briquet
(CAMARGO et al., 2010; SILVA, 2012), a Diospyros kaki (CHILPA; ESTRADA,
1995), a Plathymenia reticulata Benth (FARRAPO et al., 2011), a Mikania glomerata
(MAIORANO et al., 2005), a Mikania laevigata (COLLACO et al., 2012) e a Velozia
flavicans (TRIBUIANI et al., 2014). Neste sentido, a premissa deste trabalho foi
avaliar os efeitos farmacoldgicos do extrato hidroalcodlico de entrecascas (parte
mais interna da casca da arvore) e caules de T. fagifolia utilizando-se como
ferramenta farmacolégica, o veneno de Bothrops jararacussu, cujos efeitos toxicos
(blogueio neuromuscular e mionecrose) na juncdo neuromuscular séo amplamente

descritos na literatura e validados cientificamente.
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3. OBJETIVOS

3.1.

Objetivos gerais

Verificar a capacidade de inibicdo dos efeitos neurotoxico in vitro e miotoxico

do veneno de Bothrops jararacussu na juncdo neuromuscular de mamiferos e aves

pelo extrato hidroalcodlico de entrecascas e caules de Terminalia fagifolia (EHTT).

3.2.

Objetivos especificos

Avaliar a capacidade neutralizante do EHTf contra o bloqueio
neuromuscular irreversivel induzido pelo veneno bruto de B.
jararacussu, em preparacfes isoladas de nervo frénico-diafragma
(NFD);

Executar a analise histolégica dos protocolos resultantes das
preparacoes de NFD;

Avaliar a capacidade neutralizante do EHTf contra o bloqueio
neuromuscular irreversivel induzido pelo veneno bruto B. jararacussu,
em preparacoes isoladas de biventer cervicis (BC), em duas linhagens
Hy-Line Brown e W36;

Avaliar a acao contraturante da acetilcolina (ACh) e cloreto de potassio
(KCI) frente a concentracao selecionada do EHTf em preparacfes BC;

Avaliar por analise bioquimica a atividade enzimatica de
creatinoquinase (CK) em preparacéao BC;

Avaliar fitoquimicamente o EHTf pela determinacdo do indice

afrosimétrico.
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4. MATERIAL E METODOS
4.1. Obtencao do Extrato

Entrecascas e caules de Terminalia fagifolia foram coletados em junho de
2011, na cidade de Porto Nacional (S10 ° 44'10.2 "; W 048 ° 21'49.7 "), no Estado de
Tocantins (TO), Brasil. O estudo etnobotanico foi realizado na Comunidade de
Quilombola Mumbuca na cidade de Mateiros - TO, Brasil, que compreende a regido
do Jalapdo. A planta seca foi depositada no Herbario da Universidade Federal do
Tocantins (UFT) em Porto Nacional - TO, Brasil, comprovante espécime n° 4208, de
acordo com o Cadigo Internacional de Nomenclatura Botanica (ICBN).

O material foi seco em local protegido de umidade, a temperatura ambiente,
durante 7 dias, para ser, em seguida, colocado em estufa a 40 °C, a fim de se obter
um padrdo de umidade de 20 %. O material foi fragmentado e apds, triturado, até
atingir a forma de pd homogéneo. O pé resultante foi percolado em solucdo
hidroalcodlica (etanol 70 %, v/v), na concentracdo de 10 % (m/v) e a preparacao
acondicionada em frasco de vidro protegido da luz, por 72 h (FARMACOPEIA
PORTUGUESA, 2002). Em seguida, as preparacfes foram filtradas, o solvente
evaporado com auxilio de rotaevaporador a 45 °C, o material pastoso formado foi
liofilizado resultando no extrato seco, que foi acondicionado em frasco vedado com
filme de PVC, protegidos da luz, em freezer a temperatura de -20 °C.

Este foi gentiimente doado pelo prof. Dr. Marcio Galdino dos Santos da
Universidade Federal de Tocantins a profa Dr2 Yoko Oshima Franco da Universidade

de Sorocaba.

4.2. Determinacdo do indice Afrosimétrico (1.A.)

A presenca de espuma durante 0S ensaios experimentais remeteu a
determinacdo da quantificacdo indireta de saponinas pela técnica da determinacéo
do ILA. (FARMACOPEIA BRASILEIRA, 2010). O EHTTf liofilizado (1 g) foi diluido em
baldo volumétrico de 100 mL, com agua purificada. A solugédo obtida foi distribuida
em 10 tubos de ensaio com tampa (16 mm de diametro por 16 cm de altura), em

série sucessiva de 1, 2, 3, até 10 mL. O volume do liquido em cada tubo foi ajustado
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a 10 mL com agua, tampados e agitados com movimentos verticais por 15
segundos, com duas agitacbes por segundo. Apos 15 minutos em repouso a altura
da espuma foi medida, sendo registrado o tubo que permaneceu com 1 cm de
espuma densa. O |.A. foi calculado segundo a equacdo 1000 / A, sendo A o volume,

em mililitros, do extrato liofilizado.

4.3. Solubilizacdo de EHTf

O extrato liofilizado foi solubilizado com 30 pL (COLLACO et al., 2012) ou 15
UL de etanol (EtOH) 70 % (Cinética Solucdo Quimica, Londrina, PR) para os
experimentos em NFD e BC respectivamente, em todos os ensaios farmacoldgicos

antes de se completar o volume desejado com solucédo nutritiva.

4.4. Veneno bruto de serpente

O veneno bruto de B. jararacussu foi coletado de duas espécimes adultos
mantidos no Serpentario do Centro de Estudo da Natureza. O veneno foi liofilizado e
certificado pelo Professor Dr. José Carlos Cogo, da Universidade do Vale do
Paraiba, Univap, SP, Brasil e gentilmente doado para a prof? Dr* Yoko Oshima
Franco da Universidade de Sorocaba.

