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RESUMO

Plinia cauliflora (Mart.) Kausel é uma planta nativa do Brasil da Familia Myrtaceae, também
conhecida como jabuticaba. Este estudo objetivou investigar o potencial biotecnoldgico das
folhas (6leo essencial - OEPCc), casca dos frutos (extrato metandlico acidificado - MeOHPc) e
casca da arvore (extrato metanolico- MeOHPcB) de P. cauliflora. Entdo, foi investigada a
composi¢do quimica do OEPc por cromatografia gasosa acoplado ao espectdbmetro de massas
(GC/MS) e in silico dos majoritarios. Nos ensaios foi investigado efeito citotoxico sobre
macréfagos peritoneais e células Vero além da acdo Leishmanicida contra as formas
promastigotas e amastigotas de Leishmania amazonensis e Leishmania braziliensis. No
MeOHPc foram utilizados camundongos para os testes antidiarreicos como também na febre
induzida por Sacaromices cerevisiae e de nocicep¢do. No MeOHPcB investigou-se potencial
antioxidante pelo sequestro do radical DPPh 2,2-difenil-1-picrilhidrazila. Além destes no
MeOHPcB foram utilizados camundongos para nocicepcdo por contor¢do abdominal,
formalina e acdo anti-inflamatéria (antiedematogénico). OEPc apresentou compostos
majoritarios: Cariofileno (24,0%), Eudesmol (8,0%) em que na investigacdo in silico ndo
apresentaram toxicidade sistémica. O efeito citotoxico sobre Macréfagos e células Vero
apresentou concentracdo citotoxica de 50% de 137.4 pg/mL e 143.7 pg/mL. A acao
Leishmanicida sobre promastigotas e amastigotas foi 1Cso de 5.77 pg/mL e 7.31 pg/mL para
L. amazonensis e um ICso de 5.60 pug/mL e 1Cso de 7.26 pg/mL para L. braziliensis. No
potencial antidiarreico o tratamento em 200 mg/kg e 400 mg/kg na diarreia induzida por 6leo
de ricino, reduziram em 82% e 96,6%, no enteropooling reduziu significativamente em 50% e
63,2%, e na avaliacdo do transito intestinal apresentou 17,5% e 9,5%, respectivamente,
quando comparado ao controle negativo. Para nocicepcdo com o pré-tratamento de 200 e 400
mg/kg do MeOHPc, apresentou 54,9% e 65% e placa quente demonstrou significante
aumento do tempo de laténcia. Na acdo antioxidante sobre DPPH foi de 86,6%. Na
nocicepcao, apresentou 71% em 200 mg/kg e 81.16% em 400 mg/kg do MeOHPcB. No teste
de formalina apresentou acao analgésica sobre a fase neurogénica e inflamatéria. No potencial
antiedematogénico, o MeOHPcB reduziu 88.10% em 200 mg/kg e 98.37 % em 400 mg/kg.
Desta forma, a casca do fruto, folhas e a casca da arvore de Plinia cauliflora apresentam
aplicacdes biotecnologicas que podem contribuir para o desenvolvimento futuro de

fitoterapicos.

Palavras-chave: Jabuticaba. Atividades Bioldgicas. Extrato Metandlico. Oleo Essencial.



ABSTRACT

Plinia cauliflora (Mart.) Kausel is a plant native to Brazil of the Myrtaceae Family, also
known as jabuticaba. The objective of this study was to investigate the biotechnological
potential of the leaves (essential oil - OEPc), fruit peel (acidified methanolic extract -
MeOHPc) and tree bark (MeOHPcB extract) of P. cauliflora. Then, the chemical composition
of the EPO by gas chromatography coupled to the mass spectrometer (GC / MS) and in silico
of the majorities was investigated. In the assays we investigated the cytotoxic effect on
peritoneal macrophages and Vero cells in addition to the Leishmanicidal action against the
promastigotes and amastigotes of Leishmania amazonensis and Leishmania braziliensis.
MeOH mice were used for antidiarrheal tests as well as for Saccharomyces cerevisiae and
nociceptive fever. In MeOHPcB antioxidant potential was investigated by the sequestration of
the radical DPPh 2,2-diphenyl-1-picrylhydrazyl. In addition to these in the MeOHPcB mice
were used for nociception by abdominal contortion, formalin and anti-inflammatory action
(antiedematogenic). OEPc had major compounds: Cariofilene (24.0%), Eudesmol (8.0%) in
which in the in silico investigation did not present systemic toxicity. The cytotoxic effect on
macrophages and Vero cells presented a 50% cytotoxic concentration of 137.4 pug / mL and
143.7 pg / mL. The Leishmanicidal action on promastigotes and amastigotes was ICso 0f 5.77
pg / mL and 7.31 pg / mL for L. amazonensis and an ICsp of 5.60 pg / mL and ICso of 7.26
ug/ mL for L. braziliensis. In the antidiarrheal potential treatment at 200 mg / kg and 400 mg /
kg in diarrhea induced by castor oil, reduced in 82% and 96.6%, in the enteropooling reduced
significantly by 50% and 63.2%, and in the evaluation of the intestinal transit presented
17.5% and 9.5%, respectively, when compared to the negative control. For nociception with
the pretreatment of 200 and 400 mg / kg of MeOHPc, it presented 54.9% and 65% and hot
plate showed a significant increase in latency time. The antioxidant action on DPPH was
86.6%. In nociception, it presented 71% in 200 mg / kg and 81.16% in 400 mg / kg of
MeOHPcB. In the formalin test it presented analgesic action on the neurogenic and
inflammatory phase. In the antidematogenic potential, MeOHPcB reduced 88.10% at 200 mg
/ kg and 98.37% at 400 mg / kg. In this way, the fruit bark, leaves and the bark of the Plinia
cauliflora tree present biotechnological applications that may contribute to the future

development of phytotherapics.

Keywords: Jabuticaba. Biological Activities. Metanolic extract. Essential oil.
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1 INTRODUCAO

Desde os primordios, as plantas sdo usadas na cura e tratamnto das diversas
enfermidades, gerando o interesse dos pesquisadores na busca por novos compostos que
possam ser usados na terapéutica (ALVES et al., 2014). As diversas partes da planta (flores,
frutos, sementes, folhas, caule, raizes, casca) tem desempenhado um papel importante como
fontes de moléculas com propriedades farmacoldgicas, podendo funcionar como agentes
medicinais no tratamento de doencas e também como protdtipos para sintese de novos
medicamentos que apresentem eficacia associada & diminui¢do do nimero e da gravidade de
efeitos colaterais (ANTONIO et al.,, 2014). Inclusive, muitas drogas farmacéuticas sdo
derivadas de plantas e inicialmente, foram utilizadas na medicina tradicional. De acordo com
a Organizacdo Mundial de Saude (OMS), 25 % dos medicamentos sdo derivados de espécies
vegetais (NICOLETTI et al., 2015).

No Brasil, as plantas medicinais e seus derivados estdo entre 0s principais recursos
terapéuticos utilizados, ao longo do tempo, pela populacdo nos seus cuidados com a salde.
Mas, apesar desse fato e da enorme biodiversidade vegetal encontrada em seus biomas, muito
do potencial biologico dessas plantas é ainda subaproveitado (WHO, 2014). Até o ano de
2010, apenas dois fitoterapicos eram oferecidos como medicamentos pelo Sistema Unico de
Saude (SUS), os derivados do guaco e da espinheira santa; e, posteriormente, a rede publica
inseriu apenas mais seis produtos fitoterapicos, que foram os formulados com alcachofra,
aroeira, cascara sagrada, garra do diabo, isoflavona da soja (RENAME, 2018). Porém,
ultimamente, como forma de ampliar as opgOes terapéuticas no SUS, estados e municipios
passou a ofertar servicos de fitoterapia em sua rede, aprovaram politicas e legislacdo
especificas, instalaram hortas e laboratorios de producdo com a finalidade de disponibilizar
plantas medicinais e seus derivados, prioritariamente, na atencdo basica, além do
fornecimento de publicacdes para profissionais de salde e populacdo, sobre o uso racional
desses produtos (ANTONIO et al., 2014; NICOLETTII et al., 2015).

A biodiversidade da flora brasileira vem possibilitando a utilizagdo de diversas
espécies vegetais como alternativa terapéutica em diversas doencas (MORAIS et al, 2005).
Dentre as familias que tem se destacado estd a Myrtaceae, por sua ampla variedade e
distribuicdo de espécies, interesse para industrias de especiarias, farmacéuticas e madeireiras,
como também o fato que apesar de muitas das suas espécies apresentarem referéncias

populares, ainda necessitam de estudos cientificos para comprovar sua eficacia. Os biomas
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que sdo encontrados nas mais variadas espécies da familia, sdo da Floresta Atlantica, Cerrado
e Restinga, e apresentam uma rica producdo de frutos comestiveis , tais como a goiaba,
jabuticaba e pitanga (LIMA et al., 2008; KAUFFMANN; ETHUR, 2016).

No que se refere ao emprego popular das espécies encontradas na familia Myrtaceae,
existe uma variabilidade de vegetais para tal indicacdes, como: folhas e cascas de Myrciaria
cauliflora (jabuticabeira) na terapéutica de processos diarreicos e inflamatérios (WU et al.,
2012), as folhas da espécie Myrciaria dubia para o tratamento na malaria (RUIZ et al., 2011),
folhas da espécie Eugenia uniflora para tratamento de diarreia, febre e acdo antirreumatica
(SIMOES et al., 2018). Além das indicacdes populares estudos cientificos também foram
realizados para demonstrar o potencial das espécies dessa familia, como a Blepharocalyx
salicifolius que apresentou potencial leishmanicida (SIQUEIRA et al., 2010) e Eugenia
umbeliflora que apresentou efeito leishmanicida, microbiano e gastroprotetor (CECHINEL
FILHO et al., 2013)

Nesta perspectiva, tornou-se de grande importancia nesse estudo, investigar
bioprodutos originados da Plinia cauliflora, tais como extrato e Oleo essencial, que
apresentem possiveis efeitos bioldgicos: leishmanicida, anti-diarreica, anti-pirética,
antioxidante, anti-inflamatéria e antinociceptiva . Tendo em vista que, a procura de
bioprodutos com estas acdes biologicas citadas é considerada indispensavel e que podem ser
aplicadas no tratamento de doengas, as quais apresentam alta prevaléncia e responsaveis pelas
maiores taxas de mortalidade no Brasil e no mundo (MORAIS et al., 2005; HALDAR et al.,
2012).

1.1 JUSTIFICATIVA

As plantas medicinais e seus derivados estdo entre 0s principais recursos terapéuticos
sendo utilizados h&4 muito tempo pela populagdo brasileira nos seus cuidados com a saude.
Mesmo assim, a produtividade em relacdo a identificacdo de compostos naturais efetivamente
Gteis como ferramentas de pesquisas bioldgicas ou como candidatos a prototipos de farmacos
e outras substancias de interesse é relativamente baixa, sugerindo que novas pesquisas sejam
realizadas para investigar e avaliar tais compostos que possam atuar de forma mais especifica
e seletiva, com menos efeitos adversos. Desse modo, com base em estudos cientificos que
relatam os potenciais farmacologicos de determinados 6leos essenciais e extratos vegetais

justifica-se a necessidade de extrair, caracterizar e analisar as atividades biologicas de Plinia
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cauliflora que possam contribuir com o arsenal terapéutico leishmanicida, antioxidante,

antidiarreico, antipirético, anti-inflamatorio e antinociceptivo.

1.2 HIPOTESE

Plinia cauliflora tem demonstrado um potencial biotecnoldgico nas industrias
alimenticias e de cosméticos, além do uso na medicina popular como adstringente, anti-
inflamatorio e antidiarréico. Mas apesar de ter sido despertada recentemente a atencdo para
estudos que investiguem o0s seus potenciais farmacoldgicos, estudos com compostos extraidos
de 6leos essenciais das folhas e extratos da casca de seu fruto e arvore, ainda sdo praticamente
inexistentes, pois infelizmente P. cauliflora ainda ¢ uma espécie subaproveitada da flora
brasileira. Desse modo, 0 presente estudo propde uma investigacdo do potencial terapéutico
dos 0leos essenciais e extrato das folhas, casca do fruto e arvore, a partir da investigacdo de
atividades bioldgicas, que poderdo contribuir para a prevencdo e tratamento de doencas de

origem infecciosa e ndo infecciosas.

1.3 OBJETIVOS
1.3.1 Geral

e Investigar o potencial biotecnolégico das folhas, casca do fruto e casca da arvore da
Plinia cauliflora (Mart). Kausel

1.3.2 Especificos

e Obter e caracterizar o 6leo essencial das folhas de Plinia cauliflora (Mart.) Kausel e
investigar o perfil Citotdxico sobre Macrofagos Peritoneais e Células Vero e agdo
Leishmanicida contra as formas promastigotas e amastigotas de Leishmania amazonenses
e Leishmania brazilienses;

e Obter e caracterizar o extrato metanolico acidificado da casca do fruto de Plinia cauliflora
(Mart.) e verificar acgdo anti-diarreica, antinociceptica e antipirética em modelo
experimental de camundongos;

e Obter e caracterizar o extrato metandlico da casca da arvore de Plinia cauliflora (Mart.)
Kausel e investigar atividades antioxidantes in vitro e antinociceptica e anti-inflamatoria
em modelo experimental de camundongos.
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2 REVISAO DE LITERATURA

2.1 PLANTAS MEDICINAIS

Desde os primdrdios da civilizacdo, os seres humanos interagem com a natureza como
alternativa de melhora nas suas condicdes de sobrevivéncia. O uso dos vegetais surgiu antes
mesmo de qualquer forma de escrita, como meio de alimento, vestuario, moradia e remédios
(GIRALDI; HANAZAKI., 2010). Com o surgimento da escrita, 0 conhecimento empirico
sobre os vegetais, passou a ser datado e arquivado, como no Egito, aproximadamente 2.000 a.
C, o0s antigos escritos em papiros, demonstraram praticas medicinais utilizando as plantas no
tratamento de doencgas presentes na antiguidade oriental (MONTEIRO; BRANDELLI, 2017)
como Tuberculose, Paralisia infantil, Gota e Artrite (CATAO, 2011 ).

Dentre os registros em papiros do Egito antigo, um dos mais importantes foi o de
Ebers, datado em 1975, que descreveu a medicina interna do cérebro, figado, coracdo e
explicacdes para doencas com etiologia desconhecida (CATAO, 2011). No papiro também foi
descrito um grande numero de vegetais que apresentam uso terapéutico tais como erva-doce
(Foeniculum vulgare Miller) para melhorar a digestéo e eliminar gases, o0 absinto (Artemisia
absinthium L.) para colicas, endro (Anethum graveolens L.) como calmante , aléem da
farmacologia dos Oleos vegetais extraidos do alho, girassol e acafrédo (MONTEIRO;
BRANDELLLI, 2017).

A proposta de descrever as plantas como fontes terapéuticas propagou-se em muitos
paises pela influéncia de diversas civilizacbes, como africanas, européias e indigenas
(ALMEIDA, 2011). Devido a presenca da biodiversidade mais rica do mundo, o Brasil,
destacou-se por apresentar cerca de 19% de toda flora mundial (GIULIETTI et al., 2005). No
territdrio brasileiro, a civilizacdo indigena devido a expansédo de seu grupamento cultural, com
crencas e tradicBes pdde difundir seus conhecimentos empiricos através das descobertas
farmacoldgicas observadas nas plantas medicinais (MONTEIRO; BRANDELLI, 2017). Além
do emprego das plantas medicinais como 6leos, chas, e extratos na terapia de doencas, 0s
indios utilizavam nas pinturas corporais, ritos religiosos, como também como meio de
subsisténcia alimentar (SANTOS et al., 2018).

No Brasil, os registros oficiais das plantas de uso terapéutico foram na Farmacopeia
verde, publicada em 1926 foi a primeira farmacopeia do Brasil. Esta apresentou cerca de 183
espécies vegetais do Brasil e descricdes detalhadas de macroscopia e microscopia
(FERNANDES, 2004). A partir do inicio de 1930, estudos cientificos com a implementacdo

industrial farmacéutica e maiores descobertas farmacoldgica das plantas, promoveram o
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desenvolvimento de fa&rmacos de origem sintética para tratamento das doencas. Muitos destes
farmacos eram derivados de produtos naturais, outros, foram produzidos por estudos de
compostos quimicos purificados das substancias bioativas das plantas (FERNANDES, 2004;
ALMEIDA, 2011).

A producdo destes farmacos fez com que houvesse uma revisdo na Farmacopéia do
Brasil, na qual foram retirados muitas das espécies vegetais e estabelecida uma nova
bibliografia estabelecida como compéndios (FERNANDES, 2004). Na busca por novas
substancias terapéuticas, testes cientificos foram implementados e assumiram papel
fundamental determinacdo da acdo farmacoldgica envolvida (YUNES et al., 2001; RATES,
2001). A partir de diversos estudos e analises cientificas nas plantas empiricamente relatadas
como terapéuticas, no Brasil, através do Ministério da Salude portaria MS/GM n° 533, foi
estabelecida na Relacdo Nacional de Medicamentos Essenciais (RENAME) o emprego de
farmacos registrados para tratamento de doencas, atualizados (Tabela 1) em 12 fitoterapicos
de diferentes espécies vegetais, (HASENCLEVER et al., 2017, RENAME, 2018).

Tabela 1. Fitoterapicos da Relagdo Nacional de Medicamentos essenciais

Fitoterapicos

Acdao terapéutica

Referéncias

Alcachofra — Cynara scolymus Tratamento de BOSTARIS;
L. hipercolesterolemia leve a ALVES, 2007.
moderada.
Babosa - Aloe vera (L.) Burm. F.  Tratamento de queimaduras de FREITAS et al.,
1°e 2° grau. 2014,
Aroeira - Schinus Tratamento ginecoldgico anti- GILBERT;
terebinthifolius Raddi. inflamatorio, anti-séptico e FAVORETO,
cicatrizante. 2011.
Espinheira-santa - Maytenus Tratamento de gastrite e Ulcera. FERREIRA;
officinalis Mabb. MARQUES,
2018.
Céscara-sagrada - Rhamnus Tratamento coadjuvante em LOBO,2012.
purshiana DC. casos constipacao intestinal.
Garra-do-diabo - Tratamento de dores lombar e SETT; SIGAL,
Harpagophytum procumbens. osteoartrite. 2005.
Guaco - Mikania glomerata Tratamento broncodilatador e ROCHA et al.,
Spreng. expectorante. 2008.
Isoflavona-de-soja - Glycine Tratamento indicativo para ESTEVES;
max (L.) Merr. sintomas do climatério. MONTEIRO,
2001.
Horteld - Mentha x piperita Tratamento para sindrome do DESCHAMPS et
L. intestino irritavel. al.,2013.
Salgueiro- Salix alba L. Tratamento de dores lombares. MELLO et al.,




18

2007
Plantago - Plantago ovata Tratamento para sindrome do TEWARI et al,
Forssk. intestino irritavel. 2014,
Unha-de-gato —Uncaria Tratamento coadjuvante em VALENTE, 2006
tomentosa artrites e ostoartrite.
Rename (2018).

Os fitoterapicos tém se tornado uma importante ferramenta para melhoria das
condicBes de saude e qualidade de vida brasileira. Além das plantas destacadas na RENAME,
outras espécies vegetais tém apresentado agfes medicinais de acordo com pesquisas
cientificas, como a llex paraguariensis (erva-mate) no tratamento de problemas
cardiovasculares (CARDOZO JUNIOR ; MORAND, 2016), Psidium guajava (goiabeira) nos
efeitos antimicrobianos (PESSINE et al., 2003) e Copaifera sp.(copaiba) na acdo cicatrizante
(VEIGA JUNIOR; PINTO, 2005). Para que espécies vegetais apresentem acOes bioldgicas,
compostos quimicos sdo produzidos em diferentes proporc¢des, pois depende das condicGes

oferecidas pelo habitat ao qual se desenvolveu (KLEIN et al., 2009).

Os compostos produzidos nas mais diversas espécies vegetais sdo sintetizados a partir
de reacBes quimicas e resultam em aminoacidos, lipidios, nucleotideos, carboidratos, na qual
estdo presentes universalmente e sdo fundamentais a sobrevivéncia das plantas (DEWICK,
2009). As reagdes originam-se partir da captacdo da luz solar pela clorofila, através do
consumo de gas carbbnico (CO2) e agua (H20), produzindo energia, dando inicio a
fotossintese ou respiracdo celular, caracterizando o metabolismo primario nas plantas, na qual
esta energia servird como precursor na formacdo de compostos denominados metabolitos
secundarios (DEWICK, 2002).

Os compostos originados do metabolismo secundario, ndo necessariamente séo
fundamentais para completar o ciclo de vida e podem nem sempre estar presente nas plantas,
porém sdo indispensaveis para sua defesa contra agentes fitopatégenos e herbivoros do seu
habitat natural (GOBBO-NETO; LOPES, 2007). Estes compostos podem agir no combate as
agressdes abioticas relacionadas a temperatura, conteudo hidrico, exposicdo agressiva aos
raios ultravioletas, caréncia de recursos minerais como também apresentam beneficios a saude
humana devido o seu potencial farmacolégico (STANGARLIN et al., 2011).

