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RESUMO

Desde a antiguidade, o uso de plantas medicinais estd entre as praticas populares para tratar
envenenamentos causados por diversos animais. Atualmente, em casos de envenenamentos por
serpentes, extratos vegetais sao utilizados como terapia alternativa ou como coadjuvantes a
soroterapia. O tratamento com soro antiofidico é o procedimento adotado nestes casos, mas €
limitado tanto em sua distribuicdo quanto eficacia. Neste contexto, diferentes extratos do ipé-
amarelo Handroanthus chrysotrichus sdo empregados empiricamente em casos de
envenenamentos ofidicos. Trata-se de uma arvore pertencente a familia Bignoniaceae e com
ampla distribuicdo no Brasil. Assim, esta pesquisa teve como objetivos: i) investigar o perfil
fitoquimico do extrato hidroetandlico da casca do H. chrysotrichus e seu potencial
farmacologico e toxicoldgico in silico, in vitro e in vivo; ii) avaliar o potencial terapéutico do
extrato frente aos danos induzidos pela pegonha da serpente Philodryas patagoniensis em
camundongos. Para isso, 0 extrato hidroetandlico da casca obtido por percolacdo foi liofilizado
e, no momento dos testes, solubilizado em solucdo salina (0,9%) estéril. O extrato foi testado
no modelo de Artemia salina, indicando a presenca de compostos bioativos por meio de uma
DLso de 276 pg. mL? (R?2 = 0,9912). Em seguida, o extrato foi analisado por métodos
colorimétricos e GC-MS, os quais apontaram altos niveis de polifendis e a ocorréncia de o-
curcumeno, B-bisaboleno, 4-(4-metilfenil) pentanal, &cido pentandico e acetato de isoamila,
sendo os dois primeiros 0s compostos majoritarios. Predi¢des das atividades bioldgicas in silico
dos compostos identificados estdo de acordo com seu uso tradicional, e apresentam baixa
probabilidade de toxicidade. As propriedades antioxidantes (TAC, DPPH'e ABTS " scavenger,
FRAP, teste de degradacdo da desoxirribose e quelacdo de Fe™) do extrato, juntamente com a
auséncia de citotoxicidade e genotoxicidade in vitro, complementam as predic¢des in silico. E
alicercam o uso do ipé-amarelo pela medicina popular (Artigo 1). No entanto, in vivo, a
exposi¢do aguda ao extrato hidroetandlico causou danos oxidativos nos tecidos cerebrais,
hepaticos e renais de camundongos a partir da concentragdo de 50 mg. kg, como constatado
nas andlises de oxidacéo lipidica e proteica desses tecidos. Além disso, houve um aumento
significativo nos niveis de creatinina do grupo exposto a 100 mg. Kg* e leucopenia (p<0,05)
em todas as concentragdes testadas (10 — 100 mg. Kg?). Ainda, a exposi¢do subcronica a
concentragio mais alta do extrato (100 mg. kg ) alterou 0 comportamento dos animais ao
diminuir o nimero de cruzamentos no teste de campo aberto e aumentar o tempo desprendido
com autolimpeza. Nessa exposicdo, 0s tecidos cerebrais e hepaticos dos camundongos também

demonstraram aumento significativo dos niveis de proteinas carboniladas em todas as



concentra¢BGes administradas (Artigo 2). Para avaliar o potencial terapéutico do extrato em
casos de envenenamento, prop6s-se o0 emprego da peconha da P. patagoniensis como agente
toxico. Esta peconha apresenta potencial miotoxico, edematogénico, nociceptivo e
hiperalgésico. E, embora seja uma espécie cujos acidentes sejam negligenciados, sua pe¢onha
detém atividades similares as do género Bothrops (Manuscrito 1). Assim, ao comparar testes
comportamentais do grupo de camundongos injetados com a peconha e tratados com o extrato,
com o grupo ndo tratado, nota-se uma diminuicdo significativa da nocicepcéo e hiperalgesia
nos primeiros. O efeito protetor do extrato € verificado também nas mensurac¢fes do edema e
temperatura induzidos pela peconha de P. patagoniensis na pata traseira direita dos
camundongos ao longo dos dias. Danos sistémicos, avaliados pelos niveis de creatinina no
sangue e danos oxidativos em leucdcitos (genotoxicidade) e nos tecidos cerebrais, hepaticos e
renais (oxidacao lipidica e proteica), foram minimizados no grupo tratado com o ipé-amarelo
(Manuscrito 2). Os resultados aqui apresentados permitem concluir que o extrato
hidroetanolico da casca de H. chrysotrichus, utilizado na medicina tradicional para tratar
envenenamentos por serpentes, tem acdo protetora contra os danos induzidos pela peconha de
P. patagoniensis, principalmente contra os sinais cardinais da inflamag&o e o estresse oxidativo
sistémico desencadeado pela mesma. Em conjunto, os dados levantam a possibilidade de o
extrato apresentar efeitos adversos, 0s quais exigem precaugdes no seu uso. Neste contexto,
demonstra-se os potenciais beneficios do tratamento com o ipé-amarelo e abrem-se perspectivas
para investigacdes futuras do uso desta planta como terapia complementar ao tratamento clinico

tradicional.
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ABSTRACT

Since ancient times, the use of medicinal plants has been among the popular practices to treat
envenoming caused by various animals. Currently, in cases of snake envenoming, plant extracts
are used as alternative therapy or as an adjunct to serum therapy. Treatment with antivenom is
the procedure adopted in these cases, but it is limited both in its distribution and efficacy. In
this context, different extracts of the Golden trumpet Handroanthus chrysotrichus are used in
cases of ophidism. This is a tree belonging to the Bignoniaceae family and with wide
distribution in Brazil. Thus, this study aimed: i) to investigate the phytochemical profile of the
hydroethanolic extract of H. chrysotrichus bark and its pharmacological and toxicological
potential in silico, in vitro, and in vivo; ii) to evaluate the therapeutic potential of the extract
against the damage induced by the Philodryas patagoniensis snake venom in mice. For this, the
hydroethanolic extract of the bark obtained by percolation was lyophilized and, at the time of
the tests, it was solubilized in sterile saline solution (0.9%). The extract was tested in the model
Artemia salina, indicating the presence of bioactive compounds through an LDso of 276 pg.
mL™* (R2=0.9912). Then, the extract was analyzed by colorimetric methods and GC-MS, which
indicated high levels of polyphenols and the occurrence of a-curcumene, B-bisabolene, 4-(4-
methylphenyl) pentanal, pentanoic acid and isoamyl acetate. Predictions of the in silico
biological activities are in line with their traditional use and have a low probability of toxicity.
The antioxidant properties (TAC, DPPH" and ABTS'" scavenger, FRAP, Deoxyribose
degradation test, and Fe** chelation) of the extract, together with absence of in vitro cytotoxicity
and genotoxicity, complement the in silico predictions. Data favorable to its use in traditional
medicine (Article 1). However, acute exposure to the hydroethanolic extract in vivo caused
oxidative damage in the brain, liver, and kidney tissues of mice from the concentration of 50
mg. kg*. In addition, there was a significant increase in creatinine of the group exposed to 100
mg. kg* and leukopenia (p<0.05) at all concentrations tested (10 — 100 mg. kg™). Furthermore,
sub-chronic exposure to the highest concentration of the extract (100 mg. kg™) altered the
behavior of the animals by decreasing the number of crossings in the open field test, and
increasing the time spent on self-grooming. In this exposure, the brain and liver tissues of the
mice also showed a significant increase in carbonylated proteins levels at all concentrations
administered (Article 2). In order to evaluate the therapeutic potential of the extract in cases of
envenoming, we proposed the use of P. patagoniensis venom as a toxic agent. This venom has
a myotoxic, edematogenic, nociceptive, and hyperalgesic potential. Although it is a species

whose accidents are neglected, its venom has activities similar to those of the genus Bothrops



(Manuscript 1). Thus, behavioral tests of the animal group injected with the venom and treated
with the extract, compared to the untreated group, showed a significant decrease in nociception
and hyperalgesia. The protective effect of the extract is also verified in the measurements of
edema and temperature induced by P. patagoniensis venom in the right hind paw of the mice
over the days. Systemic damages, assessed by blood creatinine levels and oxidative damage in
leukocytes and brain, liver, and kidney tissues, was minimized in the Golden trumpet treated
group (Manuscript 2). In summary, the results presented here allow us to conclude that the
hydroethanolic extract of H. chrysotrichus bark, used in traditional medicine to treat snake
envenoming, has a protective action against the damage induced by P. patagoniensis venom.
Mainly against the cardinal signs of inflammation and the systemic oxidative stress triggered
by envenoming. Together, the data raise the possibility that the extract has adverse effects,
which require precautions in its use. In this context, perspectives to future investigations on the

use of this plant as a complementary therapy to traditional clinical treatment are open.

Keywords: Ethnobotany. Pharmacology. Ophidism. Tabebuia. Toxicology.
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1. APRESENTACAO

Esta Tese estd constituida da seguinte forma: Introducdo, Revisdo Bibliogréfica,
Justificativa, Objetivos, Resultados, Discussdo Geral, Conclusdes e Referéncias Bibliograficas.

Os Resultados sdo apresentados sob a forma de 02 Artigos Cientificos e 02
Manuscritos Cientificos. Assim, cada documento contém sua Introducdo, Metodologia,
Resultados, Discussao e suas respectivas Referéncias. A formatacdo dos Artigos atende as
normas préprias dos periddicos onde foram publicados, ou, no caso dos Manuscritos, aos
periddicos pretendidos para submisséo.

Sempre que foi necessario, os trabalhos tiveram seus protocolos aprovados pela
Comisséo de Etica no Uso de Animais (CEUA) institucional para realizacdo dos ensaios
experimentais (Anexos 1 — 3).

Por fim, as Referéncias Bibliogréaficas, presentes ao final do trabalho, consideram
apenas as citagdes apresentadas na estrutura da Tese — Introducdo, Revisdo Bibliografica e
Discussdo Geral — uma vez que os Artigos e Manuscritos tém suas Referéncias apresentadas

na prépria composicao.
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2. INTRODUCAO

Extratos de plantas medicinais tém sido utilizados ao longo dos séculos para tratar as
mais diversas afeccOes, entre elas os acidentes ofidicos. Espécies vegetais utilizadas com a
finalidade de inibir a acdo do veneno das serpentes sdo administradas por via oral a partir de
infusdo, maceracdo hidroalcoolica ou mascando-se a planta, bem como utilizam-se banhos
externos ou cataplasmas em casos de maior gravidade (OTERO et al., 2000a).

Entre as familias botanicas destacadas na medicina popular esta a Bignoniaceae, grupo
dos ipés dos géneros Tabebuia e Handroanthus. Os ipés sdo arvores ornamentais empregadas
tanto em ambientes urbanos e parques quanto em reflorestamentos. Também sdo utilizadas
como plantas medicinais para obtencdo de efeitos analgésico, vulnerario, antitumoral,
antifngico, anti-inflamatdrio, antipirético e contra Ulceras pépticas, diabetes e anemia (OGA,;
SEKINO, 1969; RAI et al., 2012).

De forma geral, diversos extratos como de erva-cidreira, erva-mate e macela
proporcionam efeitos benéficos conhecidos, como neuroprotecdo (MARTINS et al., 2012) e
acdes antioxidante e antimutagénico (BRACESCO et al., 2018; COLPO et al., 2016;
SALGUEIRO et al., 2016a). Entretanto, nos tratamentos em casos de exposi¢édo a ofidios, 0s
ipés tém recebido destaque. No Para, a decoccdo a partir das folhas de Handroanthus barbatus
é utilizada para tratar as vitimas de envenenamentos ofidicos (de MOURA et al., 2015). Na
Ameérica Central a Tabebuia rosea tem suas flores, folhas e raizes utilizadas para 0 mesmo fim
(HOUGHTON; OSIBOGUN, 1993), inclusive com seu potencial antiofidico descrito na
literatura (NUNEZ et al., 2004).

Nos casos de exposicdo a ofidios, o tratamento com soro antiofidico especifico é o
procedimento padrdo adotado pelo Ministério da Satde e administrado em ambiente hospitalar
(BRASIL, 2021). Porém, o uso de plantas na terapia primaria ou complementar a
medicamentosa faz-se relevante, uma vez que o soro ndo esta disponivel a todos, principalmente
aos trabalhadores rurais. E, mesmo ocorrendo soroterapia, a composic¢ao da peconha pode variar
entre populacfes de uma mesma espécie de serpente, reduzindo a eficicia do soro antiofidico
(THEAKSTON; WARRELL; GRIFFITHS, 2003). Ao considerar que em 2018 foram
registrados pelo Sistema de Informacdo de Agravos de Notificacdo — Sinan 28.961 acidentes
ofidicos no Brasil, com 105 mortes, além de elevados custos para o tratamento e reabilitacdo
dos sobreviventes (CRODA et al., 2020), a medicina popular intensifica-se como terapia

alternativa.
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Dentre os principais sintomas apos estas exposic¢des ofidicas estdo edema, sangramento,
equimose, bolhas, alteracGes na coagulacdo sanguinea e cefaleia (MISE; LIRA-DA-SILVA,;
CARVALHO, 2007). Biomarcadores de estresse oxidativo (aumento da producéo de radicais
livres e/ou reducdo das defesas antioxidantes) sdo encontrados nos tecidos sanguineos das
vitimas e chegam a persistir por 30 dias, mesmo ap0s o tratamento com soro antiofidico. Assim,
antioxidantes naturais poderiam ser uma opg¢do, em conjunto com o soro antiofidico, para o
tratamento nos casos de envenenamento (STRAPAZZON et al., 2015).

Parte destas manifestagfes, como dor, sangramento breve, eritema e edema — sdo
compartilhadas por envenenamentos causados por Philodryas patagoniensis (de MEDEIROS
et al., 2010), cuja peconha também apresenta compostos neuro e miotdxicos, e atividades
bioldgicas similares as peconhas do género Bothrops (COSTA et al., 2008; ROCHA,
FURTADO, 2007). P. patagoniensis, conhecida popularmente como papa-pinto, € uma
serpente habitual no Bioma Pampa (LOEBMANN; QUINTELA, 2009) e utilizada neste
trabalho. Neste sentido, nosso grupo de estudo padronizou diferentes ensaios em camundongos,
injetando a peconha obtida a partir da P. patagoniensis em roedores. Em especial, padronizou-
se 0S ensaios de nocicepcdo, hiperalgesia, edema e genotoxicidade (dados ainda néo
publicados).

Mesmo que o ipé-amarelo H. chrysotrichus seja uma espécie utilizada na medicina
popular para tratar envenenamentos por serpentes (BOLSON et al., 2015), apenas uma analise
de seu potencial analgésico foi realizada por Grazziotin et al. (1992) utilizando extrato de seu
caule; sem quaisquer estudos de sua toxicidade, ou da eficacia de seu uso em casos de
envenenamento. Desta forma, o presente trabalho tem como proposta principal responder aos
seguintes problemas de pesquisa:

a) A composigdo fitoquimica do extrato hidroalcoolico da casca do ipé-amarelo e suas

analises, in silico ou in vitro, apoiam seu uso na medicina popular?

b) O uso desse extrato pode ocasionar toxicidade in vivo?

c) O extrato do ipé-amarelo em questdo apresenta potencial terapéutico frente a

peconha de P. patagoniensis?
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3. REVISAO BIBLIOGRAFICA
3.1. Plantas medicinais

As plantas medicinais constituem-se de espécies vegetais, cultivadas ou ndo, utilizadas
com propositos terapéuticos. Chamam-se plantas frescas aquelas coletadas no momento de uso
e plantas secas as que foram precedidas de secagem e estabilizacdo, equivalendo a droga
vegetal. Estas plantas sdo amplamente reconhecidas como a principal fonte da maioria dos
novos medicamentos, sendo historicamente utilizadas no tratamento e prevencdo de doencas
(BRANDELLLI, 2017a).

Desde a antiguidade, o uso de plantas medicinais esta entre as praticas populares para
tratar todo tipo de envenenamento. No Brasil, a heranca indigena contribuiu para a utilizacédo
destes recursos, os quais séo utilizados em larga escala devido ao processo de colonizacéo, onde
ocorreram trocas de conhecimentos. A atividade essencialmente rural do pais até a primeira
metade do século XX e a unido entre diferentes culturas também influenciaram na dispersdo
desses saberes. Fatores que, num pais com a maior biodiversidade de arvores do mundo,
garantem a propagacdo do conhecimento das plantas locais e de seus usos (BEECH et al., 2017;
LORENZI; MATOS, 2002; PEREIRA; JACCOUD; MORS, 1996; SILVA; WESLLING,;
GABRIEL, 2019)

Em especial nos casos de envenenamentos por serpentes, 0s extratos sdo utilizados
atualmente como coadjuvantes a soroterapia ou como terapia alternativa aplicado na falta de
recursos soroterapicos (OTERO; FONNEGRA E JIMENEZ, 2000). Estudos etnobotanicos
ampliam a gama de espécies medicinais identificadas por meio de consultas as comunidades
negras, ribeirinhas, indigenas, entre outras (BENITEZ; VALOIS, 2004; BOOM, 1996;
RIBEIRO et al., 2017). No entanto, ndo existem muitos dados para a maioria destas plantas
referente as suas agoes e validacdo do seu uso.

A auséncia de estudos pode conduzir a populacdo a uma falsa cura. Um exemplo é a
tintura Especifico Pessoa, extraida de raizes e folhas de ervas medicinais e muito conhecida no
Brasil. Elaborada com base no tubérculo chamado cabeca-de-negro ou raiz-de-cobra, esta
“garrafada” ¢ recomendada em casos de envenenamentos por serpentes, aranhas ou escorpioes
ha décadas (CARDOSO, 2009). Sem registro na Agéncia Nacional de Vigilancia Sanitaria -
ANVISA, é vendido pela internet ou em feiras, principalmente no Norte e Nordeste do Brasil.
Contudo, o produto ndo possui atividade antioxidante, além de ser potencialmente citotoxico e
desencadear episodios de vomitos (CASTOLDI et al., 2020; SACHETT et al., 2020; SANTOS;
PRUDENCIO, 2019).
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Por outro lado, muitas plantas utilizadas popularmente como antidotos para tratar
envenenamentos por serpentes devem ter essas propriedades, devido ao grande ndmero de
compostos ativos que contém (MORS et al., 2000). Inclusive, algumas destas espécies vegetais
(Brosimum guianense, Bauhinia forficata, Tabebuia aurea, Tamarindus indica) foram testadas
em laboratdrio e indicaram atividades antiofidicas, pois neutralizam a letalidade das pegconhas
de diferentes viboras, bem como os efeitos inflamatdrios, hemorragicos, miotoxicos,
edematogénicos, coagulatorios e nociceptivas desencadeados pelas mesmas (BITTENCOURT
et al., 2014; OLIVEIRA et al., 2005; REIS et al., 2014; USHANANDINI et al., 2006). Todas
com enorme potencial para gerar produtos inovadores e proporcionar beneficios sociais.

Mas diante de tantas informacdes controversas, o desafio nos dias atuais é garantir o
acesso e 0 uso racional das plantas medicinais e medicamentos fitoterapicos — resultado da
industrializacdo da planta medicinal a partir de uma formulagdo especifica (BRANDELLI,
2017b). Acredita-se que cerca de 80% da populacdo de paises em desenvolvimento faz uso da
medicina tradicional para sua atencdo primaria, principalmente a base de plantas (BRASIL,
2006a). No Brasil, este percentual pode ser ainda maior (VEIGA JUNIOR, 2008).

Assim, para que a populacdo tenha seguranca, eficacia e qualidade no tratamento
adotado, o pais estabeleceu em 2006 a “Politica Nacional de Plantas Medicinais e
Fitoterapicos”, seguido em 2008 pelo “Programa Nacional de Plantas Medicinais e
Fitoterapicos” (BRASIL, 2006a, 2009). Ambos fomentam o conhecimento acerca dos saberes
e praticas da medicina popular e apoiam pesquisas que investiguem a eficacia e seguranca
destas praticas. No entanto, o controle dos produtos a base de ervas medicinais € feito pela
ANVISA.

Por fim, o Sistema Unico de Satde — SUS realiza a conex&o exigida, facilitando o acesso
da populacdo as plantas medicinais e aos seus derivados, bem como as informagdes quanto ao
manejo e uso correto das plantas medicinais e fitoterapicos (BRASIL, 2006b). Caracterizando

a fusdo do saber popular com o saber técnico.

3.2. Handroanthus chrysotrichus

A familia Bignoniaceae apresenta distribuicdo pantropical, com aproximadamente 120
géneros e 800 espécies. Entre estas espécies, 100 sdo conhecidas popularmente como ipés,
incluidas atualmente nos géneros Handroanthus e Tabebuia (GROSE; OLMSTEAD, 2007;
SOUZA; LORENZI, 2005). Géneros amplamente utilizados na ornamentacdo urbana devido a

beleza de sua floracdo, podendo ser branca, amarela, rosa e roxa. Também por este motivo, o
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ipé-amarelo é a flor-simbolo do Brasil. Destaca-se que o termo Ipé se originou do tupi e
significa “arvore cascuda”. (LORENZI, 2002).

