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RESUMO

Piper amalago L. (Piperaceae) € uma planta medicinal encontrada na América Central
e do Sul que possui atividades anti-inflamatdria, antimicrobiana, anti-litiase e usada
como agente cicatrizante de feridas, queimaduras, abcessos, furunculos e picadas de
insetos. O objetivo deste estudo foi analisar a composigdo quimica e a atividade
antimicrobiana de dleos volateis e os possiveis efeitos do extrato aquoso liofilizado
obtidos de folhas de P. amalago em diferentes concentragdes e em diferentes tempos
de incubacgao, utilizando o modelo in vitro de fibroblastos de camundongo (3T3). O
oleo essencial foi obtido por hidrodestilacdo e a analise da atividade antimicrobiana
foi realizada em discos de papel filtro impregnados com 6éleo volatil contra cepas de
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium,
Enterococcus faecalis e Escherichia coli. O extrato aquoso foi testado em fibroblastos
de camundongo (3T3) em diferentes concentragdes por 24 horas para a avaliagao da
viabilidade celular através do vermelho neutro; da viabilidade celular pelo MTT; da
adesdao celular e do grau de espraiamento; da determinagao de proliferagao celular
pelo cristal de violeta; da analise morfologica através de microscopia de luz e
microscopia eletronica de varredura; detecgdo de microfilamentos de actina através
de citoquimica de fluorescéncia. No tempo de exposi¢cao por 96 horas ao extrato, os
ensaios foram realizados para determinar a concentracdo de hidroxiprolina e a
atividade da metaloproteinase MMP2. No estudo dos 6leos volateis obtidos de folhas
de Piper amalago foram identificados 28 compostos que representam 99,35% de seus
constituintes. Na analise de atividade antimicrobiana, o 6leo essencial resultou em
zona de inibigdo para as cepas de Enterococcus faecalis e Staphylococcus aureus. O
extrato aquoso obtido de folhas de P. amalago sobre a linhagem de fibroblastos (3T3)
apresentou as seguintes atividades: modulagao positiva no grau de disseminagao
celular, proliferagdo celular, adeséo, coesao intercelular e producdo de colageno.
Esses resultados endossam o uso etnofarmacoldgico de P. amalago como agente
cicatrizante de feridas e queimaduras pelas comunidades da América Central e do
Brasil, podendo ser importante no desenvolvimento de novos fitomedicamentos.

Palavras-chave: Jaborandi-manso. Oleos volateis. Extrato aquoso. Atividade
antimicrobiana. Fibroblastos 3T3.



ABSTRACT

Piper amalago L. (Piperaceae) is a medicinal plant found in Central and South America
that has anti-inflammatory, antimicrobial, anti-lithiasis activities and used as a healing
agent for wounds, burns, abscesses, boils, and insect bites. The aim of this study was
to analyze the chemical composition and antimicrobial activity of volatile oils and the
possible effects of the lyophilized aqueous extract obtained from P. amalago leaves at
different concentrations and at different incubation times, using the in vitro mouse
fibroblast model (3T3). The essential oil was obtained by hydro distillation and the
analysis of antimicrobial activity was performed on filter paper discs impregnated with
volatile oil against Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella
typhimurium, Enterococcus faecalis and Escherichia coli strains. The aqueous extract
was tested on mouse fibroblasts (3T3) at different concentrations for 24 hours to
assess cell viability through neutral red; cell viability by MTT; cell adhesion and degree
of spreading; determination of cell proliferation by crystal violet; morphological analysis
through light microscopy and scanning electron microscopy; detection of actin
microfilaments by fluorescence cytochemistry. At the 96-hour exposure time to the
extract, assays were performed to determine the hydroxyproline concentration and the
metalloproteinase MMP2 activity. In the study of volatile oils obtained from P. amalago
leaves, 28 compounds were identified that represent 99.35% of its constituents. In the
analysis of antimicrobial activity, the essential oil resulted in an inhibition zone for the
strains of Enterococcus faecalis and Staphylococcus aureus. The aqueous extract
obtained from P. amalago leaves on the fibroblast lineage (3T3) showed the following
activities: positive modulation in cell dissemination degree, cell proliferation, adhesion,
intercellular cohesion, and collagen production. These results support the
ethnopharmacological use of P. amalago as a healing agent for wounds and burns by
communities in Central America and Brazil and may be important in the development
of new phytomedicines.

Key words: Jaborandi-manso. Volatile oils. Aqueous extract. Activity Antimicrobial
Volatile QOils. 3T3 Fibroblasts
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1 INTRODUGAO

As plantas medicinais despertam grande interesse por apresentarem
metabdlitos secundarios, componentes que representam uma fonte importante de
substancias farmacologicamente ativas. Algumas espécies de plantas sao
popularmente utilizadas em varias regides do Brasil como agentes cicatrizantes (PIRIZ
et al., 2014).

Piperaceae Gisek € uma das familias botanicas mais importantes distribuidas
nas regides tropicais e subtropicais de ambos os hemisférios. Compreende cerca de
2.658 espécies, divididas em 13 géneros (THE PLANT LIST, 2019). Essas espécies
sdo encontradas na Mata Atlantica brasileira e na Floresta Amazobnica, com 450
espécies pertencentes a 4 géneros, sendo o0 género Piper um dos mais
representativos em Piperaceae, com cerca de 290 espécies e 45 variedades (FLORA
DO BRASIL, 2020).

Estudos etnofarmacoldgicos do género Piper forneceram evidéncias de
atividade bioldégica como antioxidante, psicotropica, antiofidica e antimicrobiana
(FACUNDO et al., 2008; REGASINI et al., 2009; CARRARA et al., 2012). Estudos
fitoquimicos realizados com folhas, frutos e raizes detectaram a presenca de
chalconas e flavonodis (NOVAES et al.,, 2014), nerolidol (CRUZ et al., 2012),
sesquiterpenos (CARRARA et al, 2010), pirrolidina, isobutilamidas e piperidina
(DOMINGUEZ et al., 1985; ACHENBACH et al., 1986).

Investigagdes realizadas com 6leos essenciais extraidos de espécies de Piper
mostraram também atividade antifungica (LOBATO et al., 2007; SILVA; BASTOS,
2007; SANTOS et al., 2012); efeito alelopatico sobre plantas daninhas (SOUZA FILHO
et al., 2009); atividade inseticida (FAZOLIN et al., 2005 e 2007; SOUTO et al., 2012;
SOARES et al., 2012); atividade acaracida (FERRAZ et al., 2010) e antimicrobiana
(BRAZAO, 2012; SANTOS et al., 2012).

Diferentes extratos e compostos obtidos das partes areas e raiz de espécies
de Piper tém sido estudados a fim de elucidar seus beneficios no processo de
cicatrizagdo (BASTOS et al., 2011; JARDIM, 2011; PACO et al., 2016).

Entre as espécies de género Piper destaca-se Piper amalago L., conhecida
popularmente como jaborandi-manso, sendo essa, o foco do presente estudo. Essa
espécie é um arbusto que mede de 2 a 7m, encontrado desde a América Central até
o Rio Grande do Sul (GUIMARAES; VALENTE, 2001). Possui oleos volateis em
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células oleiferas que estao presentes no caule e na folha (SIMEONE et al., 2009;
SANTOS et al., 2015).

No Brasil, suas folhas sdo utilizadas na medicina tradicional como agente
cicatrizante de feridas, queimaduras, abcessos, furunculos e picadas de insetos
(SEMA, 2003; ALVES et al., 2008; BRATTI et al., 2013; SALEHI et al., 2019). Além
disso, P. amalago é utilizado como analgésico e auxiliar digestivo (FACUNDO et al.,
2008), para tratar calculos urinarios e problemas cardiacos (NOVAES et al., 2014).
Em Porto Rico, as folhas mastigadas de P. amalago sdo colocadas em cortes
sangrentos; enquanto no México, as tribos Huasteco-Maya usam P. amalago para
tratar edema, inflamagdes e como agente antipirético (DURANT-ARCHIBOLD et al.,
2018).

Estudos farmacolégicos realizados com P. amalago mostraram atividades anti-
inflamatoria (SOSA et al., 2002; NOVAES et al., 2014), antimicrobiana (CARRARA et
al., 2012; SANTOS et al., 2016), esquistossomicida (CARRARA et al., 2014), diurético
e anti-litidsico (NOVAES et al., 2014), ansiolitico (LOPES et al., 2012), anti-leishmania
(CARRARA et al., 2013) e cicatrizante (GUIMARAES; VALENTE, 2001). A aplicagéo
tépica do extrato aquoso, produzido a partir de folhas de P. amalago, auxiliou na
cicatrizacdo de uma ferida lacerada no polegar esquerdo de paciente com diabetes
mellitus tipo 2, apds 15 dias de uso (SANTOS et al., 2020).

A analise fitoquimica das folhas de P. amalago mostrou a presenca de amidas,
alcaloides, taninos condensados, flavonosides e triterpenos (DOMINGUEZ et al., 1985;
CARRARA et al., 2013; LOPES et al., 2012; ROVANI et al., 2013; NOVAES et al.,
2014). Os oleos essenciais extraidos das folhas de P. amalago evidenciaram a
presenca de monoterpenos e sesquiterpenos (CARRARA et al., 2010; SANTOS et al.,
2016; SALEHI et al., 2019).

A cicatrizacao envolve varios eventos celulares e bioquimicos que interagem
para a regeneracdo do tecido lesado, ocorrendo em trés fases: inflamatdria;
proliferagcdo ou granulacdo e remodelacdo ou maturacdo (CAMPOS et al., 2007;
PENG et al., 2013; MEDEIROS; DANTAS FILHO, 2016). E um processo complexo
que envolve multiplos componentes celulares, fatores de crescimento, citocinas e
quimiocinas (PENG et al., 2011; PENG et al., 2013; DE MAIS et al., 2016). Poucas
horas apds a lesao, inicia-se a fase inflamatéria com aumento da permeabilidade
vascular, secregao de citocinas e fatores de crescimento, com ativagdo da migragao
celular (MEDEIROS; DANTAS FILHO, 2016).
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1.1 JUSTIFICATIVA

Piper amalago L. é uma espécie de planta medicinal tradicionalmente usada
como cicatrizante de feridas, para queimaduras, abcessos, furunculos e picadas de
insetos. Estudos mostram que o cha das folhas da espécie Piper amalago L. é utilizado
popularmente para o tratamento de pele, ferimentos e queimaduras, como analgésico
e coagulante.

O ecossistema brasileiro € uma fonte importante de produtos naturais para o
desenvolvimento de novos farmacos devido a sua grande diversidade e alto potencial
terapéutico. Atualmente, o uso de plantas medicinais estd aumentando e configura-se
como uma estratégia tecnoldgica viavel e efetiva, sendo alvo de inumeras patentes e
pesquisas cientificas para o tratamento de diferentes doencas.

A Politica Nacional de Praticas Integrativas e Complementares no SUS
(PNPIC) integra a medicina tradicional e a medicina complementar alternativa nos
sistemas nacionais de saude. Nesse sentido, ha necessidade de se comprovar o uso
popular de espécies medicinais, determinando-se a composigao quimica do vegetal e
verificando-se as atividades bioldgicas de diferentes extratos e de biomoléculas para
que possam ser empregados como componentes para o desenvolvimento de novos
farmacos.

Considerando a presenca de amidas, alcaloides, triterpenos, taninos
condensados, flavonoides e 0leos essenciais e o potencial farmacoldgico de folhas de
Piper amalago L. como anti-inflamatdrio, antimicrobiano, antioxidante e como
cicatrizante; o presente trabalho objetivou determinar a composigdo quimica e a
atividade antimicrobiana do 6leo essencial e dos efeitos biolégicos induzidos pelo
extrato aquoso de folhas de P. amalago em fibroblastos murinos, a fim de subsidiar

possivel validagao de seu uso popular como agente cicatrizante.

1.2 OBJETIVOS

1.2.1 Objetivo geral

Analisar a composi¢cao quimica e a atividade antimicrobiana de 6leos volateis e
os efeitos biologicos induzidos pelo extrato aquoso em fibroblastos murinos, obtidos

de folhas de P. amalago.
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1.2.2 Objetivos especificos

Analisar a composi¢cao quimica e a atividade antimicrobiana de 6leos volateis
obtidos das folhas de P. amalago;

Avaliar a acao citotéxica, a proliferagcao celular e a perda da viabilidade de
células 3T3 (fibroblastos de camundongo), expostos ao extrato bruto aquoso
obtido das folhas de P. amalago;

Avaliar possiveis alteragées morfolégicas no grau de espraiamento celular de
fibroblastos murinos frente ao tratamento com extrato bruto obtido das folhas
de P. amalago apdés o tratamento empregando-se microscopia Optica e
microscopia eletrénica de varredura;

Avaliar o comprometimento da adesao celular em diferentes substratos da
matriz extracelular (MEC) e a organizagédo dos constituintes do citoesqueleto
através de imunomarcacao, para deteccdo de microfilamentos de actina e
carboidratos de superficie especificos da superficie celular;

Determinar a concentragcdo de hidroxiprolina produzida por fibroblastos
murinos;

Avaliar a atividade proteolitica da metaloproteinase (MMP2) através do ensaio

de zimografia.