De modo geral, os metabdlitos secundarios sdo produzidos por vias metabdlicas que
estdo relacionados as caracteristicas de evolugdo das diversas espécies de plantas (DEWICK,
2002). A exemplo disto, a determinacdo do grupo de metabdlitos de uma espécie tem sido

usado como marcadores para determinar a classe botanica, como é descrito no método de
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quimiotaxonomia (EMERENCIANO et al., 1998). Assim, é definido que estes compostos séo
ferramentas para compreender relac6es filogenéticas que diferentes plantas podem apresentar
(WATERMAN, 2007).

Dentre os mais variados grupos de compostos originados do metabolismo secundério,
tem sido destacado os fendlicos, terpenos e alcaloides, por apresentarem efeitos benéficos ao
organismo humano no tratamento de doencas (THEIS; LERDAU, 2003). Os compostos
fenolicos sdo formados a partir da via do &cido chiquimico com o acetato ou da via do
mevalonato; os terpenos sdo advindos da via mevalonato ou piruvato e os alcaldides que séo
resultantes do metabolismo de aminoacidos aromaticos, triptofano e tirosina conforme a

representacdo na Figura 1 (DEWICK, 2002).

Figura 1. Vias essenciais do metabolismo secundério

Glicdlise T
. . — erpenos
Via do piruvato —_— p
Via do i
mevalonato | Fenois
Via do acido Aminoacidos
chiguimico Aromaticos Alcaldides

Adaptado de Dewick (2002).

Os compostos fendlicos sdo substancias quimicas que sdo amplamente encontrados
nos vegetais e possuem alta polaridade e suscetibilidade a acdo enzimatica, dentre 0s quais
tais estdo os taninos hidrolisados, ligninas, cumarinas e flavonoides (SANCHEZ-MORENO,
2002). Estes compostos sdo provenientes da tirosina e fenilalanina do metabolismo secundario
das plantas em resposta a condi¢des de estresse (ferimentos, infeccOes, radiacao ultravioleta,
dentre outros) e podem estar na forma livre ou associada a glicosideos e proteinas (NACZK;
SHAHIDI, 2004).

Nos alimentos, os compostos fenolicos, sdo responsaveis por contribuir com
propriedades sensoriais (sabor, cor, odor e adstringéncia) e podem ser encontradas nas frutas
citricas, tais como o limdo, laranja, tangerina e tambem em outras, a exemplo da uva, cereja,
ameixa, macd (SOARES, 2002). Além das frutas, alguns vegetais também sdo ricas fontes do
composto, como brocolis, repolho roxo, alho, tomate e quimicamente sdo estruturas
moleculares que apresentam grupos funcionais e anéis aromaticos com substituintes

hidroxilicos (SILVA et al, 2010). Esses compostos estdo presentes nos vegetais na sua
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configuracdo livre ou podem estar ligados a agucares (glicosideos) ou proteinas (ANGEL,;
JORGE, 2007).

Os compostos fendlicos estdo envolvidos com atividades biolégicas como anti-
inflamatoria, analgésica e antioxidante (MOTTA et al., 2013). A fundamentacdo de tais
propriedades tem sido associada ao fato deste grupo ser potente antioxidante primario, agindo
como sequestrador de radicais livres e bloqueador de reagcdes em cadeias (NACZK;
SHAHIDI, 2004; MOREIRA; MANCINI-FILHO, 2004). No estudo de XIAO-QING e
GUIDO (2016) mais de oito mil substancias fenolicas com diferentes estruturas e funcdes ja
foram encontradas em diversas fontes vegetais.

As atividades bioldgicas dessas substancias tem despertado interesse cientifico em
decorréncia dos efeitos neuroprotetores, anti-inflamatérios, antioxidantes e antiaterogénicos,
ja relatados na literatura (AJILA et al., 2008; JANIQUES et al., 2013). Dentre a classe dos
compostos fenolicos que tem evidenciado potencial terapéutico como também uma presenca
acima de quatro mil variedades nos vegetais, sdo os flavonoides (NIJVELDT, 2001). Estes
compostos sdo constituidos de flavonois, flavonas, antocianidinas e isoflavonoides nos quais
apresentam a¢Oes anioxidantes devido sua capacidade de doar hidrogénio e ou parear elétrons
dos radicais livres (RATNAM et al., 2006). Dentre estes, as isoflavonas tem se destacado
devido seu efeito na sinalizacdo celular como também a interacdo com a mitocondria que €é
responsavel pela producgdo de energia (HERNANDEZ-MONTES et al., 2006).

Outra classe de metabolitos secundarios de grande relevancia farmacoldgica sdo 0s
terpenos ou também conhecidos como terpenoides ou isoprenoides (DEWICK, 2009). Este
grupo apresenta uma diversidade de compostos que chegam aproximadamente a 55.000 dos
ja identificados (TAO-HSIN et al., 2010). Esses compostos sdo originados a partir de unidade
da estrutura de isopropeno, 5 carbonos (C5), que unem por liga¢des direcionadas, cabeca-
cauda (OLIVEIRA et al., 2014). As estruturas quimicas derivadas dos terpenos contém o
esqueleto formado pelo isopropeno (C5), e sdo classificados em hemiterpenos, monoterpenos,
sesquiterpenos, diterpenos, triterpenos e tetraterpenos (DEWICK, 2009).

O grupo de terpenos tem apresentado propriedades farmacoldgicas por meio dos
compostos volateis presentes nas plantas, enquanto outros constituintes do grupo sdo
representados no estado sélido em sua maioria e podem ser encontrados na forma livre,
como glicosilados ou ésteres (HOLEZT et al., 2002). Este grupo possui propriedades
diversificadas nos vegetais, tais como, atracdo de polinizadores, protecdo contra

microrganismos e producdo de hormonios de crescimento vegetal (DEWICK, 2009). Para o
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organismo humano, tém sido atribuidas as seguintes atividades bioldgicas: anti-inflamatoria,
anticarcinogénica, analgésica e antioxidante (COLOMA et al., 2011).

As atividades bioldgicas dos terpenos tém sido associadas aos seus constituintes
quimicos dentre os quais estdo 0s monoterpenos e sesquiterpenos (DURBEY et al., 2003). Os
monoterpenos sao moléculas que fazem parte dos principais constituintes de resinas ou gomas
de arvores, como também sdo produzidas em diversos oleos essenciais (CAMARGO,;
VASCONCELOQOS, 2014), como o da casca de laranja (limoneno e mirceno), horteld pimenta
(limoneno), limdo (limoneno e f-pineno), pimenta (sabineno) além de apresentam
importancia biolégica antimicrobiana, inseticida , anti-inflamatéria (TROMBETTA et al.,
2005; FELIPE; BICAS, 2017).

Os compostos sesquiterpénicos também sdo encontrados em diversos vegetais na
constituicdo de uma variabilidade de 6leos essenciais, e alguns deles tém sido produzidos nas
plantas na forma de substancias denominadas fitoalexinas (STANGARLIN et al., 2010).
Esses compostos séo sintetizados rapidamente em resposta ao ataque de microorganismos e
tem apresentado efeitos antimicromianos e anti-herbivoros, nos vegetais, tendo como exemplo
a risitina da batata e tomateiro, e o capsidiol da pimenta e do tabaco (TAIZ et al., 2017). Além
dessas substancias, 0s sesquiterpenos também constituem componentes de 6éleos essenciais,
como da copaiba (B-cariofileno), cravo (- humuleno, cariofileno), gengibre (zingibereno,
bisaboleno) e da casca de laranja (valenceno) (FELIPE; BICAS, 2017).

Nas moléculas que apresentam o0 tamanho da sua estutura quimica superior aos dos
sesquiterpenos, a volatilidade é diminuida, apesar do catabolismo no grupo de tetraterpenos
(Ca0), 0s noroisoprenoides (com 10 e 13 carbonos) sdo de importante volatilidade em algumas
espécies de vegetais (MENDES-PINTO, 2009). Além destes, outros terpenos com baixa
volatilidade sdo os diterpenos e triterpenos, nos quais os di e triterpenos tém importancia
constitucional nos 6leos essenciais e resinas em diferentes espécies vegetais como também
aplicacbes nas industrias como fixadores de fragrancias, solventes e tintas (HARTMANN,
2007).

A volatididade tem representando um importante papel aromatico para 0s vegetais,
principalmente para as frutas mais citricas e diversos condimentos, o que vem a justificar sua
importancia industrial no emprego de cosméticos, produtos de limpeza e farmacos, além de
ser uma das principais caracteristicas dos 6leos essenciais (OE) (FELIPE; BICAS, 2017). Os
OE sdo misturas complexas e volateis de compostos gerados a partir dos metabdlitos

secundarios nas plantas aromaticas (COURTOIS et al., 2012). As aplica¢des biotecnologicas
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dos OE tem recebido destaque industriais, como sendo amplamente utilizados em fragrancias
de cosméticos, além do emprego medicinal como antioxidantes e antimicrobianos
(MIRANDA et al., 2016), analgeésicos e anti-inflamatorios (MENDES et al., 2010) bactericida
e fungicida nas industrias farmacéuticas (BAKKALI et al., 2008).

As sinteses dos OE assim como outros metabolitos secundarios séo inicialmente em
varios sitios no interior da célula e armazenados nos vacuolos ou em tricomas glandulares que
sdo estruturas especializadas (FIGUEIREDO et al., 2008). Além disso, a concentracdo dos
OE nos diversos vegetais variam de acordo com a sazonalidade, periodo de circadiano
(duracdo 24 horas), como também a luz solar, temperatura, vento, agua dentre outros fatores
abidticos (TAIZ; ZEIGER., 2004).

Nos vegetais, os OE podem ser extraidos em diferentes partes, utilizando uma
variedade de técnicas desde as classicas até as avangadas (BUSATO et al., 2014). Para
extracdo dos 6leos essenciais 0 método mais utilizado tem sido a hidrodestilacdo ou arraste a
vapor, e na identificacdo € o pela cromatografia gasosa acoplada ao espectémetro de massas
(GC/MS) (MACHADO; FERNANDES JUNIOR et al., 2011). Este, tem a finalidade de
separar, identificar e quantificar os compostos do tipo monoterpenos oxigenados,
monoterpenos, sesquiterpenos e sesquiterpenos oxigenados, que de modo geral precisam ser
confirmados com o indice de retencdo (IR) (MOHAMMADHOSSEINI et al., 2017). Uma
vez que, 0 espectro de massas de varios compostos sdo muito similares, apresentando
isomeria, os padrdes da biblioteca do (MS) sdo suspectiveis a apresentar como resultado da
andlise de 1 mesmo composto, 2 substancias, sendo imprescindivel para identificacdo
adequada da composicao quimica dos 6leos essenciais, a verificacdo do (IR) em base de dados
(COUTINHO et al., 2009).

Além dos oOleos essenciais, outros produtos derivados de fontes naturais tem
despertado interesse crescente no territdério brasileiro, em destaque nas industrias
farmacéuticas, para formulacdo de agentes terapéuticos ao passo que apresentem efeitos
colaterais reduzidos (MACHADO et al., 2014). Dentre o grupo de espécies vegetais que tem

demonstrado este potencial terapéutico, recebe destaque a familia Myrtaceae.
2.1.1 Familia Myrtaceae (Plinia cauliflora)

A Myrtaceae é uma das familias que se mais se destacam entre as Angiospermas com
cerca de 145 géneros e 5.970 espécies do Brasil apresentam utilizacdo alimenticia, medicinal
e em ornamentacdes ja descritas na literatura (THE PLANT LIST, 2013; MORAIS et al.,
2014; GOMES et al., 2017). Dentre as espécies que mais tem sido apreciadas por seu valor
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econdmico alimenticio estdo a Psidium guajava L. (goiaba), Eugénia uniflora L. (pitanga)
na fabricacdo de uma diversidade de sucos, sorvetes e geléias (LORENZI et al., 2006), na
ornamentacdo a Eugenia sprengelii DC (murta) e Leptospermum scoparium J.R.Forst (érica-
japonesa) (LORENZI; SOUZA, 2001), e uso medicinal das espécies Eucalyptus globulus L.
(eucalipto) e Myrciaria dubia (Kunth) Mc Vaugh (camu-camu) no tratamento devido a
presenca de altos teores de vitamina C (MORAIS et al., 2014).

As espécies da familia Myrtaceae também apresentam destaque como agentes
promissores para estudos bioldgicos devido a presenca de altos teores de compostos fendlicos
nos quais tém sido responsaveis por acgdes anti-inflamatorias (DONATO; MORRETES,
2007), analgésicas e antipirética (CANTANHEDE FILHO et al.,, 2017) e antioxidante
(HAIDA et al., 2015). Dentre as espécies que tem sido reportada cientificamente com
importancia que abrange a indlstria farmacéutica, alimenticia e ornamental é a Plinia
cauliflora (CITADIN et al., 2010).

Plinia cauliflora ou jabuticabeira ja se € conhecida aproximadamente cinco séculos e
seu nome foi originado do tupi-guarani como iapoti’kaba que tem significado de fruto em
botdo e fruto que se alimenta o jabuti (ROSSA et al., 2010). As espécies de jabuticabeiras que
ja séo conhecidas sdo em torno de nove espécies, descritas em MATTOS (1978), dentre as
quais se destacam Plinia trunciflora (DC.) Berg (jabuticaba de cabinho), e Plinia jaboticaba
(Vell) (jabuticaba sabard) e Plinia cauliflora (Mart.) Kausel (jabuticaba paulista) por serem
nativas e cultivadas no Brasil (Figura 2. A-C), além disso, ressalta-se também a mudanca da
nomenclatura em que foi proposta por SOBRAL (1985) do género Myrciaria para Plinia.

Figura 2. Espécies de jabuticabeiras destaques no Brasil.

Muniz (2017); Lemos (2014); Proprio autor (2016).

A Plinia cauliflora que é uma espécie nativa do Brasil e apresenta como basonimio
(primeiro nome dado a uma espeécie) : Myrtus cauliflora Mart. e homotipico (nome baseado
na mesma forma da espécie): Myrciaria cauliflora (Mart.) O.Berg de acordo com FLORA DO
BRASIL (2020). Na distribuicdo geogréfica apresenta-se no na regido Nordeste nos estados
da Bahia e Pernambuco, regido Sudeste em S&o Paulo, Rio de Janeiro, Minas Gerais, Espirito
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Santo e a regido Sul no Parana , com dominio fitogeografico da Mata Atlantica e com tipo de
vegetacdo da floresta pluvial (SOBRAL et al., 2015; CITADIN et al., 2010).

Figura 3. Distribuicdo geogréafica da Plinia cauliflora no Brasil.

- Nordeste
B sudeste

- Sul

Adaptado de Flora do Brasil (2020).

A arvore de Plinia cauliflora é de pequeno porte, de 3 metros a 6 metros de altura
(Figura 4) conhecida popularmente como jabuticabeira, nome dado também ao seu fruto (WU
etal., 2012; WU, LONG; KENNELLY, 2013). As suas folhas apresentam de 2 cm a 6 cm de
tamanho (Figura 5), com a nervura central levemente impressa na epiderme adaxial e saliente
na epiderme abaxial; e suas flores sdo pequenas, brancas, axilares e se encontram distribuidas
ao longo dos galhos e ramos (Figura 6) sendo esta Ultima caracteristica a que originou 0 nome
da espécie (IDEMIR et al., 2005; LEITE-LEGATTI et al., 2012; BORGES et al., 2014;
MERCALI et al., 2015).

Os fruto de Plinia cauliflora também chamada de uva brasileira,acompanha a
distribuicdo das flores e crescem diretamente sobre os principais galhos e ramos da
jabuticabeira de forma réapida, dentro de 40 a 46 dias, contendo de 1 a 4 sementes e, quando
maduros, apresentam uma polpa esbranquicada, gelatinosa, doce, levemente &cida e suculenta,
de sabor agradavel (WU et al., 2012).

Figura 4. Jabuticabeira - Plinia cauliflora (MART.) Kausel
s % g :

Proprio autor (2016).



25

Figura 5. Folhas da jabuticabeira- Plinia cauliflora (MART.) Kausel

I j zl 3|' 4|

Proprio autor (2016).

Figura 6. Caule da Plinia cauliflora no periodo de transi¢do das flores para os frutos

Proprio autor (2016).

Estudos tém reportado que as jabuticabas apresentam uma ampla variedade de
nutrientes considerados classicos, como, por exemplo, carboidratos, sais minerais,
aminoacidos, como lisina e triptofano, e vitaminas B1, B2 e C (Tabela 2) que podem ter um
grande beneficio na saude humana (IDEMIR et al., 2005; LEITE-LEGATTI et al., 2012).
Essas propriedades fazem com que possam ser consumidos in natura, como sucos, geléias,
sorvetes, licores e vinhos, apresentando um grande potencial na inddstria alimenticia e
despertando um grande interesse econdémico em Vvarias regides do Brasil (COSTA et al., 2013;
WU; LONG; KENNELLY, 2013; MARIANNI et al., 2014).

Tabela 2. Composicao nutricional por 100g do fruto da jabuticaba.

Composicdo Nutricional e Caldrica Valores

Calorias 45,7-51,7 Unidades
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Agua 87,1¢
Proteina 0,11-0,32 g
Gordura <0,01g

Carboidratos 12,58 ¢

Cinzas 0,2¢g

Célcio 6,3-7,6 mg
Fosforo 9,2-34,6 mg

Ferro 0,49- 0,87 mg

Potassio 13,2 mg
Vitamina B1 0,04mg
Vitamina B2 0,09 mg
Niacina 1,3mg

Fibra 0,08 mg

Riboflavina 0,02 mg
Triptofano 1,0 mg
Lisina 7,0 mg
Acido ascorbico 17,7-238 mg
Antocioninas Totais 58,1-315 mg
Fendlicos Totais 460,9 mg
Carotenoides Totais 0,32 mg

Wou; Long; Kennely (2013).

Um aumento no consumo das frutas leva também a uma maior producéo de residuos,
como as cascas, que sdo subutilizadas em todos os pontos de comercializagdo até o consumo
final, incluindo agricultores e industrias, no qual uma parte desse residuo é utilizada in natura
como alimentacdo animal, e a outra descartada ou usada em compostagem (MEIRA et al.,
2016). As sementes também, que antes eram apenas utilizadas para formacdo de mudas de
jabuticabeira, tém sido empregada como fontes alternativas de micronutrientes em inddstrias
de medicamentos e de cosméticos, que além de contribuir para diminui¢do do desperdicio e
impacto ambiental, agregou valorizacdo aos subprodutos (LIMA et al., 2011; BORGES,
2014; ZAGO, 2015).

Além do potencial alimenticio de Plinia cauliflora também ¢é atribuida atividades
bioldgicas nas quais estdo relacionadas ao uso popular descrito inicialmente por MORTON

et al (1987) conforme descrito na Tabela 3. Em outros estudos também foram destacados acéo
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antimicrobiana do extrato das folhas e do caule contra bactérias que formam o biofilme dental
(Streptococcus mitis, Streptococcus mutans, Streptococcus sanguinis, Streptococcus oralis,
Streptococcus salivarius e Lactobacillus casei) em que como resultado da investigacdo foi
demonstrado um potencial eficaz contra as cepas testadas (CARVALHO et al., 2009;
BORGES, 2014). Dessa maneira, nos ultimos anos esta planta tem atraido diversas pesquisas
cientificas devido o potencial farmacoldgico dos compostos bioativos descobertos (BORGES
et al, 2014).

Tabela 3. Aplicagéo terapéutica da jabuticaba de acordo com o uso popular.

Aplicacédo terapéutica Referéncias Indicacdo do uso popular
MORTON (1987).
Doengcas do trato GIRALDI; HANAZAKI, Diarreia, gastrite, ma
gastrointestinal (2010). digestdo
REYNERTSON et al., Inflamacdo cronica das
Doencas inflamatdrias (2006). amigdalas
ZHAO et al., (2019). Asma
Carcinoma WANG et al., (2014). Hemoptises

Proprio autor (2018).

Dentre os compostos bioativos identificados na Plinia cauliflora estdo os flavonoides,
derivados cindmicos, cumarinas, terpenos e antocianinas (BORGES et al., 2014). As
antocianinas tem se destacado por ser um composto que esta presente na jabuticaba e ser
responsavel por sua coloracdo quando os frutos estdo maduros que variam de coloracdo roxa
escura a preta além do seu potencial farmacoldgico trazer beneficios a saide humana (WU,;
LONG; KENNELY, 2013). A exemplo disso, este pigmento também tem sido associado com
reducdo de massa corporea, alteraces de hormonios relacionados com a obesidade, reducédo
da resisténcia insulina, efeitos benéficos na doenca de Alzheimer e potencial antioxidante
(HOMMAN et al., 2000; ISIHIWAJ et al., 2000; LEITE et al., 2011; PRIOR et al., 2012).