O ipé-amarelo Handroanthus chrysotrichus (Figura 1), anteriormente denominada
como Tabebuia chrysotricha, é uma arvore que pode atingir 10 m de altura e 40 cm de didmetro
do tronco (LORENZI, 2002). Suas cascas e caule sdo macerados e utilizados para conter
processos alérgicos e como depurativos por ribeirinhos mato-grossenses (RIBEIRO et al.,
2017). No Parand, utiliza-se a decoccao de suas flores e caule contra males do sistema
cardiovascular, distdrbios imunolégicos e envenenamentos ofidicos (BOLSON et al., 2015).

Os ipés (T. rosea, H. ochraceus e H. impetiginosus) apresentam efeitos antioxidantes
em seus extratos oriundos da casca (OSPINA et al., 2013; PARK et al., 2003). Caracteristica
esta que ampara o uso medicinal de diferentes extratos. E, nos casos de envenenamentos,
ensaios utilizando agentes antioxidantes exégenos como melatonina indicam reducao dos danos
oxidativos gerados pela peconha da serpente Naja haje (MONEIM et al., 2015). Além disso,
tratamentos com antioxidantes como acido ascérbico e complexos vitaminicos protegem contra
0 envenenamento induzido por espécies do género Bothrops em modelos experimentais
(OLIVEIRA,; SIMAO; MARCUSSI, 2016).

Somado aos efeitos antioxidantes, alguns ipés demonstram potencial no tratamento de
acidentes ofidicos especificos. O ipé-rosa T. rosea foi efetivo em neutralizar a pegonha da
jararaca Bothrops atrox (OTERO et al., 2000b, 2000c). E o extrato da casca do ipé-amarelo T.
aurea possui efeitos anti-inflamatorios e diminui a algesia, a miotoxicidade e os episodios
hemorrégicos induzidos pela peconha do género Bothrops (MALANGE et al., 2019; REIS et
al., 2014).

Contudo, pouco se conhece sobre H. chrysotrichus, aléem da comprovada acdo
analgésica do extrato de seu caule em camundongos (GRAZZIOTIN et al., 1992). Embora haja
déficit de estudos toxicoldgicos, ao considerar sua familia e estudos etnobotanicos, € presumivel
que seu extrato apresente potencial para tratar ou amenizar os danos ocasionados por exposi¢ao

ofidica.
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Figura 1. Exemplar de ipé-amarelo Handroanthus chrysotrichus encontrado na Universidade Federal do Pampa
— Campus Uruguaiana, espécime fonte de recursos para obteng¢éo do extrato desta pesquisa. Acervo pessoal. Foto:
Mércio Tavares Costa.

3.3. Procedimento padréo adotado em casos de envenenamentos por serpentes

Estudos epidemiolégicos indicam que o nimero de acidentes por animais peconhentos
vem crescendo nos ultimos anos e que a chance de morte por acidente ofidico é maior
(GONCALVES et al., 2020; TAVARES et al., 2020). Ao todo, o Brasil registrou 30.482 casos
de exposicdo a serpentes em 2019, com 147 mortes. A regido Norte do pais foi a mais afetada,
com 34% dos acidentes. O grupo botrdpico representou 68,5% dos casos. No entanto, as
espécies nao peconhentas e ignoradas foram 20% (SINAN, 2020).

Envenenamentos por serpentes sao tratados com soro antiofidico especificos para cada
grupo de serpentes com importancia médica (Figura 2) — Viperidae (géneros Bothrops, Crotalus
e Lachesis) e Elapidae (cobras-corais do género Micrurus). As imunoglobulinas sdo produzidas
pelo fracionamento do plasma, geralmente obtido de grandes animais domésticos
hiperimunizados. Estes soros, quando injetados em pacientes envenenados, pode neutralizar

qualquer uma das peconhas usadas em sua producdo e, em alguns casos, também neutralizara
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os efeitos do envenenamento de espécies intimamente relacionadas (WHO, 2008). Apesar de
existirem soros especificos para diferentes géneros de serpentes, o processo de producdo é
similar, como apontado no Manual de Diagnostico e Tratamento de Acidentes por Animais
Peconhentos (FUNASA, 2001).

No Brasil, a soroterapia com antidoto é um procedimento ambulatorial oferecido em
Unidades Basicas de Saude, constituindo polos regionais de atendimento. Este tratamento tem
reduzido o nimero de Obitos das vitimas de acidentes ofidicos (CITELI et al., 2018; FAN;
CARDOSO, 1995). Em envenenamentos por Bothrops (ex.: cruzeiras e jararacas), género
responsavel por cerca de 90% dos casos de exposicao a serpentes no Brasil, o tratamento com
antiveneno botrdpico é capaz de reverter os efeitos sistémicos (FUNASA, 2001; ROSENFELD,
1971). Por outro lado, pacientes que recebem o soro podem apresentar reacfes imediatas como
febre, palidez, nauseas, vémitos, taquicardia, hipotensdo, dispneia e broncoespasmo (MISE;
LIRA-DA-SILVA; CARVALHO, 2007). E, mesmo ocorrendo o tratamento padrdo, a
neutralizacdo dos efeitos locais dificilmente é obtida. A evolucdo do quadro local pode acarretar
na perda do membro afetado (ROSENFELD, 1971).

Outra limitante é a composicdo da peconha, que pode variar entre populagdes de uma
mesma especie de serpente, reduzindo a eficacia do soro antiofidico. Por fim, o soro ndo esta
disponivel a todos, principalmente aos trabalhadores rurais (THEAKSTON; WARRELL;
GRIFFITHS, 2003). Tais restricbes aumentam a necessidade de se pesquisar e estabelecer

alternativas que possam auxiliar no tratamento das vitimas de acidentes ofidicos.

:

importancia médica. A) Bothrops alternatus, conhecida popularmente como cruzeira,
pertence a familia Viperidae. B) Coral-verdadeira Micrurus altirostris, espécie da familia Elapidae. Acervo
pessoal. Fotos: Marcio Tavares Costa.
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3.4. Philodryas patagoniensis e sua pegonha

A papa-pinto P. patagoniensis (Figura 3A) é uma serpente comum em areas abertas do
Bioma Pampa (LOEBMANN; QUINTELA, 2009). Espécie diurna, sua coloragdo amarronzada
confere uma vantagem para camuflagem. Sdo fundamentalmente terricolas, embora possam
abranger habitos arboricolas ao forragear (HARTMANN; MARQUES, 2005).

Essa serpente pertence a familia Dipsadidae, a qual é responsavel por cerca de 20 a 40%
dos acidentes ofidicos no Brasil (CARVALHO; NOGUEIRA, 1998; LOEBMANN;
QUINTELA, 2009; ROSENFELD, 1971; SALOMAO: ALBOLEA; ALMEIDA-SANTOS,
2003; SANTOS-COSTA et al., 2001; SILVEIRA; NISHIOKA, 1992). Como consequéncia
dessas exposicdes, as vitimas deste grupo apresentam dor, edemas, hematomas, hemorragia,
necrose muscular, além de efeitos sistémicos, como tonturas e vomitos (ARAUJO; SANTOS,
1997; ASSAKURA et al., 1992; DE MEDEIROS et al., 2010; PRADO-FRANCESCHI et al.,
1996, 1998; RIBEIRO; PUORTO; JORGE, 1999). Especificamente a espécie Philodryas
olfersii é responsavel por envenenamentos graves e fatais em humanos (MACKESSY, 2002).

Esse potencial toxicoldgico se deve a peconha produzida pela glandula Duvernoy. Com
denticdo opistoglifa (Figura 3B), a peconha da P. patagoniensis € liberada sob estimulo
mecanico e apresenta uma constituicdo de aproximadamente 90% de proteina, principalmente
metaloproteinases derivadas da peconha das serpentes (snake venom metalloproteinases —
SVMPs). Desta forma, a peconha pode desencadear efeitos edematogénicos, hemorragicos,
nociceptivos e de necrose sobre a area afetada (ROCHA; FURTADO, 2007; SERAPICOS;
MERUSSE, 2006).

Flgura 3. Phllodryas patagonlen_5|s A) Espécime encontrado na Universidade Federal do Pampa - Campus
Uruguaiana; B) Denticdo opistoglifa da espécie. Acervo pessoal. Fotos: Marcio Tavares Costa.

Até o momento, registrou-se para a peconha de P. patagoniensis atividade da
fosfolipase A2 (PLA2), embora esta atividade tenha sido considerada baixa (ZELANIS et al.,
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2010). Duas proteinas foram isoladas: a SVMP a-fibrinogenase patagonfibrase e a proteina rica
em cisteina patagonina. A patagonfibrase tem suas atividades aumentadas na presenca do ion
calcio e é capaz de hidrolisar fibrinogénio e azocaseina. E estd envolvida com efeitos
hemorragicos, miotdxicos, e inibi¢do da agregacao plaquetaria. Enquanto que a patagonina tem
atividade miotdxica (PEICHOTO et al., 2007, 2009).

Com potencial para ocasionar mionecrose (PRADO-FRANCESCHI et al., 1998), as
atividades proteoliticas verificadas para o género Philodryas superaram as da peconha de
Bothrops alternatus (GAY et al., 2005) e de B. jararaca (ROCHA et al., 2006). Para Rocha e
Furtado (2007), a peconha da P. patagoniensis possui atividades bioldgicas similares as de
Bothrops. Assim, em casos de exposicdo a serpentes do género Philodryas, incorpora-se soro
antiofidico botropico a terapia, além dos métodos usuais para o tratamento, como administracao
de analgésicos, anti-inflamatdrios e, nos casos de infecc¢des, antibiético (BUCARETCHI et al.,
1993; NISHIOKA; SILVEIRA, 1994).

Estudos em diferentes modelos animais demonstraram que, em envenenamentos
induzidos por espécies do género Bothrops, o uso do anti-inflamat6rio Dexametasona isolado,
ou associado a soroterapia, tem efeito benéfico ao reduzir o edema e evitar potenciais danos
musculares (ARAUJO et al., 2007; CARVALHO et al., 2018; PATRAO-NETO et al., 2013).
Com envenenamentos causados por P. patagoniensis ndo é diferente, sugerindo o envolvimento
de eicosanoides como principais mediadores do edema e nocicepg¢ao nos casos de exposicao a
estes ofidios (LOPES et al., 2017).

3.5. Danos relacionados as pegonhas

3.5.1. Estresse oxidativo

Organismos estdo expostos continuamente as acGes de agentes reativos. Formados a
partir do metabolismo do oxigénio, as principais espécies reativas de oxigénio (EROS)
radicalares sdo hidroxila (HO"), superoxido (O2°), peroxila (ROO") e alcoxila (RO); e entre as
ndo-radicalares estdo o oxigénio, peroxido de hidrogénio e o acido hipocloroso. A reatividade
destes EROs no organismo sdo variaveis, enquanto alguns atacam lipidios, proteinas, DNA,
outros reagem apenas com lipidios (BARREIROS; DAVID; DAVID, 2006).

Embora sejam parte integrante dos organismos ao longo da vida, as células
desenvolveram mecanismos de defesa antioxidantes, enzimaticos e ndo enzimaticos, para
limitar os niveis intracelulares de EROs e controlar os danos decorrentes (BIANCHI,
ANTUNES, 1999). Havendo desequilibrio entre a geracdo de moléculas oxidantes e o sistema

de defesa antioxidante, estabelece-se ali 0 estresse oxidativo. Processo que conduz a oxidacgao
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de biomoléculas, com possiveis perdas de fun¢des bioldgicas e desequilibrio homeostatico, cuja
manifestacdo € o dano oxidativo potencial contra células e tecidos. Se ndo combatido, o estresse
oxidativo pode ser letal (BARBOSA et al., 2010; HALLIWELL; WHITEMAN, 2004).

LesBes originarias de envenenamento por serpentes sao danos geradores de estresse
oxidativo (STRAPAZZON et al., 2015). O fendmeno de estresse resulta na formagao de radicais
livres a partir do choque, danos ao tecido no local da mordida e hemorragia (ALAM; GOMES,
1998). No local afetado pelo envenenamento ocorre o acimulo de leucécitos, acarretando em
uma demasiada geracdo de EROs, incluindo a producdo enddgena aumentada de peroxido de
hidrogénio (ZAMUNER et al., 2001). O processo hemorragico resulta em hemolise dos
glébulos vermelhos (liberacdo de ions de ferro) e queda da atividade da enzima superdxido
dismutase — SOD (FERREIRA; MATSUBARA, 1997). Além disso, toxinas especificas das
peconhas induzem a liberacdo de mediadores pré-inflamatérios e, assim, aumento do estresse
oxidativo (GIRISH; KEMPARAJU, 2011).

Em vitimas de envenenamento, toxinas oriundas da peconha perturbam e podem
danificar a membrana celular, bem como romper a membrana mitocondrial, e causar
consequente aumento de EROs. O figado e os eritrocitos estdo sempre ameacados por estas
espécies reativas, que podem induzir a perfusdo capilar resultando em lise celular. No entanto,
estes eventos tendem a ser equilibrados por um sistema antioxidante enzimatico e nao
enzimatico em individuos saudaveis (SEBASTIN SANTHOSH et al., 2013).

O estresse oxidativo ndo € reconhecido na patologia dos acidentes por mordidas de
cobra, mas é capaz de gerar trombocitopenia, coagulopatia e hemorragia sistémica. Situaces
que produzem complicacOes secundarias de longo prazo. O estresse oxidativo induzido por
envenenamentos também pode causar toxicidade renal, hipopituitarismo e infertilidade
(SUNITHA et al., 2015).

Neste sentido, estudos com agentes antioxidantes apresentam relevancia. A melatonina,
bem como, o acido ascérbico e um complexo vitaminico — acido ascérbico, vitamina E, e todas
vitaminas do complexo B — foram testadas como terapias alternativas e demonstraram efeito
protetor contra envenenamento ofidico (MONEIM et al., 2015; OLIVEIRA; SIMAO;
MARCUSSI, 2016). Portanto, o tratamento com antioxidantes apresenta potencial de, junto a
terapia com soro antiofidico, ser a primeira linha de defesa em casos de acidentes com estes
animais, e assim, reduzir a incidéncia de complicacgdes associadas ao estresse oxidativo (Figura
4).



28

Linha de defesa
antioxidante
1

] e 1 EROs

Danos locais J e Perfusio capilar

Trombocitopenia :

Hemdlise das tde ions ferro Coagulopatia !

ACidente Hemorragia hernkclis L SOD

Hemorragia sistémica !

ofidico

1 mediadores pré- Toxicidade renal

inflamatorios

P
Hipopituitarismo

Envenenamento )

Danos as
membranas (celular 1 EROs
e mitocondrial)

-~

i Infertilidade
1

[ 0AI)BPIX() ISSAIISH ]

-

Figura 4. Representacdo esquematica da importancia do processo de estresse oxidativo nos envenenamentos por
serpentes e da incorporacgdo de uma linha de defesa antioxidante. Fonte: autor.

3.5.2. Processo inflamatorio

Na ocorréncia de uma leséo tecidual, o organismo aciona mecanismos imunes de
controle com o proposito de limitar os danos e auxiliar a regeneragdo. Estes mecanismos fazem
parte da resposta inflamatoria, caracterizada por quatro sinais cardinais: dor, rubor, calor, edema
e, em alguns casos, culminando com perda parcial ou total da fungdo (SCHMID-SCHONBEIN,
2006).

Neste contexto, uma exposi¢do ofidica causa lesdo tecidual por varios mecanismos
(Figura 5), mesmo o trauma mecanico direto pode desencadear uma resposta inflamatéria. O
envenenamento subsequente agrava o quadro para uma inflamacdo sistémica, ao induzir
estresse oxidativo sistémico, recrutar macrdéfagos e estimular a liberacdo de mediadores pré-
inflamatorios, sendo esses, efeitos caracteristicos de fendmenos multifatoriais (HARRIS et al.,
1992; SEBASTIN SANTHOSH et al., 2013).

Esta inflamacdo no estagio inicial, ou agudo, € mediada principalmente pela ativacdo
das células do sistema imunitario e seu sistema complemento. No local afetado, os primeiros
mediadores quimicos liberados sdo a histamina e a serotonina, os quais sdo produzidos por
mastdcitos, basofilos e plaquetas sanguineas (FRANCISCHETTI et al., 2010). A histamina
provoca vasodilatacdo e aumento da permeabilidade vascular, os quais resultam no
extravasamento de liquido destes capilares, gerando eritema e edema tipicos do processo. A
serotonina, por sua vez, ativa 0s mondcitos e impede a sua apoptose, além de modular a
producéo de citocinas e quimiocinas nos mesmos (CAMPBELL et al., 2010; SOGA et al.,
2007).
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A partir de entdo, com a vasodilatagdo possibilitando o aumento do fluxo sanguineo e
da permeabilidade vascular no local, comeca a migracdo celular de leucdécitos. E, de forma
concomitante, ocorre 0 aumento da expressao de moléculas de adesdo, prejuizo tecidual por
atividade de proteases e EROs, necrose e apoptose, além da liberacdo de inimeros mediadores
pré-inflamat6rios como as citocinas fator de necrose tumoral do tipo alfa (TNF-a) e interleucina
1 beta (IL-1B) (HUERRE; GOUNON, 1996; VIVIER; MALISSEN, 2005).

Além disso, a inflamacgéo envolve outros sistemas, como o de coagulagéo e a cascata do
acido araquidoénico. Este dltimo originard as prostaglandinas (PGs) pela acdo das
ciclooxigenases (COX 1 e 2), leucotrienos e tromboxanos (pela acdo de lipooxigenases), todos
mediadores envolvidos no processo inflamatério (RANG; DALE, 2007). Diversos desses
mediadores inflamatorios, quando liberados, ativam os nociceptores (fibras nervosas tipos Ad
e C) e facilitam a transmisséo dolorosa, caracterizando o quadro de hiperalgesia (WRIGHT,
1999). A bradicinina, a PG E, o fator de crescimento nervoso e as IL pré-inflamatorias parecem
exercer papel fundamental na nocicepcéo periférica (CHUANG et al., 2001).

Determinadas SVMPs sdo capazes de exercer quimiotaxia sobre os neutréfilos por meio
do sistema complemento (FARSKY et al., 2000); enquanto outras, como a jararagina — toxina
isolada da Bothrops jararaca — pode estimular diretamente a expressédo do TNF-a, IL-1p e IL-
6 nos macréfagos (CLISSA et al., 2001), agravando entdo, o processo inflamatdrio.

Estudos mostram que o uso de anti-inflamatdrios clinicos associados a soroterapia
aliviam os sinais cardinais da inflamagdo causadas por envenenamentos ofidicos. O anti-
inflamatorio esteroidal Dexametasona (inibidor de PLAZ2) inibe a resposta inflamatdria, a
miotoxicidade e 0 edema induzidos por envenenamentos do género Bothrops. Indometacina
(inibidor da COX), um anti-inflamatério ndo esteroidal, também age amenizando o edema
causado pelo grupo (ARAUJO et al., 2007; PATRAO-NETO et al., 2013).

Vitimas de acidentes causados por cobras da familia Dipsadidae, frequentemente
apresentam edema proeminente e hiperalgesia (PRADO-FRANCESCHI; HYSLOP, 2002). A
peconha de P. patagoniensis € um exemplo, pois provoca uma rapida resposta inflamatoria com
estes sintomas (de MEDEIROS et al., 2010). Resultados de testes realizados pelo nosso grupo
de estudo apontam que o edema e a hiperalgesia podem perdurar entre seis e oito dias (dados
nédo publicados). Destaca-se que a patagonfibrase, uma das toxinas isolada da P. patagoniensis,
apresenta atividades alfa-fibrinoliticas, hemorragicas e induz resposta inflamatéria em
camundongos (PEICHOTO et al., 2011).

Nesta espécie, testes utilizando a Dexametasona e a Indometacina diminuiram o edema

causado pela sua pegonha, mas somente a Indometacina agiu aliviando a dor no local do
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ferimento. Como nédo ha alteracdo pelo tratamento com Celecoxibe (inibidor da COX-2) em
nenhum dos casos, os derivados do &cido araquiddnico parecem ser 0s principais mediadores
do edema, enquanto que a dor esta diretamente relacionada a COX-1 (LOPES et al., 2017). No
entanto, os efeitos adversos de varios anti-inflamatorios utilizados na clinica demandam

pesquisas por novos compostos com acdo analgésica e que bloqueiem 0s processos

inflamatorios.
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Figura 5. Simplificacdo do processo inflamatério desencadeado nos acidentes com serpentes in situ. Anti-
inflamatérios como o Dexametasona (1) e Indometacina (2) atuam amenizando sintomas (linhas pontilhadas).
Fonte: autor.
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4. JUSTIFICATIVA

Diferentes espécies do género Handroanthus sdo extensivamente utilizadas pela
medicina popular para tratar envenenamentos diversos. No entanto, o uso é empirico, e estudos
que investiguem o perfil toxicoldgico e farmacoldgico destas plantas sdo necessarios. Para que
assim a populagdo tenha seguranca, eficacia e qualidade no tratamento, e também para
disponibilizar uma possivel fonte de compostos biologicamente ativos de interesse
farmacéutico.