14

2 REVISAO DE LITERATURA

2.1A FAMILIA PIPERACEA

Os representantes da familia Piperaceae sao plantas de porte arbustivo,
herbaceo ou arbéreo de mais de 3 metros, que apresentam caule articulado e nodoso.
Suas folhas sao simples, alternas, opostas ou verticiladas, sésseis ou pecioladas,
inteiras, de consisténcia e formas diversas. Possuem flores pequenas, aperiantadas,
protegidas por bractedlas pediceladas ou sésseis, dispostas esparsas ou congestas
em espigas, formando umbelas ou dispostas em racemos, axilares ou terminais,
opostos ou néo as folhas. O fruto é uma drupa, séssil ou pedicelado (GUIMARAES;
GIORDANO, 2004).

Essa familia apresenta diferentes compostos biologicamente ativos como
terpenos de baixa massa molecular, fenilpropanoides, amidas, lignoides, flavonoides
e outros metabdlitos de biossintese mista (NAVICKIENE et al., 2000; CHAVES;
SANTOS, 2002; SILVA et al., 2002; CARDOZO JUNIOR; CHAVES, 2003; ALVES et
al., 2011).

Os constituintes volateis de algumas espécies pertencentes a familia
Piperaceae ao serem analisados mostraram a presenca de monoterpenos,
sesquiterpenos e arilpropanoides, componentes esses com importantes propriedades
biolégicas (MESQUITA et al., 2005; ESTRELA et al., 2006; CREMASCO; BRAGA,
2010; SILVA et al. 2013; LIMA et al., 2014).

2.1.1 O Género Piper

Espécies do género Piper demonstram que componentes presentes nos
extratos de folhas, caules e raizes possuem atividades antioxidantes (ROVANI et al.,
2013; SILVA et al. 2014). As oxidagdes bioldégicas geram espécies reativas de
oxigénio e radicais livres, podendo ocasionar lesdes celulares, muitas vezes
irreversiveis. Nos compostos vegetais a atividade antioxidante pode ser atribuida a
diversos mecanismos, como a capacidade sequestrante de radicais livres e a
prevencdo da peroxidacao lipidica (GOUVEA, 2004; KAUR; GEETHA, 2006).

Varios compostos tém sido isolados de espécies de Piper, incluindo amidas,
lignanas, neolignanas, hidroquinonas, alcaloides, terpenos, derivados do acido

benzéico e aristolactamas, flavonoides, representados por flavonas, di-
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hidrochalconas, chalconas e flavanonas (PARMAR, et al., 1997; YAMAGUCHI, 2006;
SANTOS et al., 2015).

Algumas espécies de Piper sao utilizadas na medicina popular, além de
despertarem grande interesse econOmico devido a presenca de 6leos em suas
estruturas (SOUSA et al., 2008; GOGOSZ et al., 2012). Estudos realizados com 6leos
essenciais extraidos de espécies de Piper mostraram atividade antifungica (LOBATO
et al., 2007; SILVA; BASTOS, 2007; SANTOS et al., 2012); efeito alelopatico sobre
plantas daninhas (SOUZA FILHO et al., 2009); atividade inseticida (FAZOLIN et al.,
2005 e 2007; SOUTO et al., 2012; SOARES et al., 2012); atividade acaricida (FERRAZ
et al., 2010) e antimicrobiana (BRAZAO, 2012; SANTOS et al., 2012).

2.1.2 A Espécie Piper amalago L.

A espécie Piper amalago L., conhecida popularmente como jaborandi-manso,
jaborandi-falso, jaborandi-nhandi, higuilho-de-limon, joint-wood, rough-leaved-pepper
e amalagopfeffer, € um arbusto que mede de 2 a 7m (GUIMARAES; VALENTE, 2001)
e habita desde a América Central até o Rio Grande do Sul (PARMAR et al., 1997,
GUIMARAES; VALENTE, 2001).

E utilizada na medicina tradicional como digestivo (PISSINATE, 2006), no
tratamento de problemas cardiacos, como diurética e no tratamento de calculo urinario
(NOVAES et al., 2013), para dores musculares e queda de cabelo (PAULA et al.,
2009). No estado do Rio Grande do Sul a espécie € usada para emagrecimento,
abcessos, furunculos, febres e picadas de insetos (SECRETARIA ESTADUAL DO
MEIO AMBIENTE, 2003).

Quimicamente, contém amidas que evidenciaram agao anti-inflamatéria,
antimicrobiana (CARRARA et al., 2012), cicatrizante (GUIMARAES; VALENTE, 2001)
e anti-leishmania (CARRARA et al., 2013).

O cha de suas folhas é utilizado para o tratamento de pele, ferimentos e
queimaduras (ALVES, 2008; BRATTI et al., 2013), como analgésico e coagulante
(BRATTI et al., 2013).

Estudos realizados com as folhas e caule mostraram a presenca de amidas que
evidenciaram agao anti-inflamatéria (GUIMARAES; VALENTE, 2001); antimicrobiana
(CARRARA et al., 2012), e anti-leishmania (CARRARA et al., 2013).

A analise fitoquimica do extrato etanoico de folhas de P. amalago, evidenciou

a presencga de vitexina e lupeol (ROVANI et al., 2013) e a presenca de flavonol e
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chalconas (NOVAES et al., 2014) indicando potencial antioxidante dessa espécie
(HUBER; RODRIGUEZ-AMAYA, 2008).

A analise dos 6leos essenciais presentes nas folhas de P. amalago mostrou a
presenca de monoterpenos e sesquiterpenos, compostos com importante atividade
bioldgica, antimicrobiana e antioxidante (NOGUEIRA NETO et al., 2013; OLIVEIRA et
al., 2016).

A procura por novos agentes antimicrobianos a partir de plantas vem
aumentando, uma vez que 0s microrganismos que causam prejuizos a saude humana
estdo adquirindo resisténcia aos antibioticos tradicionais (DUARTE, 2006; CUNICO et
al., 2007). Como o Brasil possui uma flora diversificada e uma tradi¢do na utilizagéao
de plantas medicinais, varios estudos sao realizados com extratos e 6leos essenciais
de plantas nativas com o intuito de investigar a agao antimicrobiana desses compostos
(SOUZA et al., 2013).

Pesquisas realizadas com diferentes espécies do género Piper tém
demonstrado a presenga de compostos com atividades antibacteriana e antifungica,
tornando essas espécies promissoras para o desenvolvimento de novos farmacos.
Por apresentar importantes resultados frente a Staphylococcus aureus, 6leos e
extratos obtidos de folhas e caule de espécies de Piper tornam-se promissores
antimicrobianos.

A espécie Staphylococcus aureus € uma bactéria do grupo dos cocos gram-
positivos que pode causar doengas, como uma simples infeccdo como espinhas,
furinculos e celulites ou levar a infecgbes graves como pneumonia, meningite,
endocardite, sindrome do choque téxico, septicemia e outras (SANTOS et al., 2007).

O dleo essencial obtido das folhas de Piper cernuum Vell.; a fase hexanica
obtida de folhas de Piper arboreum Aubl.; o extrato bruto e a fase hexanica do caule
de Piper caldense; extrato etanoico de folhas de Piper solmsianum C. DC., e o extrato
bruto de folhas de Piper hispidum Sw. mostraram ac¢ao antimicrobiana frente a S.
aureus (CONSTANTIN et al., 2001; ALVES et al., 2016; COSTA et al., 2016).

O extrato hidroalcoolico de folhas de P. umbellatum L. mostraram atividade
frente a Enterococcus faecalis (SILVA JUNIOR et al., 2014). As spécies de
enterococos atuam como patdégenos oportunistas que causam infecgdes em pacientes

hospitalizados por um longo periodo de tempo (REIS et al, 2001).
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A colonizacdo em lesao por pressao (LPP) é polimicrobiana e as bactérias de
importancia médica como S. aureus e E. faecalis geralmente estdo presentes e sao
isoladas (BIERING-SORENSEN et al., 2000).

2.1 2.1 Analise morfoanatémica de Piper amalago L.

A analise morfoanatdmica de Piper amalago L. realizada por Santos et al.
(2015) mostra que essa espécie € um arbusto que mede aproximadamente 2-7m, com
ramos cilindricos, nodosos e ramosos (Fig. 1A). As folhas sdo simples, alternas,
pecioladas, com formato ovado-eliptico, apice acuminado, base assimétrica e margem
inteira. O padrao geral de venacgao é curvinérvea (Fig.1B). As inflorescéncias sao do
tipo espiga de coloragédo amarela (Figura 1B).

A lamina foliar de P. amalago, em vista frontal, mostra as células da epiderme
com paredes anticlinais retas e delgadas, em ambas as faces (Figs. 1C, 1D). Os
estbmatos sdo do tipo tetracitico e estdo presentes somente na face abaxial,

caracterizando a folha como hipoestomatica (Fig.1D).

FIGURA 1 - Piper amalago L. (Piperaceae). Parte aérea e habito.

P

Fonte: Santos et al. (2015).

A. Aspecto da parte aérea e habito. B. Detalhe de folhas e inflorescéncia. C-E. Vista frontal de folhas.
C. Face adaxial da epiderme. D. Face abaxial da epiderme mostrando estdmatos. E. Superficie abaxial
mostrando detalhe dos estdmatos. st: estbmatos. Barra = 5cm (A), 2 centimetros (B), 100 uym (E).
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Em seccdo transversal, a epiderme de P. amalago apresentou-se uni-
estratificada com cuticula delgada e lisa, estando os estdbmatos localizados
ligeiramente acima das demais células. Uma camada subepidérmica foi observada
em ambas as superficies (Fig. 2A e 2B).

Foram encontrados tricomas glandulares pluricelulares e unisseriados, de
pedicelo curto e cabega ovoide alongada no sentido longitudinal, em ambas as
superficies (Fig. 2B, 2C e 2E) e tricomas tectores nao glandulares, pluricelulares e
unisseriados formados por cerca de 5 células, sendo a célula apical levemente aguda
também podem ser observados (Fig. 2E e 3B).

Em P. amalago, o mesofilo mostrou-se dorsiventral, formado por um estrato de
parénquima palicadico e 2-3 camadas de parénquima esponjoso (Fig. 2A, 2B, 2D e
2E). A endoderme parenquimatosa rodeia feixes vasculares colaterais pequenos que
estdo imersos no parénquima esponjoso (Fig. 2B). O mesofilo contém ceélulas com

oleo essencial (Fig. 2A) e compostos fendlicos (Fig. 5A).

FIGURA 2. Piper amalago L. (Piperaceae). Morfoanatomia das Folhas.
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Fonte: Santos et al. (2015).

A. Organizagéo da lamina mostrando mesofilo dorsiventral. B. Organizagdo da lamina mostrando
mesofilo dorsiventral. C. Face adaxial da epiderme, mostrando estdmatos e tricomas glandulares. D.
Nervura mediana atravessada por feixe vascular colateral. E. Nervura mediana e organizagdo da
ldmina. co: collenchyma, ep: epiderme, fp: parénquima fundamental gt: tricomas glandulares, oi: célula
oleosa, nt: tricomas nao-glandular, ph: floema, pp: parénquima pali¢gadico, se: camada subepidérmica,
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sp: parénquima esponjoso, nt : tricomas nao-glandular, vb: feixes vasculares, xy: xilema. Barra = 50 ym
(A), 200 uym (D).

A nervura central, em secc¢ao transversal, possui formato praticamente
cbncavo-convexo, exibindo proeminente convexidade na face abaxial (Fig. 2D e 2E).

A epiderme uniestratificada é revestida por cuticula levemente espessada e
estriada. Cerca de 3 camadas de colénquima angular s&do observadas em ambas as
faces. O sistema vascular é representado por um feixe vascular colateral unico e
central (Fig. 2D e 2E).

O peciolo é curto, de formato irregular e sulcado na face adaxial. A epiderme
mostra as mesmas caracteristicas descritas para a lamina foliar (Fig. 3A e 3C).
Tricomas tectores pluricelulares unisseriados também sao observados no peciolo (Fig.
3B). Encontra-se cerca de 11 feixes vasculares colaterais de diferentes tamanhos,
dispostos em circulo e opostos a faixas descontinuas de colénquima angular
constituido por 10 a 12 estratos de células (Fig. 3A e 3C). Nas células do parénquima
fundamental foram encontrados cristais prismaticos de oxalato de célcio (Fig. 3D). O
teste microquimico com floroglucinol mostra a presenca de lignina nas fibras e no

xilema, como mostra a Fig. 5B.

FIGURA 3. Piper amalago L. (Piperaceae). Morfoanatomia do Peciolo.

Fonte: Santos et al. (2015).

A. Aspecto geral. B. Detalhe dos tricomas n&o-glandulares. C. Peciolo mostrando varios feixes
vasculares colaterais. D. Detalhe de cristais prismaticos de oxalato de calcio. co: collenchyma, cr: cristal
de oxalato de calcio, cu: cuticula, ep: epiderme, nt: tricoma ndo-glandular, vb: vascular bundle. Barra =
200 um (A, C).
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O caule, em estrutura secundaria incipiente, apresenta formato circular (Fig.
4A). A epiderme é uniestratificada e revestida por cuticula moderadamente espessa
(Fig. 4B) e que reagiu com Sudan Ill (Fig. 5D). Tricomas tectores ja mencionados para
a folha podem ser observados (Fig. 4D). Encontram-se alguns estratos de parénquima
cortical e faixas de colénquima angular, formado por células em diferentes estagios
de lignificacao (Fig. 4A, 4B e 4B). Na endoderme sdo encontrados graos de amido
(Fig. 5E).

FIGURA 4. Piper amalago L. (PIPERACEAE). Morfoanatomia do Caule.
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Fonte: Santos et al. (2015).