Assim, tendo em vista o potencial farmacoldgico de diversos vegetais, como a Plinia
cauliflora, ¢ importante o conhecimento de doencas como as de origem infecciosas e ndo

infecciosas para desenvolvimento de promissores medicamentos a base de produtos naturais.
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2.1.1.1 Avaliacdo Leishmanicida

O grupo de doencas que se originam por infeccdes a células hospedeiras e sdo
causadas por microorganismos nocivos a saude humana, sdo chamadas de doencas
infecciosas, tais como a leishmaniose que tem representado um grave problema a saude
publica na populacdo mundial em que tem mais vulnerabilidade, gracas aos aspectos
socioecondmicos (MACHADO et al., 2014). As infecgdes parasitarias ocorridas em todo o
mundo, principalmente em paises em condi¢fes de salde precarias, tem constituido um grupo
chamado de doencas de negligenciadas (DN), em que a terapia para esse grupo de doencas
ndo tem sido tdo eficaz gracas ao forte conjunto de efeitos colaterais apresentados
(KAUFFMANN; ETHUR., 2016).

De acordo com a Organizacdo Mundial da Salde, as DN ja chegam a atingir um sexto
da populacio total do mundo, ultrapassando mais de um bilhZo de pessoas (MINISTERIO DA
SAUDE, 2010). Além disso, a fabricacdo de novos medicamentos como alternativa
terapéutica para essas doencas tem apresentado poucos avancos econdmicos devido pela
industria farmacéutica, uma vez que o mercado consumidor e lucrativo sdo 0s grupos
populacionais de baixa renda (BAHMANI et al., 2015).

A susceptibilidade da populagcdo mundial a infeccdo pelas DN, fez com que em 2001,
a Organizacdo dos Médicos Sem Fronteiras (MSF) e a OMS propusesse a classificacdo dessas
doencas para termos globais em Negligenciadas e Mais Negligenciadas, em que o Brasil tem
se destacado por apresentar altos indices endémicos de DN, principalmente em regides com
climas tropicais e ou regiGes mais carentes, nos quais apresentam uma condi¢do de salde
publica preocupante (MATHERS et al., 2007; SANTOS et al., 2017).

Dentre o grupo de DN, a Leishmaniose tém sido priorizada pela Organizacdo Mundial
de Saude e se destacado no cenario brasileiro, na qual é uma doenga infecciosa causada pelo
protozoario Leishmania com alto percentual de endemias nas regibes tropicais e subtropicais
do mundo (ROHLOF et al.,, 2013). Apesar das caracteristicas semelhantes de cada
protozoario, as manifestacdes clinicas sdo diferenciadas por causa das alteracBes que
provocam a nivel cutaneo, cutaneo difuso mucocutaneo e viscerais (KAUFFMANN;
ETHUR., 2016).

A Leishmaniose cutdnea pode se desenvolver de forma lenta e progressiva,
ultrapassando mais de 50% dos casos no mundo e caracterizadas pelo desenvolvimento de
lesbes ulcerosas na pele conforme demonstrado na Figura 8. A, e causados pelos protozoarios

Leishmania tropica, Leishmania major, Leishmania peruviana, Leishmania mexicana,
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Leishmania panamensis, Leishmania amazonensis, Leishmania brasiliensis e Leishmania
guyanensis (ROHLOFF et al., 2013). Além das alteracfes cutaneas, a Leishmania pode causar
manifestacdes progressivas na pele de individuos que apresentam sistema imunoldgico
diminuido e ou debilitado, a estas manifestacdes sdo demoninadas cutaneo difusa conforme a
Figura 8.B, e sdo causadas pelas espécies Leishmania ethiopica, Leishmania amazonensis e
Leishmania mexicana (SINGH et al., 2014).

O agravamento das lesbes causadas principalmente pela Leishmania brasiliensis que
atinge desde o nariz, boca , mucosas, além do palato e septo nasal, sdo denominadas de
Leishmaniose mucocutaneas Figura 7. C, em que sdo manifestacGes clinicas mais severas e se
o tratamento for inadequado poderd levar o paciente até a morte (SINGH et al., 2014;
KAUFFMANN; ETHUR., 2016). Da mesma forma de acomentimento clinico grave no
figado, baco e medula 6ssea Figura 8. D, é a Leishmaniose visceral causada pelas espécies
Leishmania infantum e Leishmania chagasi. na qual a infeccdo é sistémica e que se nao

tratada desde o principio das manifestacdes pode se tornar fatal (SINGH et al., 2014).

Figura 7. ManifestacGes clinicas provocadas pela Leishmaniose
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A disseminacdo da Leishmaniose é entre vetores de espécies que sdo de origem
zoondtica no qual podem ser transportados entre canideos e roedores que se destacam por
serem 0s principais reservatorios (NAIF AL-KAMEL, 2017). O ciclo infeccioso do

protozoario Figura 8, tem inicio quando os fleb6tomos de género Lutzomya sdo infectados ao
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succionar o sangue de um hospedeiro que esta contaminado com as formas promastigotas
(fusiformes e flageladas) e amastigotas (esféricas e ndo flageladas) (MISRA et al., 2009).

Os protozoarios irdo para o intestino médio dos flebotomineos e regurgitados para o
esdfago e saliva na forma promastigota, onde ocorrera um repasto sanguineo reinfectando e se
multiplicando intracelularmente nas células fagociticas dos hospedeiros (DESJEUX., 2004).
Dessa maneira sucessivamente, as células fagociticas sdo lisadas e os parasitas liberados
extracelularmente para reinfectar novas células de diferentes 6rgdos como o baco e figado,
no qual provocam destrui¢do nos tecidos, pois a Leishmania é resistente aos mecanismos de
defesa do organismo (SINGH et al., 2014).

Figura 8. Ciclo infeccioso da Leishmaniose
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Singh et al., (2014).

A fim de controlar e ou tratar as lesbes causadas de acordo com a infeccdo de cada
espécie da doenca, os principais tratamentos disponibilizados contra Leishmanioses séo
denominados pentavalentes antimoniais como a Pentamidina e Glucantime que tem
apresentado efeitos colaterais cardiotoxicos e hepatotdxicos ao longo do tratamento
(DELGADO-ALTAMIRANO et al., 2017). Com isso, pesquisas cientificas Leishmanicidas a

partir de produtos naturais, tém se tornado promissor por demonstrarem resultados
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terapéuticos eficazes, de baixo custo e menos toxicos quando comparados aos medicamentos
disponiveis (BAHMANI et al., 2015; DIAS et al, 2013; CARVALHO et al, 2017).

Assim, para que novos medicamentos sejam desenvolvidos com acdo Leishmanicidada
é necessaria a realizacdo de pesquisa cientifica. O efeito leishmanicida do 6leo essencial das
folhas de Plinia cauliflora (OEPc) foi determinado conforme descrito por Medeiros, et al.,
(2011), no qual as formas promastigotas de Leishmania  amazonensis
(MHOM/BR/77/LTB0016) e Leishmania braziliensis(MHOM/BR/75/M2903) foram
incubadas (10° células/mL) na auséncia e presenca de diferentes concentragdes do EOPc (28.8
a 0.9 pg/mL) por 48h. A andlise foi feita através de contagem em céamara de Neubauer e
determinada a ICspatravés dos dados obtidos da realizacdo de trés experimentos independentes
em triplicata.

Para determinacdo do efeito leishmanicida em formas amastigotas intracelulares,
macrofagos peritoneais foram obtidos de camundongos Balb/c e cultivados em placas de 24
pocos, sobre laminulas (10° células/mL). Apds a aderéncia, as células ndo aderidas foram
retiradas através de lavagem com meio RPMI e as demais foram infectadas com formas
promastigotas de L. amazonensis e L. braziliensis, na proporcdo de 15 parasitas/macrofago,
durante 14h. Apos o periodo de infecgdo, as células foram lavadas com um novo meio e
submetidas ao tratamento por 24h, com diferentes concentracbes do EOPc, determinadas a
partir dos valores de IC50 nas formas promastigotas. Depois do tratamento, os macréfagos
foram fixados com metanol por 5 minutos e corados com solucdo Giemsa (1:20) em agua
destilada por 20 minutos e em seguida, foi retirado o excesso de corante através de lavagens
consecutivas em agua destilada e, por fim, as laminulas foram montadas em Iaminas com
etellan.

Apos a analise dos resultados, foi determinada a ICso nas formas amastigotas, atraves
de regressdo linear utilizando o SPPS 8.0 e o indice de sobrevivéncia (multiplicacdo do
percentual de macréfagos que foram infectados pelas formas amastigotas por nimero de
célula infectada). Todos os testes nas formas amastigotas foram realizados em duplicata, em
trés experimentos independentes.

Tendo em vista o potencial terapéutico desempenhado pelos produtos naturais frente
as doencas de origem infecciosas, despertou-se o interesse por mais estudos para investigar as
afeccdes que promovem as doencas de origem ndo infecciosas, uma vez que tem acometido as
pessoas de modo silencioso ou por injarias como desordens oxidativas, intestinais, febris,

inflamatorias e nociceptivas em todo o mundo (FORATTINI, 2002).
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2.1.1.2 Avaliacdo Antioxidante (DPPH, ABTS, Poder Redutor)

As terapias desenvolvidas contra as doencas de origem ndo infecciosas tém como
alvos o aumento de perspectiva de um envelhecimento saudavel bem como a reducdo de
causas de mortalidade em todo o mundo (MINISTERIO DA SAUDE, 2002). Uma das causas
principais do envelhecimento precoce é o aumento do estresse oxidativo que promove uma
maior producdo quantitativa de radicais livres (SILVA; FERRARI, 2011). Estes radicais
livres podem ser definidos como moléculas reativas derivados do oxigénio e nitrogénio, que
possuem em sua estrutura um ou mais elétrons ndo pareados e agem negativamente em muitos
processos fisioldgicos que sdo sintetizados no organismo (citoplasma e mitocondrias), em que
nas condi¢cdes metabolicas homeostaticas estdo relacionados com a producdo de energia,
regulacdo do crescimento celular, sinalizagédo intercelular e sintese de substancias essenciais
ao organismo (HALLIWELL; GUTTERIDGE, 2007).

Outras fontes de producdo de espécies reativas de oxigénio também sdo importantes,
tais como: NADPH oxidases, gerando anion super6xido; éxido nitrico sintetase, formando
oxido nitrico; e as lipoxigenases, produzindo hidroperdxidos de acidos graxos, além disso,
quando sua origem é proveniente do metabolismo celular, estas moléculas sdo formadas em
resposta a diferentes estimulos externos como a radiacdo ionizante, poluicdo, agentes
oxidantes e quimioterapicos (HALLIWELL; GUTTERIDGE, 2007; FERNANDEZ-
PACHON et al., 2008). Porém em niveis elevados, seu acimulo promove efeitos prejudiciais,
tais como peroxidacao lipidica, agressdo a proteinas, enzimas, carboidratos e acidos nucléicos,
estando associado ao surgimento de diversas patologias, como a artrite, choque hemorragico,
doencas cardiovasculares, disfungdes cognitivas, catarata e cancer (FERNANDEZ-PACHON
et al., 2008).

A homeostase das espécies reativas pode ocorrer naturalmente pela presenca de
compostos que inibem ou retardam processos oxidativos, denominados antioxidantes, como
metabolitos, vitaminas e enzimas (PERCIVAL,1998). A atuacdo dos antioxidantes pode ser
direcionada na inibicdo das reacbes em cadeias de Ferro e Cobre, que impedem
consequentemente a formacdo de radicais livres, ou interceptando tais radicais, inibindo sua
acao direta sobre lipideos, aminoacidos, duplas ligacdes de acidos graxos poli-insaturados e
bases de DNA (SILVA; FERRARI, 2011).

Dentre os antioxidantes de origem enzimatica estdo a surperoxido dismutase, catalase,
NADPH-quinona oxidoredutase, glutationa peroxidase e enzimas de reparo, no qual podem

ser obtidos naturalmente a partir de alimentos, como a vitamina C, E e A, os carotendides e
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os flavonoides demonstrados na Tabela 4 (DUARTE-ALMEIDA et al., 2006). Entretanto,
existem lacunas associadas ao uso de tais constituintes, como por exemplo, inexisténcia de
recomendacdo especifica para cada antioxidante, a falta de padronizacdo dos valores de
antioxidantes e os efeitos toxicos provocados pelo consumo excessivo (RATMAN et al.,
2006).

Tabela 4. Antioxidantes de importancia bioldgica.

N&o enzimético Enzimaético
Vitamina E Superoxido dismutase
Vitamina A Catalase
Vitamina C NADPH-quinona oxidoredutase

Carotendides Glutationa peroxidase
Flavonoides Enzimas de reparo

Proteinas do plasma

Adaptado de Bianchi; Antunes (1999).

Os antioxidantes podem ser classificados também de acordo com seu mecanismo de
acdo como primarios e secundarios, em que os primarios retardam ou inibem inicialmente as
etapas de auto-oxidagdo, enquanto que o0s secundarios podem agir por diversos mecanismos,
tais como: diminuigédo da taxa de oxidacdo sem a converséo de radicais livres em compostos
estaveis; reposicdo de moléculas de hidrogénio priméario; absorcao de radiacdo ultravioleta; ou
acao sobre sequestro de oxigénio (REISCHE et al., 2002). Na auséncia desses mecanismos, a
formacdo de substancias oxidativas intra ou extracelular excedem defesas celulares
proporcionando um desequilibrio e desencadeando um processo conhecido como estresse
oxidativo, que esta associado a processos patolégicos (FERNANDEZ-PACHON et al., 2008).

Assim, foram realizados testes antioxidantes com a casca da arvore de Plinia
cauliflora (MeOHPc). Na avaliacdo do potencial antioxidante de MeOHPc no sequestro do
radical DPPH foi investigado pela metodologia descrita por yang et al (2008). No
procedimento foram utilizadas concentragdes de 0,25, 0,5 e 1 mg/ mL de MeOHPc, nas quais
aliquotas de 250 pl foram retiradas e adicionadas a 40 pL da solu¢cdo metandlica de DPPH (20
mg / mL). Para a curva padrdo do ensaio, foi utilizada solu¢do metandlica de acido galico nas
concentracdes de (1, 0,5 e 0,25 mg / ml). Todas as misturas foram incubadas no escuro a 25 °

C durante 25 minutos e as leituras de absorvancia estavam em ELX 800 (Biotek Instruments,



34

Inc., Winooski, EUA) a 517 nm. A agéo antioxidante de MeOHPc foi calculada usando o
calculo:% AA = [1 - (absorbancia da amostra / absorbancia do controle) x 100. Na avaliacédo
do indice que inibiu 50% do radical DPHH na solucao (IC50) foi realizada uma percentagem
de inibicdo na concentracdo de 1 mg / ml da amostra utilizando como éacido galico padrao.
Todas as misturas testadas no ensaio foram em triplicado (yang et al, 2008).

Para avaliar o potencial antioxidante de MeOHPc foi investigado pelo sequestro de
radicais ABTS (Silva et al., 2012; Uchoa et al 2015). O procedimento foi iniciado com a
preparacdo de uma solucdo de mistura de 7mM ABTS e 140mM de Persulfato de Potassio e
deixada no escuro a (23-25 ° C) durante 12 a 16 horas. A solugéo cationica de (ABTS +) foi
diluida em etanol e regulada sob absorbancia de 0,7 (x 0,02) a 734nm. O procedimento para
avaliar a acdo antioxidante foi iniciado apos aliquotas de 30ul da solugdo estoque etandlica
(Img / mL) de MeOHPc adicionadas em 3 mL da solugdo ABTS + ja diluida. A leitura da
absorbéancia foi tirada no tempo de 6 minutos. Todos os procedimentos foram realizados em
triplicata e o percentual de antioxidantes da amostra foi calculado de acordo com a capacidade
antioxidante total do padrdo Trolox (Silva et al 2012).

O ensaio antioxidante do poder redutor de ions de ferro de MeOHPc foi conduzido
pelo método descrito em Oyaizu (1986). O procedimento foi iniciado com a preparacdo da
solucdo aquosa de MeOHPc nas concentragdes de 0,25, 0,5 e 1,0 mg / mL, nas quais foram
misturadas aliquotas de 0,2 mL e misturadas a 0,5 mg / mL de solucdo de tampéo fosfato de
sodio a 0,2 M com pH 6,6 e também a 0,5 mg / ml de solucédo de ferricianeto de potassio a
1%. A mistura foi incubada a uma temperatura de 50 durante 20 minutos, depois 0,5 mg / mL
de ido tricloroacico a 10% foi adicionado e centrifugado a 4000 rpm durante 10 minutos.
Apos centrifugacdo, retirou-se uma aliquota de 0,5 mg / ml do sobrenadante e misturou-se a
0,1 mg / ml de 0,1% de cloreto férrico Il (FeCI3) e também a 0,5 mg / ml de &gua destilada.
A leitura da absorbancia foi a 700 nm, na qual o aumento no valor de absorbancia da leitura
da mistura foi interpretado como aumentando o poder de reducdo da poténcia do ion ferro. O
padr que foi utilizado para a curva de calibrao foi Butil-hidroxitolueno (BHT) nas mesmas
concentraes testadas de MeOHPc. Todas as misturas testadas neste ensaio foram testadas em
triplicado.

O ensaio antioxidante do poder redutor de ions de ferro de MeOHPc foi conduzido
pelo método descrito em Oyaizu (1986). O procedimento foi iniciado com a preparagdo da
solucdo aquosa de MeOHPc nas concentragdes de 0,25, 0,5 e 1,0 mg / mL, nas quais foram
misturadas aliquotas de 0,2 mL e misturadas a 0,5 mg / mL de solucdo de tampdo fosfato de

sodio a 0,2 M com pH 6,6 e também a 0,5 mg / ml de solucdo de ferricianeto de potassio a
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1%. A mistura foi incubada a uma temperatura de 50 durante 20 minutos, depois 0,5 mg / mL
de ido tricloroacico a 10% foi adicionado e centrifugado a 4000 rpm durante 10 minutos.
Apos centrifugacao, retirou-se uma aliquota de 0,5 mg / ml do sobrenadante e misturou-se a
0,1 mg / ml de 0,1% de cloreto férrico 11l (FeCI3) e também a 0,5 mg / ml de &gua destilada.
A leitura da absorbancia foi a 700 nm, na qual o aumento no valor de absorbancia da leitura
da mistura foi interpretado como aumentando o poder de reducdo da poténcia do ion ferro. O
padr que foi utilizado para a curva de calibrao foi Butil-hidroxitolueno (BHT) nas mesmas
concentraes testadas de MeOHPc. Todas as misturas testadas neste ensaio foram testadas em
triplicado.

2.1.1.3 Avaliacdo Antidiarreica (Diarreia induzida por oOleo de ricino, Transito e Motilidade
intestinal)

A diarreia € uma desordem intestinal ocasionada por estimulos que induzem um
elevado nimero de evacuagBes, no qual podem acompanhar dores de origem abdominal,
presenca de fluidez , muco e sangue, além disso podem ser desencadeadas por alteracGes no
processo de digestdo de alimentos e fatores hormonais (MATHAN, 1998). Esta desordem
tem sido destacada como uma das causas principais de mortalidade do mundo em cerca de 5
milhdes de pessoas por ano, principalmente quando é desencadeada por enterotoxinas
(SHAREEF et al., 2014). Além disso, a diarreia tem afetado todas as ragas, sexos como
também idades, porém dentre o indice de mortalidade, 1,5 milhdes sdo de criangas
(HAVAGIRAY et al., 2004; YAKUBU; SALIMON, 2015).

O processo fisiologico de evacuacdo do bolo fecal depende da hidratagdo do
individuo bem como a sua capacidade de excrecdo intestinal, no qual, tém sido descrito na
literatura como normalidade, um namero de evacuacdes de até trés vezes ao dia ou uma vez
no periodo a cada trés dias , sendo provocada principalmente por um aumento de secrec¢éo de
liquidos e eletrolitos, uma diminui¢do na absorcdo dos eletrolitos, uma maior osmolaridade
como também alteracdes na motilidade intestinal (HAVAGIRAY et al., 2004).

Quando ocorre a hipersecrecdo intestinal por causa de enterotoxinas, a mucosa do
intestino ndo é rompida, pois este agente promove a diarreia através da ativagdo da
adenilciclase desencadeando um aumento da producéo intracelular de adenosina monofosfato
ciclico (CAMP) que conduz a abertura dos canais de ions cloro dos enterocidos e saida do
mesmo para o0 limen intestinal (BRUNTON et al., 2008). Dessa forma, como mecanismo
fisiologico para restabelecer o equilibrio dos eletrélitos ocorre o deslocamento dos ions de

sodio para fora da luz intestinal, e o fluxo de secrecdo de agua € reinstalado passivamente por
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causa da forca do gradiente de osmolaridade, e sendo assim, aumenta a produgédo do bolo
fecal que se torna aquoso e com auséncia de sangue (MUREK et al., 2010).