Esta proposta apresenta o ipé-amarelo H. chrysotrichus, espécie presente do Nordeste
ao Sul do Brasil, principalmente nos Biomas Cerrado, Mata Atlantica e Pampa. H.
chrysotrichus é utilizada em casos de exposicdo a serpentes por pessoas, as quais podem estar
impossibilitadas de receber o procedimento adotado nas Unidades Basicas de Saude. E quando
tratadas com o antiveneno, 0 mesmo ndo garante plena recuperagao.

Contudo, assim como em outros casos, o potencial toxicoldgico desta planta medicinal
ndo é conhecido, bem como, seu potencial contra os efeitos lesivos ocasionados pelas peconhas
ofidicas. Considerando o elevado indice de acidentes envolvendo serpentes no Brasil, e todos
0s danos teciduais resultantes dos mesmos, estudos que buscam terapias alternativas para
auxiliar na reducéo destes efeitos adversos sao relevantes.

O fato de envenenamentos ocasionados pelas serpentes do género Philodryas serem
tratados com soro antiofidico demonstra o potencial toxicoldgico deste grupo. Mas a escolha
da serpente P. patagoniensis para obtencdo de peconha para este trabalho deve-se também: a)
os efeitos induzidos pela peconha sdo similares aos gerados pelas peconhas do género Bothrops;
b) estipula-se que sua familia, Dipsadidae, seja responsavel por cerca de 20 a 40% dos acidentes
ofidicos registrados; c) a alta frequéncia com que esta espécie é encontrada no Bioma Pampa.

Por fim, o trabalho fomenta pesquisas na regido do Bioma Pampa — fonte da matéria
prima estudada. Incorpora a peconha da P. patagoniensis como um recurso possivel para
trabalhos futuros. E, considerando a auséncia de estudos descrevendo o perfil bioquimico,
toxicologico e/ou farmacolégico do extrato da casca do ipé-amarelo H. chrysotrichus na
literatura cientifica, este trabalho proporciona perspectivas para estudos futuros

complementares em areas correlatas e transversais.
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5. OBJETIVOS

Geral

Investigar o potencial do extrato da casca de ipé-amarelo Handroanthus chrysotrichus

como agente terapéutico em casos de envenenamentos por serpentes

Especificos

Analisar a composi¢do quimica do extrato hidroetanolico da casca do ipé-amarelo

(Artigo 1);

Avaliar in silico as predi¢Ges farmacologicas e toxicoldgicas dos principais

componentes quimicos identificados do extrato (Artigo 1);

Determinar in vitro as atividades antioxidantes, citotoxicoldgicas e
genotoxicoldgicas, bem como, a dose letal mediana em Artemia salina do extrato
(Artigo 1);

Verificar a toxicidade in vivo do extrato da casca de H. chrysotrichus em casos de

exposi¢cdo aguda e subcrénica (Artigo 2);

Analisar o estado da arte acerca da peconha de Philodryas patagoniensis e a
possibilidade de sua utilizagio em testes toxicoldgicos e farmacologicos

(Manuscrito 1);

Investigar a agdo do extrato da casca de ipé-amarelo como atenuante dos principais
sintomas de envenenamento causado por P. patagoniensis em camundongos

(Manuscrito 2).
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Os resultados aqui apresentados estdo sob a forma de dois Artigos Cientificos e dois

Manuscritos Cientificos. O primeiro Artigo Cientifico foi publicado no ano de 2020 na revista

“Research, Society and Development”, e o segundo foi publicado em 2021 na revista

“Toxicology Research”. Os Manuscritos serdo submetidos para avaliacdo e publicagdo em

revistas especializadas com Qualis CAPES.

Desta forma, este capitulo inclui na integra as producdes que avaliaram in silico, in vitro

e in vivo o extrato alvo. E propde, por meio dos Manuscritos, finalizar a hipétese desta Tese. O

Quadro abaixo relaciona os objetivos de cada trabalho, tipo de pesquisa realizada e os resultados

alcancados.

Obijetivo especifico Metodologia Resultados Situacéo
Investigar a composicéo, Artigo 1 Publicado na
potencial antioxidante, Qualitativa e Antioxidant and revista Research
farmacoldgico e toxicoldgico do quantitativa, com toxicological potential Society and '
extrato hidroalc6olico da casca testes in silico e in of the Golden trumpet Devel
do ipé-amarelo Handroanthus vitro hydroalcoholic stem evelopment em
chrysotrichus bark extract 2020
. . Pesquisa quantitativa. | Artigo 2
Avaliar a toxicidade do extrato Verificou-se os In vivo effects of Publicado na

hidroalcéolico da casca de
Handroanthus chrysotrichus em
camundongos

efeitos in vivo das
exposicBes aguda e
subcronica ao extrato

exposure to Golden
trumpet Handroanthus
chrysotrichus in mice

revista Toxicology
Research em 2021

Verificar o estado da arte acerca
da peconha da Philodryas
patagoniensis e levantar a

possibilidade de sua utilizacdo
nos campos Toxicolégico e
Farmacolégico

Pesquisa qualitativa
descritiva. Levantou-
se artigos de trés
bases de dados, os
quais foram fonte das
informacoes

Manuscrito 1
Philodryas
patagoniensis venom:
status of the art and its
potential use in
toxicological and
pharmacological fields

A ser submetido ao
Journal of Venomous
Animals and Toxins
including Tropical
Diseases apods as
consideraces da
banca examinadora

Avaliar o efeito protetor do
extrato hidroetanolico da casca
de H. chrysotrichus frente aos
principais danos desencadeados

pelo envenenamento por P.

patagoniensis em camundongos

Pesquisa quantitativa.
Avaliou-se alteracoes
comportamentais,
além dos danos locais
e sistémicos induzidos
pela peconha

Manuscrito 2
Analgesic and
antioxidant effects of
the Golden trumpet on
snake-envenomed mice

A ser submetido ao
The Journal of
Pharmacology and
Experimental
Therapeutics apds as
consideraces da
banca examinadora
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Resumo

Handroanthus chrysefrichus ¢ uma arvore da famila Bignomaceae, conhecida como 1pe-
amarelo e distnbw-se pelo Nordeste, Sudeste e Sul do Brasil. Suas flores, caule e casca séo
usadas para fins medicinais no tratamento de doengas relacionadas ao sistema cardiovascular e
mmunologico. Esse estudo tem por objetives avaliar o perfil fitoquimico, especire de atividade
biologica, capacidade antoxidante e potencial toxicologico do exirato da casca de H
chrysotrichus. O extrato ndroetanolico for obtido por percolagio e hofilizado. Os compostos
presentes no extrato foram analisados por métodes colonmeétricos e GC-MS. A avaliacdo do
espectro de attvidade biologica fo1 realizada in silice. O poder antioxidante fo1 determinado
pela mvestigacio da capacidade anfioxidante total, capacidade quelante de fermo, ensaios DPPH’
e ABTS™, e teste de degradacio da desoximmibose. A capacidade de inibicio da lipoperoxidacio
induzida por Fe™ foi avaliada em cérebros e fizados de camundongos. Nauplios de Arfemia
salina foram utilizados para avaliagdo da dose letal mediana. A toxicidade fo1 avaliada por
simulagcio computacienal e in vifro em linfocites humanos. Come resultados, os metodos
colonmeétncos sugerem altos niveis de polifencis e os dados de GC-MS indicaram a ocomréncia
de g-curcumeno, f-bisaboleno, 4- (4-metilfenil) pentanal. acido pentandice e acetato de 1soamil
no extrato da casca. Simulagdes computacionals apontaram atividades biologicas que estdo de
acordo com seu uso tradicional. A casca do exfrato exaibiu atvidade antioxidante em diversos

ensalos e for efetiva em proteger ceérebros e figados de camundongos da lipoperoxidagao

mduzida por Fe™. A casca de H. chrysefrichus demonstrou uma toxicidade média em 4. salina

com potencial presenca de compostos bioatives. Em geral, os compostos apresentaram baixa
prebabilidade de toxicidade nas previsdes in silico. Nao houve citotoxicidade e genotoxicidade
nos ensalos realizados com limfocitos humanos. Os resultados indicam que a casca de H
chrysofrichus possul compestos com espectro de atvidade biologica e baixo potencial
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toxicologico. Além disso, mostra capacidade anfioxidante e acdo protetora confra a peroxidacio
lipidica. Os dados apresentados apolam o uso medicinal do 1pé-amarelo e apontam o mesmo

como um extrato promissor para avaliagoes in vive.

Palavras-chave: Fitogquinica; Terpenos; Cromatografia; Medicina fradicional; Tabebwa.

Abstract

Handroanthus chryzotrichus 15 a tree of the Bignomiaceae family known as golden tumpet that 1s
distnbuted throughout Northeast, Southeast and South Brazil. Its flowers, stem and bark are used for
medicinal purposes 1n the treatment of cardiovascular and mmune system diseases. This study aims to
evaluate the phytochemical profile, biological achvity spectum, antioxidant capacity and toxicological
potentizl of H. chrysefrichus stem bark extract. Hydroethanolic exfract was obtained by percolation and
Iyophilized. Compounds present in the exfract were analyzed by colonmetric methods and by GC-BIS.
Evaluation of the tological activity spectrum was performed i silico. Anbomidant power was
determined by mvestization of total antioxidant capacity, won chelaiing capacity, DPPH" and ABTS™
assays, and deoxyrnbose degradation fest. The abiity to mhlibit Fe™ mmduced lipoperoxmdation wras
evaluated mn mouse brains and lrvers. Naupli of Arfemia salina were used to evaluate the median lethal
dose. Toxcuty was assessed by computer simulation, and 1o vifro in human hymphocytes. As a result,
colonmetne methods suzgest lugh levels of polyphenols and GC-MS data indicated the occumence of
g-curcumene, B-biszbolens, 4- (4-methylphenyl) pentamal, pentanoic acid and 1scamyl acetate
Computer simulations have pomted bological activities that are 1n accordance with their traditional use.
The H chrysotrichus stem bark extract exhibifed anfoxidant activity mn several assavs and was effective
in profecting mouse brams and livers from Fe™ induced hipoperoxidation. H. chrysendichus stem bark
extract showed medium toxicity 1n 4. saling with potential presence of ioactive compounds. In general.
the compounds showed low probabibity of toxicity in silico predictions. There was no cytotoxetty and
genotoxicity 1n human ymphocyte evaluation. The results indicate that B clhrysofichus stem bark
extract has compounds with biological achvity spectum and low toxicological potental It also shows
anfioxidant capacity and protectve achon agamst lipid peroxidation. The data presented support the
medicinal use of golden tumpet and point to 1f as a promising extract for in vive evaluations.
Kevwords: Phytochemistry; Terpenes; Chromatography; Traditional medicine; Tabebuia.

Resumen

Handroanthus chryvzotrichus es un arbol de la fapmha Bignomaceae conocido como lapacho amanlls
{1pe-amarillo en Brasil} v se dismbuve por todo el noreste, sudeste v sur de Brazil. Sus flores, tallo v
corteza se utilizan con fines medicinales en el tratamients de enfermedades relacionadas con el s1stema
cardiovascoular ¥ sistema immune. Este estudio fisne como objetive evaluar el perfil fitoquimuce, el
espectro de activadad beologica, la capacidad anbomdante v el potencal tomicologico del extracto de
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corteza de H. chrysofrichus. El extracto lndroetandlico se obfuve por percolacion v se hiofilizo. Los
compuestos presentes en el extracto se analizaron por métodos colonmétnicos v GC-MS5. La evaluacion
del espectro de actividad biclogica se realizo in silico. El poder antoxidante se determind mediante la
investigacion de la capacidad antioxidante total, la capacidad quelante de hierro, los ensayes DPPH' v
ABTS™, v la prueba de degradacion de desoximibosa. La capacidad de inhibir la lipoperoxidacion
inducida por Fe™ se evalud en cerebros e hizados de ratones. Se utilizaron nauplios de 4rtemia salina
para evaluar la dosis letal media (DLsq). La toxcidad se evaluo mediante simulacion por computadora
¥ también in vitro en hinfocitos bumanos. Como resultados los métodos colorimétnicos sugleren altos
niveles de polifenoles y los datos de GC-MS indicaron la presencia de a-curcumeno, f-bisaboleno, acido
4- (4-metilfem|) pentanal, acido pentanoico y acetato de 1soamulo en el extracto. Las simulaciones por
computadora han sefialado actividades biologicas que estan de acuerde con su uso tradicional. El
exfracto exhibio actividad antioxidante en varios ensayes y fue eficaz para proteger los cerebros e
higados de ratones de la lipoperoxidacion mducida por Fe™. El extracto de la corteza de H. chrysotrichus
mostro una toxicidad media en Arfemia con posible presencia de compuestos bicactivos. En general, los
compuestos mostraron baja probabilidad de toxicidad en predicciones in silico. No hube citotoxicidad
ni genotoxicidad en los ensayos con linfocitos humanos. Los resultades mdican que el extracto de la
corteza de H. chrysofrichus tiene compuestos con espectro de actividad biologica v bajo potencial
toxicologico. También nmmestra capacidad antioxadante vy accion protectora contra la peroxdacion
lipidica. Los datos presentados respaldan el use medicinal del lapacho amarille y lo sefialan como un
extracto prometedor para evaluaciones in vive.

Palabras clave: Fitogquimica; Terpencs; Cromatografia; Medicina fradicional; Tabebwa.

1. Introduction

The family Bignoniaceae 15 the major group of Angiosperms plants and has been used
for its beneficial health properties. Several parts of Bignoniaceae species as leaves, fruits, roots,
sap, flowers and bark are traditionally used for treatment of diabetes, high blood pressure,
asthma, cancer, uterine infection and others diseases. In all these uses, different extractive
methods are emploved including decoction, maceration, infusion poultice, syrup and tincture
(Bolson et al., 2015; Ribeiro et al., 2017).

In Brazil Handroanthus chrysotrichus (Mart. ex DC.) Mattos, known as golden
trumgpet. 15 a native tree of Bignoniaceae family and occurs in Northeast, Southeast and South
of country (Jardim Botanico do Rio de Janeiro, 2018). Its flowers, stem and bark are wsed in
popular medicine to treat cardiovascular and immunological system diseases, allergic process
and poisoning by insect bite and snakebite (Bolson et al, 2015; Ribeiro et al, 2017). H
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chrysefrichus was previously identified as Tabebuia chrysotricha. However, according to “The
Plant List” (www theplantlist org). currently both names are synonymous.

In this way, the scientific literature reports many therapeutics properties for
Handroanthus. For example, species H. impefiginosus showed analgesic, anti-inflammatory
and antivlcerogenic effects in animal models (Lee et al., 2012; Twardowschy et al., 2008). H.
impefiginosus has presented antibacterial and antioxidant activity (Park et al., 2003; Park et al..
2006). H. chrysanthus demonstrated immunostimmlant activity (Perez et al_, 2004) and T. aurea
decreases inflammatory, myotoxic and hemorrhagic activities induced by snake venom (Reis
et al., 2014). These studies point confirmations that family Bignoniaceae is a promising group
with pharmacological activities.

Thus, considering the H. chrysofrichus empirical use, this study aimed: a) to quantify
the total polyphenols and flavonoids contents; b) to identify the phytochemical major
compounds in bark extract; ¢) to evaluate the biological activity spectrum of identified major
compounds; d) to determine the antioxidant capacity of extract; d) to venify the median lethal
dose, cytotoxicity and genotoxicity for crude extract and major compounds.

2. Materials and Methods
Chemicals

Ethancl, methanol. acetic acid, ascorbic acid, gallic acid, iron (III) chlonde anhydrous
and ferrous sulfate were purchased from Merck (Darmstadt, Germany). Quercetin, 6-hydroxy-
2.5,7 8-tetramethychroman-2-carboxylic acid (trolox), 2-deoxy-D-ribose, 2 4.6-Tri(2-pyridyl)-
s-triazine  (TPTZ),  2.2-Diphenyl-1-picrylhydrazyl (DPPH), 2.2"-Azino-bis  (3-
ethylbenzothiazoline-6- sulfonic acid) diammonivm salt (ABTS), and histopaque® were
acquired from Sigma Chemical Co. (St. Louis, MO, USA).

Plant Material and Extract preparation

H. chrysofrichus bark was collected at 29°49'402"S5 57°06'07.1"W geocgraphical
coordinates 1n summer 2017. After botanical identification, a voucher specimen was deposited
at institutional herbarium (protocol number 142/2017). The plant material was subjected to
drying at 40°C for five days and reduced to powder. Subsequently, samples of the powdered
material were used in the percolation technique. Percolation was carmed out by two hours in a
glass column vsing hydroethanolic solution (70%) in a ratio of 1:10 (w/v). After that. the H.
chrysotrichus bark extract (HCBE) was freeze-dned for later use. The expenimental design 15
shown in Figure 1.
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Figure 1. Experimental design of this study.
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Phytochemical Evaluation

Total phenclic and flavonoid content of HCBE was measured according Nurmi et al
(1996) and Choi et al. (2002), respectively. A standard curve of gallic acid and quercetin was
used to determine the polyphenols and flavenoids equivalents content. GC-MS analyses were
performed according Soares et al. (2017), with some modifications. Briefly, the oven
temperature program was as follows: initial oven temperature was held at 50°C for 5 nun_ and
then increased to 150°C at a rate of 10°C. min™ for 10 min, after was increased to 200°C at a
rate of 10°C. min™! and detained for 01 min and finally increased to 280°C at a rate of 10°C.
min” and held for 10 min_ Ion source and transfer line temperatures were 280°C. Compounds
were identified by comparing mass spectra with data from the NIST library that are available

in the instroment.

In silico Evaluations of GC-MS Identified Compounds
Biological activity spectrum

The computational Pass (Prediction of Activity Spectra for Substances, available in
http://www pharmaexpert o/PASSonlinepredict php) was applied on five major compounds
identified in HCBE (Drwal & Griffith, 2013) to search potential pharmacelogical actions.
Results were expressed in percentage of probable activity (Pa) and probable inactivity (P1). Pa
and Pi values vary from 0.000 to 1.000 and it was considered significant activity with Pa > P1
and Pa = 0.700.
Toxic risks prediction

A computational simulation experiment was performed to estimate possible toxicity
risks of five major compounds from HCBE. For this five online computer program were
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employed: ACD/Labs (Toronto, Canada), admetSAR server (Cheng et al., 2012), pkCSM
platform (Pires et al., 2015), PreADMET web-based (https://preadmet bmdre kr/) and OSIRIS
Properties Explorer (hitp//www.otganic-chemistry crg/prog/pec/). The toxic nsks assessed
were expressed in a flexible manner: (+) low potential (++) medinm nisk, (+++) high nisk and
non-detected nsk (ND).

HCBE Antioxidant Analyses
Total antioxidant capacity (TAC), DPPH and ABTS™ scavenger assay
TAC of HCBE was measured through spectrophotometric method proposed by Prieto
etal (1999). HCBE activity against DPPH and ABTS "™ radicals were performed in accordance
with Chei et al (2002) and Re et al. (1999), respectively. Results were expressed as inhibitory
concentration of 50% (ICsp), based on percentage of radical inhibition in relation to the control
without extract.
Ferric reducing anfioxidant power (FRAF) assay
FERAP assay was measured for HCBE by spectrophotometric method (Benzie & Strain,
1996) and determined by plotting in a standard curve produced by the addition of ferrous sulfate
to the FRAP reagent. Results were expressed as ICsp. based on the extract ability to reduce Fe'™
to Fe™™.
Thiobarbituric acid reactive substances (TBA-RS) assay
TBA-BS was measured according Ohkawa et al. (1979) and vsed as an index of 2-
deoxy-D-ribose degradation, and lipid peroxidation marker in brain and liver of Swiss albmno
mice, as described below.
a) Deoxyribose degradation assay
The deoxyribose degradation assay was performed according Puntel et al. (2005) with
modifications. Briefly, the reaction medmm was prepared contamng: HCBE
(concentrations 0 — 1000 pg. mL™Y), 2mM deoxyribose, 0.05mM and FeSOs. After
mcubation at 37°C for 60 min_ the reaction was stopped with 2% of trichloroacetic acid
(TCA). Color reaction started with addition of 0.4mL of TBA and allowed to incubate
for 30 mun at 100°C. Standard curves of malondialdehyde (MDA) were performed to
determune the MDA generated by the deoxyribose degradation, and the values were
expressed as percentage of control (blank).
b) Analyses with brain and liver of Swiss albino mice
These biological tissues were donated from another projects where animals were

maintamned and vsed in accordance with guidelines of the Commuittee on Care and Use
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of Experimental Animal Resources (009/2016). Mouse of controls groups (3 months,
30-353g) were euthanized by decapitation and the brain and liver were quickly removed,
homogenized in NaCl (150 mM) and kept in ice. After homogenization samples were
centrifoged at 2000g at 4°C for 10 min to yield a low speed supernatant fraction (S1).
The obtained 51 was mixed with ferrous sulfate (Fe504) in concentrations of 0.01mM,
with or without HCBE (concentrations 0 — 1000 pg. mL™Y). A standard curve of MDA
was constructed to determine TBA-RS content. Results are expressed as ICs), based on
the extract ability to inhibit lipid peroxidation of tissue, corrected by mg of tissne.

