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RESUMO

Jatropha mollissima (Pohl) Bail (Euphorbiaceae), conhecida popularmente como “pinhao-
bravo”, planta medicinal nativa e endémica do semidrido do Nordeste do Brasil, tem sido
amplamente estudada quanto a sua atividade antiviral, por melhorar quadros de doencas
respiratorias. Contudo, séo poucos os estudos que avaliam a seguranca de seu uso toxicoldgico
agudo, a atividade antioxidante, antinociceptiva e cicatrizante do extrato hidroalcéolico de
folhas de J. mollissima (JMLE, do inglés J. mollissima leaf extract). Em vista disso, neste
trabalho apds estudo prévio da fitoquimica no extrato das folhas por cromatografia de camada
delgada (CCD) a presenca de acUcares redutores, terpenos, derivados cindmicos, flavonoides,
fenois e saponinas, foram evidenciados, e posteriormente a optimizacdo analitica e separacdo
dos compostos ocorreu por cromatografia liquida de alta eficiéncia (CLAE), no qual se
observou que o0s trés ultimos compostos acima descritos foram majoritarios.
Concomitantemente um estudo farmacologico foi realizado. JMLE apresentou alta
concentracdo de compostos fendlicos (620,63 + 1,47 mg EAG/g) e flavonoides (22,55 £ 0,55
mg EQ/g). O perfil em CLAE apresentou sinais cromatogréaficos correspondentes a flavonoides
e a derivados cinamicos. Observou-se a Vitexina com um teor expressivo de 1,104+0,0028 g%.
JMLE apresentou capacidade antioxidante total pelo método do fosfomolibdénio com Clso de
123,4+1,2 pg/mL e foi capaz de eliminar os radicais livres DPPH e ABTS+ (Clso de 87,84+1,1
pg/mL e 49,08+0,7 pg/mL), respectivamente. O extrato das folhas também demonstrou baixa
atividade hemolitica, promovendo 18,16% de hemdlise na maior concentracdo testada (10
mg/mL). No ensaio de toxicidade aguda, ndo houve mortalidade nem alteracdes
comportamentais, hematologicas e histopatologicas nos camundongos. Foi detectado reducao
do perfil lipidico (colesterol total, triglicerideos, HDL, LDL e VLDL) quando comparado com
o0 controle. O tratamento com JMLE nas doses de 50, 100 e 200 mg/kg reduziu as contor¢oes
abdominais em 40,41%, 58,77% e 71,42%, respectivamente. No teste da dor induzida por
formalina, o extrato nas doses de 50, 100 e 200 mg/kg reduziu o tempo de lambida da pata na
primeira fase em 30,19%, 47,58% e 65,24%, respectivamente, enquanto na segunda fase, a
reducéo foi de 40,49%, 58,05% e 79,30%. Naloxona ® (2 mg/kg, i.p.) inibiu o efeito de JMLE
(200 mg/kg) em 65,54% na primeira fase e 86,39% na segunda fase do teste da formalina,
indicando a participacdo de receptores opioides na acdo do extrato. No teste de retirada de
cauda, a administracdo oral de JMLE aumentou o tempo de laténcia em todos os periodos
avaliados. O gel a base de JMLE (500 mg) apresentou resultados promissores na cicatrizacao



das feridas em relacdo ao controle negativo. Adicionalmente, uma aplicacdo oral do extrato em
dosagem unica de até 2000 mg/kg foi atoxica. O tratamento com o gel promoveu reducéo de
60,94% e 51,97% nos niveis séricos de TNF-a e IL-1p. Assim, a JMLE mostrou propriedades
farmacoldgicas promissoras e possivelmente os efeitos analgésicos em modelos de dor induzida
por estimulos quimicos e térmicos atuando pela via opiodérgica. Além de apresentar um efeito

significativo na reducdo de feridas cutaneas com reducéo de citocinas pré-inflamatorias.

Palavras-chave: Euphorbiaceae; Pinhdo-bravo; analgesia; cicatrizante; polifendis.



ABSTRACT

Jatropha mollissima (Pohl) Bail (Euphorbiaceae), popularly known as “pinhdo-bravo”, a
medicinal plant native and endemic to the semi-arid region of Northeast Brazil, has been
widely studied for its antiviral activity, for improving respiratory diseases. However, there are
few studies that evaluate the safety of its acute toxicological use, the antioxidant,
antinociceptive and healing activities of the hydroalcoholic extract of J. mollissima leaves
(JMLE). In view of this, in this work, after a previous study of the phytochemistry in the leaf
extract by thin layer chromatography (TLC), the presence of reducing sugars, terpenes,
cinnamic derivatives, flavonoids, phenols and saponins were highlighted, and subsequently
analytical optimization and separation of the compounds occurred by high performance liquid
chromatography (HPLC), in which it was observed that the last three compounds described
above were the majority. At the same time, a pharmacological study was carried out. JIMLE
presented a high concentration of phenolic compounds (620.63 + 1.47 mg EAG/g) and
flavonoids (22.55 = 0.55 mg EQ/g). The HPLC profile showed chromatographic signals
corresponding to flavonoids and cinnamic derivatives. Vitexin was observed with a significant
content of 1.104+0.0028 g%. JMLE presented total antioxidant capacity by the
phosphomolybdenum method with IC50 of 123.4+1.2 pg/mL and was able to eliminate free
radicals DPPH and ABTS+ (IC50 of 87.84+1.1 pg/mL and 49.08 +0.7 ng/mL), respectively.
The leaf extract also demonstrated low hemolytic activity, promoting 18.16% hemolysis at the
highest concentration tested (10 mg/mL). In the acute toxicity test, there was no mortality or
behavioral, hematological and histopathological changes in the mice. A reduction in the lipid
profile (total cholesterol, triglycerides, HDL, LDL and VLDL) was detected when compared to
the control. Treatment with JMLE at doses of 50, 100 and 200 mg/kg reduced abdominal
contortions by 40.41%, 58.77% and 71.42%, respectively. In the formalin-induced pain test, the
extract at doses of 50, 100 and 200 mg/kg reduced paw licking time in the first phase by
30.19%, 47.58% and 65.24%, respectively, while in the second phase, the reduction was
40.49%, 58.05% and 79.30%. Naloxone ® (2 mg/kg, i.p.) inhibited the effect of JIMLE (200
mg/kg) by 65.54% in the first phase and 86.39% in the second phase of the formalin test,
indicating the participation of opioid receptors in the action of the extract. In the tail flick test,
oral administration of JMLE increased the time of latency in all periods evaluated. The JMLE-
based gel (500 mg) showed promising results in wound healing compared to the negative
control. Additionally, an oral application of the extract in a single dosage of up to 2000 mg/kg



was non-toxic. Treatment with the gel promoted a reduction of 60.94% and 51.97% in serum
levels of TNF-o and IL-1pB. Thus, JMLE showed promising pharmacological properties and
possibly analgesic effects in models of pain induced by chemical and thermal stimuli acting
through the opioidergic pathway. In addition, it has a significant effect on reducing skin

wounds with a reduction in pro-inflammatory cytokines.

Keywords: Medinal plant; Wild pine nuts; Photochemical profile; CCD and HPLC;
Pharmacological study.
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1 INTRODUCAO

Com mais de 45 milhGes de espécies de plantas catalogadas e distribuidas em sete
biomas, o Brasil abriga a maior biodiversidade do mundo. Sendo assim, as plantas séo
consideradas uma excelente fonte para a descoberta de novos compostos farmacologicamente
ativos. Em geral, esses materiais vegetais parecem ter baixa toxicidade quando comparados as
drogas sintéticas, tornando-os candidatos vidveis para o desenvolvimento de novos
medicamentos (SILVA et al., 2017; TUNGMUNNITHUM et al., 2018; ALBUQUERQUE et
al., 2021).

A familia Euphorbiaceae é uma das mais amplamente distribuidas no Brasil e no mundo.
Com predominéncia em regides tropicais e subtropicais, esta familia esta distribuida nos seis
biomas brasileiros. Ela abriga 60 géneros e aproximadamente 1000 espécies, sendo quatro
géneros e 601 espécies exclusivas dos biomas brasileiros e 0 género Croton 0 mais numeroso.
Devido a sua importancia econémica, a familia Euphorbiaceae é cultivada em diversas regides
brasileiras, sendo também utilizada na medicina popular para o tratamento de diversas doencas,
tais como dermatoses, doencas vasculares, Ulceras em pacientes acamados, e diabétice, o que
pode causar desconforto e afetar a qualidade de vida. (CAVALCANTE et al., 2020; HE et al.,
2021).

Dentre os géneros com importancia medicinal dessa familia destaca-se Jatropha L.
encontrado nas regides tropicais e subtropicais do mundo; no Brasil, sdo encontradas 23
espécies, sendo 10 endémicas (BIGIO et al., 2020). Alguns estudos comprovaram o potencial
farmacoldgico de espécies desse género: Jatropha gossypiifolia apresenta atividades anti-
infertilidade, anti-inflamatoria, antidiarreica e analgésica (RANA et al., 2014); J. gossypiifolia
apresenta atividade antimicrobiana (FELIX-SILVA et al., 2018); Jatropha curcas apresenta
atividade antifingica (SAMA et al., 2021); e Jatropha podagrica apresenta atividade
antitumoral contra células de osteosarcoma (YUAN et al., 2022).

Dentre as espécies de Jatropha L. destaca-se Jatropha mollissima (Pohl) Baill., um
arbusto de médio porte que teve algumas atividades ja descritas, como efeito antibacteriano
(ROCHA; DANTAS, 2009), antioxidante (MELO et al., 2010), hipotensor e estimulante dos
musculos lisos do intestino e do utero (LEAL; AGRA, 2005). Porém, ainda s@o poucos 0s
estudos ao que se referem & amplitude do seu potencial terapéutico e de seguranga de uso,
guanto aos parametros toxicologicos

A pesquisa com plantas medicinais representa uma estratégia relevante na busca por
novos farmacos (AL-SNAFI et al., 2018; YATOO et al., 2018). Diante disso, tem crescido o
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estudo de espécies botanicas com potenciais anti-inflamatorio e analgésico e que apresentem o
minimo de efeitos colaterais, tendo em vista que, os medicamentos atualmente utilizados para o
tratamento da dor e inflamacdo (AINES, corticoides, opioides, etc.) possuem diversos efeitos
colaterais. Por exemplo, cefaleia, distlrbios gastrointestinais, dores abdominais e insuficiéncia
hepética sdo alguns dos sinais e sintomas que podem estar associados ao uso prolongado desses
medicamentos (SOLIMAN et al., 2019; STOCKINGS et al., 2019).