Caule em secgéo transversal. A. Aspecto geral. B. Detalhe da figura anterior. C. Detalhe do anel
esclerenquimatico, mostrando fibras. D. Epiderme e regido do coértex. E. Medula mostrando gréos de
amido. F. Detalhe dos grdos de amido. cu: cuticula, ep: epiderme, co: collenchyma, FI: fibras, nt:
tricomas nao-glandular, ph: floema, pi: medula, sg: gréos de amido, xy: xilema. Barra = 200 ym (A, B),
50 um (C, D, E).

No cilindro vascular, feixes vasculares colaterais estdo dispostos em dois

circulos. O circulo externo apresenta varios feixes vasculares colaterais, com calotas
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esclerenquimaticas apostas ao floema (Fig. 4A - C). Os feixes vasculares do circulo
interno, denominados de feixes medulares, aparecem em numero de 9 (Fig. 4A e 4B).
Tanto esses feixes medulares quanto os feixes vasculares mostram cambio
intrafascicular evidente (Fig. 4C). Na zona perimedular, ocorre uma bainha
esclerenquimatica sinuosa, formada de varias camadas de células lignificadas (Fig.
4A - C). Essas células sao observadas através da reagao com floroglucina cloridrica
(Fig. 5C). A medula ocupa grande parte do volume caulinar e é formada por células
parenquimaticas onde podem ser encontrados graos de amido (Fig. 4E e 4F).
Idioblastos oleiferos e cristais prismaticos de oxalato de calcio estdo presentes no
caule.

No mesdfilo, na nervura central, no peciolo e no caule sao encontrados

idioblastos oleiferos e cristaliferos, graos de amido, mucilagem e compostos fendlicos.

FIGURA 5. Piper amalago L. (PIPERACEAE). Analise Microquimica de Folha e
Caule em Secao Transversal.

Fonte: Santos et al. (2015).

A. Mesdfilo mostrando reagao com cloreto férrico. B. Nervura mostrando reagéo de detecgao de lignina
por floroglucinol no xilema. C. Caule mostrando reagéo de floroglucinol, nas fibras e xilema. D. Peciolo
demonstrando cuticula em reagao usando o Sudéao lll. E. Caule mostrando endoderme com graos de
amido usando iodo-iodeto. cu: cuticula, fi: fibras, me: mesofilo, sg: graos de amido, xy: xilema. Barra =
200 ym
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2.2 A PELE

A pele é o maior 6rgao do corpo humano, sendo responsavel pela protecao
contra dessecacéo, atrito, radiagdo ultravioleta e invasdo de microrganismos. E
importante ainda nos processos de termorregulagdo e na percepgao tatil
(JUNQUEIRA; CARNEIRO, 2017).

E composta por duas camadas, a epiderme formada por epitélio estratificado
pavimentoso queratinizado e a derme por dois tipos de tecido conjuntivo. A derme
papilar € formada por um conjuntivo frouxo e a derme reticular, por um conjunto denso
nao modelado. Tanto a epiderme como derme apresentam células especializadas e
entre elas destacam-se os queratindcitos na epiderme e os fibroblastos e macréfagos
na derme. Além de diferentes células, o tecido conjuntivo apresenta a matriz
extracelular (MEC) formada por um conjunto fibrilar, proteoglicanas e glicoproteinas
adesivas (GARTNER; HIATT, 2007; JUNQUEIRA; CARNEIRO, 2013).

Os fibroblastos compreendem uma populacdo de células dinamicas que
exercem papel fundamental na fisiologia da pele. Sdo capazes de sintetizar e secretar
um conjunto de moléculas precursoras da matriz extracelular como fibras colagenas,
elastina, fibronectina, glicosaminoglicanas, proteoglicanas e proteases, sendo
também responsaveis pelo debridamento e remodelamento tecidual (HILDEBRAND
et al., 2005; SORRELL, 2009).

O colageno é a proteina mais abundante constituindo 80% do peso seco da
derme sendo o principal componente da pele, a base de sua estrutura e resisténcia
(LI et al., 2007).

Na matriz extracelular da derme sdo encontrados essencialmente dois tipos de
colageno: o tipo | que corresponde a cerca de 80-85% e o tipo Il correspondendo 15-
20% do total dessa proteina. Localizado principalmente na derme reticular esta o
colageno do tipo | formado por duas cadeias a1 e uma cadeia a2, com sequéncia de
aminoacidos diferentes e com didmetro total de 1 a 20 um. O colageno tipo Il esta em
sua maioria na derme papilar, localizada mais superficialmente, constituido de trés
cadeias a1 e com didmetro de 0,5 a 2 ym (ISAAC et al., 2010; LIMA et al. 2020).

Conectando o epitélio ao tecido conjuntivo frouxo da derme encontra-se uma
juncao dermo-epidérmica (JDE) composta por uma complexa membrana basal,
formada por macromoléculas sintetizados por queratinécitos basais e por fibras
reticulares sintetizadas pelos fibroblastos da derme. A JDE desempenha papel

fundamental na adesdo mecéanica dessas duas camadas, atuando também como um
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facilitador na migragcdo de varios tipos celulares durante processos como a
cicatrizacdo e reagdes imunologicas e/ou inflamatdrias, entre outros (KANITAKIS,
2002).

2.2.1 O Processo de Cicatrizagao

A pele funciona como uma importante barreira fisica de protecao contra a perda
excessiva de 4agua, diversos estimulos ambientais e infeccdes. E um dos érgaos mais
suscetiveis a lesdes e que precisa ser reparada a fim de restabelecer sua estrutura e
funcbes. Esse restabelecimento é feito através do processo de cicatrizacéo
(DELAVARY et al., 2011), que compreende fases: inflamatodria; de proliferacdo ou
granulagao, e de remodelacdo ou maturagdao (CAMPOS et al., 2007; PENG et al.,
2013; MEDEIROS; DANTAS FILHO, 2016).

Esse processo envolve multiplos eventos celulares e bioquimicos que agem
para a regeneracdo do tecido lesionado. Dentre os mediadores bioquimicos,
ressaltam-se diferentes fatores de crescimento, citocinas e quimiocinas (PENG et al.,
2011; PENG et al., 2013; DE MASI et al., 2016). Ja os eventos celulares envolvem a
participacao de plaquetas, neutrdfilos e macrofagos (CAMPOS, 2007; ALMEIDA et al.,
2008; ISAAC et al., 2010).

A fase inflamatéria tem inicio logo apds o surgimento da lesdo e inicia com
vasodilatagcdo e aumento da permeabilidade vascular, que promove a quimiotaxia de
células leucocitarias. Ha um estimulo para que se inicie a cascata de coagulagéo
visando a homeostasia no local onde o endotélio é lesado. Quando a cascata é
iniciada sao liberados diferentes fatores de crescimento pelas plaquetas que atraem
neutroéfilos para o local da lesdo. Essas sédo as primeiras células a chegarem ao local
e a produzirem radicais livres que ajudam na eliminagao de bactérias (CAMPOS,
2007; ALMEIDA et al., 2008; ISAAC et al., 2010).

Os macréfagos também atuam na fase inflamatéria. Essas células migram para
o local lesionado e desempenham papel fundamental no final do debridamento
iniciado pelos neutréfilos, secretando citocinas e fatores de crescimento importantes
para proliferacdo celular e estimulagdo da re-epitelizagdo; fungdo mitogénica para
fibroblastos e formacgé&o do tecido de granulagdo; quimiotaxia de neutrdéfilos, mondcitos
e fibroblastos; producdo de matriz extracelular; angiogénese e proliferacao de células
endoteliais (CAMPOS, 2007; MENDONCA; COUTINHO-NETTO, 2009; REINKE;
SORG, 2012).
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A fase de proliferagao é responsavel pelo fechamento da lesdo, nessa ocorre
re-epitelizacado, angiogénese e fibroplasia (MEDEIROS; DANTAS FILHO, 2016).

A re-epitelizagdo ocorre precocemente se a membrana basal estiver intacta. As
células epiteliais migram para a superficie superior da epiderme, ocorrendo reparo
tecidual em trés dias. Se houver lesdo da membrana basal, as células epiteliais das
bordas da ferida comecam a proliferar tentando restabelecer a barreira protetora
(CAMPQOS et al., 2007).

A angiogénese ¢é estimulada pelo fator de necrose tumoral alfa (TNF-a),
sintetizado principalmente por macréfagos e se caracteriza pela migragao de células
endoteliais e formagao de capilares, essenciais para a cicatrizacdo. A formagao do
tecido de granulagao é a parte final da fase proliferativa, sendo os fibroblastos e as
células endoteliais, as principais células desse processo (CAMPOS et al., 2007).

A fibroplasia € a etapa onde ocorrem a produgdo de colageno pelos
fibroblastos, tornando a ferida mais resistente e forte, e a atragado quimica de células
especializadas para o sitio de inflamacao. Nessa fase ocorre proliferacéo, biossintese
e secregcao dos componentes da matriz extracelular (MEDEIROS; DANTAS FILHO,
2016).

Os fibroblastos atuam na producédo de colageno e o depositam de maneira
organizada. O colageno produzido inicialmente € o colageno tipo Ill, menos espesso
do que o colageno presente na pele normal e com posigéo paralela a pele (CAMPOS,
2007; ISAAC et al, 2010; PAGGIARO et al, 2010; ABRUCEZE, 2013).
Progressivamente esse € substituido pelo colageno tipo I, que é mais espesso,
resistente e organizado ao longo das linhas de tensdo, ocorrendo um aumento da
forca ténsil da area lesionada através dessa mudanca (PENG et al., 2011;
ABRUCEZE, 2013; PENG et al., 2013; CUNHA et al., 2015).

A matriz antiga é destruida e a sua lise € promovida por colagenases
secretadas por fibroblastos e leucécitos (CAMPOS, 2007; VILLELA, 2007; ISAAC et
al., 2010).

Os fibroblastos também produzem inibidores de metaloproteinases (TIMPs)
que sao enzimas que catalisam e degradam proteinas da matriz extracelular. Juntas,
as MMPs e as TIMPs formam um sistema biologico complexo que mantém a
homeostase da matriz extracelular (MEC) (TRENGOVE et al., 1999; GILL; PARKS,
2008).
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No processo de cicatrizacao de feridas, destaca-se a importancia de principios
ativos presentes em extratos vegetais, que apresentam atividades biologicas, tais
como: antimicrobiana, antioxidante, de proliferacdo celular, da angiogénese, bem
como no aumento na produgao de colageno (BUDOVSKY et al., 2015).

FIGURA 6. Processo de Cicatrizacao da Pele.

Fonte: Isaac et al. (2010) adaptado de Gray (1995). A figura mostra a representagéo da resposta normal
da pele a feridas, mostrando as principais células durante as trés fases do processo de cicatrizagdo. A
fase de inflamacao se inicia no momento da lesdo e pode durar até trés dias. Nessa fase atuam os
neutrofilos e os macroéfagos. A partir do quarto até o vigésimo dia ocorre a fase de proliferagdo com a
atuacao de fibroblastos e células endoteliais. A fase de remodelagédo tem inicio apds o vigésimo dia,
com atuacgao dos miofibroblaastos.

2.2.2 0O Papel do Fibroblasto no Processo de Cicatrizagao

Os fibroblastos apresentam morfologia fusiforme com numerosos
prolongamentos citoplasmaticos, com um nucleo central e arredondado, nucléolo
evidente e cromatina fina (figura 7). No citoplasma apresentam reticulo
endoplasmatico rugoso e aparelho de Golgi bem desenvolvidos (KANITAKIS, 2002;
GARTNER; HIATT, 2007).
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Sao células responsaveis pela sintese e degradacdo do tecido conjuntivo
(fibroso e néo fibroso), bem como geracao de numerosos mediadores bioquimicos.
Quando metabolicamente inativos ou quiescentes, sdo conhecidos como fibrécitos
(figura 7). Fibroblastos proliferativos e em repouso sdo capazes de responder a

diversos mediadores imunoldgicos (TOBIN, 2006).

FIGURA 7. Fibroblasto e fibrocito.

! Fibroblastos ' Fibrocitos

Fonte: Junqueira e Carneiro (2017). A figura mostra a diferenga morfoldgica entre o fibroblasto

(célula ativa) e os fibrécito (célula quiescente).

Na reparacdao de lesbes, observam-se células conhecidas como
miofibroblastos que estdo envolvidas no processo cicatricial pela produgao dos
componentes da matriz extracelular, participacdao na sintese da matriz extracelular,
resisténcia e na contragdo das feridas (GABBIANI, 2003). Os miofibroblastos estao
envolvidos no processo de cicatrizacdo, promovendo a formagao do tecido de
granulagao, levando a re-epitelizagao, garantindo assim a manutengao da integridade
do tecido conjuntivo (PAGNANO et al., 2008).

Os fibroblastos participam ainda em interagdes paracrinas na pele,
respondendo a secregéo de células vizinhas e autdcrinas, exibindo receptores para
os proprios fatores secretados. Essas interagdes sao particularmente importantes nas

diferentes fases do processo de cicatrizacdo de feridas e na resposta inflamatdria,
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onde ocorre interatividade com células dendriticas e outras células do sistema
imunitario (DARBY; HEWITSON, 2007; WERNER et al., 2007; SORRELL; CAPLAN,
2009).

Os fibroblastos possuem ainda, um papel relevante na angiogénese, pois na
presenca de lesdes, sdo estimulados para produzir fatores de crescimento
angiogénicos, como o fator de crescimento endotelial vascular (VEGF); o fator de
crescimento de fibroblastos (FCFb); o fator de crescimento derivado das plaquetas
(PDGF) e o fator transformador de crescimento 3 (TGF- 3). Esses fatores atuam sobre
as células endoteliais vasculares, estimulando a sua proliferagdo, migragdo e

diferenciacao para formarem novos vasos sanguineos (NEWMAN et al., 2011).