45, Animais

Camundongos machos pesando entre 25 - 30 g, da linhagem Swiss foram
adquiridos na Anilab Paulinia, SP e ambientados em gaiolas no Biotério da UNISO.
Foram colocados 5 camundongos por gaiola com exaustéo e ventilacdo apropriada,
com maravalha utilizada como cama e livre de substancias quimicas, recebendo
racao e agua ad libitum.

Pintainhos machos das linhagens Brown e W36 com idade entre 5 — 12 dias,
foram adquiridos na Avicultura Santa Barbara em Sorocaba — SP e ambientados no

laboratorio de Biociéncias da UNISO. Foram colocados 10 pintainhos por gaiola,
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cujo assoalho fora forrado com papeldo grosso e permanecram com exaustao e
ventilagdo apropriada.

O projeto foi realizado segundo normas preconizadas pela Comissdo de Etica
no Uso de Animais da Universidade de Sorocaba CEUA-UNISO aprovado em
13/08/2014 sob protocolo n° 027/2014 (Anexo A) e pela Comissdo de Etica no Uso
de Animais da Universidade Federal de Sdo Carlos CEUA-UFSCar, aprovado em 28
de maio de 2013, sob protocolo de n° 070/2012 (Anexo B).

4.6. Preparacéo nervo frénico-diafragma de camundongos (NFD)

Os camundongos foram anestesiados com halotano, por via inalatoria e
posteriormente exsanguinados pela seccdo e sangria dos vasos cervicais. A
preparacdo NFD foi retirada conforme o protocolo proposto por Bilbring (1946)
adaptado para camundongos e montada em cuba com capacidade para 5 mL
contendo solucdo de Tyrode. A solucdo de Tyrode € uma solucdo nutritiva de pH
7,0; composta por (em mM): NaCl 137; KCI 2,7; CaCl, 1,8; MgCl, 0,49; NaH,PO,
0,42; NaHCO3 11,9 e glicose 11,1. A temperatura foi mantida a 37 °C e a preparacéo
aerada com carbogénio (95 % O,, 5 % CO,). Uma tensao de 5 g/cm foi aplicada por
meio de um fio preso a porcdo tendinosa. O nervo frénico ficou sobreposto a um
eletrodo e em contato com a superficie da solucéo nutritiva. O registro da contracéo
muscular foi alcancado através do transdutor isométrico cat. 7003, acoplado a um
fisiografo 2-Channel Recorder Gemini cat.7070, contendo amplificadores Basic
Preamplifiers cat.7080 (Ugo Basile®). Em seguida, a preparacdo foi estimulada
indiretamente através do nervo frénico (estimulador fisiolégico duplo ESF-15D),
usando-se estimulos supraximais (0,06 Hz; 0,2 ms). Apés o registro em condi¢cfes
controle durante 15 minutos de estabilizacdo da preparagdo foram realizados os

protocolos experimentais.
4.7. Analise morfolégica

As preparacbes dos ensaios de pré - incubagdo e pos veneno foram
analisadas por método morfométrico e quantitativo em relagdo ao controle de
Tyrode, EHTf e veneno de B. jararacussu. Ao final de cada experimento (ap6s 120
min), trés preparacdes de cada grupo foram fixadas com uma solugéo de formalina a
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10 %, e processadas conforme a rotina histolégica convencional. Cortes transversais
(5 mm de espessura) de musculo do diafragma foram coradas com 0,5 % (w / v) de
hematoxilina - eosina , para exame de microscopia. A lesdo dos tecidos (Figura 3)
(edema, mionecrose intensa caracterizada por atrofia das fibras musculares, aspecto
hialino, perturbacdes do sarcolema e a lise das miofibrilas) foi expressa como indice
de miotoxicidade (IM), ou seja, a percentagem do numero de células musculares
danificadas dividido pelo numero total de células em trés areas ndo sobrepostas e
nao-adjacentes de cada preparacdo (FERRAZ et al., 2014).

Figura 3 — Imagem ilustrativa das celulas musculares consideradas lesionadas.

m

Células ghost Lesao delta

Fonte: Ferraz et al. (2014)

4.8. Preparacdo biventer cervicis (BC)

A preparacgdo BC foi isolada e montada de acordo com o método descrito por
Ginsborg e Warriner (1960). Os pintainhos foram anestesiados com halotano e, apos
a dissecacdo do musculo este foi montado em uma cuba de 5 mL, contendo solucéo
nutritiva de Krebs composta por (em mM): NaCl 118,1, KCI 4,8, CaCl, 2,5, MgSO,
1,2, NaHCO3 25 e glicose 11,1. A solucdo foi aerada de modo constante com
carbogénio (95 % O,; 5 % CO;) e mantida a 37 °C. A preparacao foi submetida a
tensdo constante de 1 g/cm e estimulada por meio de eletrodos bipolares
(estimulagédo de campo).

Para observar a contratura do musculo como resposta da ativacdo dos
receptores, foi administrado 100 puL de KCI (10 %) sobre a preparacao, na auséncia
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de estimulagdo elétrica, apos atingir o platd a preparacao foi lavada com solucédo de
Krebs (5 vezes) para garantir a retirada total da substancia e observada a
estabilizacdo das contracdes. Apés a estabilizacdo o procedimento foi repetido com
40 puL de ACh (2 %). Assim que estabilizado procedeu-se com o0s protocolos

experimentais.