Median Lethal Dose Determination (LD30) and Toxicity assays

HCBE LDsp was evaluated according Mever et al. (1982), with some modifications.
Brefly, A. salina cysts were induced to hatch in aerating solution (saline water 3%) for 24 h.
The nauplis were collected and transferred individually to a 96-well plate containing different
HCBE concentrations (50, 100, 300, 600 and 900 pg. mL") or control saline solution. The
mortality was analyzed after 24 h. Assays were performed thrice in triplicate, with n=180
naupli in each assay. The median lethal dose (LDsp) was the required concentration to kall 50%
of nauplii. It was considered L Dsp < 1000 pg. mL™" as toxic and a possible presence of bioactive
compounds.

For toxicity evaluation, bioassays in peripheral blood mononuclear cells (PBMC) were
performed. Briefly, samples of human blood (10mL) were collected from healthy adult
volunteers by venous punciure in heparinized tubes and incubated for four hours with HCBE
(10 — 500 pg. ml” concentrations) or hydrogen peroxide (H202 5 mM. positive control). After
mncubation time, PBMC were separated with histopaque® (1:1) and subnutted the followimng
analyzes:

a) Cell viability

Cell viability was tested with trypan blue (0.2%) dye exclusion test. Peripheral blood

mononuclear cells (PBMC) were counted in a Neubaver chamber. Stained cells and cells

that have undergone the balloon effect were considered dead.

b) Genotoxicity

Genotoxicity was evaluated in PBMC through comet assay according to Singh et al

(1988). After mounting slides and performing electrophoresis, the lengths of tails were

measured under fluorescence microscopy after adding ethidivm bromide on the slides.

One hundred cells from each of the three replicate slides were analyzed. Cells were

visually scored according to tail length and receive scores from 0 (no migration) to 4
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(maximal migration). Analyses was based on the reading damage index which
represented the sum of cells identified 1n each class multiplied by the class.

Statistical Analyses

Data were analyzed by two-way ANOVA followed by Tukey's multiple comparisons
Test. Cell viability assays were interpreted by one-way ANOVA followed by Bonferroni’s posi
hoc Test. Genotoxicity were analyzed by nonparametric Kmskal-Wallis with Dunn's Test.
Values of p < 0.03 were considered significant. Data are presented as mean and standard
deviation (3D). ICs0 and LDsp determinations were performed using a loganthmic regression

CUwre.

3. Results
Phytochemical Evaluation

Data showed that HCBE presents high levels of polyphenels (154.3 mg. g" gallic acid
equivalents), and flavonoids (0.5 mg. g of quercetin equivalents). Furthermore, GC/MS
analyses identified the five most representative volatile compounds: o-curcumene, J-
bisabolene, 4-(4-Methylphenyl) pentanal pentanocic acid and iscamyl acetate respectively
(Figure 2 and Table 1).

Figure 1. GC/MS analyses from Handroanthus chrysotrichus bark extract. Five identified volatile
compounds are (1) pentanoic acid, (2) 1scamyl acetate, (3) 4-(4-methylphenyl) pentanal (4) a-
curcumene, and (3) p-bisabolene.
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Table 1. Volatile compounds identified from Handroanthus chrysetrichus

hydroethanolic extract.
o . s Area
Veolatile compounds RT RI (109 %
Pentanoic acid 5341 875 72 2.67
Isoamyl acetate 8.141 820 58 214
4-(4-methylphenyl) pentanal 15.095 1420 75 279
a-curcumene 20090 1524 2007 73.74
B-bisabolene 20902 1500 508 18.66

* Betention Time; ** Fetention Index

In silico Evaluations HCBE Major Compounds

The possible biological activity spectrum related to the five HCBE major compounds
was evalpated by online platform PASS (Table 2). We selected the predicted properties with
values of Pa = 0.7. Our data indicate that c-curcumene, p-bisabolene, 4-{4-methylphenyl)
pentanal pentanocic acid and 1soamyl acetate, respectively, presented properties in comunon as
nmcobembranous protector and antieczematic. Others frequently properties in compounds are

its carmunative and fibrinolytic potential

10
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Table 1. Pharmacological activities predicted for Handroanthus chrisefrichus compounds.

Main predicted properfies by

Phytoconstifuents PASS online Pa* Pt
alpha-Curcumene Mucomembranous 0242 0.004
protector
Antieczematic 0872 0.007
Carminative 0783  0.004
Fibrinolytic 0728 0.014
Gastrin inhibitor 0715  0.004
Cholestercl antagonist 0717  0.007
beta-Bisabolene Carminative 0895 0.002
Antieczematic 0868  0.008
Antineoplastic 0856 0.006
Mucomembrancus 0787 0.022
protector
Antiinflammatory 0726 0.013
Immunosuppressant 0722 0.014
4-{4-Methylphenyl} pentanal Antieczematic 0.770 0.025
Adenomatous polyposis 0.718 0.006
treatment
Carminative 0711  0.006
Fibrinolytic 0.708 0.02
=0 Mucomembranous 0.710  0.052
protector
, Phobic disorders treatment 0947 0.003
Isoamyl Acetate Anesthetic general 0876  0.004
(o] O Antiseborrheic 0858 0.009
Mucomembrancus 0837 0.011
protector
Fibrinolytic 0733 0.013
Antieczematic 07090 0.043
Mucomembrancus 0933 0.004
protector
Antieczematic 0920 0.004
Mucositis treatment 0874  0.008
Pentanoic Acid Antiseborrheic 0866  0.008
- Preneoplastic conditions 0821 0.003
o Adenomatous polyposis 0.819 0.002
/\/\f treatment
Antimutagenic 0783  0.004
OH Fibrinolytic 0.780  0.005
Antiinflammatory 0727  0.002
intestinal
Gastrin inhibitor 0720  0.004
Anesthetic general 0706  0.006

Probable activity; P

particular compound; (1) 1f Fa = 0.7, the chance fo find the activity expenmentally 1= lngh

11

Probable mactivity. Pa - 0. 700 = probable actvty sreater than 10%. The PASS prediction
results were mierpreted and wsed as follows: (1) only actrities with Pa = Pi are considered as possible for a
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The toxic nisk predictions performed (mutagenic, carcinogenic, cardiofoxic,
hepatotoxic, skin sensitization and reproductive toxicity) for a-curcumene, f-bisabolene, 4-(4-
methylphenyl) pentanal, pentancic acid and i1soamyl acetate were assessed by five online
platforms and the results are present in Table 3. In general, the compounds displayed low
toxicity probability. However, f-bisabolene and a-curcumene showed medmm and hugh
carcinogenic potential. For the a-curcumene, 4-(4-methylphenyl) pentanal and 1scamyl acetate,
the results showed a skin sensitization probability on two of the platforms employed. In the
other evalpated parameters, 1soamyl acetate and pentanoic acid demonstrated high risks to

reproductive system. Moreover, theoretical toxicity of compounds in the others tools employed
suggesting a low toxicity risk of the compounds.
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Table 3. Toxicity prediction for the five major Handroanthus chrisofrichus compounds
obtained via computer simulation.
Tusicrish by ACTVLabs' et SAR Y ph OS5 PreADMET 5 EIRIS Properiy Exploner™
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HCBE antioxidant analyses

HCBE presented antioxidant potential in all performed tests (Table 4). The ICs0 in TAC
assay was 43.1 = 1.55 pg. mL™). In DPPH" and ABTS "™ scavengers assay the ICso was 543.15 =
6.20 and 50.6 = 3 pgz. mL!, respectively. FRAP presented ICs50 of 20,05+ 02 pz. mL!. Finally,
extract decreased the deoxyribose degradation induced by Fenton reaction at ICs0 0of 91.9 = 5.56
ug. mL™,

Table 4. ICsp values to different antioxidant assavs of Handroanthus chrysofrichus.

Test H. chrysotrichus ICsp (ng. mL™)
TAC 451=x1.55
DPPH scavenger 543.15+6.29
ABTS™ scavenger 5063
FEAP 2005+02

Deoxyribose assay 0919=+6.56
Values are expressed as mean = 5D (p=3).

Analyses with tissues of Swiss albino mice exposed to Fe™ showed the protective
capacity of HCBE from 100 and 50 pug. mL™ for brain and liver, respectively (Figure 3). In this
context, the extract decreased TBA-RS levels for tissue reported.

14
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Figure 3. Effects of Handroanthus chrysofrichus bark extract on TBA-RS levels from brain

(A) and liver (B) tissues Fe -induced (#p < 0.05 compared to baseline; * p < 0.05 compared to
concentration 0 of the same group).
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HCBE LD50 and Texiciiy assays

HCBE presents a LDsg of 276 pg. mL* (R2 = 0.9912) to brine shrimp in 4. salina
bicassay. No toxicity of the HCBE was observed for the cell viability and comet assay (Table
5). Both results showed that HCBE did not present toxicity in PBMC in all tested concentrations
compared to controls, including concentrations approaching double the I Dsp found to 4. salina
(500 pg. mL"}. Thus, there were not decrease in viable cells and significant increase in cells
damage index (p < 0.05).

Table 5. Number of cells with comet, distribotion of damage classes and damage index.

cA “iability Comet class (mean £ 5I) DI
(%a) 0 1 2 3 4
Saline I 937+18 6742 =28 252 05+07 0 365+49
HyD: 5 mM 100 849=44° 2356 17535 187 2184 115+£3 1625z6
10 pg ml."! 1 943+13 655+19 265+148 75+49 05+07 0 43325
50 pg ml.! 10 958+03 B6=42 M4=84 535+21 4+14 05+07 49+28%
100 pg. ml 100 92+19 625+12 2+56 95+35 3zx14 izl 62 =132
500 pg. ml A 10 904+01 525335 38 +14 15+£21 L] G05=9

CA: Total cells analvzed. DI: Damage imndex. * indicates sigmficant difference compared to the negative confrol.
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4. Discussion

This study aimed to evaluate the toxicological and antioxidant potential of HCBE in
silico and in vifro. The extract showed five major compounds identified with pharmacological
potential and low toxicity risks predictions in silico. In addition, HCBE presented antioxidant
activity, protected brain and liver of mice against oxidative damage and no present cell toxicity
in vitro. These data may justify its use in folk medicine, and it proves to be a promising extract
for in vivo testing.

Imtially, 4. salina assays resulted medmm toxicity. It indicate bioactive compounds
presence. besides a positive correlation with cytotoxicity in cancer cell lines (McLaughlin
1991). In agreement GC/MS analyses suggested the presence of substances as f-bisabolene
which it was reported tumor-specific pro-apoptotic properties (Yeo et al., 2016). Although tests
of a-curcumene in human colen cancer cell line did not inhibit cell proliferation (Tvagi et al..
2015).

Major compounds found a-curcumene and f-bisabolene are terpenes also presents in
bark of H heptaphyllus (Garcez et al., 2007) and act among other things against insects
protecting the plant (Jomior, 2003). These insecticidal functions promoted the mortality of
Anopheles stephensi, Aedes aegypii and Culex gquinguefasciatus larvae (AlShebly et al., 2017).
H. impetiginosus bark also presented larvicidal activity in three mosquitos species and H.
serrafifolius steam had antileishmanial activity (Costa et al.. 2017; Kim et al.| 2013).

Other compounds are ester 1soamyl acetate, well known in the food mdustry (Torres et
al, 2010); and the short-chain fatty acid (SCFA) pentanoic acid, a superior class of cellulosic
biofiels. This SCFA may be produced by intestinal bacteria (Topping, 1996) and mduces
thymic stromal lyvmphopoietin production (Mizuno et al., 2017). Thymic stromal lymphopoietin
13 an IT -7-like cytokine mainly derived from fibroblasts and epithelial cells and is related to
allergic inflammation (Liu, 2006; Sims et al., 2000). Nevertheless, 4-{4-Methylphenyl) pentanal
15 not target of many studies.

Throughout chromatography analyzes p-lapachone and lapachol was expected in extract
studied, since they are cited in literature as major compound in H. chrysoiricus (Grazziotin et
al, 1992), H impefiginosus (Castellanos et al.. 2009; Ferrewra et al.. 1989) and others
Bignoniaceae plants. In addition lapachol is soluble in ethanol (Kiage-mokua et al, 2012),
being consistent with method here applied, but this compound was not detected by High
Performance Liguid Chromatography (Supplementary material). Thus, it seems to be absent in
the H. chrysotricus bark analyzed. These substantial differences between specimen may be due
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to environmental conditions, because lapachol presence may vary in the same specie according
rainfall, temperature and the soil content (Wright & Setzer, 2013).

The biological activity spectrum in silico of 1solated compounds (Table 2) showed
compatible action with popular practice. In this line, Salgueiro et al. (2018) suggest that in silico
mwvestigations can be used as a complementary route after the ethnopharmacological research
Indeed, in silico studies may be useful to point out several possibilities for conducting in vifre
and in vive stodies (Salgueiro et al, 2018). Brazilian ethnopharmacological investigations
indicated therapeutic use of genns Handroanthus as anti-inflammatory and for cancer
treatment, back pain, stomachache, gastritis, ulcer and allergy (Biesk: et al., 2013; Ribeiro et
al., 2017). According to Bolson et al (2015) H chrysotrichus also may be used for
cardiovascular system diseases, immunological and poisoning. Moreover, other in silico
analyses were made, and the results showed low toxicity probability in most of the analyzed
criteria (Table 3). Nevertheless, care should be taken with carcinogenic potential and topical
use of the extract, due skin sensitization of some componnds.

The biclogical activity spectrum in silico no showed, but the HCBE had sigmificant
antioxidant activity (Table 4). These important effect may reduce oxidative damage induced by
several diseases (Andréia Caroline Fernandes Salgueiro et al, 2016). The absence of
antioxidant activities in in silico mvestigations can be explained by synergism among different
molecules in a crude plant extract (Salgueiro et al., 2018). In the context of computational
evaluations, the interaction between compounds cannot be evalvated (Salgueiro et al., 2018).
The extract exhibited better activities in FRAP, TAC and ABTS™ scavenger. Antioxidant
analyses as ferric reducing antioxidant power assay, FRAP, propose the affinity of HCBE with
Fe ions. We know that wron 15 an essential element for the body and may induce oxidative stress
via Fenton reaction (Benzie & Strain, 1996; Halliwell & Gutteridge, 2007). In addition, HCBE
decreased Fe -induced damage to brain and liver tissues of mice (Figure 3). TAC and ABTS™
are based on the reduction of molybdenum and ABTS radicals, respectively. ABTS™ assayis a
simple method applicable to the extracts antioxidant study, but this radical is not found in
biclogicals systems (Magalhies et al., 2008; Prieto et al., 1999; Re et al, 1999). Therefore,
these antioxidants properties may be linked to polyphenols found in the colonmetric
phytochemical analyses. In fact, pelyphencls have a high reactivity and ability to stabilize
uvnpaired electron, including to chelate transition metal 1ons (Vertuam et al . 2004). On the other
hand, antioxidant activity against DPPH showed high ICsp, compatible data with bark extract
of T rosea (limenez-Gonzalez et al., 2018), suggesting that bark extracts these trees have low
efficiency in this test. The extract here analyzed not indicated reaction with nitric oxide (NO")
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{data not show), a pro-inflammatory mediator that plays an important role in the regulation of
immune fonctions, newrotransmussion, and vasodilation (Sharma, Al-Omran, & Parvathy,
2007).

Despite kmowledge about vegetal extracts are necessary, because shows potential
actions and may value the plant. we considered important to perform in vifre assays evaluating
the cell responses (Fraga et al.. 2020; Lima et al., 2020). There was not changes of viability and
genotoxicity in cells exposed to HCBE (Table 5). These data are according to Borollo et al.
(2017), which suggested absence of genotoxicity of the H. impetiginosa bark. In addition,

confirm the low toxicity found in in silico analyses.
Therefore, the species studied showed low toxic potenfial and exhibited a biological

activity spectrum, including the antioxidant capacity and the protective action in liver and brain
of mice. Literature suggested that its major compounds presents biological act. These data
support point the HCBE as a promising extract for in vive evaluations.

5. Conclusion

The present study observes different parameters of golden trumpet Handreanthus
chrysotrichus. We identify five major volatile compounds from hydroalcoholic stem bark
extract: a-curcumene, B-bisabolene. 4-(4-Methylphenyl) pentanal. pentancic acid and 1soamyl
acetate. These compounds present pharmacological activities predicted which are compatible
with popular practice. On other hand, P-bisabolene and oc-curcumene show carcinogenic
potential toxic risk predictions.

The results also venify high levels of polyphenols and show that H. chrysotrichus bark
has anticxadant effect in different systems. Despite the extract had presented toxicity in Artemia
satureioides bioassay, there was not cell toxieity. Finally, our tests indicate H. chrysofrichus as
a potential agent for in vive testing. especially for the treatment of diseases in which the bark is
used and to ensure safety the medicinal use of this plant.
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Supplementary Material
1. Materials and Methods
1.1. HPLC analyses

1.1.1. Chemicals
Lapachol and B-lapachone reference standard were obtained by Sigma-Aldrich® (Sao
Paulo, Brazil). Acetonitrile and ethanol were obtained by Hexis® (Sao Paulo, Brazil). Purified

water was obtained by Milli-Q Plus® system from Millipore (Milford, MA, USA).

1.1.2. Apparatus and chromatographic conditions

A Shimadzu Prominence® liquid chromatograph (Kyoto, Japan) equipped with a model
LC-20AD quaternary pump, SIL-20AC HT auto sampler, CTO-20AC column oven, SPD-
M20A photodiode-array detector and LC Solution V. 1.24 SP1 manager system software was
used. The chromatographic separation was performed in a Supelco Ascentis® column RP-18
(250 x 4.6 mm L.D., 5 um, St. Louis, MO, United States) and the temperature was set at 30 °C
in the column oven. The mobile phase comprised a mixture of water —acetonitrile ranging from
90:10 to 5:95, in a linear gradient from 0 to 55 min. at a flow-rate of 1.0 mL min™'. The lapachol
and B-lapachone substances were determined by UV detection at 254 nm using a diode array

detector (DAD). The volume of solutions injected into the HPLC system was 20 pL.

1.1.3. Solutions preparation
Lapachol reference standard (10 mg. mL™") and B-lapachone reference standard (5 mg.
mL™") solutions were diluted in ethanol. Handroanthus chrysotrichus bark extract were

prepared in ethanol at 10 mg mL"".

2. Results
The results of the analytical method showed that the lapachol and [-lapachone
substances are not present in the plant bark or the extraction process used was not suitable to

extract its (Figure 1).
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Figure 1. HPLC profile obtained from analysis of Handroanthus chrysotrichus bark extract at 10 mg. mL™" (A).

Lapachol reference standard (10 mg. mL"') (B), and B-lapachone reference standard (5 mg. mL™) (C).
Chromatographic conditions: water —acetonitrile as mobile phase ranging from 90:10 to 5:95, in a linear gradient

from 0 to 55 min, flow-rate of 1.0 mL min’!, DAD detection at 254 nm.
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Abstract

The Golden trumpet Handroanthus chrysotrichus is a tree that presents beneficial health properties against various diseases.
Thus, this study aims to verify the toxicity of H. chrysotrichus bark extract, observing the effects of exposure to this extract in
mice. For this, mice were separated in groups: saline (sterile solution .9%); H. chrysotrichus crude extract (HCCE) 10; HCCE 50,
and HCCE 100 mg. kg~ ! (p.o.). We analyzed HCCE effects on acute (single exposure) and subchronic protocol (14 days
exposure). After both exposures, acute, and subchronic, we collected samples from blood, brain, liver, and kidney tissues for
biochemical evaluation. In addition, after subchronic exposure, we performed behavioral tests. Acute exposure caused an
increase of lipid peroxidation in liver tissue. Moreover, we observed a significant carbonyl increase in liver and brain tissues
from HCCE 50 mg. kg 1. Kidneys presented carbonyl increase in mice treated with the highest concentration. Besides,
creatinine increased in the group of the acute exposure at HCCE 100 mg. kg~ !. Total leukocyte count decreased in all
concentrations tested. Sub-chronic exposure at HCCE 100 mg. kg~? caused a decrease in the number of crossing and an
increase in its self-grooming frequency in the open field test. In this exposure, the brain and liver had a significant increase
in carbonyl levels in all concentrations. We concluded that H. chrysotrichus cause behavioral and biochemical alterations in
mice. HCCE primary targets seem to be the liver, kidneys, and white cells.
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Introduction

Handroanthus chrysotrichus (Mart. ex DC.) Mattos, known as the
Golden trumpet, is a tree from the Bignoniaceae family. Handroan-
thus chrysotrichus has been consumed due to its beneficial health
properties in the treatment of cardiovascular and immunclog-
ical system diseases, allergic process, and envenoming. Stem,
flowers, and bark are the main product obtained from the plant
by people in folk medicine to obtain its therapeutic virtues
[1,2).