2.2.3 O Papel das Metaloproteinases no Processo de Cicatrizagao

As metaloproteinases (MMP) s&o enzimas que degradam as proteinas da
matriz extracelular. A familia das MMPs inclui cerca de 25 proteinas, sendo a
gelatinase B (MMP-9) e a gelatinase A (MMP-2) dois membros intimamente
relacionados dessa familia que degradam colageno desnaturado ou gelatinas (VISSE;
NAGASE, 2003).

As MMPs apresentam fungdes importantes em diversos processos bioldgicos,
como a morfogénese, e em todos os estagios da cicatrizagao, incluindo a reparagao
tecidual e remodelagao em resposta a injuria. Além dessas fungdes, vale ressaltar que
as MMPs sao importantes na manutencgao estrutural e funcional dos tecidos, para que

esses n&o percam sua arquitetura normal (ARAUJO et al., 2011).
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3 MATERIAL E METODOS

3.1 Material Botanico

A coleta do material vegetal ocorreu na regido de Curitiba, Parana (24° 18’ S e
49° 37° W), em julho de 2012. O material vegetal foi submetido a confecgdo de
exsicata, identificado por taxonomista e comparada com a exsicata depositada no
Museu Botanico Municipal de Curitiba, sob o registro de numero 71947.

O acesso ao material vegetal foi permitido e licenciado pelo Conselho de
Administragdo do Patriménio Genético (CGEN / SISGEN) e registrado sob o numero
A14F6AF.

A escolha das folhas de P. amalago foi em fungao da facilidade de sua coleta
e por serem encontradas praticamente durante o ano todo (GONCALVES et al., 2018;
SILVA et al., 2018).

3.2 Obtencéao do 6leo de Piper amalago por L. hidrodestilagao

A obtengao do 6leo por hidrodestilagao foi realizada em Clevenger acoplado a
um baldo de fundo redondo de 1 L e manta de aquecimento. Ao baldo foram
adicionados 60 g de folhas secas trituradas e 500 mL de agua. O tempo de extragao
foi de 4 horas. O 6leo obtido foi conservado em geladeira em frasco de vidro ambar
(FARMACOPEIA BRASILEIRA, 2010).

3.3 Analise por Cromatografia Gasosa acoplada a Espectrometria de Massas (GC-
MS)

Os padrdes do d6leo e n-alcano foram examinados por GC/MS acoplados a um
sistema Shimadzu CGMS-QP2010 equipado com um detector de quadrupolo usando
um Rtx-5MS (Crossbond 5% de difenil/ 95% de dimetil polisiloxano) baixo bleeding da
coluna (30 mx 0,25 mm x 0,25 mm), utilizando hélio como gas transportador, em um
fluxo de 1,02 mL/min. A temperatura do forno foi inicialmente mantida a 60°C durante
1 min e aumentado a uma taxa de 3°C/min para 250°C. O espectrébmetro de massa
foi operado em modo de impacto de elétrons (70 eV) com uma gama de massa
definida entre 40 e 350 m/z. As temperaturas de interface e da fonte foram ajustadas
a 250°C (ADANS, 2007).

3.4 Identificacdo dos Picos
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O indice Kovats de retencédo foi calculado para os compostos e os seus
espectros de massa foram comparados com a literatura (ADAMS, 2007). O indice de
Kovats (I) € calculado como | = 100 [n + (N - n) x (log tr (desconhecido) - logtr (n))
/logtr (N) - logtr (n)) onde n € igual ao numero de carbono atomos no alcano menor, N
€ 0 numero de atomos de carbono do alcano maior, tr €, em todos os casos, o tempo
de retencdo ajustado (calculado no tempo - tempo do composto pequeno nao -

amarelado).

3.5 Andlise antibacteriana

Para a analise antimicrobiana, as bactérias selecionadas foram das espécies
Staphylococcus aureus, Pseudomonas aeruginosa e Enterococcus faecalis,
patdgenos causadores de infecgdes cutaneas. A espécie Salmonella typhimurium um
dos principais agentes de diarreias infecciosas e espécie Escherichia coli responsavel
por infecgdes intestinais e urinarias (BRASIL, 2013).

A analise da atividade antimicrobiana foi realizada por meio da utilizagao de
discos de papel impregnados com dleo volatil obtido das folhas de P. amalago L. As
cepas de Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC
27853, Salmonella typhimurium ATCC 14028, Enterococcus faecalis ATCC 19433,
Escherichia coli ATCC 25922, foram cultivadas em caldo BHI (infusdo de cérebro-
coragao), incubadas a 35°C por 24 horas.

Em seguida, uma amostra foi inoculada em agar Mueller-Hinton e incubada a
35°C por 24 horas. Cada cultura de bactéria foi diluida em solugéo salina estéril (5
mL) e a turbidez da escala MacFarland ajustada de 0,5. O cloranfenicol (30 ug) e a
gentaminicina foram utilizados como controles positivos.

Os discos estéreis foram distribuidos em camara de fluxo laminar nas placas e
com auxilio de uma pipeta automatica aplicou-se 10uL de 6leo obtido das folhas de P.
amalago sobre cada disco. Apds, as placas foram incubadas em estufa a 35°C por 24
horas, para analise dos halos formados (CLSI, 2005).

O teste foi realizado em ftriplicata e os resultados foram submetidos e
analisados pelo teste T de Student, com limite de confianga 95%.

Para diferenciar a atividade bacteriostatica do bactericida, uma porgéo do agar
da zona de inibicado formada foi retida e colocada em um tubo contendo o meio liquido
BHI e incubado a 35°C durante 24 horas. Em seguida, uma amostra do caldo foi

semeada em meio solido BHI incubado a 35°C durante 24 horas. O crescimento das
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colénias em meio solido BHI indica que o dleo possui atividade bacteriostatica,
enquanto a falta de crescimento sugere que ha atividade bactericida apds um periodo
de 24 horas.

FIGURA 8. Fluxograma dos procedimentos para a obtencéo e analise antibacteriana
do d6leo de P. amalago.

[ Folhas de Piper amalago L. ]

Obtengdo do dleo 60 g de folhas
(TRANCOSO, 2013) 4 horas por hidrodestilacdo

~

Andlise dos dleos por C6-MS Andlise antimicrobiana
(ADANS, 2007) (CLsT, 2005)
Calculo do indice de Kovats Discos de papel impregnados
Espectros comparados a literatura com éleo volatil 35°C por 24 horas

Fonte: a autora (2021).

3.6 Obtencao do extrato aquoso

O extrato aquoso das folhas de Piper amalago L. foi obtido segundo
metodologia descrita por Viana et al. (2006). As folhas secas foram trituradas durante
30 segundos. Em seguida, 75g de material triturado foi misturado em 500mL de agua
destilada por agitacao por 60 segundos, para homogeneizagao. A mistura foi dividida
em recipientes de vidro e colocada em repouso por 24 horas em temperatura de 5°C.
ApOs o periodo de resfriamento, o extrato liquido foi filtrado em papel filtro para evitar

a presenca de residuos de particulas no filtrado.
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3.7 Obtencéao do produto liofilizado

A liofilizacdo € um processo de desidratacdo de produtos em condi¢cbes de
pressao e temperatura no qual a agua é removida por meio de passagem direta do
estado sélido para o gasoso (sublimacao) (MACAN, 2017).

O extrato aquoso foi congelado a -65°C por um periodo de 48 horas e ap6s foi
submetido a uma pressao negativa (vacuo), fazendo com que a agua dos produtos
fosse retirada por sublimagao, ou seja, passando diretamente do estado sélido para o
estado gasoso. O resultado final foi um produto com uma estrutura porosa livre de
umidade e capaz de ser reconstituida pela simples adicdo de agua. O liofilizador
utilizado foi da marca Virtis SP Scientifica, modelo BenchTop Pro 8L - XL70 (Reino
Unido) (VIANA et al., 2006).

3.8 Cultivo Celular

Para os ensaios in vitro, empregou-se a linhagem de fibroblastos de
camundongo 3t3 (ATCC® CRL-1658TM) cedidas pelo prof. Dr. Décio dos Santos
Pinto Jr. da Universidade de Sao Paulo (USP).

Os fibroblastos sao células conjuntivas que atuam no processo de cicatrizagao
nas fases proliferativa de remodelagdo (MEDEIROS; DANTAS FILHO, 2016). A
importancia de se usar fibroblastos 3T3 deve-se a capacidade dessas células
secretarem fatores de crescimento e proteinas de matriz extracelular no meio de
cultura (GREEN, 1978; JUNQUEIRA; CARNEIRO, 2003).

As células foram mantidas rotineiramente em garrafas de cultivo contendo o
meio Dulbecco’s Modified Eagle’s Medium (DMEM) suplementado com 10% de soro
fetal bovino (SFB), 10 ug/mL de estreptomicina e 10 U/mL de penicilina, em atmosfera
umidificada a 37°C e 5% de CO2. Para manutencao das células o meio foi substituido
a cada 48 h. No momento em que a monocamada celular se tornava subconfluente,
as células foram incubadas com 1,5 mL de tripsina 0,25% durante 5 minutos a 37°C.
Apods o desprendimento do tapete celular, as células foram homogeneizadas com
DMEM acrescido de 10% de SFB e a suspenséao celular obtida foi dividida em varias
garrafas para subcultivo (GEORGE et al., 2010).
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3.9 Avaliacao da Viabilidade Celular pelo Ensaio do Vermelho Neutro

Esse método permite avaliar mecanismos de endocitose onde o corante é
internalizado ocorrendo o acumulo do corante vermelho neutro nos lisossomos. Esse
método permite mensurar a viabilidade das células através do indice endocitico do
corante. Apds, impdem-se a lise celular por solugao de extracido, o corante diluido
pode ser quantificado por medida de absorbancia e avaliada a capacidade endocitica
das células que so6 realizam essa dinamica quando viaveis (FOTAKIS; TIMBRELL,
2006).

Os fibroblastos de camundongo (3T3) foram plaqueados em placa de 96 pogos
(0,14 x 10° células/pogo, quantidade de células no dia da leitura). Apos 24 horas, o
meio de cultivo foi substituido por 200 uL de meio contendo diferentes concentragdes
do extrato bruto liofilizado (5 — 1500 pg/mL). Apds as 24 horas de exposi¢ao, 0 meio
foi retirado e os pogos lavados com PBS estéril. Em seguida 200pl de solugao de
vermelho neutro foi adicionada em cada pogo e o material incubado por 3 horas para
permitir a incorporacao do corante nas células vivas. Apés o tempo de incubacao, foi
removido 0 meio e cada pogo foi lavado com uma mistura de CaCl2 1% e de
formaldeido 0,5% e apds adicionado 200ul de solugao de acido acético 1%/etanol
50%, incubado por 10 minutos a temperatura ambiente, homogeneizado lentamente
até a completa dissolugcédo e a seguir foi feita a leitura da absorbancia em leitor de

microplaca (Synergy HT Multi-Detection Microplate Reader) a 540 nm.

3.10 Avaliagcdo da Viabilidade Celular pelo ensaio de Thiazolyl Blue
Tatrazoluimbromide (MTT)

Nesse método, as redutases mitocondriais reduzem o anel tetrazélio do MTT a
cristais roxos de formazan purpura, pelas mitocéndrias das células vivas, sendo
possivel avaliar a viabilidade celular pela capacidade das mitocdndrias em reduzir o
anel a cristais. A solubilizagdo dos cristais, por DMSO, gera uma soluc¢édo a qual pode
ser quantificada. O aumento da intensidade da cor (absorbancia) é diretamente
proporcional ao numero de células viaveis (MOSMANN, 1983; REILLY et al., 1998).

Os fibroblastos de camundongo (3T3) foram semeados em placa de 96 pogos
(0,14 x 10° células/pogo, quantidade de células no dia da leitura) com 200 uL de
DMEM completo. Apds 24 horas, o meio foi removido e os pogos lavados 2 vezes com
PBS estéril. Em seguida foi adicionado 200 pL de meio contendo diferentes
concentragdes do extrato bruto liofilizado (0,5; 1,5; 5,0; 15; 50; 150; 500 e 1500
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Mg/mL). Apos 24 horas de exposicao foi adicionado 200 yL da solugdo de MTT em
cada poco e incubado por 3 horas a 37°C e 5% de CO2. Em seguida o MTT foi retirado
e adicionado 200 pL de alcool P.A. e homogeneizado lentamente até a completa
dissolucéo e feita a leitura da absorbancia em leitor de microplaca (Synergy HT Multi-

Detection Microplate Reader) a 570 nm.

3.11 Determinacao de Proliferagcao Celular pelo ensaio do Cristal de Violeta

O cristal violeta (cloreto de pararosanilina), corante também conhecido como
violeta de Genciana é capaz de ser absorvido pelas células em cultura. Trata-se de
um corante basico que cora o nucleo das células, de forma que a taxa de crescimento
celular é refletida pela determinacao colorimétrica das células coradas (GILLIES;
DIDIER; DENTON, 1986; VEGA-AVILA; PUGSLEY, 2011).