Outro mecanismo diarreico € desencadeado pela invasédo e lesdo do limen intestinal no
qual compromente a capacidade de absorcéo eletrolitica bem como da absorcao dos nutrientes
no intestigo delgado, e como consequéncia a motilidade intestinal é comprometida, como
também sdo liberadas células de origem inflamatorias, além da presenca do sangue secretado
nas fezes (FIELD; SEMRAD, 1993; MUREK et al., 2010).

O processo diarréco também ¢é classificado de acordo com o tempo de duracdo, no
agudo ( inferior a duas semanas), persistente (mais de 14 dias), cronica (mais de um més) em
que podem ser provocados por diferentes agentes como produtos com lactose, colchicinas e
antineoplasicos (CHASSANY et al., 2000). Para o processo de remissdo dos quadros
diarreicos ocorre a introducdo de terapias imediatas, com de reidratacdo oral de acordo com a
sintomatologia , uma alimentacdo balanceada, probioticos para reequilibrio da flora intestinal
além de medicamentos para reducdo da motibilade como a loperamida e o difenoxilato
(SHARMA; SHARMA, 2007). No entanto, estes medicamentos tém provocado reagdes
colaterais de constipacao e distencdo abdominal (RANG et al., 2001) .

Desse modo, a fim de controlar desordem intestinal causada pela diarreia, a
Organizacdo Mundial da Saldde tem incentivado o uso de produtos de origem natural que
apresenta acao terapéutica eficaz como também por ser uma alternativa de baixo custo para 0s
paises em desenvolvimento, nos quais sdo os mais atingidos (OMS, 2004). Dentre estes
produtos naturais , as espécies que tém sido destacadas sdo as da familia Myrtaceae como a
Eugenia uniflora (pitanga), Psidium guajava (goiaba) , Syzygium aromaticum (cravo da india)
e Plinia cauliflora (jabuticaba) na qual ressalva a importancia do desenvolvimento de novos
produtos com baixo custo e efeitos colaterais reduzidos (SENNA et al., 2011, SOUZA-
MOREIRA et al., 2011).

Na investigacdo da acgdo antidiarreica da casca do fruto de Plinia cauliflora
(MeOHPc), os animais foram previamente individualizados em funil de vidro com papel filtro
no chdo e em jejum no prazo de 18 horas. A diarreia foi induzida 1 hora antes do tratamento
com 10 ml / kg de éleo de ricino. Os grupos foram divididos em controle negativo (veiculo);
controlo positivo (loperamida) e os grupos de teste de MeOHPc foram 200 mg / kg e 400 mg /
kg. As fezes foram monitoradas e datadas de acordo com a consisténcia e quantidades durante
o0 periodo de 4 horas (Robert et al., 1976).
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A metodologia para investigacdo dos fluidos intestinais foi induzida pelo dleo de
ricino (Robert et al., 1976). Todos os animais foram pré-submetidos a jejum por 18 horas.
Para o grupo controle negativo, o veiculo e o controle positivo do sulfato de atropina (0,25mg
/ kg) foram administrados, e o grupo teste foi administrado nas doses de 200mg / kg e 400mg
/ kg. Apds 1 hora os animais receberam oralmente 10 mL / kg de 6leo de mamona. Apds 30
minutos de indugdo de diarreia, os animais foram sacrificados e o intestino delgado foi
coletado para medicdo do tamanho, bem como pesando seu peso total e vazio. Os dados foram
aplicados na seguinte formula: Enteropooling = (W1-W2), onde W1 e W2 correspondem ao
peso vazio e peso total dos fluidos intestinais, respectivamente, e "L" significa o tamanho
total do intestino.

Na investigacdo do efeito do MeOHPc sobre a motilidade intestinal foi de acordo com
Yegnanarayan et al., (1982). O grupo controle negativo recebeu apenas o veiculo e o sulfato
de atropina controle positivo (0,25mg / kg). Os grupos de teste foram avaliados em
concentracbes de 200 mg / kg e 400 mg / kg. Apds 30 minutos, 0os animais receberam
individualmente 6leo de castor (0,2 ml). Os animais foram também administrados oralmente
apo6s 30 min o carvdo activado (0,2 ml) suspenso em CMC (0,5%). Apds 30 minutos da
administracdo do carvao ativado, os animais foram sacrificados e o intestino delgado foi
removido para medicdo do tamanho total entre o esfincter pilérico e o ceco, bem como a
distancia (cm) percorrida pelo carvdo. O transito intestinal foi avaliado pelo seguinte
calculo:Transito intestinal (%): (CD) x 10/ LSI, onde "DC" corresponde a distancia percorrida

pelo carbono ativado e "LSI" é o comprimento do intestino delgado.

2.1.1.4 Avaliacao Antipirética (Febre induzida por Saccharomyces cerevisiae)

A termorregulacdo é um processo de defesa que o organismo tem para manter
homeostasia da temperatura corporal, a medida que ocorre a reducdo da temperatura, a
conseqiiéncia é a atividade enzimatica e o fornecimento de energia diminuido, além disso, o
deslocamento de ions pelas membranas celulares também € alterado; no entanto, se
temperatura corporal aumenta, causa a reducdo da de infeccdo por patdgenos em que estimula
a resposta imunolégica do individuo (MORRISON, et al., 2008).

A desordem febril que tem como causa a elevacdo de temperatura, tem sido originada
frente a resposta por injdrias ou por agentes infecciosos, no qual é um dos sintomas de uma
resposta inflamatoria imediata do organismo através estimulo dos receptores periféricos e

centrais que enviam informacgfes para o hipotalamo anterior , e este é responsavel pela
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regulacdo do aumento ou reducdo de temperatura corporal (BRAZ, 2005). Neste processo,
mecanismos termoefetores estimulam diversas respostas autdbnomas como também
comportamentais, nos quais sdo recorrentes vasoconstriccdo cutanea, diminuicao da sudorese

e um aumento de producdo de energia em forma de calor (BLATTEIS et al., 2004).

O aumento da temperatura corporal tanto por agentes infecciosos como em processos
inflamatorios, desencadeia a liberacdo de substancias denominadas pirdgenas enddgenas
como interleucinas do tipo IL-1B, IL-6 e TNF-a que causam o liberagdo de prostaglandinas
E2 (termorregulador encefalico da febre ) no qual aumenta o limiar de estimulacdo do

hipotdlamo, e mantém assim a temperatura elevada (BRAZ, 2005).

Em outro estado de desordem febril, é a hipertermia, que se trata da elevacdo da
temperatura corpérea, no qual é proveniente de um distarbio na termorregulacdo corporal
devido a producéo excessiva de energia em forma de calor, provenientes de exercicios fisicos
intensos e perca da capacidade de dissipacdo do calor em processos de desidratacdo sem
alterar equilibrio termostatico do hipotalamo (BLATTEIS et al., 2004). Entretanto, a febre
em casos infecciosos promove alteracbes comportamentais, do tipo letargia (profunda
inconsciéncia), sonoléncia, perca de peso e reducdo da atividade motora (BLATEIS, 2003).

O tratamento antipirético tem sido realizado frente ao desconforto promovido pela
desordem febril, no qual agentes promissores que tem se destacado em pesquisas cientificas
sdo o0s produtos de origem natural, dentre 0os quais se destacam a Eugenia uniflora
(pitangueira), Eugenia caryophyllata (cravo da india) e Myrciaria ddbia (araga d’agua) por
apresentarem além da acdo antipirética uma acdo anti-inflamatéria (DUKE, 2002; TAHER et
al., 2015; KAUFFMANN; ETHUR, 2016).

Para avaliacdo antipirética, a inducdo da febre foi realizada a partir de uma aplicacdo
por injecdo subcutanea de 20% de levedura de cerveja (10ml / kg) suspensa em 0,5% de
CMC. Através da insercdo no reto (2 cm) do termémetro clinico, a temperatura foi medida
antes da inducdo e ap6s um periodo de 24 horas de aplicacdo da levedura de cerveja. Os
grupos foram tratados em controle negativo (veiculo), controle positivo (paracetamol 150mg /
kg) e os grupos teste em 200mg / kg e 400mg / kg do MeOHPc. A temperatura de todos os
animais foi medida no intervalo de 1 hora (1-5 minutos) apds o respectivo tratamento
(TEOTINO et al., 1963).

2.1.1.5 Avaliacdo Anti-inflamatoria (Edema de pata)

O nosso organismo possui mecanismos de resposta a diferentes estimulos nocivos, de

origem fisica (calor, frio, trauma), quimica (substancias irritantes) e/ou biologica
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(microrganismos), desencadeando alteragdes humorais e celulares com intuito de manter o
equilibrio homeostatico, tal processo fisioldgico é denominado inflamacdo (KUMAR et al.,
2013). A manifestacdo clinica da desordem inflamatoria é caracterizada por cinco sinais
cardeais de rubor (vermelhiddo), calor (decorrente da hiperemia arterial), dor (ativagdo de
fibras nervosas devido ao acumulo de células e liquidos; lesdo direta nas fibras nervosas; ou
ainda acdo quimica sobre as terminagBes nervosas), tumor (representada pelo edema
inflamatorio) e perda de fungdo (provindo do tumor, principalmente em articulacdes)
(SANTOS JUNIOR, 2003).

Com finalidade de reparacao do tecido ou célula lesionada, uma cascata de reacdes e
atividades celulares é ativada, promovendo o aumento das arteriolas e vénulas, que leva ao
aumento da permeabilidade vascular e do fluxo sanguineo, e como consequéncia o acimulo
de liquidos (TEDGUI; MALLAT, 2000). A inflamacdo pode ser classificada em aguda ou
crbnica, em gque a aguda é proveniente da resposta ao agressor, que ird agir na remocdo a fim
de evitar sua disseminacdo, além disso, os produtos resultantes da destruicdo celular também
serdo eliminados, promovendo a reparacdo tecidual (SILVA; CARVALHO, 2004). No
entanto, a inflamacéo croénica é caracterizada pela ocorréncia de infiltracdo tissular de células
do sangue periférico (monadcitos, macrofagos, neutréfilos) bem como ativagdo e proliferacéo
de células do tecido conjuntivo (fibroblastos) ( KUMAR et al., 2013).

O processo inflamatério envolve a vasodilatacdo local e aumento da permeabilidade
vascular, a chamada fase vascular, mediados por aminas vasoativas, histamina e serotonina,
que sdo liberados por mondcitos e mastocitos (TEDGUI; MALLAT, 2000). Com o acumulo
de proteinas e agua, o exsudato, ocorre a ativagdo de moléculas presentes no endotélio,
favorecendo a aderéncia e migracdo celular e consequentemente o extravasamento vascular,
além disso, ocorre também a ativacdo dos sistemas: complemento, coagulacéo; e a liberacao
de citocinas inflamatorias, tais como, IL-1, TNf-a e quimiocinas (SANTOS JUNIOR, 2003).

Em conjunto ocorre a producdo de mediadores lipidicos que sdo derivados do acido
araquidonico; que em consequéncia da ativacdo de fosfolipases geram prostaglandinas,
leucotrienos e PAF (fator de ativacdo plaquetaria), em que prostaglandinas possuem um
papel importante na inflamacdo, pois induzem a febre, a hiperalgesia e a vasodilatacdo
(MESQUITA JUNIOR; ARAUJO, 2008).

Mesmo sendo considerada de extrema importancia, a resposta do processo
inflamatorio, causa desconforto e em alguns casos sd0 nhecessarias intervencdes
medicamentosas (SILVA; CARVALHO, 2004). Atualmente sdo utilizadas duas classes de
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farmacos que atuam interferindo nesse processo de defesa do organismo com o intuito de
minimizar o dano, os glicocorticoides ou anti-inflamatorios esteroidais (AIES) e ou anti-
inflamatorios néo esteroidais (AINEs) (LONGUI, 2007).

Os AINEs tém sido representado por um grupo heterogéneo de substancias, com efeito
analgeésico, anti-térmico e anti-inflamatorio e inibem também a sintese de protrombina e
agregacao plaquetaria, especialmente o acido acetil salicilico (AAS), introduzido em 1899,
que acetila irreversivelmente a cicloxigenase (KUMMER; COELHO, 2002). Estes farmacos
em geral inibem, de forma variavel em doses terapéuticas, ambas as isoformas da COX e que
apesar de sua eficacia na dor e na inflamagdo, sua a administracdo em longo prazo pode
provocar danos a salde, como ulceras gastrointestinais, sangramentos e desordens renais e

cardiovasculares decorrente da inibigdo néo seletiva destas isoformas (TAPIERO et al., 2002).

Apesar do potente efeito farmacoldgico destes medicamentos, a sua utilizacdo produz
efeitos colaterais (LONGUI, 2007). Desta forma, tem crescido os estudos utilizando plantas
medicinais em tratamentos de inflamagéo e nocicepcao, em que estas apresentam substancias
gue possuem mecanismo de acdo relacionadas com o blogueio de canais de calcio ou a
inibicdo da calmodulina; a atuacdo em receptores dos mediadores inflamatdrios; atuacédo
como antagonistas; e inibicdo da sintese ou acdo de citocinas, quimiocinas, moléculas de
adesdo, vias do acido araquidénico e éxido nitrico (SCHMITZ; BACHER, 2005). Dentre a
inibicdo em mais de uma via mecanistica, 0s produtos naturais possuem a capacidade de
intensificar os efeitos antinociceptivos e anti-inflamatorios, reduzindo possivelmente os
efeitos adversos (WERZ, 2007).

Na avaliagdo anti-inflamatéria o teste realizado foi edema da pata de acordo com
Winter et al (1962). O procedimento foi iniciado a partir da aplicao sub-plantar de 1% de
carragenina no murganho (0,1 mL) realizada 30 minutos antes da administrao de MeOHPc a
concentraes de 200 e 400 mg / kg, v.o. A atividade antiinflamatoria foi verificada por meio do
paquimetro (Staineless Mardened, Nakamura, COK, Japdo), imediatamente apds o (tempo 0)
e 0s subsequentes tempos de 60, 120, 180 e 240 min. O grupo controle negativo recebeu o
veiculo (solucdo salina a 0,9%) e o grupo controle positivo recebeu &cido acetilsalicilico
(AAS) na concentracdo de 100 mg / kg, ambos os grupos foram administrados por via oral.

A percentagem de inibicdo de MeOHPc contra a resposta anti-inflamatoria foi calculada a
partir da formula: Percentagem de inibicdo (%) = [(Vf - Vi) Média do grupo de controle - (Vf
- Vi) Média do grupo de teste / (Vf - Vi), Onde VT e Vi representam o volume final e inicial

da pata.
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2.1.1.6 Avaliacdo antinociceptiva (Contorcao abdominal, Placa quente, Formalina)

Nocicepcao, por vezes chamada de dor, é considerada uma sensacdo de extrema
relevancia que envolve processos fisioldgicos e sinaliza o organismo de qualquer ameaga que
atinja sua integridade fisica e, neste sentido, € clinicamente usada para deteccdo e avaliagdo
de doencas (MILLAN, 1999). A definicdo para o termo dor, usada pela Associacao
Internacional para o Estudo da Dor, ¢ de que esta seja “Uma experiéncia emocional e
sensorial desagradavel associada com uma lesdo tecidual real ou potencial ou descrita em
termos de tal lesdo”, enquanto que o termo nocicepgdo refere-se as manifestacoes
neurofisiologicas geradas pelo estimulo doloroso (ALMEIDA; ROIZENBLATT; TUFIK.,
2004).

A dor pode ser classificada conforme o tipo de lesdo: neurogénica, quando a lesdo
ocorre no tecido neuronal; neuropética, quando um nervo sofre uma disfuncdo; psicogénica,
decorrente de fatores psicolégicos; e nociceptiva, quando desencadeada pela excessiva
estimulacdo dos nociceptores (MILLAN, 1999). Também pode ser classificada quanto a sua
duracdo em aguda ou cronica; a dor aguda refere-se a ativacdo dos nociceptores, seguida do
desaparecimento da sensacdo dolorosa até mesmo antes do restabelecimento do tecido
lesionado, enquanto que a dor cronica perdura por mais tempo sucedendo mesmo o periodo de
cura da injaria, seguida de repeticdo de tal processo e ndo se relacionando com nenhuma
funcao fisiologica ou protetora (APKARIAN; BALIKI; GEHA, 2009).

Basicamente, envolve a ativagdo do componente sensorial que ira permitir a
localizacdo espaco-temporal, a qualificacdo fisica e a quantificacdo do estimulo nocivo, e a
ativacdo do sistema cognitivo responsavel por atribuir emocdes ao processo, caracterizando o
comportamento de dor (JULIUS; BASBAUM, 2001). O componente responsavel por refletir
a dor é denominado nociceptor, que sdo terminag¢fes nervosas livres, sensiveis na presenca de
estimulos de origem térmico, mecanico ou quimico (ALMEIDA; ROIZENBLATT; TUFI ,
2004). Dispersos por todo o0 corpo, 0s nociceptores se inervam na pele, muasculos, articulacdes
e 6rgdos internos, e sua principal funcdo é expedir informacGes sobre a lesdo aos neurdnios de
ordem superior. Sdo descritos em quatro classes: mecanicos, térmicos, polimoidais e
silenciosos (FEIN,2011).

Os nociceptores mecanicos sao ativados em resposta a pressdo intensa, 0s termicos a
temperaturas extremas, quentes (> 45 °C) ou frias (< 5 °C) e possuem fibras A mielinizadas
(ALMEIDA; ROIZENBLATT; TUFI, 2004). A unido desses nociceptores de fibra A 3- sdo
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chamados de nociceptores mecanotérmicos; ja os receptores polimodais podem responder
tanto a estimulos nocivos de origem mecanica, térmica ou quimica, € 0s nociceptores
silenciosos (“silente ou sleeping”) podem ser ativados por estimulos flogisticos ¢ mediadores
inflamatdrios, porem sé respondem a estimulos mecénicos e térmicos apds sua ativacdo
(FEIN, 2011).

A sensibilizacdo desses receptores desencadeia a liberagdo de mediadores quimicos, tais
como, bradicinina, serotonina, histamina, metabolitos do acido araquiddnico, citocinas,
neurotrofinas, opioides, acetilcolina, dentre outros (MILLAN, 1999). Tais substancias
interagem com nociceptores especificos, desencadeando a propagacdo do sinal doloroso
devido a alteragcdes na permeabilidade da membrana da fibra nervosa e consequentemente a
geragdo do potencial de acdo (APKARIAN; BALIKI; GEHA, 2009). A informagdo
nociceptiva é transportada para o sistema nervoso central pelas fibras aferentes, que podem
ser classificadas quanto a sua estrutura, diametro e velocidade de condugdo do estimulo:
fibras AP, sdo mielinizadas, com didmetro de 10 um com condugdo de 30-100 m/s; as fibras
Ad sdo pouco mielinizada com didmetro médio de 2-6 um e condugdo de 12-30m/s; e as
fibras C, ndo mielinizadas possuem diametro de 0,4-1,2 um e conducdo de 0,5-2 m/s
(JULIUS; BASBAUM, 2001).

Na medula espinhal, ocorre a liberacdo de neurotransmissores (glutamato,
neuropeptidios) por estas fibras, que auxiliam intensificando a transmissdo do estimulo
nociceptivo (ALMEIDA et al., 2004). A informacdo nociceptiva é transmitida para os
neurdnios do corno dorsal da médula, que por sua vez, retransmite para os centros encefalicos
por vias ascendentes (tratos espinomesencefalico, espinobraquial, espinotalamico e
espinorreticular), incluindo a formacéo reticular, hipotadlamo e tdlamo que transmite impulsos
por neurdnios de terceira ordem para o cortex cerebral, resultando na consciéncia da dor
representada na Figura 10 (CURY et al., 2011).
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Figura 9. Mecanismo da transmisséo de dor.
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O organismo também possui Varios mecanismos intrinsecos que Sao responsaveis em
modular a sensacdo dolorosa (FEIN, 2011). Nos diversos nlcleos do talamo, apds a

estimulagdo, os sinais sdo propagados para as diferentes &reas do cértex, substancia cinzenta

periaquedutal, hipotdlamo, amigdala e cerebelo, em que um modulador enddgeno descendente

associado a substancia cinzenta periaquedutal, especificamente o ndcleo magno da rafe,

estruturas adjacentes da medula rostral ventromedial e o corno dorsal da medula, é

responsavel por ativar conexfes que desencadeiam a inibicdo ou facilitacdo da nocicepcao
(LAMONT; TRANQUILLI, 2000).
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O processo inibitorio da nocicepgdo no corno dorsal é decorrente do envolvimento de
diversos receptores localizados pré e p6s-sinapticos na porcao central do aferente primario; os
receptores localizados pré-sinapticamente sdo: receptores opidides mu/delta, kappa; GABA
(&cido gama aminobutirico); alfa2-adrenérgicos; neurocinina 1 e 5HT e os  pOs-
sinapticamente, podem ser citados os receptores: GABA a,b , AMPA, NMDA, mu, mu/delta,
alfa-2 adrenérgicos, 5HT1b, adenosina (LAMONT & TRANQUILLI, 2000).