This traditional knowledge has been employed as the starting
point for many successful drug development projects. Besides,
ethnobotany is a powerful tool to document and understand
how different traditional people relate to natural resources (3,
4]. In this context, the scientific literature reports the analgesic
and antiproliferative effects of Lapachol, found in H. chrysotrichus
wood extract [5, 6]. On other hand, Costa et al. [7] showed five
volatile compounds of H. chrysotrichus bark extract: «-curcumene,
#-bisabolene, 4-(4-Methylphenyl)pentanal, pentanoic acid, and
isoamy! acetate. According to the authors, these compounds
presented other pharmacological properties in silico, as mucobe-
mbranous protector and antieczematic. In addition, the bark
extract showed antioxidant activity. All these data are compatible
with its use in folk medicine.

We highlight that many factors affect the plant extract
characteristics and composition. These substantial differences
between specimens may be due to environmental conditions
and the conditions under which the plant was cultivated (8, 9].
Moreover, parts of the plant and the extraction method result in
the acquisition of different secondary metabolites [10]. Important
factors in the study of xenobiotics.

The use of H. chrysotrichus, as well as many plant species,
may indicate the presence of active substances and serves as
a clue to pharmacological and phytochemical explorations [11].
Thus, this is an initial study that aims to verify the putative
toxicity of H. chrysotrichus bark extract, observing the behavioral

and physiological effects of acute and subchronic exposure to
this plant in mice.

Materials and Methods
Plant material

Handroanthus chrysotrichus bark was collected in 29°4949.2"S
57°06'07.1"W geographical coordinates in Brazilian summer.
After identification, a voucher specimen to be deposited at the
herbarium of Federal University of Pampa (protocol number
142/2017).

To obtain an extract of the plant material, its bark was sub-
jected to drying at 40°C for 5 days and reduced to powder.
Subsequently, samples of the powdered material were used in
the percolation technique. Percolation was carried out for 2 hours
in a glass column and applied to bark using 70% hydroethanolic
solution in a ratio of 1:10 (w/v). After that, the H. chrysotrichus
crude extract (HCCE) was freeze-dried.

Animals

The Committee for Animal Research of the Federal University
of Pampa approved this research (Protocol number 55/2019) and
all guidelines instructed by the ethical research committee for
laboratory animal care were followed thoroughly. Male Swiss
mice (25-35 g) were kept in an appropriate animal cabinet with
forced air ventilation, in a 12-hour light/dark cycle, at a controlled
room temperature of 22°C, with food and water ad libitum.

Based in previous assays [7], mice were separated in four
groups (n = 5 for each group): saline (sterile saline solution .9%);
HCCE 10; HCCE 50; and HCCE 100 mg. kg-*. Dry HCCE diluted
in saline was given orally (p.o)). Then, we analyzed acute and
subchronic exposure—with two lots of 20 animals each—at the
same HCCE groups. In the first lot, mice were exposed once to
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N} Acute exposure

HCCE and the samples from brain, liver, and kidneys tissues and
blood were collected for biochemical analyzes after 24 h. While
in the second, there was an exposure daily for 14 days, after we
performed the behavioral test and collected samples from brain,
liver, and kidneys tissues and blood to perform biochemical
analyses. Figure 1 shows the study experimental design.

Behavioral test

Open field test. Open field test (OFT) was performed according
to Bond and Giusto [12], with modifications. Briefly, mice were
treated for 14 days with saline or HCCE (10, 50, or 100 mg. kg*,
p-o.), and on the 14th day, the test was performed 1 hour after
gavage They were enclosure a white quadrangular apparatus
(100 x 100 cm di er, with 12 equally spaced squares) in a
silent room. Mice behavior response was recorded by a video
camera during 6-min period. Finally, locomotor and anxiety con-
duct were assessed by (i) number of crossing with all paws;
(i1) rearing, times standing on hind legs; (iii) self-grooming fre-
quency; and (iv) defecation score [13].

Tissue toxicity evaluation

Organs/body weight ratio. Twenty-four hours after last HCCE
administration, animals were euthanized by decapitation and
their organs—liver, kidneys, spleen, heart, and brain—were
weighed, and the results were expressed as a ratio of body weight
in relation to body weight. The initial and final difference in
animal weight in vivo in each group was also recorded. Data
assessed toxicity about these tissues.

Oxidative stress assays. The following tests were used to obtain
oxidative stress biomarkers in the brain, liver, and kidneys
of treated mice. Soon after euthanasia, organs were quickly
removed and carefully washed twice with cold saline and
homogenized in cold NaCl (150 mM). Homogenates were
centrifuged at 2000 g for 10 min at 4°C and the supernatants
(S1) were collected for biochemical analyses.

Thiobarbituric acid reactive substances assay. Lipid peroxidation
index was measured according to Ohkawa et al. [14] using S1
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12 13 14 15
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SAMPLING:
- Blood, brain, liver and kidneys Tissue

of tissues and corrected by protein content [15]. A standard
curve of malondialdehyde (MDA) was constructed to determine
thiobarbituric acid reactive substances (TBA-RS) content.

Protein carbonyl levels.  Aliquots of S1 were derivatized using 2.4-
dinitrophenylhydrazine (DNPH) and precipitated with an equal
volume of 20% (w/v) trichloroacetic acid. Then, they were washed
two times with an ethancl/ethyl acetate mixture (1:1). Precipi-
tates were dissolved in 6 M guanidine HCl solution. Protein car-
bonyl levels were determined spectrophotometrically at 370 nm,
against blanks [16]. Results were calculated using the DNPH
molar extinction coefficient, corrected by protein content, and
expressed as nanomoles of carbonyl per milligram of protein.

Nonprotein thiols levels. Nonprotein thiols levels (NPSH) levels
were determined according to Ellman [17]. S1 samples were
precipitated with 10% trichloroacetic acid (1:1) and centrifuged
at 4000 g for 10 min at 4°C to obtain supernatants, which
were added to a medium containing phosphate buffer (TFK
.25 mM, pH 7.4) and Ellman reagent (DTNB 1 mM). The yellow
pigment produced was measured spectrophotometrically at
420 nm. Results were calculated in relation to a standard curve
constructed with glutathione (GSH) at known concentrations
and corrected by protein content.

Blood biomarkers

Blood was collected in heparinized tubes by cardiac puncture
after fasting for 12 hours. Analyzes performed were:

Alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) activity and creatine K levels. After centrifugation, ALT and
AST activity and creatine K levels were determined in plasma

using a commercial kit (Labtest, Minas Gerais/Brazil).

Total leukocyte count. After blood collection, total leukocyte count
occurred according to Dornfest et al. [18] with modifications.
Briefly, blood was collected and diluted (1:20) in Turkey dye and
filled in the Neubauer Chamber. Total leukocyte count was made
in the Optical Light Microscope and results being expressed as
cell numbers. pL-*.
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analyzed using one-way ANOVA followed by Bonferroni's test (* indicate significative differencs compared to saline).

Statistical analyses

Results are presented as mean + standard deviation (SD) for
each group. Data obtained from behavioral tests and organs/-
body weight ratio were analyzed using a one-way analysis of
varance (ANOWVA) followed by Bonferroni's multiple comparisons
test. For data obtained from oxidative tests and creatinine K
assay was employed two-way ANOVA followed by Tukey's mul-
tiple comparisons test. For leukocyte count was used one-way
ANOVA followed by Bonferroni’s test in the comparison between
groups and two-way ANOVA followed by Tukey's test to compare
exposure. P values less than .05 were considered indicative of
significance.

Results
Behavioral test

The open field assay showed no significant difference in the
rearing and defecation frequency between HCCE concentrations
tested and the control group. Treatment with lower HCCE doses
{10-50 mg. Kg *) tested in the subchronic model, no affected the
spontaneous locomotor and emotional response (Fig 2). How-
ever, mice exposed to HCCE at 100 mg. kg * concentration pre-
sented a significant decrease (P = 0.05) in the number of crossing

(Fig. 2A) and an increase in its self-grooming frequency (Fig. 2B)
compared with saline.

Other complementary behavioral tests were performed. Mice
treated presents not significant changes in forced swimming test

(FST) and tail suspension test (TST) (Supplementary materal,
Fig 1).

Tissue toxicity evaluation

Organs/body weight ratio. There was no difference in the ani-
mal weight before and after treatment in both acute and sub-
chronic exposures. The toxicity analyses by organs/body weight
ratio (Fig. 3) showed that mice exposed acute and subchroni-
cally to HCCE did not show weight abnormalities in their main
organs—heart, brain, liver, spleen, and kidneys—compared with
saline control. Histological changes of liver exposed subchron-
ically also were not observed, despite kidney glomeruli of the
HCCE 50 and 100 groups have shown changes in their structure
(Supplementary material, Fig. 2).

Oxidative stress. Oxidative stress was assessed in the brain, liver,
and kidneys of mice acute and subchronically exposed to HCCE.
Here, we quantified TBA-RS, NPSH, and carbonyl levels in each
organ to characterize HCCE effects (Fig. 4 and 5).
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Table 1: blood biomarkers analyzed

significative difference compared to saline).

Parameter (Unit) Exposure acute (mg. Kg-?) Exposure sub-chronic (mg. Kg—?*)

Saline 10 50 100 Saline 10 50 100
ALT (U/) 711+ 269 741+ 164 1174+89 1409:413 9924207 1151+ 47 11594119 15114419
AST (U1) 20184£535 2252+425 1949+654 3009391 1695+363 1853+157 1656+264 2289+999
Creatinine K (mg. dL-?) 024+ .13 049+ 08 023+ 04 062+ 19% 026+ 1 036+ .18 037+ .14 035+ .14
Leukocytes (10°. pL-?%) 765491 3084114 46+ 93¢ 314 54 836+22 1331452 54142% 1003+ 348"

Data represented by mean + SD. Letter "a” inds ignificative da
test. Letter “b™ indi diff b groups of exp with same

d with saline using one-way ANOVA folk i by Turkey’s multipl p

using two-way ANOVA followed by same pest hoc

Initially, the amount of TBA-RS and NPSH in the brain did
not show significant alterations in both, acute, and subchronic
exposure (Fig. 4A and C). In addition, animals of acute exposure
showed a significant increase in carbonyl from 50 mg Kg™*
compared with saline control (Fig 4E). While animals of sub-
chronic exposure presented a significant increase in carbonyl
in all concentrations tested (10-100 mg. Kg '), compared with
control (Fig. 4E). However, subchronic exposure had a significant
difference from acute in brain TBA-RS and NPSH amount, includ-
ing saline control (Fig. 4A, C).

Liver analysis indicated a TBA-RS increase in acute condi-
tions for all groups tested when compared with saline control.
There were no alterations for this parameter in subchronic eval-
uation (Fig. 4B). A similar situation was found for NPSH levels
(Fig. 4D). Moreover, when the liver was exposed subchronically
to HCCE presented a significant increase in carbonyl levels in all
tested concentrations. While animals of acute exposure showed
a significant increase from 50 mg. Kg~! compared with control
(Fig. 4F).

The only altered oxidative parameter in kidneys was carbonyl
of mice treated with acute exposure to HCCE at its highest
concentration (100 mg. Kg ) (Fig. 5). TBARS and NPSH did not
change with treatment acute or subchronic (Data not show).

Blood biomarkers
All blood biomarkers analyzed are demonstrated in Table 1.

ALT, AST, and creatinine K. ALT and AST analysis were used as
parameters for hepatic damage measure, which did not show
significant differences between groups assessed. The biomarker

used to indicate kidney damage was creatinine K. This biomarker
had a significant increase in the mice group of the acute exposure
at HCCE 100 mg. Kg—*.

Total leukocyte count. Total leukocyte count showed that mice of
the acute exposure group had a significant decrease of cell count
in all HCCE concentrations tested (10-100 mg. Kg-!). On other
hand, no one of the animals subchronically exposed to HCCE
showed a significant difference.

Discussion

Here, we verified alterations in mice behavior caused by sub-
chronic exposure to H. chrysotrichus hydroalcoholic stem bark
extract at the highest dose. The extract also caused an oxidative
imbalance in liver tissue. Brain tissue had an increase in carbonyl
levels. The animals of acute exposure showed in the kidney
tissue a significant increase of carbonyl and creatinine K levels at
the highest HCCE concentration. In addition, the acute exposure
trigged a decrease of total leukocyte count in all concentrations
tested.

General aspects were observed while the mice were exposed
to the extract (death, contortions or tremars, vomit, diarrhea,
lethargy, and irritation of the skin). These toxicity symptoms
observed (Supplementary matenal, Table 1) indicated diarrhea
and lethargy in animals exposed subchronically at 50- and 100-
mg. Kg~* concentrations. Although TST and FST behavioral
tests were not significant (Supplementary maternial, Fig. 1), these
observations are following OFT (Fig. 2A), where we see a decrease
in the number of crossing at 100 mg. Kg . This group presented
also an increase in its self-grooming (Fig. 2B), a common behavior
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in rodents that consist of stereotyped patterns known as a
syntactic chain pattern [19]. These movements represent up
to 30-50% of their waking time (20, 21]. The increase of this
conduct compared with the mean of the control group may
be considered as an anxiety signal. Thus, these changes in the
central nervous system may have occurred in animals exposed
subchronically to high concentrations of the extract. Although
there are Bignoniaceae species that possesses anxiolytic and
antidepressant-like activities [22)].

In this context, dopamine is one of the main neurotrans-
mitters present in the brain, and administration of its receptor
agonist (D1R) in rodents may amplify behavioral stereotyped
and production of self-grooming chains [23, 24]. The glutamate
seems is also involved in the regulation of self-grooming [25],
including there is the effect of neurcnal glutamate transporter
EAAC1 on DIR expression [26]. Another neurotransmitter is y-
aminocbutyric acid (GABA), present more than 90% of striatal
neurons in the brain [27]. Morland et al. [28] suggest that the
inhibition of GABA transaminase causes its accumulation and
increase of the extracellular concentration, which inhibits neu-
ronal activity and causes lethargy. We highlight that our previous
evaluation of HCCE [7] demonstrated five compounds of extract,
among them the pentanoic acid, which present an effect GABA
transaminase inhibitor in silico (Probable activity = 0.852; Proba-
ble inactivity = 0.002—Data not show). Although we have found
no evidence that HCCE is neurotoxic, this datum may indicate a
relationship between extract and the nervous system.

After the euthanasia of mice, we made other toxicological
tests with their organs. There were no changes in the animal
organs/body weight ratio (Fig. 3), even in histological analysis of
the liver (Supplementary material, Fig. 2). In the brain, no differ-
ences were observed in TBA-RS and NPSH levels when compared
with control. Moreover, the increase in carbonyl in the brain may
be induced by stress in rodents, which is associated with the
development of the depressive state, as we saw in OFT [29]. Even
because, we did not verify any report of neurotoxicity in HCCE.

Still, in the brain analysis, mice of subchronic showed a
significant difference when compared with acute exposure in
TBA-RS and NPSH levels, including saline control (Fig. 4A and C).
We believe that this fact does not have a relation with subchronic
treatment. But with something that occurs in this period, such
as animal manipulation, aging, or methodological interference.
Moreover, according to Fisher-Wellman and Bloomer (30}, exer-
cises—like swimming incorporated in behavioral tests—possess
the potential to result in increased reactive oxygen and nitrogen
species production, and subsequent oxidative stress. These are
some facts that may justify the difference found between acute
and subchronic groups.

Altogether, the imbalance in the liver may have occurred due
to its function as the main organ involved in the biotransforma-
tion of xencbiotics in the organism. However, serum enzymes
that are considered sensitive markers of hepatic toxicity as ALT
and AST [31] have not altered their activities (Table 1), suggesting
that major liver damage occurred in its lipids during oxidative
stress generated by acute exposure (Fig. 4B). Not all species in
the Bignoniaceae family trigger this stress (32]. But, we highline
that e-curcumene, the major constituent of the HCCE [7], exerts
triglyceride-lowering activity on serum as well as liver triglyc-
erides [33]. This set of transformations may influence oxidative
stress. Moreaver, carbonyl levels also were affected. We know
that carbonylated proteins have a long half-life and take longer to
suffer degradation when compared with normal proteins; there-
fore, they may be accumulating since acute exposure (Fig. 4F).

Costaetal | 7

On the other hand, the kidney presented increased carbonyl
and creatinine levels (Fig.5 and Table 1, respectively) found
only in the acute treatment at 100 mg. Kg* concentration.
Nonetheless, the subchronically treatment at 100 mg Kg*
showed significant increase of glomeruli and capsular space area
(Supplementary material, Fig. 2). The kidneys receive about 20-
25% of the blood flow, and because of this, any chemical or drug
that reaches the systemic circulation will reach the kidneys in
high concentrations, possibly concentrating potential toxicants
in the kidney fluid. Thus, renal transport, accumulation, and
metabolism of xenobiotics contribute significantly to renal
susceptibility to toxic damage [34].

We also found leukopenia in all concentrations tested of the
acute treatment (Tzble 1). Leukocytes are the main blood cells
involved in the immune response. Among the types of leuko-
cytes, neutrophils are the most important in the pathogenesis of
inflammation. They are predominant cells in the first 6-24 hours
in acute cases of inflammation [35]. Despite HCCE presents
some compounds anti-inflammatory act in silico (7], here seems
to be occurring a leukocyte migration in the first 24 hours.
Later, this process may have suffered a compensatory effect
on subchronic exposure. Nevertheless, the leukocytes activated
produce cytokines as inflammatory responses. These cytokines
trigger changes behavioral such as reductions in activity, food
intake, and social interaction, along with increased sleep and
anhedonia {36, 37]. Similar to that seen in some treated groups
of subchronic exposure (Fig. 2; Supplementary Material, Table 1).

Blood parameters are used to determine the extent of adverse
effect of exogenous compounds as plant extracts [38]. Blood
cells derive from the pluripotent hematopoietic stem cell, which
capable of becoming leukocytes, erythrocytes, or thrombocytes.
Changes in the hematopoietic system have a higher predictive
value for human toxicity when data are translated from animal
studies [39, 40]. In this context, treatments with others species
of Bignoniaceae family also can change blood parameters, as red
blood cells, hemoglobin, mean corpuscular volume, neutrophils,
lymphocyte, and platelet, besides some serum electrolytes as
calcium [32, 41, 42).

Thus, besides white cells, the HCCE primary targets seem to
be the liver and kidneys, because they are the main sites for xeno-
biotics metabolism. On other hand, the brain is affected under
subchronic exposure, causing long-term behavioral changes at
the highest concentrations. Possibly, continuous stress produces
brain damage and alterations in its neurotransmitters.

Conclusions

The present study showed that high concentrations of H.
chrysotrichus cause behavioral and biochemical alterations in
mice. HCCE trigger an oxidative imbalance in kver tissue in
both exposures, acute, and subchronic. Besides, the carbonylated
protein levels increased in brain tissue, which may be associated
with a possible lethargy in mice exposed subchronically. We
verified also that acute exposure induced leukopenia and caused
kidney damage at the highest concentration.

The results obtained allow concluding that extract may cause
significant damage, especially at high concentrations and in a
long extract exposure. Our current study provided a compre-
hensive view for understanding the damage caused by HCCE.
Moreover, a further detailed investigation is required for discov-
ering the key metabolites and their roles in these damages and
identifying how HCCE acts on white blood cells.
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SUPPLEMENTARY MATERIAL

1. Materials and methods
During the study, all animals were observed and mice sub-chronically exposed to HCCE

performed behavioral tests (tail suspension and forced swimming test).

1.1. General Observation

During the maintenance of animals, there were general observations about the health of
the mice. These observations were performed every 12 hours for 10 minutes. Besides, toxicity
symptoms observed were classified into lethality, pain, gastrointestinal and behavioral
alterations, and sensitization skin. Symptoms were expressed flexibly: (+) low potential,
reached one animal in the group; (++) medium risk, reached between 2 and 3 animals in the

group; (+++) high risk, reached between 4 and 5 animals in the group; and non-observed risk

(0).

1.2.  Behavioral tests
1.2.1. Forced swimming test (FST)

Mice were individually forced to swim in a cylindrical container (diameter 10 cm, height
25 cm), containing 19 cm of water at 25 £ 1°C. The mouse was immobile when it ceased
struggling and remained floating motionless in the water, making only those movements
necessary to keep its head above water. The immobility time was measured by a blinded
observer during a 6 min test. An increase in the duration of immobility was considered

indicative of a depressant-like activity®.

1.2.2. Tail suspension test (TST)
TST is based on the fact that animals subjected to inescapable stress will develop an

immobile posture. The mice were individually suspended 50 cm above the floor using adhesive
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tape placed approximately 1 cm from the tail and the total duration of immobility time was
measured according to the method described by Steru et al.2. The immobility time was measured
for 6 min by a blind observer. An increase in the immobility time was considered indicative of

a depressant-like activity.