4.9. Avaliacdo enzimatica de creatinoquinase (CK) em preparacéao BC

Uma vez que para obter hemidiafragmas das preparacdes NFD ocorre a
liberac@o espontanea de CK resultando em niveis basais elevados, esta atividade foi
medida apenas em preparagcfes BC, cujos musculos ja sdo separados naturalmente
nao havendo liberacdo espontanea de CK (RANDAZZO-MOURA et al., 2006). Foi
coletada uma aliquota de 100 pL da solucdo de Krebs, apods adicdo de KCl e ACh,
antes do inicio dos protocolos com BC para controle e outra apos a finalizacdo do
ensaio (120 minutos), anteriormente a adicdo de ACh e KCI. O volume retirado foi
substituido com igual volume de solucdo de Krebs. As amostras recolhidas foram
armazenadas durante 2 h a 4 °C até o inicio da analise da atividade de CK
(expressos em unidades / L), medida a 340 nm (espectrofotbmetro da marca
Shimadzu ® modelo MultiSpec-1501), 37 °C, usando um kit comercial (CK-NAC;
REF K010-1 Bioclin ®, Belo Horizonte, MG, Brazil).
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4.10. Desenho experimental

O desenho experimental segue o fluxograma apresentado na Figura 4.

Figura 4 — Fluxograma do desenho experimental para os protocolos de
neutralizacdo do veneno de B. jararacussu.

Extrato
Hidroalcéolico
Terminalia fagifolia

(NFD) (BC)
Curva Neutralizacdo
concentragao-resposta (Bjssu)
Pré Pos
Bjssu + EHTf Bjssu + EHTf

Fonte: Elaboracéo propria
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4.11. Analise estatistica

Os resultados foram expressos como média + erro-padrdo. A significancia das
diferencas observadas foi determinada pelo teste t-Student, com valor p<0,05,

considerado significante.
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5. RESULTADOS

O Programa de PoOs-Graduacdo em Ciéncias Farmacéuticas da Uniso,
conforme reconhecido pela Portaria MEC N° 1.077, de 31 de agosto de 2012,
publicada no Diario Oficial da Unido em 3 de setembro de 2012, Secéo 1, p. 12,
dispbe a opcao de apresentacdo da dissertacdo em formato de artigo(s) cientifico(s),
que serd apresentada a partir deste item.

O artigo foi submetido de acordo com as normas da revista Toxins.
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Abstract: Bothrops jararacussu venom (Bjssu) induces an irreversible in vitro paralysis and
myonecrosis in neuromuscular preparations, ideal for testing the inhibitory ability these toxic effects
in ethnobotanical plants. Here, the hydroalcoholic extract from stem barks of Terminalia fagifolia
(TftHE) at 100 and 500 ug/mL concentrations (i.e, 2.5 X higher than venom amount) were assayed
against 40 and 200 pg/mL Bjssu venom in mouse phrenic nerve-diaphragm (PND) and chick biventer
cervicis (BC) preparations, respectively. Two protocols, preincubation and post venom models were
tested to evaluate the antineurotoxic action of TfHE. Antimyotoxicity of TfHE was evaluated via
light microscopy in resulting muscles from PND and by creatine kinase (CK) determination from BC
experiments. The evoked muscular response indirectly elicited showed the ability of TfHE to reverse
the in vitro blockade of Bjssu venom. The contractures to exogenous addition of acetylcholine at
avian preparations (brown and W36 varieties) showed that TfHE acts on extrinsic, preserving totally
the intrinsic nicotinic receptors. TfHE meliorates the sarcolemmal membrane in a positive correlation
with CK and histological results. The high saponin content (foam index=1333.33) can explain the
TfHE success in neutralizing the toxic effects of this venom. In conclusion, TfHE showed
antineurotoxic and antimyotoxic actions against Bjssu venom.

Keywords: chick biventer cervicis; camacari; mouse phrenic nerve-diaphragm; myotoxicity;
neurotoxicity.

1. Introduction

The interest by snake venoms extrapolates the medical question as a neglected disease [1]. Snake
venom studies are not only addressed to treat the snake bites or to understand its pathological-
induced effects, but also as a source of bioactive compounds with high potential of application in
innumerous areas such as pharmaceutical (the discovery of bradykinin) [2], medical (fibrin glue, [3];
anticancer, [4]), chemistry (new molecules), biochemistry (innumerous enzymes and peptides),
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bioengineering (batroxobin as exemple; [5]), biotechnology [6], biology (evolutionary aspects),
cosmetology (inhibitors of muscle contractions), research, etc. As a consequence of its interest, these
animals can be threatened by human hunting and persecution, making necessary a rational use of
snake venoms, mainly using the crude venoms potentials.

Bothrops jararacussu venom has been used as a pharmacological tool in view of its well known in
vitro actions on nerve and on muscle visualized by paralysis and myonecrosis, respectively [7]. Thus,
antineurotoxic agents can comprise anticholinesterasic [8]; presynaptic agents [9-11], or facilitatory
agents [12]. Cell damage leading to myonecrosis triggers inflammatory reactions [13], therefore it
serves to study anti-inflammatory agents. Opportunist infections resulting from snake bite serves to
assay antimicrobial agents [14]. The lesion induced by venom is as aggressive as that seen in burns
and it serves to study healing agents [15]. Besides, the potentialities of innumerous ethnobotanical
plants used as antiophidian can be evaluated.

Terminalia fagifolia Mart. (Combretaceae) is found in the Brazilian cerrado, popularly known as
“camagari”, “chapadeiro”, “capitao-do-mato”, “mirindiba” and “pau-de-bicho” [16]. Popularly its
stem barks and basts are used as digestive [17], act as cytotoxic against tumoral cells [18], acts against
thrush and tumors [16], it has gastric antiulcerogenic and hypokinetic activities [19], and also
antibacterial, antibiolfilm and cytotoxic activities [20]. Phytochemical studies in leaves of T. fagifolia
revealed the presence of pentacyclic triterpenoids and its glycosylated derivatives, saponins,
flavonoids, tannins, sitosterol, among other compounds [16].