Os receptores opidides n(OP3) e «(OP2) sdo demonstrados cientificamente de maior
importancia clinica, envolvendo a acéo fisiologica das endorfinas e a das vias inibitdrias
noradrenérgicas e serotoninérgicas (ROBES, 2006). A eficacia analgésica dos opidides é
decorrente do bloqueio da transmissdo periférica e central da via nociceptiva aferente
(RIBEIRO; SCHMIDT; SCHMIDT, 2002). Porém, sua utilizacdo ndo pode ser generalizada
para todos os tipos de dor, como exemplo, na dor neuropética os opidides respondem de
forma curta (CURY et al., 2011).

Outra acdo analgésica se da pelo bloqueio de canais de sddio, prevenindo a
transmissdo do impulso nervoso e consequentemente a excitagdo do nociceptor; ou se
administrado por via central, desencadeia a inibi¢cdo do processo modulatorio de nocicepcéo
(BASSANEZI; OLIVEIRA FILHO, 2006). Alem disso, a dor também pode ser modulada por
analgésicos, anti-inflamatoérios ndo esteroidais, que atuam na inibicdo da atividade da ciclo-
oxigenase e lipo-oxigenase, que ndo irdo permitir a sintese de prostaglandinas e
consequentemente ndo irdo sensibilizar nociceptores periféricos (HALDAR et al., 2012).

A antinocicepcdo também pode ser desencadeada pela diminuicdo da expressdo do
acido araquiddnico e consequentemente na diminuicdo de seus metabdlitos (prostaglandinas,
leucotrienos e tromboxanos), que reduzem a expressdo de citocinas inflamatorias envolvidas
com o processo doloroso (LAMONT; TRANQUILLI, 2000; ROBES, 2006). Outro
mecanismo s3o pelos a2-agonistas que ligam-se a receptores presentes no tronco cerebral ou
na medula espinhal, inibindo neurotransmissores e resultando na anestesia e sedacdo
(BASSANEZI; OLIVEIRA FILHO., 2006). Além destes , os antagonistas dos receptores
NMDA também possuem efeito modulatério da nocicepcdo na medula espinhal, como
exemplo, a cetamina, usada no tratamento de dor neuropatica que normalmente ndo responde
a farmacos opidides (LAMONT; TRANQUILLI., 2000; BASSANEZI; OLIVEIRA FILHO,
2006).

O modelo nociceptivo contor¢do abdominal foi induzido nos animais através de uma

injecdo intraperitoneal de acido acético (0,8%). O grupo controle negativo recebeu apenas o
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veiculo, o controle positivo recebeu 100 mg / kg de &cido acético e os grupos de teste do
MeOHPc nas concentra¢fes de 200 mg / kg e 400 mg / kg. Todos os grupos foram tratados 1
hora antes de receber acido acético (0,8%), e apds cinco minutos, foi iniciado observando - se
o0 alongamento dos musculos posteriores ea contracdo do musculo abdominal, com duracdo de
20 minutos (Koster; Anderson, De Beer, 1959).

Na avaliacdo antinociceptiva no modelo placa quente os grupos utilizados nos
testes foram controle negativo (veiculo), controle positivo (5mg / kg morfina) e 0s grupos
teste MeOHPc nas concentracdes de 200mg / kg e 400mg / kg. O tratamento foi realizado 1
hora antes do inicio da metodologia. A placa quente foi pré-aquecida a uma temperatura (55 +
1,0 ° C) e usada individualmente para cada animal, ndo excedendo 60 segundos. Os tempos 0,
30, 60, 90 e 120 foram avaliados no teste, apos a primeira estimulacdo térmica (MacDonald et
al., 1946).

O teste de formalina foi realizado com o protocolo descrito em Hunskaar; Hole (1987).
Formalina (2,5% em solucdo salina a 0,9%) no volume de 0,02 mL foi administrada
subplantar dos camundongos (Santos et al., 2010). A reacdo dolorosa nos camundongos foi
observada no momento (seg) de lamber ou no ato de morder a pata na primeira fase (reacao
neurogénica da dor) por 5 min e na segunda fase (reacdo inflamatoria a dor) entre 15 - 30 min
logo apds a administracdo da formalina subplantar ("Almeida et al., 2011). Os animais foram
divididos em grupos: controle negativo com n = 6 (solugéo salina 0,9%, v0), controle positivo
com n = 6 recebendo indometacina (20 mg / kg, ip) e morfina (10 mg / kg, ip), e um grupo de
teste que recebeu MeOHPc a concentracfes de 200 e 400 mg / kg (n = 6, v0), 1 hora antes da
administracdo de formalina.

As vias mecanisticas do bloqueio nociceptivo foram investigadas através do
envolvimento de receptores de acordo com Anaya-Eugenio et al (2016). Para os receptores
opides, um antagonista, naloxona (5 mg / kg, ip), foi injectado 30 minutos antes da
administrao do grupo MeOHPc (400 mg / kg, vol) ou do grupo morfina (10 mg / kg, ip). Na
avaliacdo dos receptores de acetilcolina e muscarinicos (M1 a M5) o antagonista de sulfato de
atropina (10 mg / kg, ip) foi injetado 30 min antes da administracdo de MeOHPc (400 mg /
kg, v) ou morfina (10 mg / kg). , ip). Além disso, o bloqueio da via nociceptiva dos receptores
H2 da histamina também foi investigado pela administracdo do antagonista da glibenclamida
(10 mg / kg, v) 1 hora antes do MeOHPc (400 mg / kg, v0) ou morfina (10 mg / kg, ip ).
Todos os grupos de pesquisa dos mecanismos nociceptivos testados estavam com (n = 6)

camundongos.
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Dentre os inimeros medicamentos que sdo usados atualmente com atuacdo em vias
distintas, a terapéutica é eficaz, porém o uso prolongado destas drogas pode acarretar o
surgimento de diversos efeitos colaterais, estimulando a procura de novas moléculas bioativas
que sejam também eficazes e menos prejudiciais ao organismo (BASSANEZI; OLIVEIRA
FILHO, 2006). Drogas de fontes vegetais estdo sendo utilizadas por cerca de 80 % da
populacdo mundial e estes compostos estdo mostrando seguranca, eficacia, aceitabilidade e
menos efeitos colaterais, ressaltando a importancia de se estudar atividade antinociceptiva de
partes de plantas (HALDAR et al., 2012).
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3 RESULTADOS

3.1 CHEMICAL CHARACTERIZATION, LEISHMANICIDE AND CYTOTOXIC
ACTIVITY OF ESSENTIAL OIL OF Plinia cauliflora (MART.) KAUSEL FROM THE
ATLANTIC MATA OF THE NORTHEAST OF BRAZIL
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Abstract

Plinia cauliflora (Mart.) Kausel is a plant native to Brazil of the Myrtaceae Family, also
known as jabuticaba. This study aimed to investigate the leishmanicidal biotechnological
potential of the essential oil of the leaves of Plinia cauliflora (OEPc). Thus, the chemical
composition of the OEPc by gas chromatography coupled to the mass spectrometer (GC/MS)
was investigated, cytotoxicity of OEPc against Peritoneal Macrophages and Vero cells,
Leishmanicidal action of OEPc on promastigotes and amastigotes of Leishmania
amazonensis and Leishmania braziliensis and the effect of EOPc on the production of nitric
oxide (NO) by Peritoneal Macrophages. In addition, an ultrastructural analysis of L.
amazonensis and L. braziliensis was performed after treatment with 1 and 2x values related to
the 50% inhibitory concentration (ICso) of EOPc and the investigation of pharmacokinetic and
physicochemical properties in each of the OEPc compounds. GC/MS showed that
Caryophyllene (24.4%), Eudesmol (8%), 2-Naphthalenemethanol (8%) and Calamenene (8%)
were the major constituents. The cytotoxic concentration of OEPc was 137.4 png / mL and
143.7 nug / mL in Peritoneal Macrophages and Vero cells, respectively. As a leishmanicidal
action the OEPc presented an 1Cso of 5.77 £ 0.96 ug / mL against the promastigote form and
ICs0 of 7.31 £ 0.53 pg for amastigotes of L. amazonensis. For L. braziliensis 1Cso was 5.60 +
1.74 for promastigotes and ICso of 7.26 + 0.12 for amastigotes. There was no significant
variation in NO production between treated and untreated macrophages. Treatment with 1 and
2 X ICso of OEPc promoted ultrastructural changes in protozoa. Analysis of the
pharmacokinetic and physicochemical properties of the major compounds OEPc showed no
relationship with systemic toxicity. Thus, EPO can be considered a bioproduct with
leishmanicidal potential and presents possible pharmacological applications that may
contribute to the future development of drugs against L. amazonensis and L. braziliensis
infections.

Keywords: Cytotoxicity; Jabuticaba; Cutaneous Leishmaniasis; Scanning Electron
Microscopy.
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1. Introduction

The use of plants as therapeutic resources in the treatment of diseases is a practice that
has existed since the beginning of civilizations. In the present day, plants with medicinal
properties continue to play an important role as sources of therapeutic agents and their use has
resulted in the discovery of promising substances in the field of folk and herbal medicine [1].
In addition to the popular use and increasing availability of herbal medicines, natural
resources of plant origin have drawn the attention of the scientific community because it is a
vast source of active substances that may be used for the synthesis of new drugs [2]. Among
the main families of botanical species with therapeutic potential, the members of the
Myrtaceae family stand out for the breadth of biological activities investigated and proven,
among them: Myrciaria floribunda [3], Psidium guajava [4], Eugenia brejoensis [5], Eugenia
uniflora [6], Eucalyptus globulus [7] e Plinia cauliflora.

P. cauliflora is an endemic plant in Brazil, present in all regions of the country and
occurs in alluvial and ubiquitous plains in the different biomes of Brazil, with emphasis on the
Atlantic Forest [8, 9, 10]. This species is one of the most important of Brazilian flora and its
fruit, popularly known as Jabuticaba, has great economic and nutritional importance [11].
Like other members of the Myrtaceae family, P. cauliflora is used in folk medicine for the
treatment of various diseases such as asthma, tonsils inflammation and diarrhea [12]. The
main formulations obtained from this botanical species are extracts, infusions and essential
oils [3]. The latter have drawn the attention of the scientific community due to the wide
variety of chemical compounds present in its composition and the possibility of
biotechnological applications.

Essential Oils (EO) are composed of biomolecules related to biological functions in
plant organisms and susceptible to variations in the quantity and chemical-structural diversity
according to environmental stimulus [13]. Terpenoids are examples of compounds that make
up the EO, modulated by environmental factors. These molecules are characteristic by the
lipophilicity and complexity of chemical structures, of which the groups stand out: ketones,
hydrocarbons, alcohols, aldehydes, oxides, etc. These compounds have biological activities
already described, such as anti-diarrheal [14], antimicrobial [15], antioxidant [16], pesticide
[17], anti-diabetic [18], citotoxic [4], insecticide [19] e leishmanicide [20].

Leishmaniasis is an infectious disease caused by protozoa of the genus Leishmania
and presents three well-established clinical forms: cutaneous, mucocutaneous and visceral.

The wide distribution of the vector associated with the diversity of pathogenic leishmaniasis
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species contributes to the large number of cases and diversity of clinical forms found in more
than 80 countries, especially in tropical regions [21]. In Brazil, there are occurrences of the
three cynical forms of the disease, with Cutaneous Leishmaniasis (LT) being registered in all
regions of the country, mainly caused by species L. guyanensis, L. braziliensis e L.
amazonensis and responsible for causing physical, functional and metabolic deformities [22,
23].

Despite being considered by the World Health Organization one of the six major
infectious diseases, there is no effective vaccine against leishmaniasis and because of this, the
measures of control of the disease are based on the sanitary and, mainly, therapeutic aspects
[22]. Treatment against protozoan infection of the Leishmania genus has reduced efficacy,
proven resistance and high systemic toxicity [24, 25]. Pentavalent antimonials are the first-
line drugs for the treatment of cutaneous leishmaniasis, require intravenous or intramuscular
administration for up to 20 mg / kg for 20 days and are rapidly excreted via the urinary tract
[23, 26]. During treatment, several of the following symptoms may occur: arthralgia, myalgia,
nausea, vomiting, abdominal pain, pancreatitis, pruritus, fever, weakness, dizziness, edema
and acute renal failure [26, 27]. Despite proven efficacy in some cases, studies show that even
after application of the regimen in patients, there is no remission of the lesion and parasitemia,
and may lead users of these drugs to death [23].

The objective of this study was to present the chemical composition of the essential oil
of Plinia cauliflora leaves from the Brazilian Atlantic Forest biome and to evaluate its effect
on two evolutionary forms of Leishmania amazonensis and Leishmania braziliensis and its

cytotoxic potential on mammals.

2. Results and Discussion

2.1. Ecological aspects and chemical composition of essential oil from P. cauliflora (EOPc)

Essential oils (EO), also known as volatile oils, are products of the secondary
metabolism of aromatic plants, formed by complex mixtures of substances of low molecular
weight, lipophilic and generally of terpenic nature [31]. EOs present great utility versatility
and their study has grown in several sectors, with chemical, cosmetic, food and
pharmaceutical applications [32]. One of the most important factors to consider when
extracting EO from plant species is the yield and identification of the chemical compounds

that make up these oils [32].



51

The EOPc presented a considerable yield of 7.33% (v / w) when compared to yields
obtained from EO extracted from other species of the family Myrtaceae, such as Myrciaria
tenella and Calycorectes sellowianus, with yields of 0.4% and 0.46% (v / w) [33]. The EO
yield may be associated with the quantitative proportion of the chemical compounds present
in the complex mixtures. In the present study, EOPc was extracted from a native species of
the Zona da Mata Pernambucana (Fig. 1), characterized by the predominance of the Atlantic
Forest biome and the tropical climate. Studies show that the chemical composition of the EO
varies among species of the same family and according to the part from which it was obtained
[34].

According to Gobbo-Neto and Lopes [35], the same plant species may present
significant variations in the chemical composition of their essential oils due to climatic
factors, cultivation processes, conditions in which they were collected, extracted and stored.
There are variations in the concentration of these metabolites and generally they are
synthesized in one part of the plant and stored in another, different in each plant [36].
Therefore, each product is restricted to unique chemical processes for a given species or
family, being variable in different states throughout its development, so it is not universal
[37,38] .

An example of this can be seen in a recent study that investigated the chemical
composition of the P. cauliflora essential oil collected from the Cerrado, yielding 0.05%.
These differences in yield and chemical composition can be attributed to the fact that abiotic
factors can interfere in the production of essential oils, especially those related to the biome
where the species was collected such as light incidence, solar radiation, temperature, soil
composition , and climate [20].

The chemical composition of EOPc (Table 1) revealed the presence of 52 chemical
compounds, which corresponded to 96% of the common molecules in the mass spectrometer
database. The analysis showed a large number of sesquiterpenes, with the main constituents
(24.4%), Eudesmol (8%), 2-naphthalenemethanol (8%), calamenene (8%) and 2-
naphthalenemethanol [1,2,3,4,4a,5,6,8a-octa-hidro] (6.69%). This group of compounds can
also be found in other species, especially those belonging to the family Myrtaceae.

Among the volatile compounds of these plants, the caryophyllene is demonstrated in
the chemical composition of different species [39]. Essential oils from the leaves of Plinia
edulis showed the main compounds of this class, with the caryophyllene oxide in the

percentage of 39.3% [40]. Other species, such as Plinia cordiflora and Plinia trunciflora, also
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presented considerable values of B-caryophyllene (15.9% and 8.2%) in their chemical
composition [13].

In addition to these sesquiterpenes, eudesmol was also identified in the chemical
composition of the volatile oils of P. edulis, P. cordifolia and P. truncatus, but in smaller
quantities: 1.1%, 1.0% and 3.4%, respectively [13]. Another genus known for the production
of essential oils belonging to the family Myrtaceae, Eugenia also has predominant chemical
composition of sesquiterpenes, mainly germacrene and selinene, and some species in smaller

quantity, such as monoterpenes [41].

2.2. Effect of EOPc on the viability of Vero Cells and Intraperitoneal Macrophages

The toxicity assessment of novel compounds candidates for therapeutic agents is one
of the main stages in determining the pharmacological potential. The search for compounds
that do not present or demonstrate a low cytotoxic effect on mammalian cells has
progressively increased, especially in the context of Leishmaniasis, which have highly toxic
drug alternatives [23].

EOPc showed cytotoxic concentration (CCso) of 137.4 ug / mL and 143.7 ug / mL in
Peritoneal Macrophages and Vero cells (Fig. 2), respectively. According to the Rios et al. [42]
studies, EO with CCso values between 100 and 500 ug / mL are considered moderately toxic.
These results demonstrate a potential therapeutic use superior to that observed in the reference
drugs used in the treatment of cutaneous Leishmaniasis, since literature data show that drugs
such as Pentamidine and Amphotericin B present CCsg of 11.7 and 0.78 ug / mL in Peritoneal
Macrophages, thus presenting strong cytotoxic activity [21].

One of the greatest current challenges is the development of therapeutic products with
the lowest possible side effects, which are low cost and easy to obtain and are effective
against infectious microorganisms during treatment. Within EO, biological actions can be
justified by the isolated or joint action of the chemical constituents present in their
composition. The study Leite et al. [43] investigated the cytotoxic and leishmanicidal effect of
caryophyllene, a compound that is present in a greater amount in EOPc. The results showed
effective activity against the Leishmania parasite as well as did not demonstrate cytotoxic
action to the fibroblasts that were evaluated in the study. These data suggest a strong
association between the leishmanicidal effect of EOPc and the great amount of Caryophyllene
identified in its chemical composition, reinforcing its therapeutic potential against

leishmaniasis.
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2.3. Leishmanicidal activity of EOPc on Leishmania amazonensis and Leishmania

braziliensis

The search for effective compounds against parasites of the genus Leishmania has
gained great importance due to the limitations of the current treatment [23]. In the world, it is
estimated that Leishmaniasis affects about 1.6 million people, and that of this, about 1.1
million is affected by the tegumentary form of the disease, called American Cutaneous
Leishmaniasis (LTA), commonly caused by L. braziliensis species and L. amazonensis in
Brazil [44]. In addition to the difficulties in the treatment of the disease, the LTA presents is
difficult to be, due to the similarity of dermatological symptoms with other pathologies and
mainly, due to the psychosocial issues involved [22, 24, 25].

The use of medicinal plants became attractive from the potential leishmanicide already
presented in the literature. The results of the present study showed that the EOPc had a dose-
dependent leishmanicidal effect against promastigotes of Leishmania amazonensis and
Leishmania braziliensis, with ICso values of 5.77 + 096 ng / mL and 5.60 = 1.74,
respectively. After detecting the effect against promastigote forms, it was seen that EOPc was
also effective against intracellular amastigotes, with an ICso value of 7.31 + 0.53 for L.
amazonensis (Fig. 3) and 7.26 £+ 0.12 for L. braziliensis (Fig. 4). The effectiveness of both
evolutionary forms of the main species related to LTA was verified, and it was possible to
determine that the EOPc presents selectivity against the parasites investigated in this study,
being 18.8 times more selective for L. braziliensis and 18.9 for L. amazonensis (Table 2).

Several species of the family Myrtaceae are producers of essential oils with biological
potential, in particular with a view to the treatment of Leishmaniasis [24]. Rodrigues et al.
[45] carried out the study with essential oil of Syzygium cumini, and obtained the ICso value of
38.1 ug / mL on Leishmania sp. In addition, Kauffman and Ethur [24] demonstrated the
leishmanicidal potential of the Myrtaceae family through in vitro studies with the essential
oils of Eugenia arenosa and Eugenia pyriformis com 1Csg of 13.72 and 19, 73 ug / mL
respectively. Thus, it is important to highlight the pharmacological potential of essential oils
obtained from Myrtaceae family against Leishmaniasis, thus constituting important

therapeutic advances with the use of natural products from the Brazilian flora.

2.4. Investigation of the Effect of EOPc on the Production of Nitric Oxide (NO) by Peritoneal

Macrophages
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The production of nitric oxide (NO) by macrophages is related to the mechanism of
defense against infection by Leishmania sp. [38]. Thus, after observing the leishmanicidal
effect of EOPc in the promastigote and amastigote form, Peritoneal Macrophages were
stimulated with lipopolysaccharide (LPS) and / or treated with different EOPc. The results
demonstrated that there was no significant difference between the untreated control group and
the groups that received EOPc (Fig.5), so it can be suggested that the leishmanicidal effect
could be related to another intracellular mechanism and that, due to the apolar characteristic
of the EOPc constituents, it is possible that there is a direct interaction between the parasite
forms and the secondary metabolites.