Os fibroblastos de camundongo (3T3) foram semeados em placa de 96 pogos
(0,14 x 10° células/pogo, quantidade de células no dia da leitura com 200 yL de DMEM
completo. Apds 24 horas, o meio de cultivo foi substituido por 200 yL de meio
contendo diferentes concentragdes do extrato liofilizado (0,5; 1,5; 5,0; 15; 50; 150; 500
e 1500 pg/mL) ou meio de cultivo contendo 0,2 % de DMSO, utilizado como veiculo
de dissolugao do extrato. Apds o tempo de tratamento, o meio de cultivo foi retirado e
os pocos foram lavados com 200 uL de PBS néo estéril a 37°C. A seguir, adicionou-
se 50 uL de paraformaldeido 2% em cada pogo e incubado a 4°C em geladeira por 30
minutos para a fixagao das células. Apos a remog¢ao do fixador foram adicionados 100
ML da solucdo do corante cristal violeta e a placa incubada por 10 minutos a
temperatura ambiente. Em seguida, o corante foi removido e cada pogo lavado com
120 pL de agua destilada. Foram entdo adicionados 100 uL de acido acético 33% e
homogeneizado lentamente até a completa dissolucéao e feita a leitura da absorbancia

em leitor de microplaca (Synergy HT Multi-Detection Microplate Reader) a 540 nm.

3.12 Avaliacado da Adeséao Celular e Grau de Espraiamento

Para avaliacdo da adeséao celular e grau de espraiamento foram utilizadas as
proteinas de matriz extracelular, como a fibronectina e o colageno do tipo I. A
fibronectina é uma glicoproteina importante para a adesao celular e que regula a
morfologia, a migragao, a diferenciagdo celular e a organizagdo do citoesqueleto
(HYNES, 1989; MAURER, et al., 2010) e o colageno | é um dos componentes do
tecido de granulacdo (GUIDUGLI-NETO, 1992).
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Os fibroblastos de camundongo foram mantidos em garrafas grandes de
cultivo, em incubadora de CO:2 overnight e apos, foram tratados por 24 horas com o
extrato bruto liofilizado de P. amalago.

Simultaneamente, placas de 96 pocos foram sensibilizadas ou ndo com 100uL
de coats de diferentes proteinas de matriz extracelular, nos seguintes grupos: FN
(fibronectina), Col. | (colageno I), PLA (plastico da propria placa sem tratamento) e
BSA (controle negativo).

Todas as solugbes foram diluidas em PBS. As placas sensibilizadas foram
incubadas a 37°C e 5% CO:2 por 60 minutos, e o conteudo foi aspirado e os pogos
lavados com PBS. Posteriormente, 200 yL de BSA 1% inativado foi adicionado as
placas, procedendo-se mais uma incubacado a 5% de CO2 a 37°C por 60 minutos,
seguidos de duas lavagens com PBS.

Apobs o periodo de tratamento com o extrato bruto liofilizado ou ndo (células
controle), as células foram desaderidas quimicamente das garrafas com tripsina e
contadas em camara de Neubauer. Um total de 100.000 células foram entdo
plagueadas nas placas previamente contendo os coatds das moléculas de MEC ou
BSA 1%, incubadas por 120 minutos a 37°C e 5% de COa. As células ndo aderidas
foram entao aspiradas e os pogos lavados trés vezes com PBS.

As células que se mantiveram aderidas foram fixadas com metanol por 10
minutos, lavadas duas vezes com PBS e coradas com 60uL de cristal violeta a 0,2%
em etanol por 5 minutos e lavadas com PBS.

As células foram fotografadas em microscopio invertido. O grau de
espraiamento foi determinado com base nas imagens, utilizando o programa Imaje J,
tendo como paradmetro a relacdo area do nucleo x area do citoplasma (proporgéao
corpo celular).

ApOs a captura das imagens, o corante foi eluido com solugdo de citrato de
sédio e etanol na proporc¢ao 1:1. Em seguida foi feita a leitura de absorbancia em leitor

de microplacas.

3.13 Analise Morfoldgica através de Microscopia Optica ou de Luz (MO)

Os fibroblastos de camundongo (10.000 células por pogo) foram plaqueados
em placas de 24 pocos, sobre laminulas circulares, mantidas em incubadora de CO2
overnight e apos expostas ou ndo a 15 e 150 pg/mL do extrato bruto liofilizado, por 24

horas.
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Laminulas contendo células controle e tratadas foram fixadas em
paraformaldeido a 2% (Electron Microscopy Sciences, Washington, NY, USA) por 30
minutos, a 22°C, lavadas com PBS e desidratadas em solucdes crescentes de etanol
(70%, 80%, 90%, duas vezes 100%, durante 10 minutos cada etapa) e em xilol (50%
de etanol + 50% de xilol, trés vezes com xilol 100%).

Em seguida, foram coradas com hematoxilina de Harris (Merck), por 50
segundos, lavados em agua corrente por 10 minutos, duas vezes com agua destilada
e corados com eosina (Merck) durante 60 segundos. Apds a coloracao, foram lavadas
com agua destilada, desidratadas em solugbes crescentes de etanol (70 a 100%,
durante 5 minutos cada etapa), com xilol (2 etapas de 100%, durante 5 minutos cada)
e montados com Entelan (Merck). As células foram analisadas através de microscopio
Optico e em seguida fotografadas nos aumentos de 40, 100 e 400X (BISCAIA et al.,
2017).

3.14 Analise Morfolégica e Ultraestrutural através de Microscopia Eletrénica de
Varredura (MEV)

Os fibroblastos de camundongo (10.000 células) foram plaqueados em placas
de 24 pocos, sobre laminulas circulares, mantidas em incubadora de CO:2 overnight e
apos, tratadas (ou ndo) com o extrato bruto liofilizado nas concentragdes de 15 e 150
Mg/mL por 24 horas.

Apos o tratamento, essas foram fixadas em solugéo de Karnovski (glutaraldeido
2,0% (Electron Microscopy Sciences, Washington, NY, USA), paraformaldeido 4,0%,
CaCl2 1TmM em tampéo cacodilato 0,1M (Merck) por 60 segundos. A seguir, essas
foram novamente lavadas em tampao cacodilato, pos-fixadas com tetroxido de ésmio
1% (Electron Microscopy Sciences, Washington, NY, USA) por 60 segundos. Apés,
as células foram lavadas em tampao cacodilato 0,1M por 60 segundos (no escuro em
temperatura ambiente). Posteriormente foram desidratadas por concentragdes
crescentes de etanol (30%, 50%, 70%, 90%, duas vezes 100%), por um periodo de
10 minutos cada etapa. Submetidas ao ponto critico no aparelho (CPD 010 (Critical
Point Dryer) 030 - Balzers), metalizadas com ouro no aparelho (SCD 030 - Balzers),
sendo entdo analisadas no microscopio eletronico de varredura TESCAN VEGA3 LMU
do Centro de Microscopia Eletronica da UFPR (BISCAIA et al., 2017).
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3.15 Ensaios de citoquimica de fluorescéncia para detec¢ao de microfilamentos de
actina (MMP2-MMP9)

A detecgdo de carboidratos especificos da superficie celular foi realizada
usando Lectina WGA conjugada a FITC (Thermo Fisher Scientific, EUA). Para
detectar os microfilamentos de actina, foi usada a sonda de faloidina conjugada com
Alexa Fluor 594 (Thermo Fisher Scientific, EUA).

A marcacgao fluorescente da actina, utilizando fluorescentes derivadas de
falotoxinas, permite a identificacdo de cultura de células inteiras com o minimo de
rompimento celular (DEVOD et al., 2001).

A imunodeteccio de carboidratos pela lectina WGA mostra a presenca de N-
acetil-glucosamina no glicocalice (BISCAIA et al, 2017).

Os fibroblastos de camundongo (10.000 células) foram plaqueados sobre
laminulas circulares dentro de placas de 24 pogos (TPP, Trasadingen, Suiga) e foram
expostas ou ndo (controle negativo) por 24 horas com 15 e 150 pg/mL de extrato
aquoso de P. amalago. As células foram entao lavadas rapidamente com PBS e
fixadas com paraformaldeido a 2% (Electron Microscopy Sciences, Hatfield, PA, EUA)
em PBS por 30 minutos a 22°C. Apos a fixacao, as células foram lavadas duas vezes
em PBS, uma vez com PBS contendo glicina 0,1M (para bloquear os radicais aldeidos)
e duas vezes com PBS.

Para a marcacdo de carboidratos da superficie celular por microscopia
confocal, as células foram incubadas por 1 hora com Lectina WGA conjugada a FITC
(4 mg/L) na presenca de BSA a 1% em PBS a temperatura ambiente.

O citoesqueleto da célula foi marcado com Alexa Fluor® 546 Faloidina- (1: 500
em 0,01% de saponina-PBS) por 30 minutos a 22°C. Apds, as células foram lavadas
trés vezes com PBS.

O nucleo celular foi evidenciado através do DAPI (3 ng/ml - 4’,6-diamidino-2-
fenilindole, dihidrocloride (Electron Microscopy Sciences, Cat. 17984-24, Hatfield, PA,
EUA). Apds 30 minutos de incubacgao, as células foram lavadas 5 vezes em PBS, e
as laminulas foram entdo montadas em laminas histolégicas, com meio de montagem
Fluoromount-G® (Thermo Fisher Scientific, EUA) e seladas com esmalte incolor isento
de formol.

As imagens foram adquiridas usando o microscépio eletrénico confocal de
varredura a laser AT1R MP + microscépio (Nikon Instruments Inc, Téquio, Japao)
(BISCAIA et al., 2017).
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3.16 Determinacao da concentracido de hidroxiprolina

A quantificacdo de hidroxiprolina permite uma determinagao indireta de
colageno presente no tecido. A hidroxiprolina e hidroxilisina sdo aminoacidos
caracteristicos dos diferentes tipos de colageno produzidos pelos fibroblastos
(MIENALTOWSKI; BIRK, 2014; SOLEY et al., 2016).

Neste ensaio, fibroblastos de camundongo (3T3) (10.000 células) foram
plagueados em placas de 24 pocos, sobre laminulas circulares e tratados (ou nao)
com 15, 50 e 150 ug/mL do extrato aquoso bruto de P. amalago por 96 horas. A seguir
o sobrenadante foi removido e as células foram submetidas a hidrélise alcalina com
NaOH (10M) a 80°C por 20 minutos e, em seguida, o hidrolisado foi oxidado com
cloramina T. Finalmente, foram adicionados reagentes de Ehrlich, que complexam a
hidroxiprolina em uma reagao colorimétrica, a intensidade da coloragao € proporcional
a quantidade de hidroxiprolina tecidual. A absorvancia foi medida a 550 nm (SOLEY
et al., 2016).

3.17 Quantificacéo e atividade da metaloproteinase MMP2
A quantificagcdo e a avaliagdo da atividade proteolitica da metaloproteinase

(MMP2) foi realizada através do ensaio de zimografia, nas etapas descritas abaixo.

3.17.1 Concentragao de proteina

O sobrenadante da cultura celular foi concentrado de 6 mL a 100 yL de volume
em um SavantTM SPD1010 SpeedVac. A este volume, foram adicionados 400 uL de
metanol, homogeneizado e centrifugado a 11.000 rpm por 15 segundos. Em seguida,
foram adicionados 100 yL de cloroférmio e 300 uL de agua ultrapura, cada etapa com
homogeneizacao e centrifugacdo conforme descrito acima. Trés fases sdo formadas,
a fase superior foi descartada e adicionados 300 pyL de metanol, seguido por
homogeneizagéo e centrifugagao a 11.000 rpm por 2 minutos. O pellet de proteina foi
seco ao ar e ressuspenso com tampao RIPA (150 mM NaCl, 0,1% SDS, 0,5%

desoxicolato de sodio, 50 mM Tris-HCI, pH 8,0) para ser submetido a zimografia.

3.17.2 Zimografia
As amostras foram submetidas a dosagem de proteina total pelo método de
Bradford e adicionadas em tampao de amostra (2% SDS, 30% glicerol, 0,01% de azul

de bromofenol, 60 mM Tris pH 6,8). As amostras foram carregadas em gel de
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poliacrilamida a 12% contendo 0,1% de gelatina. Apés a eletroforese, o gel foi lavado
em solugao de Tris 10 mM (pH 8,0) contendo Triton X-100 2,5% para remogao de SDS
e renaturacéo de proteina. Em seguida, o gel foi incubado em uma solugao contendo
5 mM de CaCl2, 150 mM de NaCl e 1 mM de ZnSO4 por 48 horas a 37° C. Em seguida,
o gel foi corado com Coomassie Brilliant Blue R-250 e descolorado (40% metanol,
10% acido acético). As bandas resultantes da degradagdo da gelatina foram

analisadas por densitometria usando o software Image J.