Por outro lado, além da avaliagdo farmacologica, a avaliacdo dos efeitos toxicos de
espécies vegetais passa a ideia de que iré trabalhar com uma substéncia isolada é considerada
importante, pois a exposi¢do a produtos quimicos, mesmo naturais, pode ser perigosa e levar a
influéncias adversas no organismo. Muitas pesquisas publicadas se concentraram mais nos
potenciais terapéuticos das plantas do que na toxicidade. Porém, ha a necessidade de investigar
essas plantas medicinais para melhor compreender suas propriedades, seguranca e eficiéncia
(NDHLALA et al., 2013; TARIQ et al., 2018). Na prética, a avaliacdo dos efeitos toxicos
normalmente inclui efeitos agudos, subagudos, crbnicos, carcinogénicos e reprodutivos
(OLIVEIRA et al., 2019). O teste de toxicidade aguda fornece informacGes valiosas sobre a
toxicidade de uma substancia nos 6rgaos, o metabolismo de um composto e os efeitos adversos
em exposicao a dose Unica, levando a selecdo do nivel de dose segura (COSTA et al., 2020).

A presente tese teve como objetivo avaliar a seguranca de uso oral agudo do extrato
hidroetanolico obtido de folhas de J. mollissima, através dos testes de toxicidade, bem como
avaliar o potencial farmacoldgico no tratamento da dor e na cicatrizacdo de feridas em

camundongos.
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2 FUNDAMENTAGCAO TEORICA

2.1 PLANTAS MEDICINAIS

As plantas medicinais tém se tornado cada vez mais populares nos dltimos anos, mas
Seu uso € tdo antigo quanto a prépria civilizacdo humana (JAMSHIDI-KIA; LORIGOOINI;
AMINI-KHOEI, 2018). Historicamente, a fitoterapia tem sido documentada na medicina
ayurvédica chinesa, tibetana e indiana, com registros que datam de mais de 2.000 anos antes de
Cristo, como a Pen Ts'ao e a colecdo de formulas do Museu Pensilvania. No Brasil esse
conhecimento € originario principalmente de povos indigenas, quilombolas e ribeirinhos, sendo
transmitido popularmente através de geracbes (HELFAND; COWEN, 1990; BADKE et al.,
2011; FIRMO et al., 2011).

A Organizacdo Mundial da Saude (OMS) afirma que, para que uma planta seja
considerada medicinal, ela deve possuir substancias que possam ser utilizadas para fins
terapéuticos ou que sejam precursoras de drogas semissintéticas (OMS, 1998). Essas
substancias produzidas pelo metabolismo vegetal sdo divididas em dois grupos: os metabdlitos
primarios, que incluem aminoacidos, proteinas, carboidratos, lipideos e clorofila responsaveis
pela funcdo, a fotossintese, e a extracdo de nutrientes (SHIH; MORGAN, 2020) e os
metabolitos secundarios, tais como flavonoides, derivados cindmicos, saponinas, agulcares
redutores e terpenos dentre outros, que tém um papel essencial na defesa e protecdo, na
competicdo vegetal e na atracdo de organismos benéficos como polinizadores, repelem insetos
herbivoros, dispersores de sementes e microrganismos simbiontes, bem como na comunicacao
entre as espécies (BANERJEE; ROYCHOUDHURY, 2017; BORGES et al., 2017). Devido a
grande variedade de substancias quimicas bioativas, as plantas sdo uma excelente fonte para
encontrar novos farmacos (HUSSEIN; EL-ANSSARY, 2019; SHIH; MORGAN, 2020).

Aproximadamente 82% da populacdo brasileira utiliza produtos a base de plantas
medicinais como fonte terapéutica. As partes das plantas que sdo utilizadas variam de acordo
com o tipo de uso, entretanto, as mais utilizadas sdo as folhas, cascas, raizes, latex, frutos e
sementes (SILVA PEREIRA; COELHO-FERREIRA, 2017). Estima-se que existam
aproximadamente 500 milhdes de espécies vegetais no mundo, sendo o Brasil um dos maiores
depositarios dessa biodiversidade. Apesar disso, 0 numero de espécies vegetais estudadas é
baixo quando comparado ao numero total de espécies vegetais catalogadas (BUBALO et al.,

2018). Apenas uma pequena percentagem desta biodiversidade tem sido estudada
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fitoquimicamente e farmacologicamente, sendo a maior parte em estudos preliminares, que
nem mesmo avaliam a seguranca da sua utilizacdo (SILVA et al., 2020).

Muitas vezes, a busca por plantas com potencial farmacologico é baseada no
conhecimento etnoboténico da aplicagdo, teor quimico e toxicologia, ou uma combinacdo
desses critérios (SALEHI et al., 2019; CHEN et al., 2020). Esses estudos podem levar ao
desenvolvimento de formulas farmacéuticas que podem ser utilizadas na fitoterapia (ZHOU et
al., 2018). O uso de plantas medicinais na rotina dos cuidados de saude pode reduzir o custo
com a saude publica, por conseguinte os custos associados a fabricacdo e distribuicdo de
medicamentos seriam minimizados. Sabe-se que, 0 uso de plantas medicinais é benéfico para a
salde humana desde que seu potencial terapéutico e de sua seguranca sejam comprovadas
experimentalmente (CHEN et al., 2018).

2.2 FAMILIA EUPHORBIACEAE JUSS.

A familia Euphorbiaceae é uma das maiores familias botanicas encontradas no mundo,
com aproximadamente 6000 espécies descritas dentro de pouco mais que 300 géneros, estao
distribuidas nas regides tropicais e subtropicais do mundo. No Brasil, por exemplo, a familia
Euphorbiaceae possui 65 géneros e cerca de 1.000 espécies diferentes, com uma grande
variedade de habitats e comportamentos. Dentre as espécies encontradas no Brasil, 4 géneros e
642 espécies sdo endémicas (CAVALCANTI et al., 2020). Informagdes distintas da introducao.
E uma das familias mais significativas da flora brasileira, além de uma das mais
complexas taxonomicamente. Espécies de Euphorbiaceae sdo encontradas na Amazonia,
Caatinga, Cerrado, Mata Atlantica, Pampas e Pantanal, sendo apenas nos Pampas onde essa
familia ndo se encontra entre as mais ricas. Suas formas de vida podem variar desde
subarbustos até enormes arvores. Ja os substratos de crescimento incluem os mais diversos,
como meio aquatico, epifita, rupicola e terricola. Uma de suas propriedades boténicas é a
existéncia de compostos com propriedades medicinais, que podem estar presentes em um latex
preto ou colorido que € visivel quando a planta é submetida a traumas mecanicos, tendo muitas
vezes alta toxicidade (CAVALCANTE et al., 2020; HE et al., 2021).
A morfologia das espécies pertencentes a essa familia pode variar significativamente.
As raizes sdo xilopodios ou tuberosas, com polpa amarela, branca ou creme. Por se
apresentarem como ervas, arbustos, arvores ou trepadeiras, e por ocuparem diferentes habitats,

com diferentes tipos de clima e solo, os caules destas plantas acabam apresentando uma grande
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variedade morfoldgica. Ja as folhas sdo geralmente alternas e espiraladas ou disticas, simples,
as vezes opostas, palmado-lobadas ou raramente compostas. As inflorescéncias sdo presentes,
mas frequentemente muito modificadas, as vezes formando falsas flores. O fruto geralmente é
esquizocérpico com deiscéncia elastica, raramente sdo bagas, drupas ou samaras. As sementes
sdo frequentemente oblongas a ovais, ariladas ou com uma carincula (GOVAERTS et al., 2000;
VAN WELZEN, 2002; SSEGAWA, NKUUTU, 2006; SECCO et al., 2012).

De acordo com Souza e Lorenzi (2019), as euforbidceas incluem diversas espécies de
interesse econdmico, como a seringueira (Hevea brasiliensis) utilizada na producéo de borracha
(NUVOLONI et al., 2020; NAIR, 2021). Os 6leos essenciais de folhas, frutos, sementes ??de
Aleurites moluccana e Aleurites fordii possuem aplicacdo na producdo de tintas e vernizes
(LENY et al., 2020; SUSILOWATI et al., 2020). Ja Sapium sebiferum é usada para fazer cera e
gordura vegetal (SHAH et al., 2020). A macaxeira (Manihot esculenta), conhecida
popularmente como “aipim” ou “mandioca”, estd entre as espécies de maior importancia
econdmica por sua aplicacdo na culinaria brasileira, sendo uma das mais importantes fontes de
carboidratos nos tropicos (MUIRURI et al., 2021). As sementes de “mamona” (Ricinus
communis) sdo ricas em 6leo essenciais e acidos graxos utilizados na cicatrizacdo de feridas
(YEBOAH et al., 2020; TRIPATHI et al., 2021).

Entre os principais efeitos terapéuticos relatados na literatura entre as espécies
pertencentes a esta familia estdo: anti-inflamatérios, anticancerigenos e imunorreguladores
(MOURA et al., 2019; CAVALCANTE et al., 2020). De acordo com ORELLANA-CUELLAR
e colaboradores (2014) os efeitos toxicos para algumas delas como: “purga de cavalo”
(Aleurites moluccana), que apresenta toxicidade oral aguda na dose de 2.000 mg/kg, causando
alteragdes nas células hepaticas binucleadas e hemorragia glomerular. Ja a “Iguape nogueira”
(Joannesia princeps) causa episodios de vomitos e diarreia (NISHIOKA et al., 1997) e o latex
de algumas espécies, que causa lesdes significativas na mucosa por ser uma substancia caustica
(CASTILHO et al., 2020; SOUZA et al., 2020).

2.3 0 GENERO JATROPHA L.

Dentre os géneros da familia Euphorbiaceae esta Jatropha L., descrito pela primeira vez
em 1737 por Linnaeus, pertencente a tribo Joannesieae da familia Euphorbiaceae possuindo
cerca de 175 espécies. Origindria da América tropical, as espécies de Jatropha estdo

distribuidas entre os tropicos e subtropicos (Figura 1), onde sdo tradicionalmente usadas na
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medicina popular para tratar diversas doengas. O nome “Jatropha” tem suas raizes na lingua
grega e seu significado estd associado a finalidade medicinal, do grego, “jatros” significa
“médico” e “trophe” significa “comida” (CORDEIRO et al., 2015; MARINHO et al., 2018;
CHRISTENSEN et al., 2019).

No Brasil o género esta distribuido nas regides tropicais e subtropicais (Figura 1), sdo
encontradas 23 espécies no territorio brasileiro, dispersas (palavra popular) na Caatinga,
Cerrado, Mata Atlantica, Pampa e Pantanal (CORDEIRO et al., 2015).

As espécies de Jatropha sdo consideradas plantas perenes e apresentam uma
diversidade anatdmica consideravel, caracterizadas como arbustos, arvores e plantas suculentas.
As folhas sdo alternadas, aglomeradas e fasciculadas ou frouxamente dispostas, cujas
inflorescéncias sdo terminais ou axilares e o fruto é esquizocarpico, ovoide ou subgloboso com
sementes ovoides ou oblongas e carunculadas (FELIX-SILVA et al., 2018; MARINHO et al.,
2018; SAMA et al., 2021).

Vérias espécies desse género tém sido estudadas quanto as suas propriedades
farmacoldgicas e composicdo quimica, com destaque para Jatropha curcas, Jatropha isabellei,
Jatropha gossypiifolia, Jatropha integerrima e Jatropha macrorhiza. Estudos farmacolédgicos
do género Jatropha tém demonstrado correlagcdes entre metabdlitos secundarios e diversas
bioatividades, como antimicrobiana e antitumoral, (SAMA et al., 2021; YUAN et al., 2022).