Boyom et al. [38] and Silva et al. [20] reported that the hydrophobic characteristic of
the essential oils provides their passage through the membranes in the cells and facilitates the
toxic selectivity to the intracellular parasite. According to Duarte and Rochael [46] and
Romdo et al. [47], the tegumentary clinical manifestations of Leishmaniasis trigger
progressive inflammatory reactions from the epidermis to the dermis, as alternative to
eliminate and control parasite infection. Thus, a drug inducing a high production of nitric
oxide may favor inflammation and would contribute to the increase and duration of the injury
in the LTA.

The essential oils of species of the family Myrtaceae have presented anti-inflammatory
effect when investigating the involvement with macrophages in the production of NO. Ramos
et al. [48] found that different non-cytotoxic doses of the essential oils of Eugenia jambolana
and Psidium widgrenianum inhibited NO production and a late inflammatory reaction. Silva
et al. [49] highlight the anti-inflammatory potential of the essential oil of Eugenia dysenterica
(Myrtaceae) and correlate the reduction of the inflammatory process with the inhibition of the
increase of the production of nitric oxide.

In this context, it is possible to affirm that EOPc presented the promising product for
the topical treatment of LTA. The possible mechanism of action may be related to the
potentiation of macrophage phagocytosis through lysosomal action, as reported by Rodrigues
et al. [50], who tested the essential oil of Eugenia uniflora (Myrtaceae) not observed an

increase in NO production, but there was intense parasitic reduction.

2.5. Ultrastructural assay
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Ultrastructural analyzes (Fig. 6 and 7) revealed significant changes in the cellular
structure of L. amazonensis and L. braziliensis after treatment with the inhibitory
concentration in 50% (ICso) de 1 and 2x EOPc. Cells that did not receive treatment were
considered as control group and presented normal morphology, characteristic fusiform shape,
topologically normal membrane and well preserved long flagellum (Fig. 6. A and 7. A). In
cells treated with 1x ICso (Fig. 6 C-D and 7 C-D), it was possible to observe ultrastructural
alterations related to loss of cell viability, such as membrane wrinkling, flagellar rupture,
shortening of the cell body, occurrence of depressions along the plasma membrane and clear
reduction of the cell population.

The cells treated with 2x ICso (Fig. 6 E-F and 7 E-F) also presented significant
ultrastructural changes, such as: decrease in the number of parasites, formation of depression,
wrinkling and rupture of the cell body. Recent studies investigating the action of essential oils
on Leishmania species have also found similar and compatible alterations to those
demonstrated in EOPc, such as membrane and flagellar alterations [51-53]. The ultrastructural

changes caused by EOPc can be related to loss of viability and consequently cell death.

2.6. Investigation of pharmacokinetic and physicochemical properties

Computational evaluations revealed peculiar characteristics in relation to each of the
observed majorities in the OEPc and results can be observed in Table 3. None of the
substances individually tested shows systemic toxicity in the mutagenicity, carcinogenicity,
irritability and embryotoxicity patterns. Concerning the possible biochemical interactions, the
compounds revealed high probabilities of binding and interaction with enzymes, transporters
and receptors of the cytoskeleton and cell membrane. Such observations may corroborate the
changes observed in the ultrastructural analysis, where the most prominent damages are
associated with the integrity of the cellular body. All analyzes follow the guidelines

established according to the myatt et al. [54] and Daina et al. [55].

3. Conclusion

The evaluation of the essential oil of the leaves of Plinia cauliflora (OEPc) showed
Leishmanicida action against the species Leishmania amazonensis and Leishmania
braziliensis. In addition, it presented toxic selectivity to the parasite and maintained the

integrity of infected cell forms. When verified the major compounds none showed harmful
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toxicity to the human organism. Thus, OEPc is a potential therapeutic candidate of natural

origin and selective efficacy against the main tegumentary forms of Leishmaniasis.
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Northeast of Brazil

Fig. 1. Description of the region of collection of the essential oil of Plinia cauliflora. The city
of Belém de Maria described cartographically. South America (Brazil) in the Northeast region
of the southern forest area of the state of Pernambuco by the Sofware Arcgis and Geological
Service of Brazil [56].
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Table 1

Chemical composition of the essential oil of Plinia cauliflora leaves

Compounds IR* (%)
Caryophyllene 1494 24.04
Eudesmol 1624 8.00
2-Naphthalenemethanol[decahydro-.alpha] 1593 8.00
Calamenene 1527 6.69
2-Naphthalenemethanol 1598 5.84
Bicyclogermacrene 1497 5.46
Germacrene D 1480 4.07
Copaene 1375 3.33
Cyclohexanemethanol 1522 2.60
Caryophyllene oxide 1507 2.52
B-Pinene 943 2.44
a-Caryophyllene 1579 1.92
Aromadendrene 1386 1.86
Octatriene 976 1.84
Spathulenol 1536 1.64
Cadinadiene 1452 1.63
Naphthalene[ 1,2,3,4,4a,7-hexahydro] 1536 1.47
Cyclohexene 377 1.29
tau-Muurolol 1580 1.06
Ledol 1530 1.05
a-Cubebene 1344 0.97
Cyclohexane 1398 0.88
Eucalyptol 1032 0.88

Ledol 1030 0.88

Total compounds (%) 96

*IR (Retention Indices) of the compounds compared to the NIST08, Pherobase libraries and
Adams [28].
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Fig. 2. Effect on mammalian cells incubated in the ausence or presence of different
concentrations of essential oil of Plinia cauliflora.. (A) Peritoneal macrophages and (B) Vero
cells. *Significant difference of each group compared to the control group p<0.05).
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Fig.3. Effects of essential oil of Plinia cauliflora on Leishmania amazonensis promastigote
(A) and amastigota forms (B). Each bar represents the mean + standard deviation of three
independvent experiments in triplicate. *Significant difference of each group compared to the

control group (p < 0.05).
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Leishmania braziliensis
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Fig. 4. Effects of essential oil of Plinia cauliflora on Leishmania brasiliensis promastigote
(A) and amastigota forms (B). Each bar represents the mean + standard deviation of three
independvent experiments in triplicate. *Significant difference of each group compared to the

control group (p < 0.05).
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Index of selectivity of the essential oil of Plinia cauliflora on Leishmania amazonensis and

Leishmania braziliensis

Promastigote Amastigote

Leishmania

CCso ] I1Cso ISmg  ISvc I1Cso ISmg  ISvc
Species
Leishmania

M@  137.48%4.6 ) 577+0.9 2381 2478 7.31+0.5 18.80 19.66
amazonensis
Leishmania

143.73+3.4 o 5.60+1.7 2453 2553 7.26£0.1 18.93 19.79

Cell braziliensis

ISmg— Macrophage Selectivity Index; ISvc— Vero Cell Selectivity Index; 1Cso— Concentration

capable of inhibiting the development of 50% of cells; CCso— Cytotoxic concentration capable of
inhibiting the development of 50% of cells.
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Nitric Oxide (mM)

pg/mL

Fig. 5. Effect of the essential of Plinia cauliflora on the induction of nitric oxide by
Macrophages. Each bar represents the mean * standard deviation of three independent
experiments in triplicate.* Significant difference of each group compared to the control group
(p <0.05).
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Fig. 6. Ultrastructural assay on Leishmania amazonensis. Negative control (A and B).
Treatment with the essential oil of Plinia cauliflora 1x ICso (C and D) and 2 x I1Cso (E and F).
Thick white arrows: Reduction of the cellular body; Black arrows with white outline:
Wrinkled membrane; White arrow with gray outline: Plasma membrane depression; Coarse
arrow Gray with white outline: Plasma membrane with perforation / rupture of plasma

membrane; Thin arrow: Breaking the flagellum.
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Fig. 7. Ultrastructural assay on Leishmania braziliensis. . Negative control (A and B).
Treatment with the essential oil of Plinia cauliflora 1x ICso (C and D) and 2 x I1Cso (E and F).
Thick white arrows: Reduction of the cellular body; Black arrows with white outline:
Wrinkled membrane; White arrow with gray outline: Plasma membrane depression; Coarse
arrow Gray with white outline: Plasma membrane with perforation / rupture of plasma

membrane; Thin arrow: Breaking the flagellum
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ADMET and prediction of the toxicity profile of the main compounds of the essential oil of

Plinia cauliflora

Parameter CAR EUD 2-NAPH CAL
Result Result Result Result
Physicochemical properties
HBA (<10) 0 1 1 0
HBD (<5) 0 1 1 0
ClogP (<5) 329 319 3.11 3.19
MW (<500) 204.35 22237 22237 202.34
g/mol  g/mol g/mol g/mol
n-ROTB (<10) 0 1 1 1
Absorption
BBB No Yes Yes No
HIA Low  High High Low
P-GP substrate No No No No
Metabolism
CYP450 2C9 inhibitor Yes No Yes No
CYP450 2D6 inhibitor No No No Yes
CYP450 2C19 inhibitor Yes No No No
CYP450 3A4 inhibitor No No No No
CYP450 1A2 inhibitor No No No No
Toxicity
Mutagenic No No No No
Tumorigenic No No No No
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Irritant No No No No

DLso 5000 5000 2000 1710
mg/Kg mg/Kg mg/Kg mg/Kg

Frequency of target class

Enzyma 33% 13% 80% 20%
Transporter 47% 47% 0% 47%
Membrane Recpetor 7% 20% 0% 27%
Others 13%  20% 20% 7%

ADMET: Absorption, Distribution, Metabolism, Excretion and Toxicity. CAR:
Caryophyllene; EUD: Eudesmol; 2-NPH: 2-Naphthalenemethanol[decahydro.alpha]; CAL.:
Calamenene. Physicochemical properties - HBA: Number of hydrogen bond acceptors;
HBD: Number of hydrogen donors; ClogP: logarithm of partition coefficient between octanol
and water (lipophilicity); MW: Molecular Weight; n-ROTB: Number of rotatable
connections. Absorption - BBB: Blood-brain barrier; HIA: Gastrointestinal absorption; P-gp:
permeability glycoprotein. Metabolism - CYP450: Cytochrome P450 enzyme; Toxicity -
DLso: Lethal dose in 50%.
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3.2 ANTIDIARRHOEAL, ANTIPYRETIC AND ANTINOCIPETIVE PROPERTIES OF
METHANOL ACIDIFICATED EXTRACT OF Plinia cauliflora (MART.) KAUSEL
EPICARP
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Abstract

Background: P. cauliflora has been used by traditional medicine for the treatment of
diarrhea, inflammatory and respiratory problems. The present study aimed to investigate the
anti-diarrheal, antipyretic and antinociceptive properties of the acidic metanolic extract of the
jabuticaba epicarp (MeOHPc) in animal models.

Study design: The study investigated the action of MeOHPc in mice from antidiarrheal
effects (castor oil-induced diarrhea), antinociceptive effect (pain was induced by 0.8% acetic
acid and a hot plate of approximately 55 + 1.0 °C), and the antipyretic effect (beer yeast
induced fever). The animals were randomized into groups. For the positive group in the
antidiarrheal evaluation, loperamide (2mg / kg), atropine (0.25 mg/mL). For the positive
group in the antipyretic evaluation was used Paracetamol (150 mg / kg) and in the
antinociceptive evaluation was Acetylsalicylic Acid (100 mg / kg) and morphine (5 mg / kg).
MeOHPc was evaluated at (200 and 400 mg / kg) and all tests had the negative group
(vehicle).

Methods: The test models (normal defecation, castor oil-induced diarrhea, enteropooling and
intestinal transit) were used to investigate the properties of MeOHPc in mice, anti-pyretic
activity was used the subcutaneous application of brewer's yeast at 20%, for febrile process
formation, and antinociceptive, the test models (abdominal contortion and hot plate) were also
investigated by chromatography in each thin, the chemical composition of the extract.
Results: In the Castor oil-induced diarrhea test, oral pretreatment with MeOHPc doses (200
and 400 mg/kg) significantly reduced the number of diarrheal feces in 82% and 96.6%,
respectively. In the enteropooling test, the oral treatment group at doses of 200 and 400 mg /
kg significantly reduced the intestinal fluid accumulation in the values of 50% and 63.2%,
respectively, when compared to the negative control. In the evaluation of the intestinal transit
of the test group of 200 and 400mg/kg, it promoted a significantly lower percentage (17.5%
and 9.5%, respectively) when compared to the negative control. For the abdominal writhing
test, the test group of 200 and 400 mg/kg presented a percentage of pain reduction in 54.9%
and 65%, and the hot plate test showed significant increase in the latency time in both doses
from 90 min for the 200mg/kg dose and 60 min for the 400 mg/kg dose as compared to the
negative control. .
Conclusion: In this way, it is concluded that the bark Plinia cauliflora presents
biotechnological applications anti-diarrheal, antipyretic and antinociceptive, which could
contribute to the development of new herbal products.

Keywords: Plinia caulifora, diarrhea, fever, pain.
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1.Introduction

There is a tremendous increase in the use of medicinal plants products for various
health benefits over the past few decades.! The incessant search for drugs that cause fewer
side effects to the human body has aroused interest for years to science. Popularly used for its
therapeutic actions since antiquity, medicinal plants have been an alternative treatment for
several pathologies, since they are low cost and more accessible.??

These medicinal plants present bioactive substances in their composition that act by
providing beneficial effects varying to human health?, such as antidiarrhoeal®, analgesic® and
antipyretic’. These plant materials can be used to manage them economically with fewer side
effects when compared to modern medicines. In the current scenario, fruits are one of the
most important categories having medicinal and nutritional properties®.

The Myrtaceae family, due to the great presence of fruit species or their biological
properties already identified as analgesia, anti-inflammatory, antioxidant, anti-diarrheal and
antidiabetic, is highlighted due to the ennoblement of the northeast Brazilian economy®<°.
Plinia cauliflora fruit, popularly jabuticaba, also known as “briazillian berry” is a smalll dark
colored fruit native to Brazil belongs to the Myrtaceae family!l. The epicarp, wich is
commonly not consumed, concentrates large amounts of anthocyanins!? and phenolic
compounds®3.

In recent years, several studies have suggested that a diet suplemmentation with fruits
rich in phenolic compounds may be associated to health benefitis}*. This has driven the
development of research involved with the production of therapeutic products derived from
popular medicine. In this aspect, the fruits of Plinia cauliflora have been used in folk
medicine for the treatment of diarrhea™.

Diarrhea, a symptom that especially affects children is considered one of the biggest
health problems in the world, taking about 1.5 million deaths a year. This symptom is
characterized by changes in consistency or number of bowel movements and is usually caused
by biological agents (bacteria, viruses, parasites), medications (antacids, anticancer drugs and
antibiotics), as well as some functional disorders (Crohn's disease)'¢. Northeastern Brazil is
considered one of the regions that most present outbreaks of diarrhea, mainly in inland
municipalities'’.

Diarrhea may be associated with pain and fever. Nociception or pain refers to the
unpleasant emotional as well as sensory events associated with tissue damage. The

mechanical, thermal and chemical stimuli of pain in the diarrhea can lead to the development
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of other pathological conditions such as inflammation, which promotes tissue damage®.
Therefore, due to the incidence of numerous cases of diarrhea and the constant scientific
search for alternative medicines that present less damage to the body and prolonged and
beneficial effects, there is interest in evaluating and exploiting biological properties not yet
discovered in different extracts, such as Acidic methanolic extract from the epicarp of the fruit
of the jabuticaba. Thus, this study aims to investigate the anti-diarrheal, antipyretic and anti-

nociceptive properties of the acidified methanolic extract of the epicarp of Plinia cauliflora.

2 .Results

3.1 Phytochemical analysis

The analysis of the MeOHPc of the fruit bark of Plinia cauliflora revealed the presence

of flavonoids, phenylpropanoids and triterpenes as shown in (Table 1).

2.2.Acute Toxicity Assay

The oral administration of 2000 mg/kg of the MeOHPc did not produce mortality. In the
first 15 minutes showed a slight agitation and piloerection effect. After 30 minutes, it
presented a moderate effect of drowsiness. At the following hours the animals had no
depressant or central nervous system stimulant effects. The follow-up of the test was during a
period of 15 days, where daily the possibility of behavior change was analyzed. After the
fifteenth day in the behavioral observation, the biochemical parameters analyzed in the blood,

did not present significative alterations.
2.3.Normal Defecation Model

After 1 hour of administration of MeOHPc a significant reduction in the number of
feces produced by the animals was observed. Treatment at doses of 200 and 400mg/kg
reduced stool numbers by 32.2% and 39.9%, respectively (p<0,05). The group of animals

treated with loperamide (2mg/kg) obtained a 72% reduction in the number of feces.

2.4 .Castor Oil-Induced Diarrhea
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Beaver oil promoted abundant diarrhea in all mice in the negative control group after 4
hours. Pre-treatment with both MeOHPc doses (200 and 400 mg / kg) significantly reduced
the number of wet stools by 82% and 96.6%, respectively (Table 2). Loperamide treatment

also significantly reduced the number of wet stools by 78.1%.

2.5.Entoropooling Model

In the enteropooling model after collection of the small intestine it was observed that
the administration of castor oil caused a considerable increase of intestinal fluids (Figure 1).
The negative control group (vehicle) was compared to the test and positive control groups,
both of which demonstrated significant reductions in the fluid accumulation induced by
beaver oil, with values of 50% and 63.2% for treatment with 200 and 400 mg / kg,
respectively. Treatment with atropine sulfate (positive control) promoted a significant

reduction of 55.6% of intestinal fluid.

2.6. Charcoal Meal Model

In the intestinal motility test it was possible to observe that the intestinal lengths
remained with approximate measures. The treatment in the test group at both doses showed a
significant reduction of the space (cm) covered by activated charcoal, 9.7 + 0.4 and 6.0 £ 0.7
(200 and 400 mg / kg, respectively), as shown in (Table 3). Thus, demonstrated that treatment
with MeOHPc at doses of 200 and 400 mg / kg promoted a significantly lower percentage of
intestinal transit (17.5% and 9.5%, respectively), when compared to the negative control
group (79.3%).

2.7.Yeast Induced Pyrexia Model

Beer yeast-induced pyrexia in mice is reduced with the treatment as shown in Table 4.
The standard drug paracetamol showed a significant reduction in temperature values in all
times investigated. There was also a significant reduction in rectal temperature in the MeOPc

treated groups (200 and 400 mg / kg) as compared to the control group at all times.

2.8.Abdominal Writhing Model
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The application of acetic acid caused numerous contortions in the mice as shown in
Figure 1. A significant reduction of 88.3% of such contortions in the ASA-treated groups was
observed, while in the groups treated with MeOHPc at doses of 200 and 400 mg / kg, there
was significant reduction of 54.9% and 65%, respectively.

2. 9.Test Hot Plate

The effect of MeOHPc (Figure 2) showed a significant increase in latency time
(p<0.001) at both doses, from 90 min for the 200 mg / kg dose and 60 min for the 400 mg / kg
dose when compared to the negative control. Morphine showed protective effect at the dose of

10 mg / kg, from 60 minutes and provided its effect until the end of the observation

3.Discussion

Several studies have validated the medicinal use of plants by evaluating the effects of
these plants on intestinal transit and water and electrolyte secretion using experimental
models?®. Therefore, this study was conducted to evaluate the antidiarrheal effect of Plinia
cauliflora fruits using antidiahrroeal test models in mice.

As shown in table 1, phytochemical analysis of the MeOHPc revealed the presence of
flavonoids, phenylpropanoids and terpenes. The existence of these metabolites was also
demonstrated by Souza-Moreira et al (2011)?°; Chang et al (2018)?’, using extracts of the
jaboticaba fruit. These classes of secondary metabolites are considered of great importance
because they have several biological properties, such as antioxidants, anticancer, anti-
inflammatory, analgesic, antispasmodic and for treatment of diarrhea?®2°%°,

Several processes may initiate diarrhea, among them are the increase of intestinal
lumen osmolarity, greater luminal release of electrolytes, reduction in electrolyte absorption
and altered intestinal transit®l. Experimentally, castor oil has been used for the induction of
diarrheal’. This oil promotes irritation of the intestinal mucosa through the release of
prostaglandins and consequent reduction of the absorption of electrolytes, which promotes
increased intestinal motility2. In our study, castor oil effectively induced diarrhea in mice. In
addition, MEOHPC presented a therapeutic effect against the changes promoted by castor oil.

The therapeutic effect of MEOHPC was related to reduction in stool formation in

mice. Sarkar et al., (2019)° suggested that the use of phenolic compounds may promote
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reduction in secretion and intestinal motility. MeOHPC is composed of phenolic compounds,
such as flavonoids, phenylpropanoids and terpenes. Therefore, it is possible that these
compounds present in MeOHPC may be associated with the antidiarrreic effect observed in
this study.

These date corroborate with results obtained by Ifeanyi and Aruh (2014)% who
demonstrated that Palisota hirsuta extract decreased motility and passage of pastous feces in
an experimental model of castor oil-induced diarrhea. The antidiarrheic effect of Myrtus
communis was also evidenced by an improvement in the fequency of bowel movements and
the consistency of feces in animals that received castor oil®.