3.17.3 Immunoblotting

As células 3T3 numa concentragdo de 1X10* foram cultivadas em placas de 100
mm? até atingirem 80% de confluéncia e tratadas nas condigbes descritas acima. As
células foram lavadas com PBS gelado e lisadas com tampao RIPA, com inibidor de
protease (Halt Protease and Phosphatase Inhibitor Cocktail, Thermo Fisher (EUA) e
EDTA 1 mM. O lisado celular foi centrifugado a 10.000 g a 4°C, e o sobrenadante foi
submetido a determinagao de proteinas totais pelo método de Bradford (BRADFORD,
1976). Quantidades iguais de proteina foram adicionadas ao tampao de amostra (2%
de SDS, 10% de glicerol, 0,01% de azul de bromofenol, 0,0625 mol/L de Tris-HCI pH
6,8, 5% de B-mercaptoetanol) e aquecido a 100° C por 10 minutos. As amostras foram
carregadas no gel de eletroforese e, em seguida, transferidas para membrana de
difluoreto de polivinilideno (PVDF) (Hybond ECL-GE Healthcare, Merck, Alemanha).
Depois disso, a membrana foi bloqueada com leite desnatado a 5% em solugao salina
tamponada com tris (TBS; tris 20 mM, NaCl 150 mM, pH 7,6) com tween 20 a 0,1%
por 60 minutos a temperatura ambiente. A membrana foi incubada com anticorpos
anti-MMP-2 (Thermo Fischer Scientific Inc. 2C1-1D12; 1: 500) na solucéo de bloco
durante 18 horas a 4°C. Em seguida, a membrana foi incubada com o anticorpo
secundario anti-lgG de camundongo HRP (Sigma) de concentracdo 1 mg/mL (1:
5000). As lavagens entre as etapas foram feitas com TBS contendo 0,05% de tween
20 e TBS. A revelacao foi realizada por quimioluminescéncia com substrato Luminata
Forte Western HRP reagente (Millipore) (Merck, Alemanha) utilizando filme de raios-
X. A'intensidade das bandas foi analisada com o software ImageJ.
3.17 Analises Estatisticas

As analises estatisticas dos dados obtidos foram realizadas por analise de

variancia (ANOVA: fator unico) e do teste de Tukey. O intervalo de confian¢a adotado
foi de 95% e o valor-p < 0,05.
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A Analise de Variancia (ANOVA - Analisys of Variance) € uma ferramenta para

comparagao de varios grupos ou estratos de interesse e que permite investigar a

existéncia de diferengas signficativas entre os grupos estudados (MONTGOMERY,

2008).

Baseado na amplitude “studentized range”, o teste de Tukey é utilizado para

comparar todo e qualquer contraste entre duas médias de tratamentos. O teste € exato

e de uso muito simples quando o numero de repeticoes € o mesmo para todos os
tratamentos (PIMENTEL GOMES, 2000).

FIGURA 9. Fluxograma dos procedimentos para a obtengdo do extrato aquoso
liofilizado obtido de folhas de P. amalago e analise em fibroblastos de camundongos

(3T3).
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4 APRESENTAGAO DOS RESULTADOS
Os resultados obtidos levaram a producao de dois artigos que responderam

aos objetivos geral e especificos.

4.1 O primeiro artigo intitulado “Chemical composition and antimicrobial activity of
volatile oils of Piper amalago L.”

O objetivo deste estudo foi determinar por CG-EM os compostos do éleo volatil
obtido das folhas de P. amalago e avaliar sua atividade antimicrobiana. O dleo
essencial foi obtido por hidrodestilagdo e a analise da atividade antimicrobiana foi
realizada em discos de papel filtro impregnados com oleo volatil contra cepas de
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium,
Enterococcus faecalis e Escherichia coli. Uma série de vinte e oito substéncias foi
identificada e os principais compostos foram: B-felandreno (13,64%), E-nerolidol
(8,08%), a-muuruleno (7,85%), 6-elemeno (6,42%).), Germacreno D -4-ol (5,54%), B-
cedro (5,15%) e a-cadinol (4,96%). Em relagdo a atividade microbiolégica, o dleo
volatil apresentou inibicdo de crescimento bacteriano para as cepas de

Staphylococcus aureus e Pseudomonas aeruginosa.

4.2 O segundo artigo intitulado “In vitro study after exposure to the aqueous extract of
Piper amalago L. shows changes of morphology, proliferation, cytoskeleton and
molecules of the extracellular matrix”.

O objetivo deste estudo foi avaliar os possiveis efeitos do extrato bruto aquoso
obtido das folhas de P. amalago, em diferentes concentragdes e em diferentes tempos
de incubacgao, utilizando o modelo in vitro de fibroblastos de camundongo (3T3). O
extrato foi testado em diferentes concentragcbes no tempo de incubagao de 24 horas
para analise de viabilidade celular, citotoxicidade, proliferagdo, morfologia celular,
imunomarcacgao, adeséo e ensaios de propagacao celular, bem como para determinar
a concentragao de hidroxiprolina e atividade da metaloproteinase MMP2. O extrato
nao induziu perda de viabilidade celular até a concentragcdo de 150 ug/mL Apds
exposicao as concentragdes de 15 e 150 pg/mL, as células avaliadas mantiveram a
morfologia quando observadas através de microscopia de luz e de microscopia
eletrbnica de varredura. No entanto foi observado um numero maior de células com
mais expansodes do corpo celular e maiores que as células controle. A cultura celular

tratada também apresentou aumento da proliferacdo celular, aumento de tamanho,
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maior expansao do corpo celular, células aderidas espalhadas pelo substrato e nucleo
mais justaposto, central e esférico. O tratamento induziu maior adesao celular ao
polimero, fibronectina e colageno |. Os resultados bioquimicos mostraram um
aumento significativo no aminoacido hidroxiprolina apds exposi¢cdo das células ao

extrato aquoso obtido de folhas de P. amalago por 96 horas.

Em apéndice 1 encontram-se mais dois artigos oriundos do tema deste trabalho
e publicados em revistas indexadas:
- Artigo intitulado “The wound healing effect of aqueous extract from Piper amalago L.
in diabetic” publicado na revista EXPLORE: The Journal of Science & Healing - Qualis:
A2, Factor impact: 1.775
- Artigo intitulado “Review of Piper species growing in the Brazilian State of Parana
with emphasize on the vegetative anatomy and biological activities” publicado na
revista The Botanical Review - Qualis: A3, Factor impact: 3.083 (2020).
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Chemical composition and antimicrobial activity of volatile

oils of Piper amalago L.
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SUMMARY. Some species of Piper are used in popular medicine and they have aroused interest for
commercial reasons, especially because the presence of volatile oils. The species Piper amalago L.,
popularly known as “jaborandi-manso”, has been traditionally used to treat digestive problems, heart
disease and burns. The aim of this study was to determine the compounds of the volatile oil by CG-MS
techniques obtained from the leaves of P. amalago and assess their antimicrobial activity. The essential
oil was obtained by hydrodistillation and the analysis of antimicrobial activity was carried out in filter
paper discs impregnated with volatile oil against strains of Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhimurium, Enterococcus faecalis and Escherichia coli. A number of twenty-
eight substances were identified and the major compounds were B-phellandrene (13.64%), E-nerolidol
(8.08%), a-muurulene (7.85%), 6-elemene (6.42%), germacrene D-4-ol (5.54%), B-cedrene (5.15%),
and a-cadinol (4.96%). With regard to the microbiological activity, the volatile oil showed inhibition for
all the strains analyzed.

RESUMEN. Algunas especies de Piper se utilizan en medicina popular y han despertado el interés por
razones comerciales, sobre todo debido a la presencia de aceites volatiles. Piper amalago L., conocido
popularmente como “jaborandi-manso”, se ha utilizado tradicionalmente para tratar problemas
digestivos, enfermedades del corazén y quemaduras. El objetivo de este estudio fue determinar por
CG-EM los compuestos del aceite volatil obtenido a partir de las hojas de P. amalago y evaluar su
actividad antimicrobiana. El aceite esencial se obtuvo por hidrodestilacién y el analisis de la actividad
antimicrobiana se realizd en discos de papel de filtro impregnado con aceite volatil contra cepas de
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium, Enterococcus faecalis y
Escherichia coli. Se identificé una serie de veintiocho sustancias y los compuestos principales fueron
B-felandreno (13,64%), E-nerolidol (8,08%), a-muuruleno (7,85%), 6-elemeno (6,42%), germacreno D-
4-ol (5,54%), B-cedreno (5,15%) y a-cadinol (4,96%). Con respecto a la actividad microbioldgica, el
aceite volatil mostro inhibicion para todas las cepas analizadas.

KEYWORDS: chemical composition, essential oils, jaborandi-manso, microbiological activity, Piper

amalago.
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INTRODUCTION

When analysing the chemical constitution of volatile oils of some genus that
belong to Piperaceae family there is the remarkable presence of monoterpenes,
sesquiterpenes and arylpropanoids, which are compounds that have important
biological properties 2.

Piperincludes a wide range of species that produce volatile oils with importance
as spice, insecticide and pharmaceutical industries 34. Some studies that were carried
out with the volatile oils extracted from Piper species have showed antifungal activity °
an allelopathic effect on plants ©, insecticidal activity 7, acaricide activity & and
antimicrobial activity °.

Among the species of Piper, Piper amalago L. can be highlighted. This species
is commonly known as “jaborandi-manso”, a shrub that measures 2 up to 7m in height
and grows in an area that stretches from Central America to the State of Rio Grande
do Sul '°. This species has volatile oils into oily cells that are present in the stem and
in the leaves ''. P. amalago is used in folk medicine for the treatment of cardiac and
digestive problems, in burns, as a diuretic and in the treatment of urinary stones 2.
Some studies have provided evidence that, due to the presence of amides in their
leaves and stem, this species acts during the healing wound process '°. Moreover, it
has anti-inflammatory and antimicrobial activities '3, and antileishamanial activity '*. In
addition, a phytochemical analysis has revealed the presence of vitexin and lupeol,
which shows antioxidant potential 5. The aim of this study is to analyze the chemical
composition and antimicrobial activity of volatile oil extracted from the leaves of P.

amalago.

MATERIALS AND METHODS
Botanical Material

Aerial vegetative parts of Piper amalago L., Piperaceae, were collected at
Curitiba, Parana (24°18'S and 49°37' W) in July 2012. The vegetal material was
identified by a taxonomist and compared with the voucher specimens deposited in the
Municipal Botanical Museum of Curitiba, under register number 71947. The leaves
were collected, dried at room temperature and sheltered from light and humidity when

stored.

Volatile oil extraction
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Dried leaves from P. amalago (60 g) were fragmented and submitted to
hydrodistillation in a Clevenger apparatus for 4 h. The analysis of the volatile oll
obtained was carried out in the Chemistry Department of the Federal University of

Parana.

GC-MS analysis

The samples of the oil and n-alkane standards were analyzed by coupled
GC/MS with a Shimadzu CGMS-QP2010 Plus system equipped with a quadrupole
detector using a Rtx-5MS (Crossbond 5% diphenyl/95% dimethyl polysiloxane) low
bleeding column (30 x 0.25 mm, 0.25 ym), using helium as the carrier gas, at a flow of
1.02 mL/min. Oven temperature was initially kept at 60 °C for 1 min and increased at
a rate of 3 °C/min to 250°C. The mass spectrometer operated in electron impact mode
(70 eV) with a mass range set from 40 to 350 m/z. The interface and source
temperatures were set at 250°C. The Kovats retention index was calculated for the

compounds and their mass spectra were compared with the literature 8.

Antimicrobial activity

The analysis of antimicrobial activity was conducted by the use of paper discs
impregnated with volatile oil obtained from the leaves of P. amalago. The strains of
Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
Salmonella typhimurium ATCC 14028, Enterococcus faecalis ATCC 19433,
Escherichia coli ATCC 25922, were grown in BHI (brain-heart infusion) broth,
incubated at 35 °C for 24 h. Then a sample was inoculated on Mueller-Hinton agar and
incubated at 35 °C for 24 h. Each bacteria culture was diluted in sterile saline (5 mL)
and adjusted 0.5 MacFarland scale’s turbidity. The Chloramphenicol (30 ug) was used
as positive control. The inoculated plates with disperse disks were incubated at 35 °C
for 24 h and inhibition halos were measured, the final result corresponded to the halos
average found in the test’s triplicate. In order to differentiate bacteriostatic activity from
bactericide, a portion of the agar from the formed inhibition zone was retained and
placed in a tube containing the BHI liquid medium. This was incubated at 35 °C for 24
h. After this, a sample of the broth was sown in the BHI solid medium, which was
incubated at 35 °C. The growth of the colonies in the BHI solid medium indicates that
the oil has bacteriostatic activity, while the lack of growth suggests that there is

bactericide activity after a period of 24 h.
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RESULTS AND DISCUSSION
Analysis of the volatile oil

The CG/MS analisys of the samples of the volatile oils obtained from the leaves
of P. amalago reveals the presence of 28 substances that represent 99.35% of the
constituents of the oil. The identity of the substances was acessed by means of

comparison with the literature, and the results are shown in Table 1.

Compound Icala Hit b Area (%)
a-thujene 932 930 4,1
B-phelandren 1030 1030 13,64
Camphor 1099 1099 1,2
Crypton 1186 1186 0,77
Piperidone 1266 1260 1,93
(E) methyl geranate 1327 1325 1,31
d-elemene 1338 1339 6,42
Sativen 1392 1392 2,76
[B-cedrene 1421 1421 5,15
B-cariophyllene 1429 1426 0,39
B-gurjunene 1433 1434 0,85
a-humulene 1455 1455 1,36
Y-himachalene 1482 1483 2,91
(trans) Muurola-4(14),5-diene 1495 1496 2,11
a-muurulene 1499 1499 7,85
B-bisabolene 1508 1506 29
Y-cadinene 1515 1512 2,49
Eugenol acetate 1524 1524 4,34
Elemol 1550 1550 1,32
E-nerolidol 1565 1563 8,08
Germacreno D 4-ol 1579 1576 5,54
[B-oxide cariophyllene 1582 1581 4,36
Caryophyllene oxide 1587 1581 2,36
Guaiol 1599 1601 1,43
Y-eudesmol 1632 1631 3,13
a- Muurolol 1645 1645 4,59
a-cadinol 1658 1654 4,96
B-bisabolol 1670 1666 1,1

Table 1. Percentage of the constituents of volatile oil in the leaves of Piper amalago L.
a Index of calculated retention b- Index of the retention from the literature.