Figura 1- Distribuicdo geogréfica do género Jatropha L. Verde: espécies nativas; Roxo: espécies introduzidas.

Fonte: Plantas do mundo (2022).
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O género é reconhecido como uma importante fonte de metabolitos secundarios, como
os terpenos. Em geral, as investigacbes da composicdo quimica de espécies de Jatropha
levaram a identificacdo de monoterpenos, sesquiterpenos, diterpenos, triterpenos, peptideos
ciclicos, lignanas, neolignanas, sesquineolignas, flavondides, cumarinas, lignanas cumarinas,
alcaldides e A&cidos eudesmenoicos (RANA et al, 2014; FELIX-SILVA et al., 2018;
CAVALCANTE et al., 2020).

2.4 JATROPHA MOLLISSIMA (POHL) BAILL.

Jatropha mollissima (Pohl) Baill. (Figura 2), conhecida popularmente como “pinhdo-
bravo”, “pinhdo-vermelho” ou “pinhdo-roxo”, se apresenta como um arbusto, podendo atingir
até 3 metros de altura. Com caule ereto, liso e pouco ramificado, a J. mollissima possui casca
verde-cupera, desprendendo-se de cor cinza-acastanhada quando seca. As folhas desta espécie
sdo alternadas, suas flores apresentam coloracdo que variam do vermelho ao laranja, e os frutos
tém formato de capsulas verdes contendo trés sementes castanho-escuro-avermelhadas

(DEHGAN, 2012; CORDEIRO et al., 2015; IQBAL et al., 2021).

Figura 2- Jatropha mollissima (Pohl) Baill.

Fonte: Autora (2023).
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Essa espécie ndo é considerada endémica do Brasil, entretanto apresenta distribuicdo
nos biomas Amazonia, Caatinga e Cerrado (Figura 3). E encontrada nas regibes Norte
(Tocantins), Nordeste (Alagoas, Bahia, Ceara, Maranhdo, Paraiba, Pernambuco, Piaui, Rio
Grande do Norte, Sergipe), Centro-Oeste (Distrito Federal, Goias, Mato Grosso do Sul) e
Sudeste (Minas Gerais), além de ser encontrada na ilha oceanica de Fernando de Noronha
(CORDEIRO et al., 2015).

Figura 3- Distribuigdo geografica de Jatropha mollissima (Pohl) Baill.

)

Fonte: Plantas do mundo (2021).

Jatropha mollissima € uma espécie rica em 6leos fixos e suas sementes sao utilizadas na
producéo de biodiesel (ASSIS; PORTO; AGRA, 2013). Alguns estudos realizados apresentam
atividades biolGgicas dessa espécie. O latex apresenta atividade antibacteriana (ROCHA;
DANTAS, 2009), o extrato metandlico das folhas apresenta atividade antioxidante (GOMES
MELO et al.,, 2010). J& o 6leo fixo das sementes registrou as atividades hipotensora e
estimulante dos musculos lisos do intestino e do uUtero (LEAL; AGRA, 2005).

Igbal et al. (2021) relataram a presenca de alto teor de flavonoides, fendis, taninos e
saponinas em um extrato etanolico da folha de J. mollisima. Ainda, os autores avaliaram esse
extrato quanto a toxicidade aguda (2.000 mg/kg) em ratos qual espécie albinos wistar,
demonstrando a seguranca toxicologica quanto ao seu uso em mamiferos, bem como,

descreveram a capacidade de reverter a nefrotoxicidade induzida pelo medicamento cisplatina.
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2.5 DOR

A dor é uma experiéncia mental, fisica e emocional, visando proteger o individuo de
futuras lesGes podendo ser aguda ou cronica. A dor aguda serve como um sinal de alerta de
uma lesdo tecidual ou outra condicdo que esta se desenvolvendo ou pode se desenvolver; esse
tipo de dor induz defesa, fuga ou remocgédo do agente causador. A dor crénica muitas vezes se
estende além da ativacdo nociceptora, refletindo lesbes ou alteragBes de longo prazo no sistema
nervoso, e € composta por respostas musculoesqueléticas e psicocomportamentais (SOLIMAN
etal., 2019; TREEDE et al., 2019; RAJA et al., 2020).

Na vida cotidiana, a dor tem um impacto significativo, por ser responsavel pela
diminuigéo da capacidade das atividades funcionais, uso excessivo de medicamentos, causando
muitas vezes a incapacidade profissional, levando ao desemprego. Por outro lado, a dor serve
como alarme de importancia clinica, pois pode ser utilizada como diagndstico primario em
diversas patologias (NICHOLAS et al., 2019; RAJA et al., 2020).

A terapia analgésica € necessaria para ajudar os pacientes a gerenciarem o desconforto
causado pela dor. Porém, os medicamentos atualmente usados com acdo anti-inflamatoria e
analgésica, como acido acetil aleuritélico, para aliviar a dor tém efeitos colaterais
indesejados intrinseco a doenca cancerigena, e podem ter efeitos cumulativos desenvolvendo
tolerancia, sendo necessarias doses cada vez maiores para obter efeito terapéutico (SOUZA,
2021). O uso de plantas medicinais com propriedades analgésicas vem despertando a atencéao
das industrias farmacéuticas e cientificas. As ervas medicinais sdo usadas como analgésicos ou
medicamentos antinociceptivos por cerca de 80% da populagdo mundial (SOLIMAN et al.,
2019; STOCKINGS et al., 2019; VAN DE DONK et al., 2019). Estudos vém sendo
comprovados com algumas espécies da familia Euphorbiaceae, dentre elas, Croton
blanchetianus e Aleurites moluccanus, apresentam atividade antinociceptiva através do extrato
etandlico das folhas e extrato hidroalcodlico da casca respectivamente (FREITAS et al., 2020;
SOUZA et al., 2021), Ricinus communis que proporciona atividade analgésica através de seus

sesquiterpenos presentes 6leos essenciais fixos dos extratos (FAROOQ et al., 2018).

2.6 PROCESSO INFLAMATORIO E CICATRIZACAO DE FERIDA

2.6.1 Ferida
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A pele é o maior 6rgdo do corpo humano, sendo a primeira barreira fisica de protecéo a
fatores externos e desempenha funcdes vitais para manter a homeostase do organismo, como o
controle da perda hidrica e a invasdo de agentes patogénicos, por exemplo, acaros, fungos,
bactérias etc. (BERNARDO et al., 2019). Sendo formada por duas camadas principais:
epiderme e derme, a pele pode sofrer modificagdes ao longo do tempo e consequentemente ter
suas funcgdes fisiologicas estruturais alteradas (ARANTES et al., 2018; SZWED e SANTOS,
2015; OLIVEIRA e DIAS, 2012).

As lesdes na pele, podem ser causadas por fatores intrinsecos, tais como a invasao de
microrganismos (bactérias e fungos), dermatoses, doencas vasculares e o aparecimento da acne,
bem como aos fatores extrinsecos, como queimaduras, lesGes por pressao em pacientes
acamados, geralmente em decubito dorsal e principalmente em pacientes diabéticos, o que pode
causar desconforto e afetar a qualidade de vida (ARANTES et al., 2018).

Quando a integridade da pele é alterada por quaisquer dos fatores anteriormente citados,
ou seja, qualquer interrupcdo classificada como deformidade ou lesdo, pode ser definido como
ferida. As feridas irdo variar de acordo com a etiologia, tamanho e caracteristicas, como
fechada ou aberta, superficial ou profunda, simples ou complexa. Além disso, as feridas séo
classificadas em agudas ou crénicas (OLIVEIRA et al., 2019) ou de baixa, média ou alta
complexidade, baseado em fatores como: tamanho, profundidade, bordas, maceracao, tipo de
tecido, presenca de exsudato e sinais de inflamacgéo ou infec¢cdo (CARVALHO et al., 2022).

As feridas agudas sdo causadas geralmente quando ocorre algum trauma, queimaduras
ou processos infecciosos, vasculares, alérgicos e radioativos. Quando envolvem um processo de
cicatrizacdo mais simples, normalmente a restauracdo da funcéo e anatomia € rapida, enquanto
nas feridas cronicas, as alteracdes anatdmicas e fisioldgicas persistem por um periodo superior
a trés meses e estdo ligadas a insuficiéncia vascular, isquemia, necrose e contaminacao
bacteriana, apresentando uma ou mais doencas com um processo de cicatrizacdo lento e
prolongado (MALAQUIAS et al., 2015; GONCALVES, 2015).

2.6.2 Inflamacéo

A inflamag@o comeca quando o organismo € exposto a um dano ou agente agressor e
como resultado, o corpo produz uma resposta ao dano tecidual. Esse dano pode ser causado por
uma variedade de fatores, como infec¢fes bacterianas, virais ou fungicas, toxinas, necrose

tecidual, isquemia, traumas, lesGes fisicas e quimicas, objetos estranhos ou reages imunes
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ligadas a hipersensibilidade e doengas autoimunes (PAHWA et al., 2018; CASTANHEIRA,;
KUBES, 2019).

As respostas inflamatdrias podem assumir duas formas: agudas e cronicas. Essa
classificacdo sera baseada no tempo de duracdo da resposta e nas caracteristicas que s&o
observadas. Uma resposta aguda é definida apds um evento traumatico, de curta a média
duracdo, com presenca dos sintomas cardinais de rubor, edema e dor, bem como a presenca de
grande namero de neutrofilos e macr6fagos. Em uma resposta inflamatdria crénica, ha um
agressor persistente e/ou exacerbacdo de mediadores inflamatdrios, resultando na persisténcia
da resposta por um longo periodo (HAMIDZADEH et al., 2017; SOEHNLEIN et al., 2017;
PAHWA et al., 2018; CASTANHEIRA; KUBES, 2019).

Em resposta ao dano, o organismo inicia um processo de reparo rapido no local. O
primeiro passo nessa resposta é reconhecer o agressor e, para isso, uma variedade de receptores
celulares e proteinas circulatérias sdo capazes de reconhecer agentes que danificam as células e
causam inflamacdo (BIANCHI et al., 2007; RANG et al., 2016), bem como uma variedade de
moléculas que sdo liberadas ou alteradas em decorréncia do dano (COSTA et al., 2012; RANG
et al., 2016; SUGIMOTO et al., 2019).

A resposta inflamatdria comeca na éarea afetada e se estende a todo o organismo, com o
objetivo de auxiliar na reducdo dos efeitos nocivos ao organismo, bem como promover
adaptacdo morfofisioldgica. Essa resposta comega com uma mudanca na microcirculacdo local,
resultando na migracdo de células sanguineas e componentes plasmaticos para 0 espaco
intersticial. Essa alteracdo vascular é desencadeada por uma variedade de células e derivados de
proteinas plasmaticas (WALFORD; LOSCALZO, 2003; CASTANHEIRA; KUBES, 2019;
COOKE, 2019).