Similar of the findings of MeOHPc in the treatment of castor oil-induced diarrhea,
Sarkar et al. (2019)° demonstrated that all doses of the treatment with methanolic extract of
Justicia schimperiana showed a significant reduction in both the mean of number of stools
and the volume of intestinal fluid compared with negative controls. In this study, the
reduction in volume of intestinal content was increased with the dose of the extract. This
effect was also observed for treatment with MEOHPC. The antidiarrhoeal effect of the
methanol extract of Justicia schimperiana was also associated with the presence of phenolic
compounds such as flavonoids and terpenoids®.

Recently, Mekonnen et al. (2019)* reported that a therapeutic agent can be considered
antidiarrheic since it promotes reduction in intestinal secretion or acts in intestinal motility.
The elevation of intestinal fluid secretion in the diarrhea results from active chloride (ClI°)
secretion by intestinal epithelial cells (enterocytes) into the intestinal lumen. This involves CI
entry into cells from the basolateral or blood side via the Na*™-K*-2CI- (NKCC1) cotransporter
and exit into the intestinal lumen though cAMP and Ca2* activated CI- channels®®. MeOHPc
was able to act on the intestinal fluidity and we suggest that this effect may be associated with
a reduction in the release of electrolytes as well as water. This antidiarrheal effect was also
observed after the treatment of loamide with antimuscarinic action and acts on the opioid
receptors u (MU) in the submucosal plexus of the intestine interfering with motility*®. Devi et
al (2002)%" demonstrated that the methanol extract of Cleome viscosa showed significant
inhibitory action of the hypersecretion and intestinal fluidity caused by castor oil, thus
reporting the antidiarrhoeal potential of this species. The reductive action of intestinal fluid
promoted by MeOHPc corroborates with effects observed by other medicinal plants, such as
Bombax buonopozense® and Morinda morindoides®®. These studies correlated the

antidiarrhoeal potential of medicinal plants with the presence of phenolic compounds, such as
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flavonoids, Thus, it is believed that the antidiarrhoeal effect of MeOHPc may be associated
with the presence of phenolic compounds.

Motility and intestinal secretion are controlled by neurotransmitters that may have
excitatory action (promote intestinal hypersecretion and greater enteric motility) such as
acetylcholine or inhibitory action (promote a decrease in secretion Intestinal tract as well as
lower enteric motility) such as noradrenaline®. Therefore, the decrease in motility of the
intestinal transit was demonstrated in the action of the MeOHPc extract, in which it reduced
the intestinal peristaltic movement and consequently the propulsion of the charcoal meal. This
effect could be involved with the inhibition of excitatory neutrotransmitters causing reduction
of the peristaltic movement and consequently the intestinal muscle relaxation, as was
observed by Mekonnen et al (2019)® that associated the presence of phenolic compounds
with antidiarrhoeal potential.

The non-specific antidiarrics already produced commercially, has involved mechanism
of action on secretion and intestinal motility. Substances such as phenols, flavonoids,
glycosides, triterpenes, tannins and saponins have been reported in the literature as being
responsible for the antidiarrheic activity*>3*. Among these metabolites, the flavonoids that are
present in the MeOHPc, have a mechanism responsible for inhibiting secretory activity and
intestinal motility, as well as phenylpropanoids (complex phenolics) have adstrigent action,

and reducing secretion and intestinal transit.

Pyrexia, or induced elevation of temperature with bread yeast, is considered a
pathogenic fever, which occurs by the activation of yeast as well as release of pro-
inflammatory cytokines. The thermoregulatory center of the hypothalamus is activated and
stimulates the secretion of prostaglandins PGE2 and causes the increase in body
temperature*#2, This temperature is reduced by antipyretics that act by reducing the
expression of cyclooxygenase-2 (COX-2), thus inhibiting the secretion of prostaglandins.

The MeOHPc showed a significant reduction of yeast-induced fever in concentrations
(200 and 400mg/kg) when compared to the negative control. The presence of secondary
compounds, such as flavonoids, in the extract of P. cauliflora, may have desired action on the
enzymatic activities of cycloxygenase and, consequently, inhibition of prostaglandins. This
action is justified by studies that reported the ability of flavonoids to act on the biosynthesis of
inflammatory mediators, such as the peroxidation of arachidonic acid and consequently

reduction of final products of lipooxygenase and prostaglandins*®#*. Thus, the antipyretic



81

effect of MeOHPc may be related to the suppression of inflammatory mediators, derived from
the eicosanoid class.

The interference in the biosynthesis of the products derived from eicosanoids, not only
has an antipyretic effect, but also antinociceptive. The evaluation of the antinociceptive effect
of MeOHPc was initially performed by the abdominal contortion test induced by acetic acid.
The process that developed the painful sensation, started from the release of endogenous
inflammatory mediators such as bradykinin, serotonin and substance P and the activation of
the local peritoneal receptors, in which it produced abdominal contortion and distension of the
lower limbs in mice, as reported by Rauf et al (2014)* and Taher et al (2015)*°. The
antinociceptive effect of MeOHPc occurred from the observation of the significant reduction
of the abdominal contortion after treatment with the dose of 200 and 400 mg/kg. Thus, it can
be suggested that the antinociceptive action of MeOHPc could be related to the blockade of
the release of inflammatory mediators, as well as action on peritoneal receptors.

The second Test performed to evaluate the antinociceptive activity of the present study
was the hot plate that evaluates the central analgesic pathway of the transmission of pain. In
this process, there is activation of supraspmy structures in which it is triggered by the painful
thermal stimulus and led by the C fibers activated by the nociceptors VRL-1. This painful
sensation is attributed to the inhibitory process of phospholipase A2, which consequently
inhibits the breaking of arachidonic acid in metabolites that promote pain, such as
prostaglandins®’48,

In order to verify the central analgesic action of the MeOHPc, the hot plate
nociceptive test was performed. In this test, it was possible to observe that the treatment with
MeOHPc exerted a significant effect on the increase in the latency of animals treated with
both doses (200 mg/kg and 400 mg/kg). These results corroborate the scientific reports of
therapeutic effects observed through the treatment with extracts produced from other plants of
the family Myrtaceae. Asante et al (2019)*, Lee et al (2019)%°, Stamford et al (2019)°! also
observed an increase in the latency of the animals on the painful thermal stimulus, after the
use of extracts of plants containing phenolic compounds. Thus, it can be suggested that the

phenolic compounds present in MeOHPc are related to the observed antinociceptive potential.

4. Conclusion
The results of the present study suggest that the MeOHPc have promising anti-diarrheal,

antinociceptive and antipyretic effects. These results corroborate with the therapeutic use in
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the popular medicine of jabuticaba peels, thus presenting a possible candidate to develop a

promising phytopharmaceutical with action against diarrhea, fever and pain.
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Table 1. Phytochemical screening of extract MeOHPc.

Parameters MeOHPc
Flavonoids +++
(Neu)

Phenylpropanoid +++
(Potassium hidroxide ethanol 10%)

Triterpene -
(Vanilin sulfuric 1%)

Terpene +

(Vanilin sulfuric 1%)
Alkaloids
(Dragendorf)
Tannin

(Ferric Chloride 1%)

+++: High intensity reaction; ++: Moderate intensity reaction; +: low intensity reaction; —:

Nondetected



Table 2. Effect of MeOHPc (200 and 400 mg/kg) on castor oil induced diarrhea.

89

Dose Total n? of N° of dry N° of pasty N° of wet

Treat t
reatmen (mg/Kg) stools stools stools stools
Negative ) 12.8+1.22 0+ 0 0+0 12.8+3.81
Control
6.36 £ 1.07* 1.78+0.8 1.78+0.8 2.8+1.38*
Loperamide 2
497+£2,44* 26712 0+0 2.3+0.4*
MeOHPc 200
+ + * + * + *
MeOHPG 400 9.75+3.11 5.32+2.21 4.0+0.61 0.43+0.33

* Data are presented as mean = DP. P values are significantly different from negative control

using Tukey post hoc test (n = 6). P< 0.0001
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Table 3. Effect of MeOHPc (200 and 400 mg/kg) on small intestinal transit in mice.

Parameters/ dose Negative Atropine MeOHPc
Control sulphate 200 mg/kg 400 mg/kg
LSI (cm) 476+2.1 51.7+1.8 55.3+1.2 63.0+0.6
DC (cm) 38.3+25 105+ 1.4* 9.7 £ 0.4* 6.0+ 0.7*
Intestinal transit (%) 805 +23 20.3+1.6* 17.5+0.6* 9.5+ 0.9*

* Data are presented as mean = DP. P values are significantly different from negative control
using Tukey post hoc test (n = 6). P<0.0001
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Table 4. Effect of MeOHPc (200 and 400 mg/kg) on body temperature in yeast induced

pyrexia.
Groups Rectal Temperature (C°)
Baseline Oh 1h 2h 3h 4h
Control 36.2+0.32 37.7+0.2  38.5+0.4 38.4+0.3 38+0.4 37.4+0.5

Paracetamol 35.6+0.75 38+0.3 36+0.7**  35.8+0.3**  35.4+0.2**  35.4+0.3**

MeOHPc (200
35.9+0.57 38.5+0.4 38.5+0.17 37.7+0.27 37.6+0.27 37.6+0.27
mg/Kg)
MeOHPc (400
mg/Kg) 36.1+0.54 38.6+0.5 37.7+0.6*" 37.6+0.4**T 37.1+0.6**" 36.8+0.5**"

Values are expressed as Mean = DP, n = 6 in each group, Statistical analysis of data was
performed using ANOVA and Student’s “t” test to study the differences amongst the means.
* indicate P < 0.05 ** indicate P < 0.001. "P<0.05, comparing the same group at different

times.



92

»
o
£
. —
=
Y _*_
(o]
| S
o *%
n ——
£
5
= *%
T
Negative ASA MeOHPc MeOHPc

Control (100 mg/kg)  [200 mg/kg]  [400 mg/kg]

Figure 1. Effect of MeOHPc in the number of writhes in the model of nociception induced by
acetic acid. *P<0.05, in relation to negative control. **P<0.0001, in relation to negative

control.
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Figure 2. Effect of MeOHPc in the latency time in the model of nociception by hot plate.
*P<0.05, in relation to negative control. **P<0.0001, in relation to negative control.
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Abstract

Plinia cauliflora is a plant belonging to the family Myrtaceae, which has been
scientifically outstanding due to the diverse therapeutic properties found in its seeds,
leaves, fruits and pulps. Thus, in order to contribute with new therapeutic agents in
the scientific environment, this work proposes to investigate the antioxidant,
analgesic and anti-inflammatory properties in the metanolic extract of the bark of the
Plinia cauliflora tree (MeOHPc). For this, the identification of the bioactive
compounds of the extract was performed by thin layer chromatography (CCD) and
guantification of phenols and flavonoids. The antioxidant action was investigated by
the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), 2,2-Azino-Bis-3
Ethylbenzothiazoline-6-Sulfonic Acid (ABTS) sequester and by the action of ferric
reducing power. The oral acute toxicity test was performed prior to the in vivo assays
with the mice. The methods of investigation of the analgesic action were of acetic
acid-induced abdominal contortion (0.8%) and the formalin test that can be
investigated the mechanistic way of analgesic action of MeOHPc at concentrations of
200 and 400 mg / kg. The anti-inflammatory evaluation was performed using the
carrageenan-induced paw edema method. The results showed that the MeOHPc had
a presence in the CCD presence of flavonoids, diterpenes, triterpenes, tannins and
guantitatively phenolic compounds of 12,449 + 0,13 milligrams equivalent to gallic
acid per gram of extract (mg EAG / g) and 654 = 0.02 milligrams equivalent to
quercetin per gram of extract (mg EQ / g). Sequestration of the DPPH radical showed
ICs0 of 106.6 pg / mL and of ABTS an antioxidant capacity equivalent to Trolox
(TEAC, uM) of 2.3577 = 0.05. The toxicity evaluation of MeOHPc showed no toxicity
in an observable and blood state. The abdominal contortion method showed
inhibition of 71% in the concentration of 200 mg / kg and 87.16 in the 400 mg / kg
and showed inhibition of pain of 59.03% in the neurogenic phase in the formalin test.
The mechanistic pathway of the MeOHPc pain inhibitory action was on the opioid
receptors. The anti-inflammatory action showed 88.10% inhibition of the paw edema
volume at the concentration of 200 mg / kg and 98.37% at 400 mg / kg. Thus,
MeOHPc is a potential bioproduct for the formulation of a therapeutic agent against

oxidative damage, inflammatory and nociceptive reactions.

Key Words: inflammation, pain, jabuticaba, free radicals.
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Introduction

Free radical production is a normal process of cell metabolism that is strictly
controlled and has been show to be in cellular homeostasis, and in the body
response to pathogens (Yaribeygi et al., 2018). On the other hand, excess of these
substances can lead to oxidative stress and even trigger pathologies, such as:
atherosclerosis, diabetes, cancer, among others (Chen et al., 2019).

Some substances of natural or synthetic origin, also called antioxidants, have
the capacity to retard or inhibit oxidative processes of pathophysiological origin or
due to environmental factors (Uchda et al, 2015). The antioxidants act by suspending
chain reactions involved in lipid oxidation. They can also act by making free radicals
thermodynamically stable by donating an electron or hydrogen, or even reducing the
initiation rate of oxidation by decomposing hydroperoxide (Martelli and Nunes, 2014).
Thus, the use of antioxidants, mainly of vegetal origin, has been prominent in the
population through food products, cosmetics and pharmaceuticals (Casagrande et
al., 2019).

In addition, new approaches to analgesic and anti-inflammatory therapies that
have less harmful effects on the body have been pursued, since pain is a sensation
that acts as defense mechanisms to maintain the integrity of the organism, and is
listed as a of the main clinical symptoms used for the detection and evaluation of
diseases (Saldanha et al., 2019). In view of this, new bioactive agents have been
investigated in order to be more efficient and accessible, and less aggressive (Lee et
al., 2019; Gatis-Carrazzoni et al., 2019).

The genus Plinia, belonging to the family Myrtaceae, has been scientifically

highlighted against the vast biodiversity present in our country because it has some
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promising therapeutic properties already clarified (Barros et al., 2019). Plinia
cauliflora refers to semi-deciduous trees, with a height of 3 to 6 m of smooth,
brownish bark. Its glabrous leaves have long scattered nodules (3-7 cm), and its
flowers designed in spring and summer form clusters around the stem and branches,
with very short unifloral pedicels and floral bud glabrous (Quatrin et al., 2019). They
have round fruits, sweet and juicy pulp, rich in phenolic compounds, called
"Jabuticaba”, which can be consumed fresh and processed through jellies, juice and
liqueurs (Teixeira et al., 2019).

In recent years, with the healthy demand for lifestyle has been encouraged the
consumption of balanced diets in fruits rich in phenolic compounds, because they
have beneficial action in reducing various pathologies (Biazotto et al., 2019; Shan et
al., 2019). With this, P. cauliflora has instigated the addition of scientific researches
that demonstrate the present properties and instruct the conscious and favorable
consumption of the different parts of the tree. Thus, in order to contribute with new
studies, this work proposed to investigate the presence of classes of secondary
metabolites, their antioxidant properties and some therapeutic properties, such as

analgesic and anti-inflammatory.

Results and Discussion

Phytochemical Screening of the Tree Bark Extract from Plinia Cauliflora
(MeOHPc)

Investigation of the phytochemical profile of MeOHPc showed the presence of
Flavonoids, Diterpenos, Triterpenos, and Cumarinas. These compounds, in several
studies of the Myrtaceae family are being associated with antinociceptive and anti-

inflammatory effects (Basting et al 2014), antidiabetic (Tripathi and Kohli, 2014),
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antimicrobial (Sa et al, 2018), hepatoprotective (Sobeh et al 2018) and antioxidant
(Zuninga et al 2018). Considering the connections of the secondary metabolites with
possible therapeutic properties, the plants of the family Myrtaceae have stood out as
promising therapeutic agent for the pharmaceutical industries.

The Myrtaceae species present a variety in their phytochemical constituents
as they are widely distributed throughout the world and undergo seasonal action from
their place of origin (Conceicdo and Aragdo, 2010). Souza-Moreira et al. (2011)
presented in the phytochemical profile derived from flavonoids, ellagic acid and gallic
acid in leaves and fruits of Plinia cauliflora, these compounds corroborated with
antidiarrheal activity of the species. In the phytochemical analysis of the leaves of
Pimenta pseudocaryophyllus were found triterpenes and flavonoids in which resulted
in the anti-inflammatory and antinociceptive potential (Paula et al 2012).

Ramos and Bandiola, (2017) analyzed the phytochemical profile of Syzygium
Cumini leaves, showing that flavonoids, tannins and saponins were related to
antioxidant, antimicrobial and antidiabetic potential of the species. In addition, the
presence of gallic acid, B-carotene, ascorbic acid and flavonoid derivatives was
shown in Castro et al (2018), and gallic acid was present in Tukiran et al (2018) in
the tree bark of Syzygium Polycephalum which was related to the antioxidant
potential investigated in the studies.

After observing the phytochemical profile of the different species of the
Myrtaceae family, including that found in the literature on the leaves and fruits of P.
cauliflora, it was necessary to inquire about the properties of the bark of the tree
since it is devoid of knowledge in the scientific works, contributing in a pioneering

way to the literary collection.
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Quantitative Analysis of Phytochemical Constituents of MeOHPc

Phenolic compounds are molecules that are present in most plants and are
considered secondary metabolites because they contribute to protection against
phytopathogens as well as beneficial effects on human health (Archela and Antonia,
2013, Argones et al., 2017). The total phenolic quantification in MeOHPc showed
1.244.90 = 0.13 milligrams equivalent to gallic acid per gram of extract (mg EAG / g).
This result constitutes the representative value of bioactive content present in the
extract. Also, the content of phenolic compounds in MeOHPc was higher than that
observed in extracts from other plants of the Myrtaceae family. Data of total phenolic
content of Myrtaceae species showed results of 855.76 + 2.71 mg GAE / g in the
leaves and 970.32 £ 2.72 mg EAG / g in the branches of Eugenia copacabanensis
and these compounds were related to an antioxidant potential (Carvalho junior et al,
2014). In the Campomanesia adamantium pulp the total phenols were 1.222.59 mg
GAE / g in the study by Alves et al (2013), which was related to the antioxidant
activity investigated. In the leaves of Syzigyum polyanthum the total phenolic content
was 1.125.00 mg GAE / g in which it presented potential related to the antioxidant
action of the species (Har and Ismail, 2012).

The phenols represent substances widely distributed in several plants, which
are the flavonoids. These have been noted for their biological potential reported in
several studies as antioxidant, antimicrobial, antitumor (Lou and Ho, 2017),
antinociceptive and anti-inflammatory (Bahamonde et al, 2013). After analyzing the
total phenolic content and quantitatively investigating the presence of flavonoids due
to its pharmacological potential already described scientifically, MeOHPc

demonstrated in 654.00 £ 0.02 milligrams equivalent to quercetin per gram of extract
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(mg EQ / g). The flavonoid content observed in MeOHPc was higher than that
reported in extracts obtained from other plants of the Myrtaceae family.

The quantification of flavonoids in other species of the family Myrtaceae
showed in the leaves of Eugenia copacabanensis 38.69 + 0.55 milligrams equivalent
to quercetin per gram of extract (mg QE / g) and in the branches 26.70 = 0.82 mg EQ
/ g in the study of Carvalho junior et al (2014). In Har and Ismail (2012) in the leaves
of Syzigyum polyanthum were identified 14.87 mg EQ / g.

Therefore, after observing the results and pharmacological actions related to
the presence of total phenols as well as rich flavonoid content in several species of
the Myrtaceae family the interest in investigating the antioxidant potential of MeOHPc

was aroused.

Activity Antioxidant

Due to complex reactivity of phytochemicals andother natural antioxidants,
free radical scavenging power of food and medicinal plants cannot be determined by
a single method only. Therefore, use of different assays and at least two test systems
is required to authenticate the antioxidant capacity of a plant sample (Shan et al.,
2019).

Sequestration of the 2,2-diphenyl-1-picrylhydrazyl Radical (DPPH)

The pharmacological action of several secondary metabolites has
demonstrated the relevance of the antioxidant potential among many plant species.
Bioactive antioxidant compounds act in the sequestration of reactive oxygen species
or free radicals. These are essential in the treatment of oxidative reactions that cause
neurodegenerative, cardiovascular, as well as carcinogenic pathologies (Barbosa et

al.,, 2010; Lins and Sartori, 2014). The antioxidant activity of MeOHPc was
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investigated by the sequestration method of the purple free radical 2,2-diphenyl-1-
picryl-hydralazyl (DPPh). Sequestration of the free radical transforms the reaction in
yellow color and the radical in the reduced form 1,1-diphenyl-2-picrylhydrazine which
indicates the presence of antioxidant action in which the MeOHPc showed a
concentration value of the extract that inhibited in 50% (ICs0) of 106.6 yg / mL and a
significant difference in concentrations of 0.031, 0.062, 0.125 mg / mL, since in the
higher concentrations tested the antioxidant behavior was similar to that of gallic
acid, according to Figure 1 .