1.3. Histology

Three liver and kidneys samples were prepared to histological examination. Fresh
portions of both tissues were cut out rapidly and fixed in neutral buffered formalin (10%).
After, these samples were dehydrated with progressive percentages of ethanol (70, 80, 900, 95,
and 100%) and clarified in xylene. Then, tissues were impregnated in paraffin, mounted in
blocks, and cut (5 um) slices by a microtome. The microscopic slides were stained with
Hematoxylin and Eosin.

Twenty images of renal corpuscles were photographed per slide (Enlargement 400x),
and using the Adobe Photoshop 2021 software, the glomerular and corpuscular area were

measured in um?. The subtraction these two areas resulted in the capsular space.

1.4. Statistical analyses

Results are presented as mean * standard deviation (SD) for each group. Data obtained
were analyzed using one-way analysis of variance (ANOVA) followed by Bonferroni's multiple

comparisons test. P values less than 0.05 were considered indicative of significance.

2. Results
2.1.  General observation

Our observations on animal health during treatment demonstrate the danger of exposure
sub-chronic to HCCE, mainly at high concentrations (Table 1). Among the toxicity symptoms

observed are diarrhea and lethargy.
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Table 1. Observations of toxicity symptoms observed during the treatment of the mice.

Toxicity symptoms observed

Group
Mortality Pain Gastrointestinal Behavioral Sensitization
Dose Contortions . . .
Exposure (mg. Kg) Death or tremors Vomit Diarrhea Lethargy Skin
Saline 0 0 0 0 0 0
% 10 0 0 0 0 0 0
< 50 0 0 0 0 0 0
100 0 0 0 0 0 0
g Saline 0 0 0 0 0 0
e 10 0 0 0 0 0 0
<
Q 50 0 0 0 + + 0
o)
a 100 0 0 0 ++ ++ 0

Low potential (+), medium risk (++), high risk (+++) and non-observed risk (0).

2.2.  Behavioral tests

Results illustrated in Figure 1 represent depressive-like behavior expressed as the
duration of immobility in TST (Figure 1A) and FST (Figure 1B). Group treated with HCCE (10
— 100 mg. kg, p.o.) no presented a significant increase (p < 0.05) in the immobility time in

both tests, TST and FST, compared with animals from the group treated with saline (10 ml. kg

1
, p.0.).
A B
n. s. n.s
200- 150+
: I
< 1504 T
£ L T g
2 1001 L
3 N =
g 50
0 T T ] ] 0 L] L] L] L]
’§\Q° \Q (,JQ \QQ é\(\e ;\Q (QQ \QQ
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HCCE (mg. Kg™, p.0.) HCCE (mg. Kg™, p.o.)

Figure 1. Immobility evaluation in A) tail suspension test (TST) and B) forced swimming test (FST) of mice sub-
chronically exposed to Handroanthus chrysotrichus. Data are expressed in mean + SD. There was non-significance
(n. s.) between the groups evaluated.
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No differences were found in the analyzed liver tissues (Figure 2). On the other hand,
the group treated with HCCE 100 (100 mg. kg%, p.0.) presented a significant increase (p < 0.05)
in the glomerular and capsular space area (Figure 2A, and C). The intermediate group HCCE

50 (50 mg. kg%, p.o.) presented an increase in its capsular space (Figure 2C).

Saline HCCE 10 HCCE 50 HCCE 100

N =
s g e00 K
& ® ®
. 5 il [ 2
5 S :
2 3 300 < 200
E 350 4 2
o] ] 3
0 0 (]
& Q) S o o S AN N & S N
& A\ S S < N 5 Q & N\ 3 S
& . = * & k&
HCCE (mg. Kg™, p.o.) HCCE (mg. Kg™, p.o.) HCCE (mg. Kg™, p.o.)

Figure 2. Effect of sub-chronically HCCE treatment on mice liver and kidneys histology. Kidney glomeruli were
analyzed using A) the glomerular, B) corpuscular, and C) capsular space area. Data are expressed in mean + SD
(* indicate significative difference).
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Abstract

The aim of this work was to present the state of the art of Philodryas patagoniensis venom
(PpV) and to approach the possibility of its use in toxicological and pharmacological tests. We
consulted Web of Science (WoS), Scopus, and PubMed databases to search for articles from
1969 until May 2020, with keyword combinations: “Philodryas patagoniensis” AND “venom”.
After filtering the number of articles was reduced from 133 to 37. Then, we assessed the
similarity among databases and created categorizations to classify the lines of study: (1)
Biochemistry; (1I) Toxicology; and (lIl) Pharmacological works. Moreover, we extracted
diverse information from articles. The results showed WoS and Scopus present a similarity of
60% in their papers. Biochemistry works are more abundant. P. patagoniensis is not considered
a venomous snake, but its envenoming can trigger clinical manifestations. PpV has a complex
mixture of compounds generated by Duvernoy's gland with the potential to generate protease
and hemorrhagic activities greater than Bothrops jararaca. Most rear-fanged snake venoms
have not been studied; therefore, many medical implications may be discovered. On the other
hand, the interactive potential of toxins is a neglected area of research. Thus, based on collected
data, we concluded that PpV is little explored in both research fields: Toxicological and
Pharmacological. In addition, despite the difficulties, it seems plausible to use PpV as a

Toxicological or Pharmacological assessment model due to the diverse reasons here mentioned.

Keywords: Poison. Dipsadidae. Colubridae. Review. Ophidism. Green-racer.



73

Abbreviations

Cysteine-rich secretory proteins (CRISPs); Ethylenediamine tetra-acetic acid solution (EDTA);
Web of Science (WoS); Scopus (Sc); PubMed (PM); Philodryas patagoniensis venom (PpV);
Snake venom metalloproteinase (SVMP).
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Background

Philodryas patagoniensis is a snake known as Green racer and belongs to the Dipsadidae
family, which is characterized by tree species. Nevertheless, P. patagoniensis is a species that
occurs in open areas of the Pampa Biome, essentially terrestrial and including arboreal habits
when foraging [1]. The Green racer is frequent in Rio Grande do Sul State and may be found
until Rio Grande do Norte State. In addition, this species occurs in Argentina, Uruguay, and
Bolivia. These snakes are diurnal species, with brownish color that allows them to camouflage,
besides reaching up to 1.6m in length [2,3].

About 20 to 40% of snake accidents in Brazil occur due to species of the family
Dipsadidae, the largest family of snakes in Brazil. Moreover, the main genera involved in these
accidents are Helicopters, Oxyrhopus, Thamnodynaster, and Philodryas [4—8]. The number of
accidents caused by venomous animals has been growing in recent years and the chance of
death among snakebites is higher [9,10]. Brazil recorded 30,482 cases of exposure to snakes in
2019, with 147 deaths. The Northern region of the country was the most affected, with 34% of
accidents. The bothropic group represented 68.5% of these cases and non-venomous or ignored
species were 20% [11].

In Brazil, there are aglyphous, opisthoglyphous, and proteroglyphous snakes, but due to
medical importance, venomous solenoglyphous snakes are more studied. Marcussi etal. [12,13]
began genotoxic studies caused by these snakes in human leukocytes. On the other hand, the
pharmacology field approaches the potentials of different compounds against their venoms. The
use of ascorbic acid, vitamin E, and Vitamin B-complex are examples in cases of envenoming,
in which the organisms were protected against damage induced by the venom of species of the
genus Bothrops [14].

Especially, P. patagoniensis is an opisthoglyphous snake presents venom, which added

to saliva is involved in food biology, acting as a complementary mechanism in the capture of
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its prey [3,15]. However, accidents with this snake as well as other specimens of the Dipsadidae
family may provide to their victim pain, edema, bruising, hemorrhage, muscle necrosis, and
systemic effects, such as dizziness and vomiting [16-21].

In this context, despite P. patagoniensis is a frequent species, which presents cases of
accidents with envenoming, it is a snake little used to obtain venom for toxicological and
pharmacological tests. Thus, we aim to bring the state of the art of its venom and to approach

the possibility of its use in these fields.

Methods

Carrying out this study we consulted Web of Science (WoS), Scopus (Sc), and PubMed
(PM) databases to search articles. We used in each of these databases the following keyword
combination: “Philodryas patagoniensis” AND “venom”. Thus, there were searches based on
the title, abstract, and keywords of articles published from 1969 until May 2020. This process
resulted in a total of 133 papers, 50 found in Sc, followed by 48 in WoS, and 35 in PM.

After assessing the titles and abstracts (and the full text when needed), we excluded

duplicate papers and those were not related to study P. patagoniensis venom (Figure 1). This
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filtering reduced the number of articles from 133 to 37. For each paper, we obtained information

such as the year of publication and the region which the survey was conducted.

: Duplicate articles in databses (N=38) :

" Articles duplicate
Total articles (N=133):
Start Sc (N=50) + WoS (N=48) + PM (N=35) "::‘_";’;;ﬂ
Title, abstract and Key-words screened . B
(N=57) Articles removed (N=15)
Excl ith
Analysis of full text (N=42) e Ude':r:‘:;) reasons

IDENTIFICATION

SCREENING

ELIGIBILITY

Studies included in qualitative review

Figure 1. Bibliometric analysis step with the screening of articles.

INCLUDED

The papers included in this work allowed to perform some steps:

1) The similarity among databases was analyzed by Jaccard similarity;

2) We developed the following categorizations to classify the lines of study for
each paper according to their approaches: (I) Biochemistry — articles that
characterize proteins and enzymatic activities of P. patagoniensis venom in
vitro; (I1) Toxicology — articles that aim to assess the consequences of
envenoming or to assess a compound against venom in an animal model; and
(111) Pharmacological — articles that determine possible drugs from the venom.

We clarified that item 1 was developed in the topic “General information”. While item

2 was covered the remaining topics, according to the subject. In addition to the filtered works,
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other articles were employed to contextualize and develop the themes related to general aspects

and comparison among groups of snakes.

General information

When analyzing the three databases — WoS, Sc, and PM — there were 133 articles in all,
which were abbreviated to 37. In this process, we noted a greater similarity between Sc and
WoS. This similarity reached approximately 60%, which indicates the duplicated productions
of these databases.

After choosing the works, we saw that the oldest paper was published in 1982, and the
most recent in 2020. Along this timeline, there has been no publication regarding P.
patagoniensis venom (PpV) for many years. The largest number of articles published was
among 2010, 2011, and 2017, with four publications each year. The articles classification
showed that 54.05% are defined as Biochemistry works, 40.54% as Toxicology, and 5% as
Pharmacological studies.

Most studies were developed in Brazil (N=15) and Argentina (N=9). It was possible to
verify a collaborative network between these countries (N=5), and collaborative studies
between the United States and Argentina (N=2).

Thus, we see that the last decade has been remarkable in the production of the theme

addressed. Most articles are related to Biochemistry and Brazil is the reference in the area.

Biochemistry of Philodryas patagoniensis venom

We know that Bothrops snakes are the main cause of accidents in Brazil, but coral
snakes also present medical importance. These species are of the Viperidae and Elapidae
families, respectively. In addition, both families Viperidae and Elapidae present front-fanged
and their venoms are constituted essentially by snake venom metalloproteinase (SVMP), snake

venom serine proteinase, L-amino acid oxidase, kunitz peptide, phospholipases A2, C-type
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lectin, and cysteine-rich secretory proteins (CRISPs). Besides that, they also present minor
venom components and different concentrations for each species. The main difference between
elapid and viper venoms is the presence of three-finger toxin in elapid venoms and the absence
in viper venoms [22-25].

In this context, Peichoto et al. [26] highlighted that PpV and other snakes of their groups
possess many venom proteins in common with the venoms of front-fanged snakes, as the
proteins found in PpV and also in Russian viper venoms [27]. These similarities between
different groups occur because the venom glands of caenophidian snakes are homologous. In
Brazil, the Caenophidia clade includes Colubridae, Dipsadidae, Elapidae, and Viperidae
families. Thus, venoms produced among the rear-fanged snakes present likeness with the
venoms of the front-fanged snakes, including peptides, which are a remarkable example of
functional convergence [28-30]. However, considering that their venoms are adapted to
facilitate feeding, they vary in composition with several important factors as phylogeny [28],
geographic location, seasonal variation, diet, age, and sex of the animal [31].

The responsible for forming the venom in rear-fanged species like Philodryas is
Duvernoy's gland. Duvernoy’s nomenclature is disuse due to the issues raised above, such as
homology. Anyway, this gland is characterized by seromucous cells, which show neutral
mucosubstance and protein radicals. Furthermore, there is an acinar area around the gland that
is formed by mucous and mucoserous cells [30,32]. The Duvernoy’s gland provides to P.
patagoniensis a venom formed mainly of proteins that have a molecular mass between 25-80
KDa [33]. Basically SVMP, metal-dependent proteinases that could have their toxic activities
blocked by Ethylenediamine tetra-acetic acid solution (EDTA), for example [34].

The patagonfibrase is a SVMP present in the PpV with approximately 53KDa. Activities
of this protein increase in the presence of calcium ions, and it can degrade fibrinogen and

azocasein. Likewise, it participates in the genesis edema, leukocyte recruitment, bleeding,
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myotoxic effects, and inhibits platelet aggregation [35-37]. Moreover, patagonfibrase increased
tissue factor and reduced protein disulfide isomerase locally in the rat model and triggered local
inflammatory reactions that characterize snake bites [37,38]. The venom features also the
patagonin, a CRISPs that exhibited a molecular mass of 24.8KDa and myotoxic activity [39].
Patagonin belongs to snake venom CRISPs, which are proteins found in the majority of crude
venoms but at low levels, and can exhibit diverse activities [40]. Literature also reported minor
venom components presence as caseinolytic activity, acetylcholinesterase, carbohydrate,
besides phospholipase A2 in this venom [26,41].

We highlight in this topic that there is a homology in the venom of rear-fanged and
front-fanged snakes. Nevertheless, diverse aspects influence the venom composition, which
contributes to the synthesis of different compounds. Large protein groups such as SVMP,
CRISPs, and phospholipase A2 are present in PpV, as well as in other families of snakes. Until
now, two compounds of PpV have been properly characterized. Thus, we noted a limitation in
research about this venom, which can provide access to unknown compounds with toxicological

and pharmacological potential.

Toxicological potential of the Philodryas patagoniensis venom

Envenomation represents a serious public health problem. We know that most accidents
with P. patagoniensis occur in spring and summer. Although this species is considered non-
venomous, there are accidents with clinical manifestations such as pain, brief bleeding,
erythema, and edema. Rare are cases with systemic symptoms [18]. Araujo and Santos [16]

reported an accident caused by P. patagoniensis:

The bite itself did not cause immediate problems. However, the patient complained
about a constant itching, that could have been caused by an allergic reaction due to
the poison of the snake. After a few minutes, a local swelling rapidly develops and
spreads to the hand and fingers, expanding later to the forearm and arm, and reaching
the axilla, 72 hours later. This edema remained for 15 days. During that period, arm
and hand were hampered and painful, having lost part of their movements. Despite
the local signs, the patient did not present systemic symptoms.
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In addition, another case of envenoming by P. patagoniensis was reported. A 5-year-
old boy bitten also showed signs of local envenoming characterized by swelling and warmth on
the bitten limb [42]. These are not the only envenoming cases, but they are the ones documented
in the literature. All these symptoms occur because venoms have a complex mixture of protein
and non-protein components. Despite SVMP seems to be primarily responsible for these
effects, as well as the venom of others snake species [41,43], Lopes et al. [44] suggest that
SVMP is not related to pain induced by PpV.

Some symptoms of exposure to P. patagoniensis as bleeding are already well known
[45]. This symptom is caused by SVMP, which degrades proteins in the basement membrane
of blood vessels, resulting in a loss of capillary integrity and leading to local bleeding.
Implications are worsened by fibrinogenolytic enzymes, which reduce plasma fibrinogen by
hydrolysis and prevent coagulation. Including a stronger fibrinogen degradation activity than
other rear-fanged snakes such as Rhabdophis tigrinus and R. lateralis [46—48].

Histological analysis indicated that the damages caused by PpV are dependent on its
reach. When administrated intravenously, PpV can generate damage to the cerebellum,
cerebrum, lung, kidney, and liver. The subcutaneous route also can affect the same tissues,
except for the cerebellar region. Finally, intramuscular administration causes impairment in the
lung, kidney, and liver tissue of rats. Moreover, there is a deficient muscular regeneration
observed in P. patagoniensis envenomation, both experimentally and clinically. These facts,
consequently, cause behavioral changes in the model adopted [49,50].

In addition, mice were used for initial tests to elucidate nociception — physiological
components of pain — and edema pathway of PpV. The study showed that both symptoms
present cyclooxygenase eicosanoids as the main mediators. Besides the angiotensin-converting
enzyme inhibitors as captopril can increase nociception, indicating that kinins participate in the

pathophysiology [44].
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Other side effects of the PpV in animal models are neuromuscular blockade,
dermonecrotic activity, and myotoxic potential reaching necrosis, together with increase of
creatine kinase in serum as a marker for muscle damage. Moreover, PpV indicates a protease
activity greater than the Bothrops jararaca [33,34,51]. The peak of the hemorrhagic activity
differed between venoms, being 24h for B. jararaca and 4h for PpV [34]. Later, Rocha and
Furtado [45] performed other comparisons between PpV and bothropic venom. According to
the authors, PpV presents biological activities like the venom of species of Bothrops genus,
with a faster development time of the effects. Including a lethal dose of 50% of 58.85 p1g. mouse"
! while B. jararacussu, B. alternatus, and B. jararaca present a lethal dose of 58.8, 67.5, and
24.7 pg. mouse *, respectively [52].

Possibly due to this similarity, PpV is reactive to bothropic antivenom [33]. As PpV is
immunogenic, hyperimmune sera produced by injection of this venom present cross-reactive
with sera produced by B. jararaca venom. Thus, Bothrops antivenom produced may be useful
in human serum therapy in cases of envenomation by P. patagoniensis, with concentration
adjustments [34]. This is important data since ophidism caused by Philodryas is neglected in
some countries, despite the fact that antivenom therapy is not very effective locally [38,53].

We highlighted that these biological effects are common among other snakes of the
Philodryas genus, as P. nattereri and P. olfersii [54]. Especially P. olfersii, which can also
increase the levels of insulin-like growth factor 1 (IGF-1) in the serum and trigger a cellular
response involving leukopenia and lymphopenia. It is, probably, mediated by
metalloproteinases, serine proteinases, CRISPs, and C-type lectins present in the venom [55].
These triggered hazards by envenoming include the exposure to P. baroni snake, an exotic
species traded as a pet [56].

Therefore, the activities described so far for PpV stem from its biology. All these effects

are important for the success in the P. patagoniensis predation, especially in juveniles. Because
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the juveniles still do not perform the constriction. Moreover, the potential of P. patagoniensis
is demonstrated by comparing its venom with the B. jararaca venom. Furthermore, the
literature suggests that SVMP is not solely responsible for the effects of envenoming, as was

once believed. This fact opens new possibilities in the toxicological field.

Pharmacological potential of the Philodryas patagoniensis venom potential

Animal toxins are in the spotlight of biomedical research due to their potential
pharmacological relevance. Some examples of this potential are 1) Captopril, the first inhibitor
of angiotensin-converting enzyme developed from peptides studied and isolated from Bothrops
jararaca venom [57]; 2) Fibrin sealant from Crotalus durissus terrificus venom, a biological
and biodegradable product without adverse reactions and that does not transmit of infectious
diseases [58]; and 3) Mambalgins, peptides isolated from black mamba venom which have a
potent analgesic effect that can be as strong as morphine [59]. Additionally, we find several
snake venom-based aesthetic products for sale.

Anticancer properties are another line of research on snake venom. Interestingly, all
anti-cancer evaluations on tumorigenic properties — such as proliferation, angiogenesis,
invasion, and metastasis of malignant cells — have been performed with isolated toxins from
front-fanged snake species, especially from Viperidae species. However, the potential
therapeutic applications of toxins described from rear-fanged snake species remain unexplored
[60].

Although there has been an increase in the amount of data in the pharmacological field,
there is still little data on PpV. This venom showed low activity for the growth of the
Leishmania major parasite [61]. Nevertheless, CRISPs isolated as patagonin present promising
activity against Trypanosomes and Leishmania [62]. Three databases currently acquire

experimental data, annotate them, and try to provide a global view of the knowledge about these
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compounds [63]. To date, we have found no further information in the literature about PpV.

Which suggests a wide range of possibilities be explored.

Challenges when it comes to Philodryas patagoniensis venom

Despite the high potential, a major obstacle in exploring snake venom is the low amount
of venom usually obtained during the process of milking (extracting venom from the venom
glands of a live snake). It is difficult to extract venom from many of the rear-fanged snakes
[64]. Not only that, but it is also difficult to keep rear-fanged snakes as P. patagoniensis for
venom production. The first three months in captivity are the most critical [65]. Because of
these, venom research has focused mainly on those snakes with medical importance [64].