Mastocitos, plaquetas, neutrofilos e mondcitos/macrofagos participam desse processo
de resposta e, sob a influéncia dessas células, uma variedade de mediadores quimicos sdo
liberados, que sdo responsaveis  pela homeostase do organismo e participacdo direta na
resposta inflamatéria (HAMIDZADEH et al., 2017; CASTANHEIRA; KUBES, 2019).

Mediadores inflamatérios estimulam alteracGes vasculares e exsudativas na area
infectada ou lesada, resultando em vasodilatacdo e aumento do fluxo sanguineo visando
maximizar o movimento de proteinas plasmaticas e leucdcitos para fora da circulagdo. Este
processo faz com que a area se torne mais avermelhada. Além disso, uma concentracdo
extravascular aumentada de proteinas e residuos celulares promove o desenvolvimento de
edema (COSTA et al., 2012; RANG et al., 2016). A principal funcéo dos leucocitos é eliminar
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agressores e substancias estranhas, bem como tecidos necréticos. Para realizar esse processo,
sd0 necessarios leucocitos dos tipos neutrofilos e macréfagos, pois possuem a capacidade de
fagocitose de corpos estranhos e tecidos danificados (JOHNSON 111 et al., 2017; DAVID;
KUBES, 2019; KUMAR; ABBAS; ASTER, 2019).

Além disso, os leucacitos estimulam a producgdo de citocinas e fatores de crescimento
que auxiliam no mecanismo de reparo tecidual. Apo6s a remocéo de agentes agressivos e tecidos
danificados, a resposta inflamatdria comeca a declinar. Ha evidéncias de que o metabolismo do
acido araquidonico, leucotrienos poés-inflamatdrios, lipoxinas anti-inflamatoérias e citocinas
anti-inflamatorias desempenham um papel nesse declinio (PARKER, 2017; KUMAR; ABBAS;
ASTER, 2019).

As reacOes inflamatdrias podem ter trés desfechos. A resolugdo completa, implicando a
remocao de restos celulares e de microrganismos, bem como a regeneracdo tecidual total. No
caso da substituicdo tecidual, ha um dano tecidual significativo com incapacidade de
regeneracdo. Outra progressdo da resposta inflamatdria é a transicdo da inflamacéo aguda para
crbnica, que ocorre gquando a inflamacdo aguda ndo pode ser resolvida e 0 agressor persiste,
como nas artrites reumatdides (KUMAR; ABBAS; ASTER, 2019; NA et al., 2019).

2.6.3 Cicatrizacado

O reparo tecidual da pele é um evento caracterizado pela liberacdo de mediadores
bioguimicos que atuam promovendo a cicatrizacdo, a partir de reac6es celulares de reintegracédo
da éarea lesionada, por meio da substituicdo do tecido de granulagdo (ferida) por tecido
conjuntivo denso (cicatrizado). A fase inicial € a inflamatéria, que pode durar até 7 dias,
seguida da proliferativa e de remodelacdo (RODRIGUES et al., 2019).

Na fase 1, ocorre o recrutamento de neutrofilos, macrofagos e citocinas proé-
inflamatorias, tais como fator de transformacdo do crescimento beta (TGF-), fator de necrose
tumoral alfa (TNF-a), interleucinas (IL-1 e 1L-8) e interferon gama (IFN-y), desencadeando a
quimiotaxia e diferenciacdo celular de mondcitos para macrofagos. A segunda etapa esta
relacionada a fibroplasia, ou seja, a deposicdo de colageno e a sintese de vasos sanguineos
(angiogénese), seguida pela formacgéo do tecido de granulacéo e a reepitelizacéo da pele, onde
queratinécitos migram das bordas em direcdo ao centro. Por fim, na ultima fase, de

remodelacdo, os fibroblastos estimulam a troca do colageno tipo 111 pelo tipo I, restabelecendo
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a forga de contragéo das margens e funcionalidade do local lesionado, como ilustrado na Figura
4 (DABIRI et al., 2016; RODRIGUES et al., 2019).

Figura 4 - Aspectos superficiais e representagdes histolégicas da pele de acordo com cada fase da cicatrizagdo da

ferida.
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Fonte: https://kelocote.com.br/entenda-as-cores-das-cicatrizes-e-0-que-elas-significam/ - Acesso em 20 de agosto
de 2023.

As integrinas sdo os principais receptores de superficie celular que auxiliam no processo
de reparo tecidual, atuando na adesdo epidérmica e modulacdo das funcGes dos queratindcitos
em todas as fases da cicatrizacdo como, migracdo celular, proliferacdo e regeneracgdo tecidual,
além de auxiliar na inducdo do processo de angiogénese. Quando ocorre falha nesta modulagédo
dos queratindcitos por integrinas, podem ocasionar feridas com cicatrizes hipertréficas ou
processos cronicos (KOIVISTO et al., 2014; DIPERSIO et al., 2016). Os defeitos de reparo
tecidual afetam principalmente pacientes imunossuprimidos, idosos, em tratamento de
radioterapia ou quimioterapia e principalmente os individuos diabéticos, onde as feridas que
ndo cicatrizam evoluem para Ulceras e de acordo com a malignidade, podem progredir para o
cancer do tecido fibrético (QIANG et al., 2017).

Na fase inflamatdria, o recrutamento e migracdo dos neutréfilos até a area lesionada,
acontece durante um periodo de vinte horas durante a resposta inflamatoria, ocorrendo a
liberacdo das enzimas proteoliticas pelos neutrofilos, com o intuito de eliminar partes dos
tecidos injuriados e evitar novas infeccdes. Como mecanismo de ampliagdo dessa resposta,
liberam ainda citocinas pro-inflamatérias, tais como IL-1, IL-6 e VEGF (SABINO e AUF

DEM KILLER, 2015). A fase proliferativa é caracterizada pelos processos de proliferacdo


https://kelocote.com.br/entenda-as-cores-das-cicatrizes-e-o-que-elas-significam/

26

celular ou granulacdo, que incluem a formacdo de novo epitélio, vasos sanguineos, tecido de
granulacdo e fibroplasia, iniciando em torno do 4° dia apds a lesdo da pele, com a reepitelizacédo
caracterizada pela migracdo de queratindcitos, fibroblastos e células endoteliais saudaveis da
borda da ferida para o centro, com o objetivo de refazer a barreira protetora. Um importante
mediador dessa fase é o fator de necrose tumoral (TNF-a)) que ¢ sintetizado por macrofagos,
linfécitos T e mastocitos e atua na regulacdo de outras citocinas, sendo responsavel pela
estimulacdo da angiogénese, contribuindo com o fornecimento de nutrientes para a ferida,
através dos novos capilares e permitindo a migracdo dos fibroblastos para a reconstituicéo
dérmica a partir da deposi¢do de colageno (SIGNH et al, 2013; ABDEL-SALAM, 2014).

Durante a fase de remodelacéo, ou fase final do processo de cicatrizacdo, o nimero de
células na area ferida é reduzido, devido a inducdo do apoptose celular, a fim de restabelecer a
homeostase tecidual. Conforme a matriz vai sendo remodelada, nota-se que a sintese de
coladgeno também diminui e logo os componentes dessa matriz sdo modificados e acontece a
substituicdo do tecido e reorganizacao das fibras de colageno (PITZ et al; 2016; KONDO, 2017;
UDAYAKUMAR et al., 2017).

2.7 ESTUDOS DE TOXICIDADE

A toxicologia é a avaliacdo dos possiveis efeitos nocivos causados por uma
substancia especifica dentro do corpo, que esta ligada a sua concentracdo, duracdo e/ou forma
de exposicdo (TONKENS et al., 2005; HARTUNG et al., 2020). As alteracdes causadas por
substancias toxicas podem ser reversiveis ou irreversiveis, dependendo da extensdo dos danos
causados, que podem ser moleculares, celulares ou teciduais, podendo resultar na morte do
organismo. Essas alteracfes podem variar de acordo com as caracteristicas do paciente, como
sexo, idade, estado nutricional, entre outras (UGWAGH-OGUERJIOFOR et al., DEYNO et al.,
2020)

Diversas agéncias reguladoras tém apresentado protocolos para a realizagdo de testes
toxicologicos, sendo o da Organizacdo para Cooperagdo e Desenvolvimento Econdmico
(OCDE) um dos mais aceitos e seguido pelas principais agéncias reguladoras de medicamentos
do mundo, incluindo a Food and Drug Administration (FDA), a Agéncia Medica Europeia
(EMA), a Agéncia Reguladora de Medicamentos e Produtos de Saude (MHRA) e o Ministério
da Saude do Japdo. No Brasil, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) também
segue as diretrizes da OCDE (MOURA et al., 2012).
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Os estudos de dose Unica, também conhecidos como testes toxicoldgicos rapidos ou
agudos, permitem classificar um composto de acordo com seu nivel de toxicidade ou letalidade,
além de determinar a dose letal mediana (DLso). Alteragdes no consumo de &gua, racdo e massa
corporal séo observadas e os principais 6rgdos podem ser removidos ao final do experimento
para avaliagbes macroscopicas e histopatoldgicas. A OCDE (2001) estabeleceu um
procedimento com diretrizes para avaliacdo de toxicologia aguda em roedores afim de fornecer
informacdes sobre 0s possiveis riscos a salde que podem surgir da exposicdo repetida por um
periodo relativamente limitado, incluindo efeitos nos sistemas nervoso, imunoldgico e
enddcrino (Figura 5).

Na avaliacdo seguindo o protocolo da OCDE, o nivel de dose a ser usado como dose
inicial é selecionado de um dos quatro niveis fixos: 5, 50, 300 e 2000 mg/kg de peso corporal.
A dose inicial deve ser aquela que tem maior probabilidade de produzir mortalidade em alguns
dos animais dosados. Quando as informacgdes disponiveis sugerem que a mortalidade €
improvavel no nivel de dose inicial mais alto (2000 mg/kg de peso corporal), entdo deve ser
usada essa dose. Quando ndo héa informag6es sobre uma substancia a ser testada, por razdes de
bem-estar animal, recomenda-se usar a dose inicial de 300 mg/kg de peso corporal. Caso néo
seja observada nenhuma ou até 1 morte em uma dose de até 2000 mg/kg, o produto recebe a

classificacdo de categoria 5.

Figura 5- Ensaio de avaliacdo de toxicidade aguda segundo o protocolo 423 da OECD.
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Fonte: OECD (2001).
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O objetivo dos testes toxicologicos é garantir a seguranca do uso de determinada
substancia, estabelecendo limites seguros de aplicacdo e auxiliando no desenvolvimento de
novos medicamentos (OLIVEIRA et al., 2019). A crenca de que os produtos naturais ndo
prejudicam a saude leva a uma subestimagdo de sua toxicidade. Porém, experimentos
mostraram que o uso de algumas espécies de plantas tem vérios efeitos negativos no organismo
animal, como Achyranthes aspera, Chenopodium murale, Satureja punctata, Rumex
abyssinicus e Aloe pulcherrima (ALELIGN et al., 2020). Por isso, estudos toxicoldgicos
envolvendo plantas medicinais devem ser realizados para avaliar sua seguranga Nno uso
(NDHLALA et al., 2013; TARIQ et al., 2018; OLIVEIRA et al., 2019; COSTA et al., 2020).
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3 OBJETIVOS

3.1 GERAL

Analisar a caracterizacdo fitoquimica e avaliar a toxicidade aguda, capacidade
antioxidante in vitro e atividades antinociceptiva e cicatrizante de extrato hidroetanolico de

folhas de J. mollissima em camundongos (Mus musculus).