The species Myrtaceae family are already known scientifically for presenting
antioxidant action in the sequestration of free radical DPPH in several studies. In
Aravjo et al (2015), ICso of 848.78 pg / mL was demonstrated in mature fruits of
Psidium guajava. No study by Ramadhania et al. (2017) analyzed the antioxidant
potential of leaves in the Melaleuca leucadendra species that resulted in the ICso of
289.53 * 3.70, Syzygium aqueum an ICso of 515.48 + 16.70, Syzygium malaccense
an IC50 of 514.79 + 7.66. In addition, the study by Tukiran et al (2018) on the bark of
the Syzygium polycephalum tree demonstrated an ICso of 163.6 ug / mL in the
sequestration of free DPPH.

Thus, after observing the results in several studies of the MeOHPc family, it is
possible to report its antioxidant profile in which it has been related to the potential of
phenolic compounds of leaves, fruits and bark as well as an ICso with value which
maintained its effectiveness in the test. In this method, the effectiveness of an
antioxidant agent in the sequestration of the DPPH radical depends on its structure
and the number of hydroxyls available, according to Brand-William et al. (1995), in

which it would require further analysis of the MeOHPc compounds.
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Sequestration of the 2,2-Azino-Bis-3 Ethylbenzothiazoline-6-Sulfonic Acid
(ABTS)

Sequestration of the 2,2-Azino-Bis-3 Ethylbenzothiazoline-6-Sulfonic Acid
(ABTS) radical also allows investigation of the antioxidant profile in plants. In this
method, the resulting reaction is known as the Trolox equivalent (TEAC, uM)
standard antioxidant capacity, in which it produces an oxidation reaction resulting in
2,2-azinobis- (3-ethylbenzothiazoline-6-sulfonate). After investigating the antioxidant
profile of MeOHPc by the ABTS method in 6 min a TEAC of 2.3577 + 0.05 and after
120 min TEAC of 3.3821 + 0.06 uM equilloquent to Trolox was obtained. This result
demonstrates that MeOHPc showed an action according to time when included in the
Pearson correlation coefficient (r> = 0.996, p<0,0001), in which the antioxidant
promising effect progressed significantly over time.

In other studies of species of the Myrtaceae family that demonstrated the
antioxidant capacity of the ABTS radical. Pereira et al. (2012) investigated the fruits
of Psidium cattleyanum, Campomanesia xanthocarpa and Eugenia pyriformis
respectively obtained a TEAC of 242.30 + 4.08, 507.49 + 29.17, 336.29 + 38.19 uyM
equilibrating to Trolox after the time of 6 min. In Tuncel and Yilmaz (2013), when
investigating antioxidant activity in the fruits peel of Feijoa sellowiana, they presented
a TEAC of 465.7 uM equilibrating to Trolox after 120 min. These results corroborate
with the antioxidant capacity demonstrated in the MeOHPc results that both after
analysis of the TEAC at the initial time of 6 min and at the final time of 120 min, there
were significantly higher values when compared to other species of the same family.

The choice of antioxidant method in scientific studies varies according to the
nature of the compound being tested (Floegel et al, 2011). According to Kim et al.

(2002) and Uchba et al. (2015) the use of the ABTS test has the possibility of
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application in hydrophilic and lipophilic systems while the DPPH test in which the
radical must be dissolved in a solution with organic solvent to perform the test, its
applicability is more directed in hydrophobic systems. However, the use of the two
tests in MeOHPc did not interfere with their antioxidant capacity according to each
method.

Reducing Power Test

The test method that shows the power of reduction of Fe?* ion in complex Fe*3
that is deep blue color, is the reducing power. In this method, the result is indicated
so that the higher the absorbance reading of the plant sample, the higher the
antioxidant reducing power, considering that the butylated hydroxytoluene (BHT) is
used as a standard and a 100% ionic Fe ** reductant (Santos et al 2007). Thus, the
antioxidant power of MeOHPc was also investigated and showed only a significant
difference (p<0.05) in the concentrations 0.25 and 0.5 mg / mL, since at the highest
concentration tested (1mg / mL) Figure 2.

The antioxidant potential in the reduction of ferric ions has also been
described in other species of the Myrtaceae family. In the studies by Vasi et al (2009)
with the seeds of Eugenia jambolana, Lavanya et al (2012) with leaves of
Rhodomyrtus tomentosa, Eslami et al (2016) with leaves of Myrtus communis and
seeds in Wannes and Marzouk (2016), demonstrated that the significant differences
in the oxidative profile of the ferric ions of the compounds tested were dose-
dependent on the concentrations used when compared to their respective standard
of the test.

With these promising results of the antioxidant profile of other species of

Myrtaceae as well as scientific description of the tannins in the antioxidant action
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when interacting with metallic ions (Sanches et al., 2007), the effective behavior of
MeOHPc in the reduction of Fe?* and consequently in the protection against reactive
oxygen species (ROS), because second Halliwell and Gutteridge, (1984) and Beyhan
et al. (2010), Fe ?* ions have been highlighted as major inducers of oxidative stress

by the production of ROS.

Oral Acute Toxicity Test

The various plants that are investigated against their biological potential in vivo
should be analyzed and assured of a possible toxic reaction, in order to present a
safety in the subsequent formulation of medication (Lalitha et al, 2012).

Thus, after oral administration (v.0.) of MeOHPc, at a concentration of 2000
mg / kg, there were no behavioral, physiological (faeces and urine) and biochemical
changes in the mice. Further, until the end of the test, no death was observed,
demonstrating that MeOHPc shows no toxicity in an observable and blood state.

The results of the biochemical parameters (albumin, urea, creatinine and CK),
as in Table 2, were compared with the control group that only received 0.9% saline
solution (vehicle), and as observed, were statistically analyzed by the t test-student,
which showed that none of the parameters were altered in the groups receiving
MeOHPc treatment.

The non-toxic profile was also found in other species of the Myrtaceae family,
as in the bark of the Syzygium cumini tree of Ugbabe Et al, (2010), bark of the tree of
Eugenia jambolana in the study of Yele and Veeranjaneyulu, (2010), leaves of
Callistemon citrinus in Bhushan et al (2014), leaves of Campomanesia guazumifolia

in "Catelan” et al (2018), when verified after acute oral toxicity also used MeOHPc.
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Accordingly, according to the Organization for Economic Cooperation and
Development (OECD) Guidelines (2001), Clarke and Clarke (1977) and the
functional observation of toxicity (vomiting, seizures, bleeding, irritation and abnormal
postural reaction) of the metabolic biochemical parameters of the study of Amidaa et
al. (2007), MeOHPc presents as safe and non-toxic plant material when administered

orally.

Antinociceptive Activity

Acetic Acid Induced Contortion

The discovery of new natural products with analgesic mechanisms has been
increasing in several scientific studies (Lenarddo et al, 2016). The method of
abdominal writhing by acetic acid was applied as a screening test and analgesia
verification in pain caused by the release of inflammatory mediators (histamine,
bradykinin, prostaglandins, substance P) that stimulate the nociceptive fibers in the
nervous system and cause movement of abdominal contortion in the mice (Lenard&o
et al, 2016, Mohammadi, 2018).

As antinociceptive response in this method after treatment with MeOHPc was
demonstrated 71% in the concentration of 200 mg / kg and 87.16% in the
concentration of 400 mg / kg. The results showed reduction of the nociceptive effect
in a dose-dependent manner and significance in both concentrations when compared
to the negative control, according to Figure 3.

The method of abdominal writhing induced by acetic acid was also used in
other studies of the family Myrtaceae. Saha et al (2013) performed the
antinociceptive investigation of the root bark of Eugenia jambolana and found a

significant result at the concentration of 400 mg / kg with a percentage of contortion
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decrease in 54.28%. In Azevedo et al (2016) the investigation of the antinociceptive
effect of the leaves of Plinia edulis at the concentration of 300 mg / kg presented a
significant result of 83.7% in reducing abdominal writhings. In addition to these
results, in Moharram et al. (2018) investigating the antinociceptive potential of
Pepper racemosa leaves at the concentration of 700 mg / mL demonstrated a
49.33% reduction in abdominal writhing.

In order to evaluate the antinociceptive response of the species in the
Myrtarceae family, as well as the analgesic potential in abdominal wrinkles induced
by acetic acid by flavonoids and triterpenes (Tavares et al., 2010) present in the root
bark and tree stem, it was verified that these studies can corroborate with the
preliminary analgesic profile found, in which it stood out with its dose response to the
chemical stimulus of acetic acid. However, how would this nociception method be
involved in "central® mechanisms and peripheral (Lapa et al, 2008), further tests
would be required for the investigation of the antinociceptive mechanistic pathway as

in the formalin test.

Formalin Test

In the scientific research of analgesic action of plant species, the formalin-
induced nociceptive method has been noted for presenting pain stimulus that most
resembles the acute pain caused in humans (Murray et al., 1988). In this method it is
possible to identify and differentiate analgesic action in the central and peripheral
nervous system via two distinct phases (Batista et al., 2016).

The first phase is considered a neurogenic phase by the stimulation of the
afferent fibers C during the first five minutes (Sulaiman et al, 2008) and the second

phase is the inflammatory phase immediately after the quiescence period, which
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stimulates the peripheral and central pathways by inflammatory mediators between
15 and 30 minutes after the onset of the pain stimulus (Ferreira et al., 2004).

As a result, the MeOHPc presented significant analgesic action in the two
phases evaluated in relation to the control group (Saline 0.9%) according to (Figure
4). In the neurogenic phase represented by (Figure 4.A) both morphine (used as
standard of the test) and MeOHPc in the concentration of 400 mg / kg had a
significant difference with p <0.0001 when compared with the control group and an
inhibition of the neurogenic phase of 95.8% and 59.03%, respectively. At the
concentration of 200 mg / kg presented a significant difference (p <0.05) and
inhibition of the neurogenic phase of 28.88% when compared to the control.

The results of phase 2 or inflammatory demonstrated in Figure 4.B were that
both morphine and MeOHPc at concentrations of 200 and 400 mg / kg were able to
perform a significant analgesic effect with p <0.0001 when compared to the control
group, as well as a response of inhibition in the inflammatory pain of 93.72%, 55.52%
and 77.17%, respectively.

According to the analgesic response of the 400 mg / kg MeOHPc
concentration in the two phases in the test, the antinociceptive mechanism of action
was investigated. For this, after administration of the opioid receptor antagonists
(naloxone), acetylcholine and muscarinic (atropine) and histamine H2
(glibenclamide), the blocking or reduction of the MeOHPc response to the receptors
with their respective antagonists was observed. As a result, it was found that in the
neurogenic phase MeOHPc acted on the opioid receptor pathway (Figure 4.A), as
there was no analgesic effect, due to the binding of naloxone in the receptor, and

consequently its percentage of antinociceptive inhibition was 26%. However, when
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the inflammatory phase was observed, no action was observed in any of the routes
tested, since MeOHPc maintained its significant analgesic action (Figure 4.B).

In some studies with Myrtaceae family species have been reported
scientifically with antinociceptive action in the formalin test. Basting et al (2014)
demonstrated analgesic action of Eugenia punicifolia leaves with significant inhibition
in the neurogenic phase of 35% and in the inflammatory phase 63% when compared
to the negative control. In addition to this study, Simdes et al. (2018) also reported
that the leaves of Eugenia brasiliensis significantly inhibited formalin nociception by
43.7% in the inflammatory phase, but no significant action was presented in the
neurogenic phase.

Among the previously mentioned studies, Basting et al (2014) investigated the
mechanism of action against the opioid system and observed that the analgesic
effect was not reversed in the presence of naloxone, thus demonstrating the
possibility of analgesic involvement by another route mechanism and not by the
endogenous mechanism of opioid nociceptive inhibition.

The investigation of antinociceptive mechanistic pathways in the various
scientific studies is of paramount importance in order to demonstrate the mode of
analgesic action on the human organism as well as the involvement of the bioactive
compounds of the plants in biological activities associated to the control of pain. In
Santos et al (2005) and Basting et al. (2014) it has been reported that the
endogenous opioid system is involved both in the control of painful and inflammatory
process stimuli and that the relevant phytochemical presence of phenolic and / or
flavonoid contents would be associated to these mechanisms of action.

Thus, it is important to highlight that the high content of phenolic contents as

well as of flavonoids present in MeOHPc may have contributed to the analgesic
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potential demonstrated after the nociceptive stimulus by formalin in addition to its

relevant effect against the pathway of the inflammatory process developed.

Anti-inflammatory Activity in Foot Edema

The inflammatory process is a defensive immune response (acute and / or
chronic) to some type of physical damage or irritation caused by infectious or
chemical agents (Debnath et al, 2013). To this process, acute or chronic, pain is
often associated as one of the major physiological reactions (Leelaprakash and
Mohan Dass, 2011; Debnath et al, 2013). Thus, after observing the analgesic
potential of MeOHP in abdominal pain (proinflammatory chemical induced pain) and
the analgesic potential in the inflammatory phase of the formalin test, an anti-
inflammatory action on foot edema was investigated (volume represented in mm).
The results were demonstrated in Table 3, where all groups had a significant
difference in time of 30 min being *p <0.0001 when compared to the initial time (time
0).

In the negative control group, this significant difference remained until the time
of 240 min. However, when the indomethacin group (positive control) and MeOHPc
were observed at concentrations of 200 and 400 mg / kg, this difference only
occurred up to 30 min, since from the 60 min time they had a significant result when
compared to the negative control being ** p <0.0001, but when compared to time 0
there was no difference. This result indicates that after treatment with indomethacin
and with MeOHPc in the two concentrations, from the 60 min time it already

presented reduction of the paw volume when compared to the negative control, and
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this reduction demonstrates that there is no significant difference with the initial time
that it was when the animal's paw there was no edema.

The anti-inflammatory action of MeOHPc showed 88.10% inhibition of the paw
edema volume at the concentration of 200 mg / kg and 98.37% at 400 mg / kg.
Considering that the inflammatory process developed in the paw edema method,
there are two phases in which the first phase represented by the time between 0 and
60 min has been associated with the release of histamine and bradykinin, and the
second phase is related to the increase of the and the production of prostaglandins
(Salvemini et al, 1996, Sadik et al, 2018), it was observed that the anti-inflammatory
action of MeOHPc could be involved in the decrease of histamine and bradykinin as
well as the production of prostaglandins.

In addition, studies corroborate scientifically the anti-inflammatory potential
highlighted in MeOHPc. Moharram et al. (2018) showed the presence of phenolic
acids, flavonoids and tannins in leaves of Pimenta racemosa were related to the
inhibitory potential of 93.83% for the time of 240 min at the concentration of 500 mg /
kg. Syzygium cerasoideum leaves showed a significant inhibition of 55.95% in the
time of 240 min when evaluated at the concentration of 400 mg / kg, in which this
potential was related to the suppression of the substances produced in the two

phases of inflammation.

Conclusions

The present study demonstrated biological activity of the methanolic extract of
the bark of the tree of Plinia cauliflora (MeOHPc), in which it presented significant
antioxidant, analgesic and anti-inflammatory results. The search for new bioproducts

that present a diversity of pharmacological actions as well as do not demonstrate
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toxic reactions after their administration, has been highlighted as potential agents in
the employability and formulation of medicines. Thus, MeOHPc is a potential
bioproduct for the formulation of a therapeutic agent against oxidative, inflammatory

and nociceptive reactions.
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Figure 1.Antioxidant activity of the methanolic extract of the bark of the Plinia
cauliflora. MeOHPc: Methanolic extract of bark tree Plinia cauliflora; Gallic Acid:
Used was standard. Analysis of variance was (ANOVA) followed by Tukey’s post

hoc test using Prism (*p <0.05, compared to Gallic Acid).
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Figure 2. Reducing Power Activity of extract of the bark of the Plinia cauliflora tree.
MeOHPc: Methanolic extract of bark tree Plinia cauliflora; BHT (Butylated
hydroxytoluene): Used was standard. Analysis of variance was (ANOVA) followed by

Tukey’s post hoc test using Prism (*p <0.05, compared to BHT).
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Figura 4. Effect of extract of the bark of the Plinia cauliflora tree in Formalin test. A.
PHASE 1- Control: treated animals saline 0.9%; Morphine: treated animals [10
mg/kg]; MeOHPc (methanolic extract of bark tree Plinia cauliflora): treated animals
[200 e 400 mg/kg]; B. PHASE 2 - Naloxone: treated animals [5 mg/kg] ; MeOHPc +
Naloxone: treated animals [400 mg/kg] + [5 mg/kg]; Atropine: treated animals [10
mg/kg]; MeOHPc + Atropine: [400 mg/kg] + [5 mg/kg]; Glibenclamide: treated animals
[10 mg/kg]; MeOHPc + Glibenclamide: [400 mg/kg] + [10 mg/kg]. Analysis of
variance was (ANOVA) followed by Tukey’s post hoc test using Prism (*p<0,05; **p<

0.0001, compared to control group).



Tabela 1. Phytochemical analysis do methanolic extract of the bark of Plinia
cauliflora tree

Compounds MeOHPc
Flavonoids +
(Neu)
Diterpeno +

(Vanilin sulfuric 1%)
Triterpene +
(Vanilin sulfuric 1%)
Cumarin -
(Vanilin sulfuric 1%)
Alkaloids -
(Dragendorf)
Tannin +
(Ferric Chloride 1%)

+: Presence ; - : Ausence
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Tabela 2. Effect of the methanolic extract of the bark of the Plinia cauliflora tree on

the biochemical parameters of the acute oral toxicity test

Parameters Control Toxicity test
Albumina 3,2+0,5 3,4+0,4
Ureia 67,6 +12,1 75,5+ 13,9
Creatinina 0,46 +0,1 0,44+0,4
CK 41,4 £5,3 436 £ 7,3

CK — creatine kinase; Control: saline 0.9%; Toxicity test: MeOHPc [2000 mg/dL]. The
values represent the mean = SD. Unpaired t-student test. P< 0,05 versus control.
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Tabela 3. Effect of extract of the bark of the Plinia cauliflora tree in Anti-inflammatory

activity.

Time Negative Indomethac MeOHPc MeOHPc
(min) Control in [200 [400
[20 mg/kg] mg/kg] mg/kg]

0 2,15+ 0,04 2,13+ 0,09 2,18 + 0,05 2,17 + 0,06

30 4,18 + 4,19 £ 0,17* 4,16 £ 4,15 +
0,13* 0,60* 0,30*
60 4,17 + 3,13+ 0,19** 3,08 + 3,16+
0,13* 0,20** 0,05**
120 4,10 + 3,10 + 2,50 + 2,75+
0,14* 0,08** 0,31** 0,30**
180 4,09 + 2,33+ 241 + 2,37+
0,14* 0,11** 0,20** 0,20**
240 4,00 £ 2,21+ 2,40 = 2,20 +
0,10* 0,15** 0,20** 0,30**

All groups were analyzed at 0, 30, 60, 120, 180 and 240 min. Negative control:
animals treated with 0.9% saline solution; Indomethacin: treated animals [20mg/kg]
and were used standard; MeOHPc: (methanolic extract from the bark of the Plinia
cauliflora tree): treated animals [200 and 400 mg / kg]. The analysis of variance was
(ANOVA) followed by the Tukey post hoc test using Prism (* p <0.0001) when
compared to the initial time (time 0) and (** p <0.0001) when to the negative control

compared.
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4 CONCLUSAO

O dleo essencial das folhas de Plinia cauliflora (Mart.) Kausel demonstrou-se um agente
em potencial para o tratamento da Leishmaniose tegumentar devido acdo Leishmanicida com
seletividade significante para as espécies Leishmania amazonenses e Leishmania
brazilienses, tendo em vista que, 0 uso de um bioproduto que tenha acédo seletiva para mais
de uma espécie no tratamento da doenca é um agente promissor contra a forma Tegumentar
da doenga;

O extrato metanolico acidificado da casca do fruto de Plinia cauliflora (Mart.) Kausel
apresentou-se como um potente agente antidiarreico, antipirético e antinociceptivo pois 0
mesmo: apresentou reducdo da hipersecrecdo dos fluidos intestinais como também motilidade,
comprovando cientificamente a potente acdo medicinal empirica relatada do uso popular;
Além do efeito terapéutico eficaz contra o desequilibrio da termorregulacdo fisiologica e
potencial analgésico a nivel do sistema nervoso central e periférico apresentando assim um
possivel agente terapéutico em estimulos térmicos e quimicos no organismo.

O extrato metandlico da casca da arvore de Plinia cauliflora (Mart.) Kausel apresentou-se
como um potente agente antioxidante, anti-inflamatorio antinociceptivo devido a potente
acdo no sequestro de radicais livres; Além da acdo anti-inflamatoria na reducdo do edema de
pata e potencial analgésico neurogénico sobre a via mecanistica de acdo opidides
apresentando assim um bioproduto de importancia clinica.

Desta forma, a Plinia cauliflora apresentou-se como um produto natural de relevancia
clinica podendo vir a contribuir com seguranca e eficacia no tratamento de condicGes

patolégicas de origem infecciosas e ndo infecciosas
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