Among the identified substances, B-phelandrene (13.64%) is the major
compound. Other substances which show the highest percentages are as follows: [3-
phelandrene (13,64%), Enerolidol (8.08%), a-muurulene (7.85%), d-elemene (6.42%),
germacreno D 4-ol (5.54%), Bcedrene (5.15%), and a-cadinol (4.96%).

Out of the total number of substances that are found, 20 are sesquiterpenes, in
which the most importants are E-nerolidol, a-muurulene, 0&-elemene, D-4-ol
germacene, B-cedrene and acadinol, along with 8 monoterpenes, in particular. The [3-

phelandrene is a monoterpene that is found as a major compound of volatile oils of
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different plants, and it presents insecticide, repellent 7, bactericide and fungicide,
activities 8. By means of CG-EM analysis of the volatile oil of P. amalago, which were
found in large amounts by Ferraz et al. & there was a mixture of monoterpenes,
limonene and B-phelandrene (20.52%).

E-nerolidol is a sesquiterpene found in the volatile oils of a wide range of medicinal
plants 19. It is a natural fixing agent used: in the cosmetics and food industry %°, as a
potentializing agent for the penetration of therapeutic drugs in a transdermal form 2!
and because it has antioxidant potential 22. The a-thujene can be found in volatile oils
of many diferente plants and it provides a spicy flavor to some plants 23.

Another substance is piperitone that is employed as a reagent for the synthesis
of thimol and menthol, and as an additive in preparations for medical purposes. In
addition, it has use as flavorizant and for the production of antifungal agents 24, as well
as it has insecticide properties 25.

The B-caryophyllene presents anti-inflammatory, antinociceptive,
neuroprotective and anxiolytic effects, acting as antidepressant 2°. In addition, its oxide
presents anti-bacterial activity 2. The B-bisabolol presents anti-inflammatory activity,
antispasmodic, antibacterial and antifungal effects 28. The eugenol acetate is an ester
that has, in some cases, a bactericidal effect superior than eugenol’s 2°.

The a-cadinol presents antifungal activity and hepatoprotecting action .
Moreover, camphor is absorbed by the skin quickly, producing a sensation of warmth
and cold at the same time, acts as local anesthetic and possess antimicrobial action
31_

The a-muurulene is a sesquiterpene that has shown antimicrobial activity 32 and
antifungal activity 33. The &-elemene is a sesquiterpene that presents: antitumor activity
34: a cytotoxic effect in leukemia cells 3% and an anti-proliferative effect of glioma cells
36_

The B-cedrene can be described as possessing antiseptic, anti-inflammatory,
tonic, astringents, diuretic, sedative, insecticide, and antifungal effects 37.

The a-humulene presents anti-inflammatory property and reduces the formation
of edema after injections of histamine 8. In addition it inhibites the tumor necrosis factor
(TNF-a) and interleukin-1 (IL1-) in rats in carrageenan model 3°.

Previous studies with volatile oil of P. amalago have revealed the predominance

of the following: E-cariophyllene, caryophyllene oxide, a-pinene, germacrene D and



47

biciclogermacrene “°, a-pinene, camphene, limonene, borneol, &-cadinene and
spathulenol 4'.

Compound majorities like y-muurolene, germacrene D, biciclogermacrene,
spatulenol and a-cadinol were described in P. amalago by Morandim-Giannetti et al.
42 and y-patchoulene and the (cis) cadine-1,4-diene were described by Souza et al. %3

Studies carried out with oil extracted from the leaves of P. amalago that were
collected in the State of Mato Grosso do Sul, showed a seasonal variation in their
composition, with the main constituents being (Z)-p-ocimene in the collection
undertaken in the winter and iso-3-tujanol in the collection conducted in the autumn
and spring #4.

The identification of volatile oils found in different parts of P. amalago collected
in Dourados-MS [State of Minas Gerais], showed the presence of a-amorphene, p-
cymene and (E)-methyl geranate in their leaves; a-amorphene (14.4%), a-muurolol
(6.3%) and a-gurjunene in the roots; a-amorphene, a-muurolol and longifolene in the
stems and germacrene D, silphiperphol-6- eno and limonene in the flowers 4°.

The production of essential oils by the plants can be attributed to secondary
metabolism. The secondary metabolites may undergo qualitative and quantitative
alterations since there are some factors that can influence what they contain. Among
these, it is worth noting genetic factors, climatic conditions (both seasonal and daily)
and edaphic conditions “°.

In the biosynthesis of terpenes three molecules of acetyl CoA are bounded, in
several steps to form mevalonic acid that is than pyrophosphorilated, decarboxilated
and dehydrated to produce isopentenyl diphosphate (IPP). Initially the IPP and
dimetilalil diphosphate (DMAPP) react to produce geranyl diphosphate (GPP), a
molecule with 10 carbon atoms, from that monoterpenes are formed. The GPP may,
then, connect to another molecule of IPP to produce a compound of 15 carbon atoms,
farnesil diphosphate (FPP) that is the precursor of most sesquiterpenes 4’.

A study carried out with Piper obliquum Ruiz & Pav. 8 showed that the chemical
variations observed in the different months of collection can be attributed to the
influence of the environment on the variation of the compounds of the secondary
metabolism of the plants. The period between February and May was when there was
the greatest concentration of the three majority compounds; these were limonene,
which had an average to high presence and displayed a lower concentration in these

periods. The greatest amount of substances was obtained in the month of August.
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In the case of Piper aduncum L., the greatest yields of volatile oils obtained from
the leaves in the period being studies occurred in the months that were hottest and

had the most rainfall. The plants seem to flourish in these months “°.

Analysis of antimicrobial properties
The results from the assessment of the antimicrobial activity are shown in Table
2. The positive controls of inhibition, the gentamicin antibiotics and chloramphenicol,

produced an antibacterial action in five of the microorganisms employed.

Micro-organisms Essential oils Gentamicin Cloramphenicol
Zone Diameter (mm)  Zone Diameter (mm) Zone Diameter (mm)
Enterococcus faecalis 13a 17 a 25b
Staphylococcus aureus 10a 22b 30c

Table 2. Antibacterial activity of volatile oil in the leaves of Piper amalago. Different letters on
the same line indicate results that were statistically different from each other.

The volatile oil obtained from the leaves of Piper amalago shows zones of
inhibition for the strains of Enterococcus faecalis and Staphylococcus aureus.

By employing the Broth Microdilution Technique, Lima et al. °° found evidence of
the inhibitory power of the volatile oil of P. amalago in concentrations of 5% (10 pg/mL)
and 10% (20 pg/mL). That evidence showed that in lower concentrations (10 pg/mL),
the oil was more effective in about 50% over the gram-positive bacteria.

The volatile oils extracted from stems and leaves of P. aduncum L. showed
antibacterial activity over different strains of Staphylococcus spp. ® and it seems to play
a role, in an inhibitory way, when tested over the growth of S. aureus 5'.

The extract obtained from the stem and leaves of P. aduncum showed
antibacterial activity 52 and the extract obtained from the roots, stems, leaves and fruit
of P. caldense is described like having activity against diferent species of bacteria %3
and the extract that was only obtained from the leaves also showed antibacterial
activities %*.

The volatile oils extracted from the leaves of Piper callosum Ruiz & Pav. showed
microbial activity for S. aureus °°. For the volatile oil obtained from leaves of Piper
malacophyllum (C. Presl) C.DC., is described ample antimicrobial activity for the
following gram-positive bacteria 7. In the case of Piper mollicomum (Kunth) Kunth ex

Steud., the volatile oils obtained from the leaves showed inhibition of the bacterial
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growth 55 and the volatile oils obtained from the stems and leaves of Piper regnelli var.
pallescens (C.DC.) Yunck. evidenced activity against S. aureus 6.

The volatile oil of P. nigrum L. (black pepper) showed a significant antimicrobial
activity against the gram-positive bacteria °’. These results obtained by Stoyanova et
al. 5" were not the same as those found by Trajano et al. %8, which showed that the
volatile oil of black pepper was only not active against gram-positive bacteria.

In Table 3 are described some species of Piper with their respective antimicrobial

activities.
Spécies Bactéria Pharmaceutical Parts Used Author
Form
Piper aduncum Staphylococcus spp.
Bacillus subtilis Essential oil Stems and Brazao 9
S. aureus leaves
S. epidermis
S. pyogenes
S. saprophyticus
P. aduncum S. saprophyticus Extract Stems and Muller 52
leaves
P. aduncum S. aureus Essential oil = —mememee- Gomes et
al. 51
S. aureus
P. caldense Enterococcus faecalis Roots, stems,  Freitas et
Micrococcus luteus Extract leaves and al. %3
fruit
S. aureus
P. caldense P. aeruginosa Extract Leaves Justen &
E. coli Magina 5
P. callosum S. aureus Essential oil Leaves Calderari
55
S. aureus
Bacillus cereus
P. E. coli Essential oil Leaves Santos et
malacophyllum P. aeruginosa al. 5
Acinetobacter baumanii
P.mollicomum E. coli Essential oil Leaves Calderari
S. aureus 55
P.nigrum S. aureus Resin oil Dried fruits Stoyanov
E. faecalis aetal %
P. regnelli var. S. aureus Extract Stems and Lemos et
pallescens leaves al. 56

Table 3. Description of some of the Piper species and respective antimicrobial activities.

CONCLUSION
The results of this study show that the volatile oils obtained from the leaves of

Piper amalago L. through the process of hydrodistillation, showed 28 substances after
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to be analyzed by CG-MS, and these compounds represent 99.35% of the constituents
of volatile oil. In the analysis of antimicrobial activity, the volatile oils obtained from the
leaves of P. amalago evidenced zone of inhibition for the strains of Enterococcus

faecalis and Staphylococcus aureus.
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Abstract

Piper amalago L. is a medicinal plant traditionally used as a healing agent for wounds,
burns, abscesses, boils, and insect bites. The current study aimed to evaluate the
possible effects of the aqueous crude extract obtained from P. amalago leaves, in
different concentrations and in different incubation times, using the in vitro model of
mouse fibroblasts (3T3). The extract was tested in different concentrations at the 24 h
incubation time for analysis of cell viability, cytotoxicity, proliferation, cell morphology,
immunostaining, adhesion and cell spreading assays, as well as to determine the
hydroxyproline concentration and activity of the metalloproteinase MMP2.
Morphologically, after exposure to the concentrations of 15 and 150 pg/mL, the cells
maintained the morphology, yet a greater number of cells with more expansions of the
cell body and larger than the control cells were observed. The treated cell culture also
showed a greater number of cells, larger cells, a greater expansion of the cell body,
adherent cells spread over the substrate, and a more juxtaposed, central and spherical
nucleus. The treatment induced greater cell adhesion to the polymer, fibronectin, and
collagen |. Biochemical results showed a significant increase in the hydroxyproline
amino acid after exposure for 96 h. The extract did not induce loss of cell viability until
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the concentration reached 150 ug/mL, positively modulating proliferation, morphology,
adhesion, degree of spreading, and organization of microfilaments. The extract also
promoted a significant increase in the hydroxyproline amino acid.

Keywords: Fibroblast; Jaborandi-manso; 3T3 Strain.

Resumo

Piper amalago L. € uma planta medicinal tradicionalmente usada como agente de cura
para feridas, queimaduras, abcessos, furunculos e picadas de insetos. O presente
estudo teve como objetivo avaliar os possiveis efeitos do extrato bruto aquoso obtido
das folhas de P. amalago, em diferentes concentragdes e em diferentes tempos de
incubacao, utilizando o modelo in vitro de fibroblastos de camundongo (3T3). O extrato
foi testado em diferentes concentragdes no tempo de incubagao de 24 horas para
analise de Vviabilidade celular, citotoxicidade, proliferagdo, morfologia celular,
imunomarcacéao, adesao e ensaios de propagagao celular, bem como para determinar
a concentracdo de hidroxiprolina e atividade da metaloproteinase MMP2.
Morfologicamente, apds exposi¢cao as concentracdes de 15 e 150 ug/mL, as células
mantiveram a morfologia, porém foi observado um numero maior de células com mais
expansdes do corpo celular e maiores que as células controle. A cultura celular tratada
também apresentou maior numero de células, células maiores, maior expansdo do
corpo celular, células aderidas espalhadas pelo substrato e nucleo mais justaposto,
central e esférico. O tratamento induziu maior adeséao celular ao polimero, fibronectina
e colageno |. Os resultados bioquimicos mostraram um aumento significativo no
aminoacido hidroxiprolina apds exposigao por 96 h. O extrato ndo induziu perda de
viabilidade celular até a concentragao atingir 150 ug/mL, modulando positivamente a
proliferagcdo, morfologia, adesdo, grau de disseminagdo e organizacao dos
microfilamentos. O extrato também promoveu um aumento significativo no aminoacido
hidroxiprolina.

Palavras-chave: Fibroblasto; Jaborandi-manso; Linhagem 3T3.

1. Introduction

Some plant species are popularly used in various regions of Brazil as healing
agents (Piriz et al., 2014). Compounds and extracts from the aerial parts and roots of
Piper species have been studied in order to elucidate their benefit in the healing
process (Bastos et al., 2011; Jardim, 2011; Paco et al., 2016; Santos et al., 2020).