Crude venoms are responsible for paralysis attack on nerve membrane and branches and
neuromuscular junctions [4] due the preferential area of the body bitten, the lower members. Thus,
experimental models using myographic techniques are useful in studying antiophidian plants [14],
mainly those with high medicinal potential from an important and threatened biome as Brazilian
“cerrado”. In this study, we evaluated the medicinal potentialities of stem barks and basts from T.
fagifolia hydroalcoholic extract in mammalian and avian isolated preparations using the known effects
of B. jararacussu venom on neuromuscular transmission (neurotoxicity and myotoxicity).

2. Results

2.1. Foam index of saponin

TfHE showed be positive to saponin content. Thus, the foam index of saponin (FI) was
determined as being 1333.33, i.e., 1.3 L of water is needed to dilute 1g of extract to provide a 1 cm-
height foam.

2.2. Inhibition of Bjssu venom neurotoxicity

2.2.1. Mouse phrenic nerve-diaphragm preparation (PND)

Figure 1 shows the concentration-response curve of TfHE at 100, 200, 500 and 2000 pig/mL (n=4, 3,
4 and 7, respectively). Note that the three first concentrations have no significant statistical difference
among them, while the major concentration caused a partial blockade after 70 min of exposure. We
selected the minor concentration for subsequent assays with Bjssu venom (preincubation and post
venom models).
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Figure 1. Mouse phrenic nerve-diaphragm preparation, indirect stimuli. The hydroalcoholic extract
from T. fagifolia (TfHE) at different concentrations was submitted to neuromuscular preparation. The
points are the mean + SEM of the number of experiments indicated in the figure. * p<0.05 compared to
100, 200, 500 pg/mL and Tyrode control.

Figure 2 shows the neutralization assays using two preincubation and post venom models. Bjssu
venom (40 pg/mL) causes a known irreversible paralysis on muscular response which was
significantly abolished (*p<0.05 compared to venom) preincubating during 30 min with TfHE 100
ug/mL or when it was added into the bath immediately after 10 min of pretreated preparation with
Bjssu venom, in a post venom model (*p<0.05 compared to venom, #p<0.05 compared to Tyrode
control and to preincubation model).
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Figure 2. Neuromuscular response of phrenic nerve-diaphragm preparation, indirect stimuli.
Preincubation and post venom models did reveal the efficacy of 100 pg/mL TfHE against 40 pug/mL
Bjssu venom. The points are the mean S.E.M. for the number of experiments indicated. *p<0.05 and all
subsequent points were significantly different compared to the venom. #p<0.05 and all subsequent
points were significantly different compared to Tyrode control, whereas only during 40 min compared
to preincubation model. Arrow: TfHE time addition.

2.2.2. Chick biventer cervicis (BC)

Figure 3 shows the results obtained with 2 species of chick HY Line:
preparations from Brown (A) and W36 (B) varieties.

(a): Note that the facilitatory effect of TfHE at 500 pg/mL (n=9) was immediate but not
maintained until the end of experiment. * p<0.05 at least during the first hour of experiment,
compared to EtOH alone (n=3) and Krebs control. EtOH and Krebs control were not significantly
different between each other (p>0.05).

(b): Contrarily, the facilitatory effect of TfHE (n=4) was not immediate but it was maintained
during all the time period one* p<0.05 compared to control (n=4). TfHE and EtOH (n=4) were not
significantly different between each other (p>0.05).
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Figure 3. Chick biventer cervicis preparation, indirect stimuli. (A, brown) The hydroalcoholic extract from T.
fagifolia (TfHE) at 500 pg/mL concentration submitted to neuromuscular preparation caused a significantly
facilitatory effect during the first 60 minutes. The points are the mean + SEM of the number of experiments
indicated in the figure. * p<0.05 compared to ethanol (EtOH) alone and Krebs control. (B, W36) TfHE
showed a tardy but maintained facilitatory effect. The points are the mean + SEM of the number of
experiments indicated in the figure.* p<0.05 compared to Krebs control.

Figure 4 shows the neutralization assays in BC preparations from HY-line brown (A) and HY
Line W36 (B) using the both, preincubation and post venom models. (a): Bjssu venom (200 pg/mL,
n=4) alone did cause a paralysis in more than 60% muscle fibers in a period of 120 min. Preincubating
during 30 min TfHE (500 pg/mL) with venom (200 pg/mL) the neuromuscular blockade was totally
abolished (*p<0.05 compared to venom). Indistinguishable response from Krebs control and
preincubation model were those shown by post venom model (p>0.05 among them). (b): Bjssu venom
(200 pg/mL, n=3) alone did cause a paralysis in more than 80% muscle fibers at the end of experiment.
Either preincubation (n=3, maximum increase of 58%=16) or post venom (n=3, maximum increase of
38%=18) model expressed an unexpected facilitatory effect. * p<0.05 compared to Krebs control (n=4)
and also to venom alone.
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Figure 4. Chick biventer cervicis preparation, indirect stimuli. (a, brown): The hydroalcoholic extract
from T. fagifolia (TfHE) at 500 pug/mL totally abolished the paralysis-induced by Bjssu venom in both,
preincubation and post venom models. The points are the mean + SEM of the number of experiments
indicated in the figure. * p<0.05 compared to venom. Arrow: TfHE time addition in post venom model.
(b, W36): Note the intense facilitatory effect caused by TfHE either in preincubation or in post venom
protocols. The points are the mean + SEM of the number of experiments indicated in the figure. *p<0.05
compared to Krebs control (*put on the post venom and Bjssu venom curves mean that all subsequent
points were significantly different from control).