In the same sense, the vast most of snake venoms with rear-fanged have not been
studied. Therefore, there are opportunities to discover novel biological molecules with possible
medical implications [26]. In addition, discoveries in snake venom composition have revealed
an unexpectedly high degree of variation of snake venoms of the same species linked to
variables such as diets, geographical distribution, and ontogeny. These factors increase the
potential pool that snake venom represents for pharmacological prospecting [64]. Besides, it
allows understanding the composition and evolution of venoms from rear-fanged snakes [26].

It should be noted that Modahl and Mackessy [66] alert to the reductionist approaches
usually applied in the study of purified toxins. Authors point out that few studies have attempted
to evaluate interactions between toxins and suggest that the interactive or synergistic potential
of toxins is a neglected area of research. Consequently, venoms from rear-fanged snakes have
the potential to make an important contribution to our understanding of many phenomena still
outstanding in Toxinology.

Ultimately, even if the works occur, another challenge is the gap existing between basic

research and clinical trials. Brazil has a wide biodiversity of venomous animals, with the
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potential for drug discovery and development. But most research occurs isolated in
experimental laboratories. Thus, basic research findings are published but rarely advanced [67].

Remaining a gap in translational Toxinology research.

Conclusions

In conclusion, it was noticed that Biochemistry works are highlighted between papers
about Philodryas patagoniensis venom, followed by Toxicology. Pharmacological studies are
scarce. Moreover, Brazil is the country with the highest number of papers on the subject and
some works with a collaborative network with Argentina.

Here, we also showed that, despite this species being considered as non-venomous,
accidents with clinical manifestations due to a complex mixture of venom produced by
Duvernoy's gland. Venom is homologous to the venoms of the front-fanged snakes; therefore,
it can cause similar or greater biological activity than Bothrops. Even so, accidents with
Philodryas are being neglected.

Based on collected data, there is much to understand of P. patagoniensis Toxicology
and many possibilities to test in Pharmacological fields. Furthermore, despite the difficulties, it
seems plausible to use P. patagoniensis venom in tests, as a model of myotoxicity,
edematogenic, nociception, and hyperalgesia. Mainly in distant labs, due 1) to the species
richness in South America, and easy to find; 2) there are cases of envenoming by P.
patagoniensis; 3) being an opisthoglyphous species, offering minimal risk of serious accidents
in labs; and 4) the fact that its venom presents be similar or greater biological activity than
Bothrops. Furthermore, our research group also knows its genotoxic potential in mice (data not
yet published). Thus, this promotion would aid to emphasize the importance of the conservation

of snake biodiversity and to offer new possibilities for study.
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Abbreviations:

(COX), cyclooxygenase; (DNPH), 2,4-dinitrophenylhydrazine; (DTNB), Ellman reagent;
(GSH), glutathione equivalents; (HCCE), Handroanthus chrysotrichus crude extract; (MDA),
malondialdehyde; (NPSH), nonprotein thiols levels; (PBMC), Peripheral blood mononuclear
cells; (PLA2s), phospholipases A2; (PGs), prostaglandins; (p.o.), oral administration; (PpV),
Philodryas patagoniensis venom; (S1) supernatants; (TBA-RS), thiobarbituric acid reactive
substances; (TFK), phosphate buffer; (w/v), weight/volume.
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ABSTRACT

Handroanthus chrysotrichus is a tree used in the traditional medicine against snake bites. Thus,
this study aims to investigate whether the hydroethanolic extract of H. chrysotrichus bark
attenuates the envenoming symptoms induced by P. patagoniensis venom (PpV) in mice. For
this, we captured and milked P. patagoniensis to obtain the venom. The damages were induced
in the right hind paw with a single intraplantar (i.pl.) injection of vehicle or PpV (1.5 ug).
Pretreatment (1 hour before i.pl.) and treatment (daily for 3 days) were administered orally
(p.0.). Mice were separated in groups: saline (vehicle, p.o. + i.pl.); H. chrysotrichus crude
extract (HCCE) at 100 mg. kg (HCCE, p.o. + vehicle, i.pl.); venom (vehicle, p.o. + PpV, i.pl.);
and HCCE + venom (HCCE, p.o. + PpV, i.pl.). We performed behavioral tests (nociception and
hyperalgesia) and evaluated edema, and temperature of the paw for three days. After euthanasia,
the protective potential of the extract on systemic damages were observed though the
organs/body weight ratio, creatinine levels in the blood, and oxidative stress trigged in
leukocytes and main organs. HCCE decreased significatively nociception, hyperalgesia, edema,
and temperature in situ. The liver/body weight ratio increased in the venom group, and HCCE
could not protect. Blood analysis indicated that extract minimized creatinine levels. HCCE
decreased oxidative damages in leukocytes and main organs. In conclusion, hydroethanolic
bark extract of H. chrysotrichus has a protective action against P. patagoniensis envenoming,
especially against local inflammation. In addition, HCCE minimizes the systemic oxidative

stress triggered by envenoming.

Keywords: Poison. Dipsadidae. Colubridae. Review. Ophidism. Green-racer.
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1. Introduction

Handroanthus chrysotrichus (Mart. ex DC.) Mattos, also known as Golden trumpet, is
a tree that belongs to Bignoniaceae family with a wide distribution in Brazil. This species
presents a consolidated diversity throughout Brazilian Biomes such as Cerrado, Atlantic Forest,
and Pampa, occurring from the Northeast region to the South (Jardim Botanico do Rio de
Janeiro, 2020). In the traditional medicine, extracts of Golden trumpet may be used to treat
cardiovascular and immunological system diseases, allergic process, and envenoming by insect
and snake bites (Bolson et al., 2015; Ribeiro et al., 2017).

Extracts of species from the Bignoniaceae family as Tabebuia rosea and T. aurea, were
effective to treat snake bites (NUfiez et al., 2004; Reis et al., 2014). However, limited medical
resources for snakebite envenoming treatment is an important concern in health centers in
several countries and leads to the importance of further studies and validation of plant extracts
used in traditional treatments. It is fundamental to emphasize that distant rural communities
from specialized medicals centers suffer from the lack of adequate immediate treatment. Indeed,
approximately 60% of snake bite victims in rural communities are initially treated by local
healers and treated with plants as antidotes (Otero et al., 2000).

We highlighted that snake bites represent a public health problem. Accordingly,
snakebite envenoming occur worldwide and affects between 1.8 and 2.7 million people per
year, reaching mortality estimates ranging from 81.410 to 137.880 deaths (Chippaux, 1998;
Kasturiratne et al., 2008). Brazil recorded 28.961 cases of exposed to snakes in 2018, with 105
deaths. North region of the country was the most affected, with 33% of accidents. The bothropic
group represented 69.3% these cases. However, nonvenomous and ignored species were 19.1%
(Croda et al., 2020).

Thus, previous studies of Costa et al. (2020) demonstrated that H. chrysotrichus has an

antioxidant effect, besides presenting compounds with pharmacological activities in silico
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compatible with the popular use. Grazziotin et al. (1992) also indicated the analgesic potential
of this plant species. These effects are important in snake bite cases because according to
Peichoto and Santoro (2016), antivenom therapy is not very effective locally. Consequently,
the extract of H. chrysotrichus could help in the treatment of these victims.

Philodryas spp. belong to the group of nonvenomous and ignored species. Nevertheless,
its envenoming is associated with evolving ecchymoses, systemic bleeding, coagulopathy and
acute kidney injury. Moreover, the Philodryas patagoniensis envenoming, species used in this
study, can cause pain, local brief bleeding, erythema, and edema (Medeiros et al., 2010;
Gutiérrez et al., 2017). In this context, our study aimed to investigate whether the
hydroethanolic extract of H. chrysotrichus bark acts as a mitigation of the main symptoms of

snake envenoming caused by P. patagoniensis in mice.

2. Materials and methods
2.1. Plant material

H. chrysotrichus was identified by biologist and a branch with flowers and fruits was
collected in Uruguaiana (29°49'49.2"S, 57°06'07.1"W). Then a voucher was deposited at the
herbarium of Federal University of Pampa (number 142/2017).

Bark samples were used to obtain hydroethanolic extract. These barks were collected in
Brazilian summer, dried at 40°C for five days, reduced to powder, and used in the percolation
technique for two hours using 70% hydroethanolic solution at a ratio of 1:10 (w/v). Finally, the
H. chrysotrichus crude extract (HCCE) was freeze-dried and kept frozen (-6°C). At the time
treatment, HCCE was diluted in sterile saline solution (0.9%) in order to obtain a stock solution,
from which we calculated the desired concentration based on weight of mice for their oral

administration.
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2.2. Animals and venom

The Institutional Animal Care and Use Committee at Federal University of Pampa
(Protocol number 48/2018) approved all the experimental procedures, according to “Principles
of Laboratory Animal Care” (NIH Publication Vol 25, No. 28 revised 1996). The Ministry of
Environment of Brazil, through the Chico Mendes Institute (protocol number 45691), approved

acquisition and use of the Philodryas patagoniensis venom.

2.2.1. Philodryas patagoniensis venom:

Ten specimens of Philodryas patagoniensis were captured in Rio Grande do Sul State,
Brazil (-29° 46' 53" S, -57° 2' 16" W). After identified and measured (between 79 and 103 cm
in length, rostrum-cloaca) these animals were milked according to Ferlan et al. (1983) with
modifications. We collected venom with the aid of capillary tubes, but without the use of
medication.

Venom solutions were immediately cooled and their protein content was evaluated by
Bradford (1976) method using bovine serum albumin as standard. Then, P. patagoniensis

venom (PpV) was diluted in sterile saline solution (0.9%) for use.

2.2.2. Mice

We use twenty male Swiss mice weighing 25-35g. Animals were housed in an
appropriate cabinet with forced air ventilation, controlled humidity (60-80%) and temperature
(22+2°C). They were kept on a 12-hour light-dark cycle (07:00 am - 07:00 pm) and the
experiments were carried out in the light phase of the cycle. The animals received free food and
drink.

After acclimatization, animals were separated in four groups (n = 5 for each group), and

each group had damage induced in the right hind paw with subcutaneous injection of 50 pl of
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solutions containing vehicle (saline solution) or 1.5 pug of PpV. Pretreatments (HCCE or

vehicle) were administered orally (p.o.) one hour before injection:

Saline group: mice were pretreated with saline solution (10 mL. kg!; p.o.) one hour
before receiving a single intraplantar (i.pl.) injection of vehicle (50ul of sterile saline
0.9%). Afterward, these animals were treated daily for 3 days with saline solution (p.o0.)
always one hour before tests;

HCCE group: mice were pretreated with HCCE (100 mg. kg!, p.o.) one hour before
receiving an i.pl. of vehicle (50ul of sterile saline 0.9%). After, these animals were
treated daily for 3 days with HCCE (100 mg. kg!, p.0.) one hour before tests;

Venom group: mice were pretreated with saline solution (10 mL. kg™, p.o.) one hour
before receiving an i.pl. of 1.5 ug of PpV diluted in 50ul of sterile saline 0.9%.
Subsequently, these animals were treated daily for 3 days with saline solution (p.o.) one
hour before tests;

HCCE + Venom group: mice were pretreated with HCCE (100 mg. kg™, p.o.) one hour
before receiving an i.pl. of 1.5 pg of PpV diluted in 50ul of sterile saline 0.9%. Later,

mice were treated daily for 3 days with HCCE (100 mg. kg™, p.o.) one hour before tests.

HCCE dose was established in pilot studies (Costa et al., 2020, 2021).

2.3. Nociceptive test

We used an intraplantar injection of PpV, based on formalin tests described by Santos

et al. (1998), to verify the venom nociceptive potential. In addition, we use this tool to verify

the potential of treatment with HCCE. Mice had a pretreatment with HCCE or vehicle, one hour

later occurred the injection (PpV or vehicle) in the right paw, and immediately placed in an

acrylic chamber. Time spent licking and biting the injected paw was recorded 30 minutes

(reaction time in seconds). The values were considered as nociception response.
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2.4. Mechanical hyperalgesia

Hyperalgesia was evaluated using the von Frey filament test, according to Chaplan et
al. (1994) with modifications. After spontaneous reaction analysis, mice were placed
individually in acrylic compartments (7 x 9 x 11 cm) that allowed access to the ventral surface
of the hind legs and acclimated for 30 minutes. There were performed stimuli directed
perpendicular to the plantar surface of these animals, and the responses (paw withdrawal or not)
analyzed in relation to the tension applied by the different von Frey filaments, calibrated to
produce forces (0.02, 0.04, 0.07, 0.16, 0.4, 1.0, 2.0, 4.0 g) which produce different levels of
mechanical stimuli. Evaluations were performed using the method known as “up-and-down”
(Dixon, 1980). The results obtained were expressed in 50% of the withdrawal threshold (g),
and intense reduction in the paw withdrawal threshold characterized the presence of mechanical
hyperalgesia.

Basal response of the animals was evaluated one hour before any intervention. Then,
there were treatments (p.o.) and after one hour we applied the injection of saline or venom in
mice. Mechanical hyperalgesia assays evaluated with von Frey filaments were tested at 1, 3, 6,
and 12 hours, as well 24, 48, and 72 hours after injection. Analyses were also repeated 1 hour
before and 1 hour after daily treatment (p.o.) in HCCE + Venom group, in order to verify the

extract effect.

2.5. Paw edema measurement

Paw edema progression was verified by an electronic caliper (Starrett, model 797B-8,
with LCD display), and was expressed in millimeters (mm) as the difference between the tested
injected paw and contralateral paw (left paw). The paw measurements were assessed daily for

three days, always one hours after saline or HCCE administration.

2.6. Paw temperature measurement
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Paw temperature was verified by an infrared digital thermometer (Incoterm, model ST-
600, with LCD display), and was expressed in degrees Celsius (°C) as the difference between
the tested injected paw and contralateral paw (left paw). The paw measurements were assessed

daily for three days, always one hours after saline or HCCE treatment.

2.7. Organ toxicity evaluation

Animals were euthanized by decapitation 24 hours after last HCCE administration.
2.7.1. Creatinine K levels

Serum creatinine levels were evaluated in order to verify kidney damage. In this way,
the blood of the mice was collected in heparinized tubes by cardiac puncture after fasting for
12 hours. After centrifugation, creatinine K levels were determined in plasma using a
commercial kit (Labtest, Minas Gerais/Brazil).
2.7.2. Organs/body weight ratio

The organs of the mice — liver, kidneys, spleen, heart, and brain — were weighed and the
results were expressed as a ratio of organ weight in relation to body weight. The initial and final
difference in animal weight in vivo in each group was also recorded. The data assessed toxicity

about these tissues.

2.8. Oxidative stress assays
2.8.1. Viability and genotoxicity in peripheral blood mononuclear cells

A fraction of collected blood was used for cell viability and genotoxicity determination.
Thus, mononuclear leukocytes were isolated using Histopaque® 1077 (1:1), centrifuged (500
rpm, at 4° C, for 35 min). The interface band containing peripheral blood mononuclear cells
(PBMC) was collected and buffered with phosphate-buffer saline in order to test viability and

genotoxicity.
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a) Cell viability was tested with Trypan blue (0.2%) dye exclusion test. Cells were
counted in a Neubauer chamber. Stained cells were considered dead. The ratio between dead
and alive cells was expressed as a percentage;

b) Genotoxicity was evaluated through comet assay from Singh et al. (1988). After
mounting slides and performing electrophoresis, the lengths of tails were measured under
fluorescence microscopy after adding ethidium bromide on the slides. One hundred cells from
each of the three replicate slides were analyzed. Cells were scored visually according to tail
length and received scores from 0 (no migration) to 4 (maximal migration). Analysis was based
on the reading scores, which represented the sum of cells identified in each class multiplied by
the class values.

2.8.2. Oxidative stress in the main organs

The following tests were used in order to obtain oxidative stress biomarkers in brain,
liver and kidneys of treated mice. Soon after euthanasia, organs were quickly removed and
carefully washed twice with cold saline and homogenized in cold NaCl (150 mM).
Homogenates were centrifuged at 2000 g for 10 min at 4°C and the supernatants (S1) were
collected for biochemical analyses.

a) Thiobarbituric acid reactive substances (TBA-RS) assay was used as lipid
peroxidation index and measured according to Ohkawa et al. (1979). S1 of tissues were used
for this assay and corrected by protein content (Bradford, 1976). A standard curve of
malondialdehyde (MDA) was constructed to determine TBA-RS content.

b) Protein carbonyl levels. Aliquots of S1 were derivatized using 2,4-
dinitrophenylhydrazine (DNPH) and precipitated with an equal volume of 20% (w/v)
trichloroacetic acid. Then they were washed twice with an ethanol/ethyl acetate mixture (1:1).
Precipitates were dissolved in 6M guanidine HCI solution. Protein carbonyl levels were

determined spectrophotometrically at 370 nm, against blanks (Levine et al., 1990). Results were
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calculated using the DNPH molar extinction coefficient, corrected by protein content, and
expressed as nanomoles of carbonyl per milligram of protein.

C) Nonprotein thiols levels (NPSH) were determined according to Ellman (1959).
S1 samples were precipitated with 10% trichloroacetic acid (1:1) and centrifuged at 4000 g for
10min at 4°C to obtain supernatants, which were added to a medium containing phosphate
buffer (TFK 0.25mM, pH 7.4) and Ellman reagent (DTNB 1mM). The yellow pigment
produced was measured spectrophotometrically at 420 nm. Results were calculated in relation
to a standard curve constructed with glutathione equivalents (GSH) at known concentrations

and corrected by protein content.

2.9. Statistical analysis

The experimental design was performed with four groups with five animals each. The
data obtained in nociceptive test, mechanical hyperalgesia, paw edema, and paw temperature
were expressed as mean £ SEM. In addition, nociceptive test was analyzed by one-way
ANOVA followed by Tukey's multiple comparisons test, while mechanical hyperalgesia tests,
edema, and temperature were analyzed by two-way ANOVA followed by Bonferroni's test.

The organs toxicity evaluation and oxidative stress assays were expressed as mean *
SD. Creatinine levels and organs/body weight ratio were analyzed by one-way and two-way
ANOVA, respectively, followed by Tukey's test. All oxidative stress assays were analyzed by
ordinary one-way ANOVA followed by Bonferroni's test. P-values < 0.05 were considered

significant.

3. Results

3.1. Nociceptive test



102

Venom group showed reaction time significantly higher than Saline, an approximate
increase of 3837%. The HCCE + Venom group also had a significant increase in time spent
compared to Saline (1365%), but 63% lower when compared to the Venom group. HCCE per
se did not indicate a difference compared to Saline (FigurelA).

We recorded here that the time spent by the groups licking and biting the injected paw

did not show a significant difference in the first 5 min of the test (data not shown).

3.2. Mechanical hyperalgesia

This assay allowed verifying the hiperalgesia triggered by PpV since the first hours
(Figure 1B), in which during 12 hour the Venom group had a significant decrease in its
withdrawal threshold for all time tested, compared to Saline. The Venom group also showed a
difference in relation to the HCCE + Venom group until the sixth hour. Up to the first 6 hours
after the venom injection, the HCCE + Venom group increased withdrawal threshold between
2322 and 10853% compared to the Venom group. However, in the 12 hour, the HCCE +
Venom group began to show a significant difference compared to Saline, but no longer in
relation to Venom. The HCCE group showed no difference related to the Saline group.

In order to check the act of the extract, we performed the von Frey assay one hour before
and after gavage in the HCCE + Venom group (Figure 1C). The comparation between tests
suggests that HCCE presents analgesic effect in the mice tested. Moreover, apparently the
extract does not induce tolerance because it was efficient throughout the days of treatment.

When compared over the days (Figure 1D), we noted a significant mechanical
sensitivity to touch in the Venom group compared to Saline. Animals of this group also
presented difference in relation to the HCCE + Venom group every day. The HCCE + Venom

group showed no difference compared to Saline. In addition, the HCCE group remained similar
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to the Saline group on days 1 and 2, but on day 3 there was a significant decrease in its paw

withdrawal threshold. Thus, HCCE appears to have an effect per se.

3.3. Paw edema and temperature measurements

Paw edema and temperature measurement showed a similar result. The Venom group
of both, edema and temperature, had a significant increase in all the days tested when compared
to Saline. The HCCE + Venom group remained without a significant difference in relation to
Saline. However, in the third day, HCCE + Venom also was statically equivalent to the Venom
group in these assays. The HCCE group did not present a difference when compared to Saline

on any day (Figure 2A and B).

3.4. Organ toxicity evaluation

Here, we evaluated serum creatinine levels and the ratio of organ weight in relation to
body weight. None of the groups showed a significant difference in body weight during in vivo
monitoring.

Creatinine levels increased significantly in the Venom group compared to the Saline
group. The HCCE and HCCE + Venom groups maintained their baseline levels (Figure 3A).

When analyzing the ratio of organ weight in relation to body weight, Figure 3B indicates
that the Venom and HCCE + Venom groups had significantly higher ratio liver than the Saline

and HCCE groups. Brain, heart, kidneys, and spleen showed no statistical changes.