3.2 ESPECIFICOS

o Investigar metabolitos secundarios presentes no extrato hidroetandlico de folhas de J.
mollissima (JMLE, do inglés J. mollissima leaf extract) através da andlise fitoquimica.

o Avaliar a atividade antioxidante in vitro de JMLE.

o  Determinar o potencial hemolitico in vitro de JMLE.

o Avaliar a toxicidade aguda de JMLE em camundongos Swiss albinos utilizando
parametros comportamentais, hematolégicos, bioquimicos e histopatoldgicos.

o Avaliar o efeito antinociceptivo de JMLE em diferentes modelos de inducéo de dor
em camundongos, através dos testes de contor¢do abdominal, formalina, imersdo de
calda.

o Avaliar a atividade cicatrizante do tratamento com gel a base de JMLE em feridas

experimentais em camundongos Swiss albinos.
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4 RESULTADOS E DISCUSSAO

Os resultados da presente tese estdo apresentados na forma de artigos cientificos.

4.1 ARTIGO 1 - JATROPHA MOLLISSIMA (POHL) BAILL. HYDROETHANOLIC LEAF
EXTRACT HAS ANTINOCICEPTIVE ACTIVITY WITHOUT SHOWING TOXICITY IN
MICE

Jatropha mollissima (Pohl) Baill. hydroethanolic leaf extract has antinociceptive activity

without showing toxicity in mice

Geane Rodrigues Chaves?, Wéndeo Kennedy Costal, Ewelyn Cintya Felipe dos Santos?, Magda
Rhayanny Assuncdo Ferreira?, Luiz Alberto Lira Soares?, Marcia Vanusa da Silval, Patricia
Maria Guedes Paival, Alisson Macario de Oliveiral, Ivone Antdnia de Souza®, Thiago Henrique

Napoledo®”

!Departamento de Bioquimica, Centro de Biociéncias — Universidade Federal de Pernambuco,
50670-420, Recife, Pernambuco, Brazil

2Departamento de Ciéncias Farmacéuticas, Centro de Ciéncias da Saude — Universidade
Federal de Pernambuco, 50740-520, Recife, Pernambuco, Brazil.

3Departamento de Antibidticos, Centro de Biociéncias — Universidade Federal de Pernambuco,
50740-520, Recife, Pernambuco, Brazil.

Introduction

The Caatinga is a tropical dry forest region located in the Brazilian Northeast that shows
a wide biodiversity, including several plants useful for the population for several purposes (SA-
FILHO et al.,, 2021). Many plants from the Caatinga have been used in the commercial
manufacturing of phytotherapeutic products (NASCIMENTO MAGALHAES et al., 2019) and
the researchers are looking for metabolites present in Caatinga species, aiming to scientifically
prove their medicinal properties (SA-FILHO et al., 2021). Jatropha mollissima (Pohl) Bail
(Euphorbiaceae) is an endemic medicinal plant found at Caatinga and it is popularly known as
“pinhdo-bravo”. It is known for antibacterial (ROCHA; DANTAS, 2009; BRAQUEHAIS et al.,
2016; QUEIROZ-NETO et al., 2019; BASTOS-CAVALCANTE et al., 2020), antiophidic
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(VILAR et al., 2007; GOMES et al., 2016), antioxidant (MELO et al., 2010; IQBAL et al.,
2021) antihelmintic (RIBEIRO et al., 2014), hemostatic (DANTAS et al.,, 2021), and
nephrotoxicity-reversing (IQBAL et al., 2021) activities. Furthermore, the milky-looking sap
(latex), which is produced during the stem injury of J. mollissima, has been used by the
ancients for wound healing and for controlling hemorrhages, infections, and inflammations
(QUEIROZ NETO et al., 2019).

The assessment of the toxic effects of a given substance is crucial, since the exposure to
chemicals, even natural ones, can be dangerous and lead to adverse influences on the body.
Thus, there is a need to investigate these medicinal plants to better understand their properties,
safety and efficiency (NDHLALA et al., 2013; TARIQ et al., 2018). Acute toxicity testing
provides valuable information about a substance's organ toxicity, compound metabolism, and
adverse effects on single-dose exposure, leading to the selection of a safe dose level (COSTA et
al., 2020). J. mollissima has not been assessed for its toxicity to Mus musculus mice yet.

The study of plants with anti-inflammatory and analgesic potentials have been
stimulated aiming at find drugs with minimal side effects, considering that the drugs currently
used for the treatment of pain and inflammation can promote several adverse reaction. For
example, headache, gastrointestinal disorders, abdominal pain and liver failure are some of the
signs and symptoms that may be associated with the prolonged use of these drugs (SOLIMAN
etal., 2019; STOCKINGS et al., 2019).

Even though the antinociceptive activity of J. mollissima has not been reported yet,
other species from the Jatropha genus have shown such property. For example, a
dichloromethane fraction from Jatropha isabellei underground root parts displayed
antinociceptive and antiedematogenic activities, representing a promising plant product for the
arthritis treatment (FROHLICH et al., 2017). In addition, Aati and colleagues (2018)
demonstrate that root dichloromethane fractions of Jatropha pelargoniifolia presented
significant antinociceptive and anti-inflammatory effects.

This study aimed to evaluate the acute 1 toxicity in (Mus musculus) mice of a Jatropha
mollissima hydroethanolic leaf extract (JMLE) and to investigate its in vitro 3 antioxidant and

in vivo 2 antinociceptive activities.

Materials and methods

Botanical authentication and extract preparation
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Plant material was collected period? morning or afternoon? in July 2020 in Caruaru,
Add geographic coordinates city of Pernambuco, Brazil, with access registered (A648A31) in
the Sistema Nacional de Gestdo do Patrimonio Genético e do Conhecimento Tradicional
Associado (SisGen). A voucher copy (number 82,721) was deposited at the Geraldo Mariz
herbarium of the Universidade Federal de Pernambuco (UFPE). To prepare the extract, the
leaves were washed and dried at 37 °C for five days air circulation laboratory oven. The leaves
were crushed in a knife mill and the powder was added to a solution of Ethyl Alcohol P.A.
A.C.S. ®: water distilled (1:1 v/v) in the proportion of 10% (w/v). Then, the mixture was
processed in a turboextractor in four cycles of 30 s at intervals of 4 min and filtered through
cotton. The extract obtained (JMLE) was concentrated in a rotary evaporator (50 °C) and then

lyophilized.

Phytochemical analysis

Thin layer chromatography (TLC)

Thin-layer chromatography (TLC) was performed to screen the presence of the
following compounds: cinnamic acid derivatives, flavonoids, tannins, coumarins,
terpenes/steroids, saponins, anthracenic compounds, sugars, and alkaloids. Two milligrams of
the JIMLE was weighed and diluted in 2 mL of methanol, then taken to the sonicator for 10 min.
The standard solutions were prepared at 0.5 mg/mL in methanol. The plates were developed in
a high-performance thin-layer chromatography (HPTLC) system (CAMAG, Switzerland),
consisting of a Linomat V sample applicator equipped with a 100 pL syringe (Hamilton,
Switzerland) connected to compressed air, and the winCATS® software (CAMAG,
Switzerland). Silica gel plates (60-F254; Merck, Germany) were placed in a twin trough
vertical glass chamber (10 x 10 cm, CAMAG, Switzerland), and the plates were developed
using the mobile phase required for each compound class (MARKHAN, 1982; ABREU, 2000;
WAGNER AND BLADT, 2001). The saturation time for the mobile phase was 30 min at 25 £
2 °C. After development, the plates were derivatized by spraying with the reagents specific to
each class compound and visualized under 254 or 365 nm ultraviolet light (MARKHAN, 1982;
ABREU, 2000; WAGNER AND BLADT, 2001). The images were acquired using the
MultiDoc-I1t™ Imaging System (Model 125, USA) with UVP software and a Canon camera
(Rebel T3, EOS 1100 D).
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High-performance liquid chromatography with diode array detection (HPLC-DAD)

JMLE (1 mg) was dissolved in 1 mL of 50% methanol (HPLC grade; Tedia, USA) and
then diluted in ultrapure water (Purelab 110 Classic UV, ELGA LabWater, USA) and filtered
(PVDF filter, 0.45 um; Chromafil) for vials. The vitexin and caffeic acid standards (Sigma-
Aldrich, St. Louis, MO, USA) were prepared in 50% methanol. The analysis was conducted on
an HPLC UltiMate™ 3000 system (Thermo Fisher Scientific, USA) coupled to a Diode Array
Detector (DAD; Thermo Fisher Scientific) and equipped with a binary pump (HPG-3x00RS,
Thermo Fisher Scientific), a degasser, and an autosampler with a loop of 20 uL (ACC-3000,
Thermo Fisher Scientific). The wavelengths of 210, 270, and 350 nm were used for detection.
The chromatographic separations were achieved with a C18 column (250 mm x 4.6 mm i.d.,
particle size 5 um; Dionex, USA) equipped with a guard column (Cis, 4 mm x 3.9 um;
Phenomenex, USA). The separations were performed at a temperature of 25 + 2 °C. The mobile
phase consisted of purified water (A) and methanol (B), both acidified with 0.05%
trifluoroacetic acid and degassed in an ultrasound bath (Ultracleaner 1600A, Unique®), at a
flow rate of 0.8 mL/min. A gradient program was applied as follows: 0-10 min, 5-20% B; 10—
14 min, 20-25% B; 14-18 min, 25-40%B; 18-25 min, 40-80%B; 25-30 min, 80%B; 30-34 min,
80-5%B; 34-36 min, 5%B. For data analysis and processing, the software Chromeleon™

version 6 123 (Dionex/Thermo Fisher Scientific, USA) was used.

Phenol and flavonoid contents

The total phenol content was estimated using the Folin-Ciocalteau method
(SINGLETON; ROSSI, 1965), with some modifications. Samples of 20 uL of JMLE (1 mg/mL)
were mixed with 100 uL of the Folin-Ciocalteu reagent. After 3 min at 25 °C, 80 uL of a
sodium bicarbonate solution (0.7 M) was added. The reaction was kept in the dark for 2 h at 25
°C. The absorbance was measured at 735 nm. Methanol was used as negative control. Gallic
acid (10-100 pg/mL) was used as standard, and the results were expressed as mg equivalent of
gallic acid per gram of extract (GAE/g extract). The experiment was done in triplicate.

The flavonoid content was determined according to the colorimetric method of
aluminum chloride (WOISKY; SALATINO, 1998). JMLE was tested at the concentration of 1
mg/mL, and quercetin was used to obtain the standard calibration curve (10-100 pg/mL). The

sample (100 pL) was mixed with 100 pL of the reagent [2% aluminum chloride (AICIs) in
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methanol] after 1 h in a dark at 25 °C, the absorbance at 420 nm was read against a blank of
methanol. The results obtained were expressed as mg equivalent to quercetin per gram of

extract (mg QE/g extract). The experiment was done in triplicate.