The responses to exogenously added agonists (KCl and ACh), in the absence of electrical
stimulation, is shown in Figure 5. The short dot line at 100% means the taken values before the
experiment. The columns mean the taken values at the end of experiment (120 min). Again, the results
were expressed in both HY Line chick varieties. The preparations submitted to Krebs control (n=4
each) showed a decreased response to KCl addition (in brown preparations) and contrarily TfHE
affects the response to ACh addition (n=9, brown; n=4, W36). Bjssu affects KCl and ACh responses
either in brown (n=9) or in W36 (n=3) varieties. Preincubation in brown preparations (n=6) was more
sensitive than in W36 ones (n=4). Post venom model (n=6, brown; n=4, W36), however, increased the
contracture response of KCL
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Figure 5. Contracture responses to KCI and ACh. Preparations from HY-line brown male chicks

showed a sensitive response to KCI as seen in Krebs controls (A). On the other hand Terminalia fagifolia

hydroacoholic extract (TfHE, B) affects the contracture response to ACh and meliorates the response to

KCl and ACh, with no significantly difference

KCl. Bothrops jararacussu venom (Bjssu, C) affects both,

from preincubation model (D). Post venom model (E) increased the contracture response to KCl. The

line at 100% represents KCl and ACh values prior to the treatments. Each result is the mean + SEM of

the number of experiments indicated in the text. *p<0.05 compared to 100%, but not when compared to

values of Krebs control.
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2.3. Inhibition of Bjssu venom myotoxicity

2.3.1. Histological analysis (light microscopy)

Quantitative analysis performed in three preparations from each experimental set resulted in MI
(myotoxicity index, in %): Tyrode control (15.9+0.8); TfHE (15.5£1.7); venom (38+6.5); preincubation
(12.7+1.2); and post venom (24+1.3). All treatments were significantly different from venom alone
(p<0.05). Only post venom assays were statistically different from TfHE and Tyrode (p<0.05).
Preincubation and post venom were statistically different one each other (p<0.05).

2.3.2. CK activity

The final CK (U/L) values of samples collected at the end of experiments (120 min) from the bath
containing BC preparations (from HY-line brown and W36) are shown in Figure 6. All experiments
were performed in triplicate and each protocol had n=4. There was statistically difference in all
protocols between B and A, except in post venom treatment.

1600

1400

1200

1000

800

CK (UL)

600

400

200
* I #

ol !_I—‘r%/;NV X \Nm

B W B B W B w B W

Control TfHE Venom Pre Post

Figure 6. Creatine kinase (CK) activity measures at the end of each experimental protocol from HY-line
brown (B) and white (W). Each result is the mean + SEM (n=4, each protocol). From this biochemical
parameter both treatments using T. fagifolia hydroalcoholic extract (TfHE) against the myotoxicity of B.
jararacussu (Bjssu) venom, in the preincubation and post venom models, were efficacious. *p<0.05
compared to brown control. #p<0.05 compared to white control.

3. Discussion

In this study we used a validated myographic technique, mammalian/avian preparations,
biochemical/histological analyses and a standardized crude B. jararacussu venom for testing the ability
of T. fagifolia hydroalcoholic extract against the toxic effects of the venom, which was chosen by
inducing either an irreversible in vitro neuromuscular blockade [7] as also a local myotoxicity similar
to those of other Bothrops venoms.
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Ethnopharmacobotanical data of T. fagifolia revealed its tincture use as anti-inflammatory in the
folk medicine by “Mumbuca” community (in Parque Estadual do Jalapao, Tocantins state, Brazil [21].
Plants from Brazilian cerrado (a biodiverse woodland/grassland, 20% of Brazil) need be rapidly
studied, catalogued, and mainly preserved, since this biome is disappearing faster than the Amazon,
due destination to cattle grazing, soy production, and agrofuels (sugar cane expansion for biodiesel
leading to deforestation) [22], enough reasons to confirm medicinal properties of T. fagifolia.

The analysis of miographic registers in PND, indirectly stimulated, showed that TfHE protects in
both — preincubation and post venom — models. This mammalian preparation shows a major
sensitivity to crude venom than avian, which can be explained by evolutionary and eating habits, as
simple as, rodents are more easy preys than avian. It was well related by Matsuda et al. [23] that
rodents that avoid avian predators by foraging close to bushes increase their susceptibility to snakes
[24].

For promoting certain blockade in avian, under indirect stimuli, it was necessary to use 2.5 X
higher than venom amount, also corroborated by elsewhere [25,26]. The advantages of avian
preparation as chick biventer cervicis are two: it contracts in response to nerve stimulation (intrinsic
receptors) as PND does, and additionally, it contracts in response to exogenous acetylcholine (and
other agonists) addition, in absence of electrical stimulation (extrinsic receptors) [27], which PND does
not.

The contracture response in BC occurs since the muscle is composed of focally-innervated and
diffusely-innervated muscle fibers [28]. It is important to know that nerve stimulation lead to both
types of muscle fibers to contract, while exogenous acetylcholine causes contraction of only the
diffusely-innervated muscle fiber [29]. It is believed that intrinsic receptors are less easily accessible
than the extrinsic ones, due to a diffusion barrier in the narrow synaptic cleft.