3.5. Oxidative stress
PBMC were used to verify the cell viability and DNA damage induced by PpV in mice
and the potential of HCCE to protect animals from these damages. There is no evidence of a

significant reduction in cell viability among the groups tested (Figure 4A). Nevertheless, a
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significant increase of DNA index damage was verified in the Venom group compared to
Saline. The HCCE per se and HCCE + Venom groups maintained their baseline damage levels
and did not show a significant difference when compared with the Saline group (Figure 4B).

Main organs were also used to verify oxidative stress caused by PpV and the protective
potential of Golden trumpet against this damage. The TBA-RS measure did not indicate
changes in the brain (Figure 5A), but the liver and kidneys had a significant increase of TBA-
RS in the Venom group. In both cases, liver and kidneys, the HCCE and HCCE + Venom
groups did not show a significant difference in relation to Saline group (Figure 5B, C).

NPSH levels measured in the brain tissue showed a significant increase in the Venom
and HCCE + Venom groups, compared to Saline (Figure 5D). Liver NPSH showed an increase
in the HCCE, Venom, and HCCE + Venom groups (Figure 5E). Kidney NPSH levels did not
show a difference in any tested groups (Figure 5F).

Brain protein carbonyl levels presented a significant increase in the Venom group
compared to Saline. Carbonyl levels in the HCCE and HCCE + Venom groups were not
statistically different from the Saline in the brain (Figure 5G). In the liver, protein carbonyl had
a significant increase in the Venom and HCCE + Venom groups compared to Saline. The HCCE
group showed no difference between Saline and Venom (Figure 5H). Finally, kidney tissue
showed an increase of carbonyl in the Venom group compared to Saline. The HCCE + Venom
group had not a statistical difference in relation to Saline and Venom. HCCE showed no

difference compared to the Saline group (Figure 51).

4. Discussion
H. chrysotrichus extract has been used to treat injuries for several decades, including
snake bites. Here, we tested the effectiveness of H. chrysotrichus bark extract against local and

systemic damages induced by PpV in mice. Results suggest that pretreatment with HCCE
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minimizes damages such as nociception, hyperalgesia, edema, and temperature at the site of the
bite. Moreover, HCCE can act systemically protecting cells and organs from oxidative stress
triggered by the envenoming.

De Medeiros et al. (2010) reported that pain, hemorrhage, erythema, and edema are
visible signs of P. patagoniensis snake bites. Here, the nociception test suggests that HCCE
pretreatment can reduce licking and biting behaviors in approximately 63% (Figure 1A). We
did not see a significant difference in the first 5 min of the test, and when we compare these
data with the original formalin test, this fact indicates no changes in the neurogenic phase, not
affecting directly nociceptors of types C afferent and Ad fibers (Hunskaar and Hole, 1987).
Thus, PpV triggered a nociception response based in inflammatory process, therefore it is
related to the release of several pro-inflammatory mediators, such prostaglandin and
bradykinin, as occurs with others snake envenoming cases, including those caused by Bothrops
genus (Chacur et al., 2002; Barbosa et al., 2003; Teixeira et al., 2009).

Although the acting of histamine and serotonin were discarded from inflammatory
process and pain induced by PpV, kinins as bradykinin appears to be present in these processes
(Lopes et al., 2017). Indeed, serine proteinases are present in the PpV, can act as kallikrein-like
and support the involvement of bradykinin in the pain generated by envenoming (Peichoto et
al., 2012; Serrano, 2013). Moreover, the nociception induced by PpV may be inhibited by
Indomethacin (cyclooxygenase inhibitor) in mice (Lopes et al., 2017).

In this sense, several extracts of the Bignoniaceae family are able to interfere in
prostaglandins (PGs) synthesis or in the mediators liberation as cytokines (Twardowschy et al.,
2008; Reis et al., 2014; Maria-Ferreira et al., 2020). Therefore, it is plausible to think that
HCCE presents anti-inflammatory and antinociceptive activities through one of these routes.
Costa et al. (2020) identified the five most representative volatile compounds: a-curcumene, [3-

bisabolene, 4-(4-Methylphenyl) pentanal, pentanoic acid, and isoamyl acetate. In silico anti-
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inflammatory properties were pointed to B-bisabolene and pentanoic acid. Moreover, a-
curcumene is the majority compound in the bark of H. chrysotrichus and occurs in many
extracts with anti-inflammatory and analgesic properties too (Lisa et al., 2020).

Mechanical hyperalgesia evaluation suggests an analgesic effect of the extract (Figure
1B, C, and D). These data are in agreement with Grazziotin et al. (1992), mentioned above. If
HCCE really interferes in the PGs or cytokines cascade, this analgesic effect is expected.
Because the peripheral pain is signaled by primary afferent sensory nerves, which detect
chemical substances (PGs and bradykinin, for example) and gradually undergo a peripheral
sensibilization to nearby mechanical changes (Mantyh et al., 2002). This fact also explains the
increase in algesia caused by HCCE on 3" day (Figure 1D), because we know that long-term
or high-dose exposure to this extract can be harmful (Costa et al., 2021).

Here, the used concentration of the PpV was edematous over the days of experiment. Its
peak was within the first 24 hours (day 1), as illustrated in Figure 2A. As well as the mice paw
edema, the increase of local temperature was also a symptom caused by PpV injected in the
paw (Figure 2B). Both, edema and temperature, decrease with pretreatment followed by daily
treatments. The snake venom metalloproteinases are the main group related to the edematogenic
effect in this venom. Especially the patagonfibrase, a metalloproteinase capable of inducing cell
recruitment and contributing to edema, hemorrhage, and local inflammation. The edema
presents a different modulation than nociception. In addition, the cyclooxygenase (COX) 1
cascade metabolites appear to participate in edema modulation (Peichoto et al., 2011; Lopes et
al., 2017). These data indicate a possible interference of the extract in PGs production,
especially along COX-1, which seems to modulate the edematous process.

It should be noted that phospholipases A2 (PLA2s) are a protein group related to COX
and widely distributed in snake venoms, which can trigger diverse effects in victims, among

them neurotoxicity, myotoxicity, anticoagulant effects, cytotoxicity, cardiotoxicity, and edema
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(Xiao et al., 2017). However, PpV appears to present low or lack PLA2s activity, thus this
enzyme does not participate in the edema-forming effect produced by PpV (Peichoto et al.,
2004, 2012; Zelanis et al., 2010). Therefore, the beginning of the COX process is probably due
to endogenous PLAZ2, in which plant extract could be interfering.

Pretreatment with the extract also decreased creatinine to baseline levels in the group
tested (HCCE + Venom), although this reduction was not significant compared to the Venom
group (Figure 3A). In addition, when analyzing the ratio of organ weight in relation to body
weight (Figure 3B), there are evidences that mice liver was significatively damaged by PpV. In
this case, HCCE cannot protect the organ. These records are in accordance with Peichoto et al.
(2006) who showed that PpV can induce a systemic effect. Authors also indicated that a
subcutaneous administration, as applied here, can cause damage in the cerebrum, lung, besides
severe peritubular capillary congestion in kidney and hydropic degeneration in liver. However,
pretreatment with HCCE, accompanied by daily administration of the extract for 3 days,
presented a partial protector effect in these cases.

On the other hand, the genotoxicity verified in PBMC was inhibited by HCCE (Figure
4B) possibly due to antioxidant potential of the extract (Costa et al., 2020). The oxidative stress
also reached organs of the mice such as brain, liver, and kidneys (Figure 5). These harmful
effects of the venom on these organs are in agreement with damages mentioned above by
Peichoto et al. (2006). Measured lipid peroxidation affected the liver and kidneys, while the
carbonylation attained all the tested organs. These tests showed that oxidative stress may persist
for days after venom exposure, as in Bothrops envenomation (Strapazzon et al., 2015). In
addition, the antioxidant potential of HCCE decreases the lipoperoxidation verified in the liver
and kidneys. Besides, the extract reduced carbonylation in the brain. In this context, H.

chrysotrichus bark aided in the treatment of envenomed animals.
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5. Conclusion

This is the first work to analyze the therapeutic potential of the Golden trumpet
Handroanthus chrysotrichus against snake envenomation. In conclusion, results obtained after
pretreatment with hydroethanolic bark extract of H. chrysotrichus suggest a protective action
against snake envenoming, especially against cardinal signs of inflammation such as pain,
edema, and heat. A hypothesis would be the interference of the extract in the synthesis or
degradation of prostaglandins and kinins. Moreover, H. chrysotrichus seems to minimize the
organs damage and to treat systemic oxidative stress triggered by envenoming.

Finally, we highlighted the importance of new researches in order to find agents that can
assist snake envenoming therapy. H. chrysotrichus bark extract constitutes a rich source of
natural compounds with the potential to neutralize the toxic activities of snake venoms. A better
understanding of its mechanisms and compounds may elucidate the scientific bases of its use

in folk medicine and provide alternatives for clinical management of snakes envenoming.
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Figure 1. Nociception test (A) and mechanical hyperalgesia (B, C, and D) evaluated in mice.
Data are expressed in mean + SEM. Nociceptive test was analyzed using one-way ANOVA
followed by Tukey's multiple comparisons test, and mechanical hyperalgesia tests analyzed by
two-way ANOVA followed by Bonferroni's test (letters different indicate significative
difference between bars; * indicate significative difference compared to Saline; and # indicate
significative difference compared to HCCE + Venom group).
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Figure 2. Paw edema (A) and temperature (B) measurements over the treatment days. Data are
expressed in mean £ SEM and analyzed using two-way ANOVA followed by Bonferroni's test
(letters different indicate significative difference between bars).
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Figure 3. Organ toxicity evaluation. Creatinine K levels (A) and ratio of organ/body weights
(B) in mice treated. Data are expressed in mean + SD and analyzed using by one and two-way
ANOVA, respectively, followed by Tukey's test (* indicate significative difference compared
to Saline).
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Figure 4. Viability (A) and genotoxicity (B) evaluated peripheral blood mononuclear cells.
Data were expressed as mean = SD and analyzed by one-way ANOVA followed by Bonferroni's
test (letters different indicate significative difference between bars).



116

BRAIN LIVER KIDNEYS

40+ | 25-

b 80—

TBARS
(mmol MDA mg1 protein)
o & o §
_|
4|
di :;Rs:-|
o 9 3 3 8
\9 .
S
___i
—

& & & & N & & &
P Qg; 400 g R 2 Q\O \\Qo . \\u&\
& &
o o
by LS
b
—_— b
% 8- 151 I 1
B ab
.
&6y a8 L ol .= 1
z%,| T =
o E 4 T :
Z £ 5 :
“ o E
° =
g o 0 :
=~ & & & & <2 % & &
Y %) ) & & o (8)
® Q\o -&é\ ;\00 o Q\c’ ‘&a{\ x.,&??
led &
o G
L B
a b a
= 801 b 40 | ——| 80— 1
£ X
— © 60 304 ER — 601 ab
g8 a - :
8 TE, 4 o T : 401
& : 1 T
E' 20 10 207
=
- 0 0 0 T
< & & & & & & &
N (2) Y O
o Q‘o ‘&é\ R I QS) 4«,‘(\ . -AQ'Q
»
% <
G G
& ¥
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(C, F, and 1) of mice treated. Data are expressed in mean + SD and analyzed by one-way

ANOVA followed by Bonferroni's test (letters different indicate significative difference
between bars).
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7. DISCUSSAO GERAL

O proposito deste estudo foi investigar o perfil fitoquimico do extrato hidroetandlico da
casca de ipé-amarelo Handroanthus chrysotrichus, aléem do seu potencial toxicolégico e
farmacoldgico in silico e in vitro (Artigo 1) e avaliar, in vivo, 0s riscos associados ao uso
medicinal de forma aguda e subcronica (Artigo 2). Apos estas anélises, verificou-se a acdo
protetora do extrato em casos de envenenamentos pela serpente Philodryas patagoniensis
(Manuscrito 2).

A fim de alcancar estes objetivos, utilizou-se metodologias € modelos diversos.
Inicialmente, apds a obtengdo do extrato, buscou-se algum indicativo da presenca de compostos
bioativos no mesmo. O ensaio utilizando o modelo Artemia salina indicou esta possibilidade
(MCLAUGHLIN, 1991). Identificados os principais compostos do extrato, 0 proximo passo foi
a avaliacdo farmacoldgica e toxicoldgica in silico. Tal abordagem é caracterizada por realizar
uma triagem eficiente de protétipos de farmacos e andlogos, por meio da modelagem molecular,
sem que ocorra experimentacao desnecessaria (ARROIO; HONORIO; SILVA, 2010). Analises
in vitro complementaram estas avaliacdes e demonstraram o potencial do extrato para os testes
in vivo. Destaca-se que os resultados obtidos in vitro nem sempre condizem com experimentos
in vivo. Assim, a utilizacdo de animais (vertebrados) na pesquisa biomédica é fundamental, pois
representam a fisiologia como um todo (MENDES; SOUZA, 2017). Ao seguir estes passos ao
longo do estudo, o conhecimento acerca do ipé-amarelo H. chrysotrichus se enriqueceu e
respeitou-se 0s aspectos éticos que resguardam o bem-estar animal.

Desta forma, os resultados iniciais sugerem altos niveis de polifenéis no extrato
estudado e a ocorréncia de cinco compostos majoritarios: a-curcumeno, B-bisaboleno, 4-(4-
metilfenil) pentanal, acido pentandico e acetato de isoamila (Artigo 1). Salienta-se que
substancias consideradas como principios ativos vegetais advém, na sua maioria, do
metabolismo secundério das plantas. Esses componentes do extrato possuem prioritariamente
fungdes ecoldgicas e bioldgicas, como defesa (contra insetos, microorganismos), gustativas,
odoriferas e visuais (coloracdo) (MAZID; KHAN; MOHAMMAD, 2011; VERPOORTE;
MEMELINK, 2002). Desta forma, por exemplo, 0 composto majoritario a-curcumeno age
biologicamente protegendo a planta contra insetos (JUNIOR, 2003), e com potencial
propriedades anti-inflamatoria e analgésica (LISA; ISLAM; QAIS, 2020).

Simulagbes computacionais apontaram atividades bioldgicas que estdo de acordo com
0 uso tradicional do ipé-amarelo e, em geral, 0s compostos encontrados apresentaram baixa

probabilidade de toxicidade nestas previsdes, exceto pelo efeito carcinogénico do a-curcumeno
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e do B-bisaboleno (Artigo 1). As predicGes realizadas com o uso de bioinformética sdo
abordagens iniciais Uteis na avaliagdo de compostos encontrados, pois 0s extratos vegetais sdo
misturas complexas de diferentes metabdlitos. Apos uma elucidacao estrutural do extrato, essas
avaliacOes prévias podem predizer possiveis agdes terapéuticas ou toxicas destes fitoquimicos
de maneira independente (ARVIDSON et al., 2008). No entanto, 0 sinergismo entre estes
compostos deve ser considerado na determinacdo das atividades atribuidas as plantas na
medicina tradicional, pois a avaliacdo in silico pode mascarar a real atividade medicinal ou
toxicoldgica da planta.

In vitro, o extrato exibiu atividade antioxidante, sem demonstrar citotoxicidade ou
genotoxicidade (Artigo 1). Em geral, extratos vegetais com niveis de compostos fenolicos
proeminentes, como os encontrados aqui, revelam-se como eficazes neutralizadores de radicais
livres e inibidores de peroxidacdo lipidica (efeito danoso a membranas celulares) (RICE-
EVANS; MILLER; PAGANGA, 1997). Para Halliwell e Gutteridge (2007), um antioxidante
é uma substancia que, quando presente em baixas concentracdes, comparadas a de um substrato
oxidavel, retarda ou inibe significativamente a oxidagéo deste substrato. E, desta forma, é capaz
de reduzir os danos oxidativos induzidos por varias doencas (SALGUEIRO et al., 2016b), bem
como os gerados em casos de envenenamento da P. patagoniensis (Manuscrito 2).

Contudo, testes in vivo demonstraram alguns efeitos adversos que merecem atencao,
tanto nos casos de exposi¢do aguda quanto subcrdnica (Artigo 2). Anélises do extrato de H.
chrysotrichus indicam alteragdes comportamentais e bioquimicas em camundongos causadas
pela mesma. E caracterizam o figado, os rins e os glébulos brancos como alvos primarios do
extrato. Portanto, ao considerar esta pesquisa como translacional, deve haver preocupagéo com
0 uso correto e seguro desta planta medicinal. Os efeitos adversos ocasionados pelo consumo
de plantas é um tema frequentemente ignorado. Em média, apenas 5% dos usuarios conhecem
os efeitos adversos provenientes do uso de plantas medicinais (SOUZA et al., 2013). Logo, é
uma questdo importante a ser trabalhado por pesquisadores, profissionais de educacéo e da
salde.

Ainda em nosso estudo, os testes realizados contra os efeitos lesivos ocasionados pela
peconha da P. patagoniensis, agente toxico utilizado nos testes (Manuscrito 1), indicam que o
ipé-amarelo H. chrysotrichus é capaz de minimizar os sinais cardinais de inflamac&o: dor,
edema e calor. Além de proteger os camundongos contra danos oxidativos desencadeados pela
peconha, como mencionado anteriormente (Manuscrito 2). Estes resultados alicercam 0 uso
da casca do ipé-amarelo pela medicina tradicional e estdo de acordo com pesquisadores que

apontam extratos vegetais como uma rica fonte de compostos naturais, 0s quais podem
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neutralizar as atividades toxicas das peconhas de cobra (NUNEZ et al., 2004). Ainda que, a
administracdo continua do extrato tenha causado efeito per se nos testes de hiperalgesia
mecéanica, em linha com testes anteriores (Artigo 2). Dados que reforcam a necessidade de
cautela na recomendacdo desse composto para consumo continuo.

Em suma, com base nos resultados aqui apresentados, pode-se conferir ao extrato da
casca do ipé-amarelo efeitos antioxidantes e anti-inflamatorios, considerando o alivio de sinais
cardinais da inflamacdo — dor, edema e calor (Figura 6). Efeitos relevantes nos casos de
exposi¢do a serpentes, pois a administragdo do soro antiofidico neutraliza a toxicidade sistémica
induzida pela peconha, mas ndo oferece protecdo contra o estresse oxidativo induzido pela
peconha. E, sem a adocdo de uma terapia alternativa, os danos oxidativos e a infiltragéo de
mediadores inflamatérios continuardo mesmo apds a administracdo do soro (SEBASTIN
SANTHOSH et al., 2013).

Envenenamento
Soro
antiofidico
I Efeitos | l Efeitos |
| locais | | sistémicos |
Estresse oxidativo I \ Neurotoxicidade I
I Edema \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ Nefrotoxicidade
) Dor } Miotoxicidade I
I Mlonecros‘e I I Hepatotoxicidade I
Hemorragla
| =) / L __.
Extrato do
ipé-amarelo Desencadeia
XN Agrava
___________________________ Il Protege
Necrose . - .. = B
Infecgdo Complicagoes secundarias Mortalidade | N&o protege

Figura 6. Representacdo esquemdtica das interagBes do extrato hidroetanolico da casca do ipé-amarelo
Handroanthus chrysotrichus com as complicagGes causadas pela pegonha do género Philodryas. Fonte: autor.
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8. CONCLUSOES

Em suma, os resultados aqui apresentados culminam na tese de que 0 extrato
hidroetanolico da casca do ipé-amarelo Handroanthus chrysotrichus apresenta atividades, in
silico e in vitro, condizentes com seu uso medicinal. O extrato também exibe, nas formas
testadas, acdo protetora contra envenenamento por serpente, especialmente contra os sinais
cardinais de inflamacdo como dor, edema e calor. Fato que fundamenta, nestes casos de
envenenamentos, o tratamento com o ipé-amarelo adotado por populares.

Por outro lado, ensaios in silico e in vivo, sugerem que o0 extrato pode desencadear
efeitos adversos quando administrado em altas concentragfes ou em casos de exposic¢oes de
longa duracdo. Assim, seguindo as devidas precaucdes, esta planta pode vir a ser um potencial
agente terapéutico para o tratamento complementar do estresse oxidativo e da inflamacéo
relacionados aos envenenamentos por serpentes.

Ainda, abrem-se novas perspectivas para avaliacdo do extrato da casca do ipé-amarelo
H. chrysotrichus, como a composicao e efeitos desta planta em outras formas de extragéo, visto
que alguns componentes podem ndo ser extraidos ou ainda serem perdidos no extrato
hidroetanolico. Além disso, uma investigacdo mais detalhada poderia descobrir metabolitos-
chave e seus papéis na atuacdo do ipé-amarelo, elucidando as bases cientificas de seu uso na
medicina popular. Outros meios de administracdo do extrato também poderiam ser testados,
como cataplasma in situ.

Por fim, com base nos dados experimentais e ensaios bioldgicos, da-se uma nova
dimensdo as a¢des do ipé-amarelo nos niveis organico, celular e bioquimico. E destaca-se a
importancia de pesquisas para encontrar, em uma extensa diversidade vegetal, agentes que

possam auxiliar nas diversas terapias, em especial no envenenamento por cobras.
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10. ANEXO 1 - Certificado de Aprovacao de protocolo para uso de animais em pesquisa
(Artigo 1).
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(Artigo 2).
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