Antioxidant activity

Total antioxidant capacity (TAC)

Sample (100 pL) of JIMLE (31.25 to 1000 pg/mL) or ascorbic acid (31.25 to 1000
pg/mL) was added to 1 mL of the reagent solution (0.6 M sulfuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate). The assays were incubated at 95 °C for 90 min,
then cooled to 25 °C and the absorbance was read at 695 nm. The control reaction consisted of
100 puL of methanol mixed with 1 mL of the reagent solution. The total antioxidant capacity
(TAC) of JMLE was calculated as relative antioxidant activity in relation to ascorbic acid,

calculated by the formula:
TACY% = [(Ax-Ac) / (Asa-Ac)] X 100,

Where a, is the absorbance of the sample, A: is the absorbance of the control and Aaa is the
absorbance of ascorbic acid (AGUILAR; PINEDA; PRIETO, 2013).

DPPH scavenging assay

For evaluation of the ability to scavenge the DPPH (2,2-Diphenyl-1-picryl-hydrazyl)
radical, an aliquot of 40 pL of JMLE at different concentrations (31.25 to 1000 ug/mL) was
mixed with 250 uL of 1 mM DPPH solution (in methanol) for 25 min at 25 °C and protected
from the light. Ascorbic acid was used as a positive control, and methanol was the negative
control. The absorbance of each solution was measured at 517 nm. The inhibition percentage

(1%) was calculated using the following equation:

1% = [(Ac'As) / (Ac)] x 100
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where Ac is the control absorbance and As is the sample absorbance (BRAND-WILLIAMS;
CUVELIER; BERSET, 1995). The concentration of JMLE responsible for scavenging 50% of

DPPH (ICso) was calculated through linear regression.

ABTS assay

The ABTS* (2,2-azino-bis (3-ethylbenzo-thiazoline-6-sulfonic acid)) radical was
obtained by mixing 5 mL of an ABTS solution (7 mM) with 88 pL of 140 mM potassium
persulfate solution. This mixture remained in the dark and at 25 °C for 16 h before use. The
ABTS" solution was diluted with ethanol until an absorbance of 0.7 nm (+ 0.02) at 734 nm.
Samples (10 puL) of IMLE (31.25 to 1000 pg/mL) were mixed with 1 mL of the ABTS* radical
for 6 min and then absorbance at 734 nm was read. Ascorbic acid was used as positive control

and inhibitory activity was calculated based on the percentage of ABTS* removed:

% = [(Ac-As) / (Ad)] x 100,

where A is the absorbance of the control and As is the absorbance of the sample (RE et al.,
1999). The concentration of JMLE that cause 50% inhibition of ABTS" (ICso) was calculated
through linear regression.

Hemolytic assay

Hemolytic activity of JMLE was evaluated according to Costa et al. (2020). The mice
blood was centrifuged at 3000 rpm for 6 min, the supernatant was discarded, and the pellet was
washed three times with phosphate-saline buffer and resuspended with the same solution. In a
test tube, 1.1 mL of erythrocyte suspension and 0.4 mL of the extract in concentrations from
0.25 to 10.0 mg/mL were incubated for 60 min. Next, the assays were centrifuged, and the
supernatants were used to evaluate hemoglobin release by measuring the absorbance at 540 nm.
Hemolytic activity was expressed in relation to the activity of Triton X-100 (positive control)
and calculated using the following formula:

Hemolytic activity (%) = (As - Ab) X 100 / (Ac - Av),
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Ay is the absorbance of the negative control (blank without extract) and A is the absorbance of
the positive control (Triton X-100).

Animals

Mice (Mus musculus) were obtained from the Instituto Keizo Asami (iLIKA). The
assays were approved by the Ethics Committee for Animal Use of UFPE (process no.
0014/2020). The animals were mainatined standard conditions (12:12 light: dark cycle,

22+1 °C) with ad libitum access to food and water.

Oral acute toxicity

The acute toxicity assay was performed following the protocol 423 of the Organization
for Economic Co-operation and Development (2002) with some modifications it is important to
say which six female nulliparous Swiss albino mice (Mus musculus) at eight weeks of age were
average weight distributed in two groups of three animals: a control group and a JMLE-treated
group. The control group received orally distilled water (vehicle) in the proportion of 100 pL
for each 10 g of body weight. The animals in the JMLE-treated group received the extract
orally at a dose of 2000 ma/kg of the hydroalcoholic proportion. The animals had fasted for 4 h

before and 2 h after the extract or vehicle administration. However, they had free access to
water.

During 60 min after administration, behavioral signs related to the central such as signs
of motor coordination, aggression, and cardiac arrest, among others (CNS) and autonomic,
depressants and diuretics, e.g. (ANS) nervous systems were evaluated. After this period, the
animals were monitored every 24 h for 14 days. During two weeks, weight, water intake, and
food consumption were measured. At the end of 14 days, anesthetized and then euthanized was
performed, and blood samples were taken by cardiac puncture for hematological and
biochemical parameters. In addition, kidney, liver, spleen and lung were removed for
macroscopic and microscopic evaluations. Sections of the organs were fixed in buffered
formalin (10%, v/v), dehydrated through a graded ethanol series (70-100%), diaphanized in
xylol, and embedded in paraffin. Histological slices (5 um) were stained with hematoxylin-

eosin and mounted using cover slips.
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Antinociceptive activity

Acetic acid-induced abdominal contortions

The assay was performed according to Oliveira et al. (2018). Male Swiss mice (n=6)
were treated with JMLE (50, 100 or 200 mg/kg per os) 1 h before intraperitoneal injection (0.1
mL/10 g) of 0.85% (v/v) acetic acid. Morphine (10 mg/kg i.p.) and indomethacin (20 mg/kg i.p.)
were used as positive controls and administered 30 min before the acetic acid injection. The
number of contortions was measured from 5 to 15 min after acetic acid administration in all

groups.

Formalin-induced nociception

The test was conducted based on Hunskaar and Hole (1987). Briefly, male Swiss mice
(n=6) were pretreated orally with JMLE (50, 100 or 200 mg/kg) 1 h before the injection of 20
pL of formaldehyde (10% in PBS, v/v) on the right hind leg. Morphine (10 mg/kg i.p.) and
indomethacin (20 mg/kg i.p.) were used as positive controls and administered 30 min before the
formaldehyde injection. Paw licking time was evaluated in two phases: 1st phase (neurogenic

pain) from 0 to 5 min and 2nd phase (inflammatory pain) from 15 to 30 min.

Tail immersion test

The tail immersion test was performed according to Khatun et al. (2015). Male Swiss
mice had their tails immersed in warm water (55 + 1 °C). The ones that removed their tails in
less than 5 s were selected and randomly divided into 5 groups (n=6 per group). The animals
were pretreated orally with JMLE (25, 50 or 100 mg/kg) and intraperitoneally with morphine
(10 mg/kg) or vehicle (0.9% NaCl, 0.1 mL/10g) and had their tails immersed in warm water
(55°C) up to 20 s at times 0, 30, 60, 90 and 120 min after the treatments. The latency time for a
discomfort reaction was recorded, not exceeding 20 s. Animals with a latency of 20 s were
considered to have complete analgesia.



38

Mechanisms of antinociceptive activity

To assess putative antinociceptive mechanisms, the animals were pre-treated
intraperitoneally with naloxone 2 mg/kg (non-selective opioid receptor antagonist), or
glibenclamide 5 mg/kg (channel blocker K). Subsequently, the animals were treated with IMLE
(200 mg/kg per 0s), saline solution (per os) or morphine (10 mg/kg i.p.) and were submitted to

the formalin test.

Statistical analysis

The results obtained were expressed as mean * standard deviation and were analyzed
using GraphPad PRISM® version 8.0. Data were compared and statistically analyzed using
analysis of variance (ANOVA) or linear regression, where P values <0.05 were considered

statistically significant.

Results and discussion

Popular interest in the use of medicinal plants has grown considerably and studies on
the chemistry and pharmacology of natural products might lead to less expensive and more
accessible health treatments, mainly in developing countries. Therefore, this work evaluated the
toxicity of an ethanolic extract from leaves of J. mollissima (JMLE) and its antioxidant and
antinociceptive activities.

In the phytochemical screening of JIMLE by TLC, the presence of flavonoids, cinnamic
derivatives, saponins, reducing sugars and terpenes was revealed. Alkaloids, coumarins,
anthracene derivatives, hydrolysable tannins, and condensed tannins were not detected. JMLE
showed a high content of phenolic (620.63 + 1.47 mg GAE/g) and flavonoid (22.55 + 0.55 mg
QE/g) compounds. Igbal et al. (2021) reported the presence of high content of flavonoids,
phenols, tannins and saponins in an ethanolic extract from J. mollisima leaf. However,
differently of JMLE, triterpenoids, steroids and anthocyanins were not detected. These
differences may be due to distinct methods of extraction: here it was used a 1:1 (v/v) ratio of
ethanol:water while Igbal et al. (2021) employed a 70:30 (v/v) ethanol: water solution. In
addition, JMLE was obtained with a 10% proportion of plant drug/solvent while these authors

used an approximately 0.25% proportion.
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From these results, HPLC analysis was performed by monitoring the profile at a
wavelength of 270 nm for the detection of flavonoids (Figure 1). In the HPLC fingerprint of the
extract, it was possible to observe 10 peaks. The peaks 5, 6, 7, 8, 9 and 10 corresponded to
flavonoids, while peaks 1, 2 and 4 corresponded to cinnamic derivatives, according to the
scanning spectra (Figure 2). Vitexin was detected in peak 9 in comparison with the standard

profile. The vitexin content was calculated as 1.104 g% + 0.0028.

Figure 1- A representative profile of Jatropha mollissima leaf extract (JMLE) on high performance liquid
chromatography (HPLC) using a C18 column. Standards: St1 - caffeic acid; St2 — vitexin.
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Fonte: Autora (2023).

JMLE was evaluated for total antioxidant capacity (TAC) by the phosphomolybdenum
method and the result showed an ICs; of 123.4+1.2 pg/mL. In the DPPH and ABTS®
scavenging assays, JMLE presented ICso of 87.84+1.1 pg/mL and 49.08+£0.7 pg/mL,
respectively. The standard ascorbic acid showed ICso in the DPPH, and ABTS" assays of
12.74+0.4 pg/mL and 72.54+1.1 pg /mL, respectively.

A strong antioxidant activity has been associated with the high content of many
phytochemicals such as flavonoids, phenols, tannins, and saponins. Flavonoids must play a role
in JMLE antioxidant activity, since they have the capacity to scavenge free radicals, and some
of them have enough antioxidant activity to outperform recognized antioxidants like vitamins A
and E (SHEN et al. 2022). The antioxidant potential and the high flavonoids content in the
JMLE may suggest possible pharmacological properties of this plant, such as antinociceptive

action. Studies have shown a link between antioxidant and antinociceptive activity, indicating



that plant extracts containing antioxidants may alleviate pain (RAUF et al., 2016; DIAS et al.