Differences can also occur between species, as showed in this work with Hy Line avian. Recently,
Kim et al. [30] determined the production characteristics and resultant eggshell color of laying hens
hatched from different colored eggs, in which the authors state “While the actual color of the eggshell
is a genetic factor, it is suggested that eggshell discoloration is also genetically linked. Punnett and
Bailey [31] concluded that brown egg shell color is due to a dominant gene that is epistatic to the
recessive white shell gene (o+). The presence of various shades indicates incompletely dominant genes
that add brown pigment to the egg shell [32]”.

Analysing the data of BC preparations under indirect stimuli, either brown or W36 hindered the
neurotoxic blockade-induced by venom, in both — preincubation and post venom - models. It is clear
that W36 is more sensitive than brown variety showed by intense facilitatory effect, as a result of
intrinsic nicotinic receptors recruitment plus the action of TfHE one sarcolemmal membrane
increasing its response [28,29]. We recently showed that facilitatory plants help against the
neuromuscular damage caused by aggressive agents such as snake venoms [12, 33-36], increasing the
safety margin of the neuromuscular junction.

When the contractile response experiments were analysed we showed two facilitation patterns of
TfHE alone: a rapid followed by decline (brown) and a late but maintained response (W36). TfHE also
inhibits ACh receptors since exogenous ACh addition affects both varieties (brown and W36).
Extrinsic nicotinic receptors are affected according to Chang and Tang [27]. This is an evidence for the
post synaptic action of this plant, also corroborated by exogenous KCl addition. For the first time post
venom assays had a better performance than preincubation. We postulate that in preincubation, the
TfHE constituents interact with the venom constituents, only a little TfHE amount is free for acting on
sarcolemmal membrane. In post venom assays even considering that the venom can act on
membranes, the massive TfHE addition is able to clean (by the saponin action) and remove the
impregnate venom from membranes.

In function of the high foam formation when TfHE is added into the aerated bath, characterizing
the presence of saponins, the foam index (FI) was calculated and it was found a value of 1333.33.
Saponins occur constitutively in a great many plant species, and also confirmed be present in leaves of
T. fagifolia. Our attempts in recognize other phytochemicals in TfHE (from stem barks and basts) failed
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either via thin layer chromatography or immediate qualitative tests (methodologies not include in
Material and Methods section).

TfHE also showed be able to counteract the myonecrosis-induced by the crude venom, which in
turn causes edema, intense myonecrosis characterized by atrophy of the muscle fibers, hyaline aspect,
sarcolemmal disruption and lysis of the myofibrils, as seen after quantitative analysis according to
Ferraz et al. [37]. Myonecrosis also causes the efflux of intracellular molecules such as creatine kinase
(CK), present in skeletal muscle, causing sarcomere contraction and mitochondria poisoning [38]. It
has been used as a marker of cell damage-induced by snake venoms. Again, W36 showed be more
sensitive to venom than brown. On the other hand, TfHE protected against the myotoxic action of
crude venom either in preincubation or post venom model.

In this study, we established an explanation for protecting role of T. fagifolia based on the
saponins presence in this extract, since it is well known that saponins are responsible by a large
number of the biological effects [39]. Related to our results, TTHE increased the contracture response to
exogenous KCI addition, which can be related to an increase in membrane fluidity, resulting from an
interaction with membrane cholesterol and displacing it from the immediate environment of ATPases
[40]. Besides, the ability of saponins to block membrane ion channels on neurons [41] can be a model
by which TfHE affects the contracture response to exogenous ACh.

Proteins of membranes (ion channels, transporters, and receptors) are thought to be restricted
selectively in cholesterol-rich domain (acetylcholine receptor) or in cholesterol-poor domain (the
sarcoplasmic Ca?* ATPase) [42] both of them can give support to explain the facilitatory effect of TfHE
alone or in preincubation or post venom models, in indirectly stimulation of avian preparations..

4. Conclusions

The hydroalcoholic extract of T. fagifolia from stem barks and basts showed be an inhibitory — in
vitro antineurotoxic and antimyotoxic — of B. jararacussu venom either in preincubation as in post
venom models, in both studied preparations. The avian preparation gave evidences to point TfHE as a
post synaptic agent, by its action on extrinsic nicotinic receptors and also sarcolemmal membranes,
preserving totally intrinsic nicotinic receptors, which facilitation (indirect stimuli) can be associated to
an action on reticulum sarcoplasmic receptor.

5. Materials and Methods

5.1. Plant material collection

Stem barks and basts of T. fagifolin were collected in June of the 2011, in Porto Nacional city
(510°44'10.2”7; W 048°21'49.7""), at Tocantins state (TO), Brazil. The ethnobotanical study was carried
out in the Quilombola Mumbuca Community of Mateiros city - TO, Brazil, which comprises the Jalapao
region. The plant exsiccate was deposited in the Tocantins Federal University (UFT) Herbarium in
Porto Nacional - TO, Brazil, voucher specimen #4208, according to the International Code of Botanical
Nomenclature (ICBN).

5.1.1. Preparation of extract

The collected sample was dried during 7 days at ambient temperature (protected from humidity)
and after stored in stove at 40°C until reaching 20% of humidity. Then it was powdered, ground in a
mill, and macerated (513 g during 3 days) in 3 L of 70% ethanol. The suspension was percolated
(protected from light) at 20 drops/min, resulting in a 10% (m/v) hydroalcoholic extract [43]. T. fagifolia
was concentrated under reduced pressure and lyophilized, providing 99 g (approximately 19.3%
efficiency). It was stored at room temperature, protected from light and humidity, until the assays.

5.2. Pharmacognostical study
5.2.1. Saponin detection
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In a test tube, 100 mg of T. fagifolia hydroalcoholic extract (TfHE) was added to 5 mL of purified
water and strongly shaken during 15 s. After, the tube was maintained in resting for 15 min, and then
the results were registered. The test was considered positive when persistent foam was formed on the
liquid surface [44].

5.2.2. Foam index (FI) determination

A TfHE solution (0.1g/100 mL of purified water) was distributed in 10 test tubes, in 1, 2, 3 mL and
successively to a 10 mL volume. Each tube was adjusted to a final volume of 10 mL with purified
water, and shacked for 15 s (twice), during 1 min. After 15 min of resting, the foam height was
measured. The tube with remaining dense foam of 1 cm height was registered. The foam index (FI)
was calculated as FI=1000/A, being “A” the volume (in mL) of TfHE in the higher foam height
registered [45].

5.3. Pharmacological assays (neuromuscular blockade study)
5.3.1. Crude snake venom

Bjssu venom was collected from two adults specimens kept in Nature Studies Centre’s
Serpentary. The venom was lyophilized and certified by Professor Dr. José Carlos Cogo, from
University of Vale do Paraiba, Univap, SP, Brazil.

5.3.2. Animals

Male Swiss white mice (26-32 g) were supplied by Anilab (Animais de Laboratério, Paulinia, SP,
Brazil) and HY-line brown or HY-line W36 (white) male chicks (4-8 days old) were supplied by
Avicultura Santa Barbara (Sorocaba, SP, Brazil). The animals were housed separately (5 per cage)
according to each species at 25 + 3 °C on a 12 h light/dark cycle and they had water ad libitum and
access to appropriate food according to each species. This project (protocol n° 70/2012) was approved
by the institutional Committee for Ethics in Research of Universidade Federal de Sao Carlos
(UFSCAR), and the experiments were carried out according to the guidelines established by the
Brazilian Society for Laboratory Animal Science (SBCAL).

5.3.3. Mouse phrenic nerve-diaphragm muscle (PND) preparation

The phrenic nerve-diaphragm [46] was obtained from mice anesthetized with halothane
(Cristalia, Brazil) and killed by exsanguination. The diaphragm was removed and mounted under a
tension of 5g/cm in a 5 mL organ bath containing aerated Tyrode solution (control) with the following
composition (mM): NaCl 137; KCl 2.7; CaClz 1.8; MgCl2 0.49; NaH2POs 0.42; NaHCOs 11.9; and
glucose 11.1. After equilibration with 95% O2/5% CO: (v/v), the pH of this solution was 7.0. The
preparations were indirectly stimulated with supramaximal stimuli (4X threshold, 0.06 Hz, 0.2 ms)
delivered from a stimulator (model ESF-15D, Ribeirao Preto, Brazil) to the nerve by bipolar electrodes.
Isometric twitch tension was recorded with a force displacement transducer (cat. 7003, Ugo Basile,
Italy) coupled to a 2-Channel Recorder Gemini physiograph device (cat. 7070, Ugo Basile) via a Basic
Preamplifier (cat. 7080, Ugo Basile). The PND myographic recording was performed according to
Farrapo et al. [47]. PND was allowed to stabilize for at least 20 min before the following experiments.
A concentration-response curve of TfHE was carried out considering the following concentrations: 100
ug/mL (n=4); 200 pg/mL (n=3); 500 pg/mL (n=4); and 2000 pg/mL (n=7). All concentrations were first
solubilized with 30 pL of ethanol 70% (Cinética Solu¢do Quimica, Londrina, PR) — that causes no
change in the basal response of preparation [33], before addition into the bath. The response of Tyrode
control solution was also obtained (n=4). The 100 pg/mL TfHE concentration (2.5 X venom
concentration) was further assayed with 40 pg/mL Bjssu venom (n=10). Two models were applied: 1)
Preincubation: the mixture of venom + TfHE was preincubated during 30 min before the addition into
the organ bath (n=4) [12]; 2) Post venom: TfHE was added after 10 min of venom action on
neuromuscular preparation (n=6) [48].
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5.3.3.1. Quantitative histological study

The preparations from the pre-incubation and post venom assays were analyzed by a
quantitative morphometric method and compared to Tyrode control, TEHE and Bjssu venom. At the
end of each experiment (after 120 min), three preparations of each group were fixed by a formalin 10%
solution, and processed by routine morphological techniques. Cross-sections (5 um thick) of
diaphragm muscle were stained with 0.5% (w/v) hematoxylin-eosin, for microscopy examination.
Tissue damage (edema, intense myonecrosis characterized by atrophy of the muscle fibers, hyaline
aspect, sarcolemmal disruption and lysis of the myofibrils) was expressed as a myotoxicity index (MI),
i.e., the percentage of damaged muscle cells number divided by the total number of cells in three non-
overlapping, non-adjacent areas of each preparation [37].