2020; GOMES et al., 2022; OLIVEIRA et al., 2022).

40

Figure 2- The ultraviolet absorption spectra of the 10 peaks detected in performance liquid chromatography (C18

column) of the Jatropha mollissima leaf extract (JMLE).
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Igbal et al. (2021) evaluated an ethanolic extract from J. mollissima leaves for acute

A _ames 3

toxicity (2000 mg/kg) and the ability of reversing cisplatin-induced nephrotoxicity in rats and

demonstrated the safety of this extract for the animals. However, as discussed above, JIMLE

contains classes of secondary metabolites that were not detected in the extract studied by these

authors. Thus, we examined the acute toxicity of JMLE in mice before testing its

antinociceptive effects.

Regarding the toxicity evaluation, JMLE caused hemolysis of 18.16% at the highest

concentration tested (10 mg/mL). This finding showed that JMLE has low hemolytic activity

(COSTA et al., 2020). In the acute oral toxicity assay, behavioral signals of motor coordination,
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aggression and cardiac arrest, for example were not altered in the mice of control and JMLE-
treated groups observed for 14 days. There were no changes in weight and consumption of
water and food in the group treated with the JMLE comparing with control (Table 1). Igbal et al.
(2021) reported that the ethanolic extract of J. mollissima leaves at 2000 mg/kg did not cause
mortality of mice.

Table 1 - Evaluation of food and water consumption and weight average of animals from control group and treated
with the Jatropha mollissima leaf hydroethanolic extract (JMLE) at 2000 mg/kg.

Treatments Parameters

Weight average Food consumption Water consumption
Control 31.06 +£0.98 23.35+0.78 35.09 £ 1.45
JMLE (2.000 mg/kg) 30.88 +1.37 23.86 + 1.05 3453+1.24

Values represent the mean + SEM (n=5/group). No significant differences (p > 0.05) were found.
Fonte: Autora (2023).

The blood of control and JMLE-treated animals was evaluated in terms of hematologic
and biochemical parameters and the results are presented in Tables 2 and 3, respectively. None
of hematologic parameters of the animals exposed to the extract showed a significant difference

(p > 0.05) from the control. In the biochemical analysis, the animals treated with JMLE showed

significant reduction (p < 0.05) in tryglicerides, LDL and VLDL levels and an increase (p <

0.05) of HDL level in relation to the control animals.

Table 2 - Hematological parameters of mice from control group or treated with the Jatropha mollissima leaf
hydroethanolic extract (JMLE) at 2000 mg/kg.

Parameters Treatments

Control JMLE
Erythrocytes (105/mm?3) 5.65+0.42 5.40+0.50
Hematocrit (%) 37.31+2.20 38.13+2.32
Hemoglobin (g/dL) 14.12+0.51 14.33+0.48
Mean corpuscular volume (%) 49.20+2.14 48.36+2.51
Mean corpuscular hemoglobin (%) 18.10+0.36 17.92+0.43
Mean corpuscular hemoglobin concentration (%) 36.41+1.54 35.85+1.47
Platelets (10°/mm?) 956.32+55.49 845.94+60.21

Leukocytes (103/mm3) 7.43+0.83 7.19+0.63
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Segmented (%) 65.38+3.45 63.96+3.28
Lymphocytes (%) 29.34+0.76 28.96+0.64
Monocytes (%) 3.291£0.42 3.31+0.37
Basophiles (%) 0.11+0.04 0.14+0.05
Eosinophiles (%) 1.72+0.24 1.55+0.20

Values represent the mean + SEM. No significant differences (p > 0.05) were found.
Fonte: Autora (2023).

Table 3 - Biochemical parameters of blood of mice from control group and treated with the Jatropha mollissima
leaf hydroethanolic extract (JMLE) at 2000 mg/kg.

Parameters Treatments

Control JMLE
Albumin (g/dL) 38.13+2.24  40.02+3.26
Alanine aminotransferase (U/L) 67.21£3.20  69.34+3.37
Aspartate aminotransferase (U/L) 101.42+4.22 104.25+5.35
Alkaline phosphatase (U/L) 15.10+0.85  15.27+0.63
Billirubin (mg/dL) 0.44+0.10 0.41+0.07
Gamma-glutamyl transferase (U/L) 14.32+0.42  14.82+0.64
Total protein (g/dL) 70.34+2.49  71.43+2.31
Urea (mg/dL) 0.35+0.08 0.41+0.10
Creatinine (mg/dL) 4.14+0.60 4.01+£0.42
Total cholesterol (mg/dL) 76.32£3.51  75.25+4.21
Triglycerides (mg/dL) 94.32+3.54  84.26+3.20*
High-density lipoprotein-cholesterol (mg/dl) 44.12+2.44  47.34+2.62*
Low-density lipoprotein-cholesterol (mg/dl) 26.82+2.07  21.45+2.32*

Very low- density lipoprotein-cholesterol (mg/dl) 18.07+1.30  15.66+1.07*

Values represent the mean = SEM. *) indicates significant difference (p < 0.05) in comparison with control.
Fonte: Autora (2023).

Table 4 shows the relative weights of the organs of the mice. Kidneys, liver, spleen and
lungs did not show a significant difference in weight between JMLE-treated and control
animals, LDso 2.500 mg/kg, (p > 0.05). The histological investigation (Figure 3) revealed that
control and extract-treated groups had intact architecture of all of the organs evaluated. Based

on all the acute toxicity data, and according to the classification of the Globally Harmonized
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System of Classification and Labeling of Chemicals, the extract can be classified as Category 5
(low toxic or non-toxic) (OECD, 2001).

Table 4 - Evaluation of the relative organs weight (g/10 g animal body weight) from control group and treated with
the Jatropha mollissima leaf hydroethanolic extract (JMLE) at 2000 mg/kg.

Treatments Relative organs weight (g/109)
Kidney Spleen Lung Liver
Control 0.74+0.08 0.36+0.03 0.68+0.06 2.87+0.16
JMLE 0.70+0.05 0.39+0.04 0.64+0.05 2.68+0.20

Values represent the mean + SEM (n=5/group). No significant differences (p > 0.05) were found.
Fonte: Autora (2023).

Figure 3 - Representative photomicrographs of the liver, kidney spleen and lung of mice from the control group
and the groups treated with Jatropha mollissima leaf hydroethanolic extract (JMLE) at 2000 mg/kg. Liver: the
centrilobular vein (cv) is seen in all images. Kidney: Renal glomeruli (Gr) and contorted tubules without
alterations visible. Spleen: Lymph nodes (Nd) are well defined in the control and treated groups. Lung: Alveolar
sac (As) can be visualized, with preserved architecture. Hematoxylin-eosin staining was used. Magnification: 400

x for liver, kidney and lung. 100 x spleen.
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Fonte: Autora (2023).

Once defined the safety of the acute administration of JMLE to mice, the
antinociceptive activity of the extract was evaluated. In the first test, the doses of 50, 100, and
200 mg/kg of JMLE reduced the number of whritings contor¢des by 40.41, 58.77, and 71.42%,
respectively (Figure 4). Indomethacin and morphine caused a reduction of 70.61 and 93.87%,
respectively. The acetic acid, when administered intraperitoneally, induces the release of pain
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mediators, such as prostaglandins, glutamate, substance P, nitric oxide, histamine, and
bradykinin. This assay is a very representative strategy for screening new pharmacological
targets for pain relief. However, since the activation of various nociceptors occurs, it is a
nonspecific test regarding the pharmacological pathways involved (Costa et al., 2022). Thus,
formalin and tail immersion tests were conducted to investigate the involvement of central,

peripheral or both components in the JMLE action.

Figure 4 - Antinociceptive effect of Jatropha mollissima leaf hydroethanolic extract (JMLE) on acetic acid-
induced abdominal writhings. Vehicle: saline, 0.1 mL/10g. Mor: morphine, 10 mg/kg i.p. Indo: indomethacin 20
mg/kg i.p.. Each column represents the mean (n = 6) and asterisks indicate a significant difference from the control.
*** n < 0.001 (ANOVA followed by Dunnett's test).
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Fonte: Autora (2023).

The results of the formalin test are shown in Figure 5. In the first phase (neurogenic),
JMLE at doses of 50, 100, and 200 mg/kg reduced the licking time by 30.19, 47.58, and
65.24%, respectively (Figure 5A). Indomethacin and morphine reduced the licking time by
15.67% and 88.31%, respectively. In the second phase (inflammatory), the extract reduced the
licking time by 40.49, 58.05, and 79.30% at 50, 100, and 200 mg/kg, respectively (Figure 5B).
The standard drugs indomethacin, and morphine reduced licking time in 85.46 and 83.22%,
respectively (Figure 5B). These results showed that JMLE acted in both phases with dose-
dependent action.

Aiming to investigate the mechanisms of action involved, naloxone, an opioid
antagonist, and glibenclamide, a K+ channel blocker, were administered to mice before JMLE
and then formalin test was performed. The results are represented in Figure 6. In the first phase,
naloxone administration inhibited the effect of JMLE (200 mg/kg) in 65.54% (Figure 6A),
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while morphine had its effect inhibited in 86.26%. In the second phase, JIMLE (200 mg/kg) and
morphine had their antinociceptive effects inhibited in 76.72 and 86.39%, respectively, when
animals were pre-treated with naloxone. Glibenclamide did not inhibit the antinociceptive

effect of the extract in both phases of the formalin test.

Figure 5 - Antinociceptive effect of Jatropha mollissima leaf hydroethanolic extract (JMLE) on both phases of the
formalin assay. Morphine (Mor, 10mg/kg, i.p.) and indomethacin (Indo, 20mg/kg) were used as reference drugs.
Vehicle: NaCl 0.9%. Results are presented as mean + SD (n = 6). Statistical significance was calculated by
ANOVA followed by the Bonferroni test. The asterisk (***) indicates p < 0.001 when compared to vehicle-treated

mice.
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Fonte: Autora (2023).

Figure 6 - Investigation of mechanisms of antinociceptive activity of Jatropha mollissima leaf hydroethanolic
extract (JMLE) in the formalin test. The animals were pre-treated with naloxone (Nal, 2 mg/kg) or glibenclamide
(Glib, 5 mg/kg) and subsequently treated with JMLE at 200 mg/kg. Results are presented as mean * SD. Statistical
significance was calculated by ANOVA followed by the Bonferroni test. The asterisk (***) indicates p < 0.001
when compared to vehicle-treated mice.
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Fonte: Autora (2023).

To confirm the possibility of central action of JMLE, the tail immersion test was
performed, which allows the evaluation of spinal and bulbospinal pathways (Santenna et al.,
2019) through spinal reflexes mediated by u2, k1 and 62 opioid receptors (Hosseinzadeh et al.,
2002). In our results, the oral administration of JMLE increased the latency time at all
evaluated moments. The JMLE dose of 200 mg/kg showed no significant differences (p>0.05)
in comparison to morphine at all analyzed times (Figure 7).