5.3.4. Chick biventer cervicis (BC) preparation

Chicks were killed by halothane inhalation, and biventer cervicis muscles were removed
according to Ginsborg and Warriner [49] and described by Werner et al. [11]. Briefly, the preparation
was mounted under a tension of 1 g per 0.5 cm in a 5 mL organ bath (Panlab® Four Chamber Organ
Bath) maintained at 37°, aerated (95% O2/5% CQO:), and kept in a Krebs solution with the following
composition (mM, pH 7.5): NaCl, 118.1; KCl, 4.8; CaClz, 2.5; MgSOs, 1.2; NaHCOs, 25; and glucose,
11.1. A bipolar platinum ring electrode was inserted around the tendon within which the nerve trunk
supplying the muscle runs. Field stimulation was done using a Pulse Generator & Mainframe for up
to 4 units (LE12406TC, Panlab®) stimulator (0.1 Hz, 0.2 ms, 5 - 12 V). Muscle contractions delivered
from “intrinsic” receptors, which respond to the neurotransmitter liberated from the nerve terminal,
and contractures (depolarizing activity) delivered from “extrinsic” receptors, which respond to
acetylcholine added exogenously [27,49] were recorded isometrically via a force-displacement
transducer (MLT0201, ADInstruments®) coupled to a group of 4 software-controlled, DC bridge
transducer amplifiers (FE224, ADInstruments®). The data acquision was made using a PowerLab 4/35
system including LabChart and LabChart Pro Modules software (PL3504/P, ADInstruments®)
connected to a Power Unit (LE124060M, ADInstruments®). The BC preparations were stabilized for at
least 20 min before addition of 110 pM acetylcholine (ACh) for 60 seconds (s) or 20 mM potassium
chloride (KCI) for 180s. Contractures to exogenous ACh or KCl were recorded in the absence of field
stimulation prior to or after the end of the experiment as a test for evaluating pre- or post-synaptic
action and, at the same time, the integrity of the sarcolemma. This preparation enables prejunctional
effects to be distinguished from postjunctional effects [50]. It is known that Bjssu venom is lesser
sensitive in BC preparation than PND [25,26], reason by which we used 200 pg/mL in this set of
experiments. Proportionally to the venom increase, we did also augment the concentration of TfHE
(500 pg/mL), the same proportion used in PND preparation. TfHE was solubilized in a total of 15 uL
(or 3 uL/mL) ethanol 70% (EtOH, Cinética Solug¢des Quimicas, Londrina, PR) in all protocols. Two
varieties of HY Line chicks were assayed: a) brown: ethanol (n=3), TfHE alone (n=9), Krebs control
(n=4), venom (n=4), preincubation (n=6) or post venom addition (n=6); b) W36: ethanol (n=3), TtHE
alone (n=4), Krebs control (n=4), venom (n=3), preincubation (n=3) or post venom addition (n=3).

5.3.4. 1. Creatine kinase (CK) determination

Since phrenic nerve-hemidiaphragm preparations have a spontaneous release of CK resulting in
elevated basal levels, this activity was measured only in BC preparations [51]. For the quantification of
CK activity, samples (100 uL) of the BC bathing solution were withdrawn from the organ bath at 0
(control, after exogenous KCl and ACh addition, but before any treatment) and 120 min after each
treatment. The withdrawn volume was replaced with an equal volume of Krebs solution. The samples
collected were stored for 2 h at 4°C until CK activity (expressed in units/L) was measured at 340 nm
(Shimadzu®, model multispec-1501), 37°C, using a commercial kit (CK-NAC; REF K010-1 Bioclin®,
Belo Horizonte, MG, Brazil).

5.4. Statistical analysis
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Each experimental protocol from pharmacological assays was repeated at least three times and
the results are shown as the mean + SEM. The number of experiments (n) is indicated in the legend of
the figure. All results (pharmacological assays, histological analysis, and CK determination) were used
for statistical comparison of the data using Student’s t-test and the confidence level was set as 5%
(alpha=0.05).

Acknowledgments: The authors thank CEP/UFSCAR for ethical assistance; Prosup/Capes and Probic/Uniso for
fellowships; Isadora Caruso Fontana Oliveira by designing the Graphical Abstract and The State of Sdo Paulo
Research Foundation (FAPESP) for financial support in all permanent equipments (2004/09705-8; 07/53883-6;
08/52643-4; 12/08271-0). A value of 420 CHF funds for covering the costs to publish in open access is available as
institutional support to authors from Uniso.

Author Contributions: Contributions from authors: N.T.; M.O.T. and M.N.S. performed the experiments; J.A.F.
guided the histological analysis; M.G.S. guided the pharmacognostical study; M.G. dos S. prepared the TfHE;
J.C.C. certificated the venom; R.S.F. contributed with protocol ideas; K.C-M. contributed in the paper criticism
and writing, and Y.O-F. conceived and designed the experiments and wrote the paper.

Conflicts of Interest: “The authors declare no conflict of interest." “The founding sponsors had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in
the decision to publish the results”.

Abbreviations

The following abbreviations are used in this manuscript:
ACh: acetylcholine

BC: biventer cervicis

B. jararacussu: Bothrops jararacussu

Bjssu: Bothrops jararacussu

CK: creatine kinase

KCl: potassium chloride

PND: phrenic nerve-diaphragm

TfHE: Terminalia fagifolia hidroalcoholic extract

T. fagifolia: Terminalia fagifolia
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6. CONCLUSAO

O EHTI, nas concentracdes estudadas, protegeu contra a acao neurotoxica in
vitro do veneno B. jararacussu, em modelos de pré incubacdo e p6s veneno,

em ambas as preparacdes estudadas (mamifero e ave).

O EHTf, nas concentracdes estudadas, protegeu contra a acdo miotoxica do
veneno de B. jararacussu, confirmado pelo parametro bioquimico de atividade
de creatioquinase (em preparacdes BC, em ambas as linhagens) e pelo

parametro histolégico (em preparacdes NFD).

Em preparacdes de ave, evidéncias apontam que o EHTf pode agir pos
sinapticamente, sobre 0s receptores nicotinicos extrinsecos e também sobre
0 sarcolema, preservando totalmente os receptores nicotinicos intrinsecos. A
facilitacao (estimulos indiretos) também pode estar associada a uma acao no

receptor do reticulo sarcoplasmatico.
A andlise da resposta contraturante frente a adicdo exdgena de KCI indicou
que houve protecdo do sarcolema em preparacdes de ambas as linhagens

guando expostas ao EHTf, nas concentracdes estudadas.

As saponinas presentes no EHTf podem ter importante papel na protecao

exibida contra os efeitos toxicos do veneno de B. jararacussu.
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