Figure 7 - Antinociceptive effect of Jatropha mollissima leaf hydroethanolic extract (JMLE) in the tail-immersion
assay. Results are presented as mean + SD (h = 6). Statistical significance was calculated by ANOVA followed by

the Bonferroni test. The asterisk (***) indicates p < 0.001 when compared to vehicle-treated mice.
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Fonte: Autora (2023).

Flavonoid compounds, which are powerful inhibitors of the enzyme nitric oxide
synthase type 2, responsible for the creation of nitric oxide (NO), and therefore indirectly block
the cyclooxygenase and/or lipoxygenase and protein pathways, have been related to plant
extracts' antinociceptive properties (Chandel et al., 2019; Ciumarnean et al., 2020; Tenuta et al.,
2020). L-arginine/NO and kinase C these pathways have been linked to antinociceptive activity

via a sequence of molecular processes where flavonoids may be useful (Arraki et al., 2020).
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Conclusion

JMLE, which is safe to mice at a acute oral dose of 2000 mg/kg, showed analgesic
effects in models of pain induced by chemical and thermal stimuli, and possibly acts on the
opiodergic pathway. Phytochemical screening by CCD revealed the presence of flavonoids,

cinnamic derivatives, saponins, reducing sugars, phenolic compounds and terpenes.
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4.2 ARTIGO 2 - HEALING EFFECT OF A HYDROETHANOLIC EXTRACT FROM
JATROPHA MOLLISSIMA LEAVES IN MUS MUSCULUS

Healing effect of a hydroethanolic extract from Jatropha mollissima leaves in Mus
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Introduction

Wounds are damages to the skin or mucous membranes caused by physical, chemical,
or biological trauma. The healing is a natural reaction of the body to tissue injury, comprising
three interactive and overlapping phases: inflammatory phase, proliferation or granulation
phase and remodeling or maturation phase (SAPORITO et al., 2018; SALAS-OROPEZA et al.,
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2020; ANDIJIC et al., 2022). During the treatment of wounds, one of the biggest problems is the
emergence of infections, as they delay the process, resulting in systemic damage to the patient.
Furthermore, it is worth mentioning that the proliferation of the microbial load overloads the
immune system response and can lead to critical colonization and even sepsis (WANG et al.,
2021; ALANAZI et al., 2022).

Annually, the medical expenses for the treatment of wounds increase, representing a
considerable financial pressure on the global health system, and thus, increasing the interest in
the search for drugs capable accelerating the healing process (ANDJIC et al., 2022). Studies
have been carried out with medicinal plants with the purpose of bringing new therapeutic
alternatives for the treatment of cutaneous wounds (FARAHPOUR et al., 2020; ANDIJIC et al.,
2022).

Jatropha mollissima (Pohl) Bail (Euphorbiaceae) is an endemic medicinal plant found
at Caatinga and it is popularly known as “pinhdo-bravo”. It is known for antibacterial (ROCHA,;
DANTAS, 2009; BRAQUEHAIS et al., 2016; QUEIROZ-NETO et al., 2019; BASTOS-
CAVALCANTE et al.,, 2020), antiophidic (VILAR et al., 2007; GOMES et al., 2016),
antioxidant (Melo et al., 2010; IQBAL et al., 2021) antihelmintic (Ribeiro et al., 2014),
hemostatic (DANTAS et al.,, 2021), and nephrotoxicity-reversing (IQBAL et al., 2021)
activities. Furthermore, the milky-looking sap (latex), which is produced during the stem injury
of J. mollissima, has been used by the ancients for wound healing and for controlling
hemorrhages, infections, and inflammations (QUEIROZ NETO et al., 2019).

In a previous study, a hydroethanolic extract from J. mollissima leaves (JMLE) showed
to be safe to mice when administered orally (2000 mg/kg) and displayed antinociceptive
activity. In the present work, based on the reports of popular uses of J. mollissima against
wounds and infections, we evaluated the healing effect of a gel containing JMLE in (Mus

musculus) mice.

Materials and methods

Plant material

Plant material was collected in July 2020 in Caruaru, city of Pernambuco, Brazil, with
access registered (A648A31) in the Sistema Nacional de Gestdo do Patrimdnio Genético e do
Conhecimento Tradicional Associado (SisGen). A voucher copy (number 82,721) was

deposited at the Geraldo Mariz herbarium of the Universidade Federal de Pernambuco (UFPE).
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To prepare the extract, the leaves were washed and dried at 37 °C for five days. The powder
was added to a solution of ethanol: water (1:1 v/v) in the proportion of 10% (w/v). Then, the
mixture was processed in a turboextractor in four cycles of 30 s at intervals of four minutes and
cotton filtered. The extract obtained (JMLE) was concentrated in a rotary evaporator (50 °C)
and then lyophilized. For gel formulation, 47.75 g of gel were used of hydroxyethylcellulose
(Natrosol) [containing methylparaben, propylparaben, EDTA and glycerin] and 2.25 g of

ethanolic extract, to obtain a final concentration of 50 mg/g.

Animals

For the tests, male Swiss mice were used, weighing between 30 and 35g and aged
between 8 and 10 weeks. Animals were housed in temperature-controlled rooms (22-25 °C)
under a 12/12 h light/dark cycle and received water and food ad libitum. All procedures were in
accordance with Brazilian legislation for animal experimentation and the study has a favorable
opinion by the Ethics Committee on Animal Use of the Federal University of Pernambuco (n°
0014/2020).

Wound Model

At day 0, the animals were anesthetized by intraperitoneal injection of a mixture of
xylazine (10 mg/kg) and ketamine (5 mg/kg) and then, the back was shaved and cleaned with
70% ethyl alcohol and size 1 open excision wounds x 1 cm and 2 mm deep with the aid of a
punch. After wound induction, the mice were housed in individually separate cages (Boudjelal
et al., 2020).

Experimental Design

After wound induction, mice were randomly divided into three groups (n=8 per group).
Twenty-four hours after wound induction, the following treatments were performed: group I,
negative control where the wounds were not treated; group Il, positive control where the
animals were treated with FitoScar® ointment; and group IlI, treated with the JMLE gel (50
mg/g). All treatments were topically applied once a day for 14 days, using a sterile swab, in the

amount of 50 mg. On the 15th day after starting treatment, the animals were anesthetized by
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intraperitoneal injection of a mixture of ketamine (10 mg/kg) and xylazine (5 mg/kg). Blood

samples were collected for further analysis.

Wound Contraction

The wound of each mouse was photographed immediately after formation and on the
7th and 15th day after injury induction. The wound area was measured using Image J software.
The percentage of wound contraction was calculated following the model described by
Boudjelal et al. (2020) for each animal using the following formula: % Wound Contraction =
[(Initial Wound Area — Day Specific Wound Area)/Initial Wound Area] x 100.

Measurement of serum cytokine levels

Serum TNF-a and IL-1PB levels were measured by ELISA kits according to the

instructions provided by the manufacturer. Results are expressed as pg/mL.

Statistical analyzes

Statistical analysis was performed using Graph Pad Prism software version 8.0. One-
way ANOVA followed by Tukey's post-test was used when analyzing data for an independent
variable. Data were expressed as mean + SEM, and p < 0.05 was considered statistically
significant.

Results and Discussion
Experimental treatment with Fitoscar and JMLE-gel accelerated the healing process of
skin wounds in mice, when compared to the control treated with gel alone (Figure 1). The
percentage reduction of wound area in the control group ranged from 7.65 to 47.12%from the
seventh to the 14th day. Treatment with the standard drug, FitoScar®, achieved a reduction of
up to 78% on the last day of treatment. The JIMHE-gel formulation caused a wound reduction
of 30.75, 50.5 and 96.25% on the 3rd, 7th and 15th day of treatment, respectively. These data
show the healing action of JIMHE-gel, even with more promising results than the standard drug.
To evaluate the participation of inflammatory factors in the wound healing process, the

levels of pro-inflammatory cytokines (TNF-a and IL-1B) were quantified in the blood of
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animals from all groups in the healing test and the results are expressed in the Figure 2.
Animals treated with JIMHE gel showed 60.94% and 51.97% reduction in TNF-a and IL-1
levels, respectively, in comparison with control, evidencing the reduction of systemic

inflammation. The standard drug, on the other hand, promoted a reduction of TNF-a and IL-13
by 42.51% and 21.31%, respectively.

Figure 1 - Effect of FitoScar, IMHE-gel (50 mg/g) and negative control (gel) (mg/g)? treatment on skin wound
contraction in mice. Values represent mean £ SEM (n = 8/group). (*) indicates significant difference (p < 0.05)
compared to the negative control by one-way analysis of variance (ANOVA) followed by Dunnett's test.
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Figure 2 - Effect of FitoScar, IMHE-gel (50 mg/g) and negative control (gel) (mg/g)? treatment on TNF-o and IL-
1B levels. Values represent mean = SEM (n = 8/group). (*) indicates significant difference (p < 0.05) compared to
the negative control by one-way analysis of variance (ANOVA) followed by Dunnett's test.
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SACHDEVA et al. (2011) developed an ointment containing organic extract (methanol:
acetone: water) from the stem bark of Jatropha curcas L for application in skin wounds in
healthy rats which specie Swiss mice. The authors concluded that the ointment stimulated
wound concentration and increased the tensile strength of the incision. Jatropha neopauciflora
latex promotes wound healing, probably by preventing infections by microorganisms,
inhibiting inflammation, and acting as an antioxidant (HERNANDEZ-HERNANDEZ et al.,
2017). The high content of phenolics and flavonoids in JMLE may be accounting fot its
heating properties due to the antioxidant activity of these compounds. BEKTAS et al. (2020)
reported that a chitosan-based gel formulation containing vitexin significantly accelerated
wound healing both in vivo and in vitro. Thus, the presence of vitexin in JMLE may also

explain the potente healing effect.

Conclusion

JMLE showed to be a healing-accelerating agent when incorporated into a gel
formulation, reducing the inflammation due to the tissue injury. At the same time, it reduces

serum cytokine levels.
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5 CONCLUSOES

Nos ultimos anos as investigacdes desenvolvidas com plantas medicinais tém trazido
beneficios terapéuticos de varios vegetais com potencialidade farmacoldgica tanto em
patologias graves como nos processos regenerativos cicatriciais, 0 que representa uma
estratégia relevante na busca de novos farmacos. Na pesquisa realizada experimentalmente, 0s
resultados apontaram que, o JMLE, é seguro para camundongos na dose oral de 2.000 mg/kg, e
apresentou efeitos analgésicos em modelos de dor induzida por estimulos quimicos e térmicos,
possivelmente atua na via opiodérgica. A triagem fitoquimica por CCD revelou a presenca de
flavonoides, derivados cindmicos, saponinas, acucares redutores, compostos fenolicos e
terpenos. Bem como, o JMLE mostrou-se um agente acelerador da cicatrizacdo quando
incorporado a formulacdo de gel, reduzindo a inflamagdo decorrente da lesdo tecidual. Ao

mesmo tempo, reduz os niveis séricos de citocinas.
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