Piper amalago L., popularly known as jaborandi-manso, is a shrub that
measures 2 to 7 m, native from Central America and Brazil (Parmar et al., 1997;
Guimaréaes & Valente, 2001). It is an aromatic plant that produces essential oil (Santos
et al., 2015). In Brazil, its leaves are used in traditional medicine as a healing agent for
wounds, burns, abscesses, boils, and insect bites (SEMA, 2003; Alves et al., 2008;
Bratti et al., 2013; Salehi et al., 2019). Additionally, P. amalago is an analgesic and
digestive aid (Facundo et al., 2008), use to treat urinary stones and heart problems

(Novaes et al., 2014). Furthermore, in Puerto Rico, the masticated leaves of P.
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amalago are put on bleeding cuts; whereas in Mexico, the Huasteco-Maya tribes use
P. amalago to treat edema, inflammations, and as an antipyretic agent (Durant-
Archibold et al., 2018).

Pharmacological studies, performed with P. amalago, showed anti-inflammatory
(Sosa et al., 2002; Novaes et al., 2014), antimicrobial (Carrara et al., 2012; Santos et
al., 2016), schistosomicidal (Carrara et al., 2014), diuretic, anti-lithiasic, (Novaes et al.,
2014), anxiolytic (Lopes et al., 2012), anti-Leishmania (Carrara et al., 2013), and
healing activities (Guimaraes & Valente, 2001). Recently, the topical application of the
aqueous extract, produced from P. amalago leaves, aided in the healing of a lacerated
wound in the left thumb of a patient with type 2 diabetes mellitus over a period of 15
days in study by Santos et al. (2020).

Phytochemical analysis of P. amalago leaves showed the presence of amides,
alkaloids, condensed tannins, flavonoids, and triterpenes (Dominguez et al., 1985;
Carraraetal., 2013; Lopes et al., 2012; Rovani et al., 2013; Novaes et al., 2014; Santos
et al.,, 2020). Essential oils of P. amalago leaves evidenced the presence of
monoterpenoids and sesquiterpenoids (Carrara et al., 2010; Salehi et al., 2019).

Healing involves numerous cellular and biochemical events that interact for the
regeneration of injured tissue. The healing process has three phases: inflammatory;
proliferation or granulation, and remodeling or maturation (Campos et al., 2007; Peng
et al., 2013; Medeiros & Dantas Filho, 2016; Luciano et al., 2021). It is a complex
process involving growth factors, cytokines and chemokines (Peng et al., 2011; Peng
et al., 2013; De Mais et al., 2016). In a few hours after the injury, the inflammatory
phase begins with increased vascular permeability, secretion of cytokines and growth
factors, with activation of cell migration (Medeiros & Dantas Filho, 2016).

The proliferation phase is responsible for the closing of the injury, in which
epithelialization, fibroplasia and angiogenesis occur. Fibroblasts and specialized cells
attract chemically attracted cells to the inflammation site in fibroplasia, proliferation,
biosynthesis and secretion of the extracellular matrix components occur (Medeiros &
Dantas Filho, 2016).

The fibroblasts act in the remodeling phase producing collagen and depositing
it in an organized way. The collagen produced initially is Type Ill collagen, and it is
gradually replaced by Type | collagen (Peng et al., 2011; Peng et al., 2013; Cunha et
al., 2015). Fibroblasts also produce metalloproteinase inhibitors (TIMPs).

Metalloproteinases (MMPs) are enzymes that catalyze extracellular matrix proteins.
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Together, MMPs and TIMPs form a complex biological system that maintain
extracellular matrix homeostasis (MEC) (Trengove et al., 1999; Gill & Parks, 2008).

Metalloproteinases are enzymes that degrade proteins in the extracellular
matrix. The MMP family includes approximately 25 proteins, being gelatinase B (MMP-
9) and gelatinase A (MMP-2), two closely-related members of the MMP family that
degrade collagen denatured or gelatins (Visse & Nagase, 2003). In addition,
metalloproteinases have important functions in several biological processes, for
example, in morphogenesis, and in all stages of healing, such as tissue repair and
remodeling in response to injury. In addition to these important functions, it is
noteworthy that metalloproteinases are very important in structural and functional
tissue maintenance, so they do not lose their normal architecture (Araujo et al., 2011).

In wound healing, the main effects induced by the active principles present in
plant extracts are those that have antimicrobial, and antioxidant activities, as well as
those that induce cell proliferation, angiogenesis; in addition to those activities that
contribute to the increase in collagen production (Budovsky et al., 2015).

Considering the traditional uses of leaves of P. amalago as a healing agent, the
present study aimed to evaluate the possible effects of the aqueous crude extract
obtained from P. amalago leaves on cell viability, cytotoxicity, proliferation, cell
morphology, immunostaining, adhesion, and cell spreading assays. In addition, this
study aimed to determine the hydroxyproline concentration and activity of the
metalloproteinase MMP2, using an in vitro model of mouse fibroblasts (3T3) in different
concentrations and incubation times, in order to indicate a possible validation of its

popular use as a healing agent.

2. Methodology
To carry out this study, a quantitative methodology was used in an experimental
model (Pereira et al., 2018).

2.1 Plant material

Aerial vegetative parts of Piper amalago L., Piperaceae, were collected in
Curitiba, Parana (24° 18 S and 49° 37’ W), in May 2016. The vegetal material was
identified by a taxonomist and compared with the voucher specimens deposited in the

Municipal Botanical Museum of Curitiba, and was registered under number 71947.
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The access to the plant material was permitted and licensed by Genetic
Heritage Administration Council (CGEN/SISGEN) and was registered under number
A14F6AF.

2.2 Obtaining the aqueous extract

The aqueous extract of the leaves of P. amalago was obtained according to the
methodology described by Viana et al. (2006). The dried leaves were ground for 30
seconds; and then, 75 g of crushed material were mixed in 500 mL of distilled water
for homogenization under agitation for 1 min. The mixture was stored in glass
containers kept at rest for 24 h at 5°C. After the cooling period, the liquid extract was

filtered to remove residues and particulate material.

2.3 Obtaining the lyophilized product

The aqueous extract was frozen at -65°C, after being subjected to negative
pressure (vacuum), to remove the water by sublimation. The product obtained has a
porous structure free of moisture, capable of being reconstituted in water. A Virtis SP

Scientifica freeze dryer, BenchTop Pro 8L - XL70 model, was used (Viana et al., 2006).

2.4 Cell culture

3T3 mouse fibroblasts (ATCC® CRL-1658TM) were maintained in Dulbecco’s
Modified Eagle’s Medium — DMEM, supplemented with 10% (v/v) fetal bovine serum
(FBS), 10 mM Hepes, 0,25 pg/mL penicillin-streptomycin in 0,85% saline, 3.7 g/L
sodium bicarbonate at 37°C in 5% CO2 in humidified atmosphere (George et al., 2010).

2.5 Cell viability, cytotoxicity and proliferation assays

3T3 cells were exposed to the aqueous extract of P. amalago, in a time-
dependent concentration. Cell viability, cytotoxicity and proliferation were measured
using neutral red as described by Borenfreund & Puerner (1985), MTT (Thyazolyl Blue
Tetrazolium Bromide), as described by Mosmann (1983) and Crystal Violet, Crystal
Violet Gillies et al. (1986) assays, respectively. All experiments were compared to cells

in the absence of aqueous extract of P. amalago (control condition).

2.6 Cell morphology
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Cell morphology was analyzed by light microscopy (LM) and scanning electronic
microscopy (SEM). Cells (1x104) cultured in 24-well plates over glass coverslips
(Corning), exposed or not for 24 h to 15 and 150 ug/mL aqueous extract of P. amalago,
were fixed in 2% paraformaldehyde (Electron Microscopy Sciences, Washington, NY,
USA), for 30 min, at 22°C, washed with PBS, dehydrated in an ethanol series and
stained with hematoxylin and eosin. Coverslips were mounted in Entelan® and
examined by LM. For SEM, cells were fixed for 1 h in Karnovski solution (2%
glutaraldehyde (Electron Microscopy Sciences, Washington, NY, USA), 4%
paraformaldehyde, CaCl2 1 mM in sodium cacodylate buffer 0.1 M (Merck). Washed
and post-fixed in 1% osmium tetroxide (Electron Microscopy Sciences, Washington,
NY, USA). Washed in sodium cacodylate buffer 0.1M for 1 h (in the dark at room
temperature) and then dehydrated using increasing ethanol concentrations. The
samples were dried to critical point and metallized using gold. Images were acquired
on TESCAN VEGA3 LMU microscope of UFPR Electronic Microscopy Center (Biscaia
et al., 2017).

2.7 Fluorescence cytochemistry assays

Cells (1 x 10%) were grown on 13-mm-diameter glass coverslips in 24-well plates
(TPP, Trasadingen, Switzerland) and were exposed or not (the negative control) for 24
h with 15 and 150 pg/mL aqueous extract of P. amalago. Cells were then rapidly
washed with PBS and fixed with 2% paraformaldehyde (Electron Microscopy Sciences,
Hatfield, PA, USA) in PBS for 30 min at 22°C, subsequently washed with PBS. For
confocal microscopy, marking of cell surface carbohydrates, cells were incubated for
1 h with Lectin WGA conjugated to FITC (4 mg/mL) in the presence of 1% BSA in PBS
at room temperature. The cell’'s cytoskeleton was marked with Alexa Fluor® 546
Faloidina- (1:500 in 0,01% de saponin-PBS) for 30 min at 22°C. After, cells were
washed three times with PBS. For all nuclear fluorescent using Fluoromount-G®
mounting medium with DAPI (Electron Microscopy Sciences, Cat. 17984-24, Hatfield,
PA, USA). Images were acquired using the laser scanning confocal electron
microscopy A1R MP+ microscope (Nikon Instruments Inc, Tokyo, Japan) (Biscaia et
al., 2017).

2.8 Adhesion and cell spreading assay
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Tissue culture plates (24 wells, Costar Corp., Cambridge, MA) were coated for
2 h with fibronectin and collagen Type | (10 ug/mL in PBS). Non-adhesive substrate
was prepared by coating the wells with 1% BSA (Sigma) for 60 min at 37°C. Plates
were washed with PBS and blocked with 1% BSA in PBS for 1 h. Cells exposed or not
(the negative control) for 24 h with 15 and 150 ug/mL aqueous extract of P. amalago
were suspended (5 x 10° cells in 0.5 mL medium) and allowed to attach to the substrate
for 1 h at 37°C under 5% atmosphere COz. Following incubation, unattached cells were
removed by washing with PBS. Attached cells were fixed in methanol for 20 min,
stained with 0.8% crystal violet (Sigma) dissolved in 20% ethanol and washed five
times in PBS. Cells were photographed with an inverted microscope (Nikon TE-300).
The dye was eluted with 50% ethanol in 0.1 M sodium citrate, pH 4.2 and the optical
density measured at 540 nm. The degree of spreading was determined based on the
images, using the program Image J Fiji Software, taking as parameter the nucleus area

x cytoplasmic area ratio (proportion of the cell body expansion) (Nowatzki et al., 2010).

2.9 Determination of hydroxyproline concentration

3T3 cells were plated on circular coverslips within 24 well-plates. Subsequently,
15, 50 and 150 pg/mL of the crude aqueous extract of P. amalago were treated for 96
h. The supernatant was removed and the cells were subjected to alkaline hydrolysis
with NaOH (10M) at 80°C for 20 min, and then the hydrolysate was oxidized with
chloramine T. Finally, Ehrlich's reagent was added, which complexed hydroxyproline
in a colorimetric reaction, with the intensity of coloration being proportional to the
amount of hydroxyproline tissue. Absorbance was measured at 550 nm (Soley et al.,
2016).

2.10 Quantification and activity of MMP2 metalloproteinase

3T3 cells were plated on circular coverslips within 24-well-plates. Subsequently,
15, 50 and 150 ug/mL of the crude aqueous extract of P. amalago leaves were treated
for 96 h. The supernatant was removed and used for the evaluation of MMP2

metalloproteinase quantification and activity.

2.11 Protein concentration
The cell culture supernatant was concentrated from 6 mL to 100 pL of volume
in a SavantTM SPD1010 SpeedVac. To this volume, 400 uL of methanol was added,
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followed by homogenization and centrifugation at 11,000 rpm for 15 s. Later, 100 pL
of chloroform and 300 uL of ultra-pure water were added, each step with
homogenization and centrifugation as described above. Three phases were formed:
the upper phase, which was discarded and 300 pL of methanol was added; followed
by homogenization; and centrifugation at 11,000 rpm for 2 min. The protein pellet was
air-dried and re-suspended with RIPA buffer (150 mM NacCl, 0.1% SDS, 0.5% sodium
deoxycholate, 50 mM Tris-HCI, pH 8.0) to be submitted to zymography (Bradford,
1976).

2.12 Zymography

The samples were subjected to dosage total protein by the Bradford method
and added in a sample buffer (2% SDS, 30% glycerol, 0.01% bromophenol blue, 60
mM Tris pH 6.8). The samples were loaded on 12% polyacrylamide gel containing
0.1% gelatin. After electrophoresis, the gel was washed in a 10 mM Tris solution (pH
8.0) containing 2.5% Triton X-100 for SDS removal and protein renaturation. Later, the
gel was incubated in a solution containing 5 mM CaClz2, 150 mM NaCl and 1 mM ZnSO4
for 48 h at 37°C. Afterwards, the gel was stained with Coomassie Brilliant Blue R-250
and decolorized (40% methanol, 10% acetic acid). The bands resulting from gelatin
degradation were analyzed by densitometry using the Image J software (Bradford,
1976).

2.13 Immunoblotting

3T3 cells were cultured in 100 mm? plates until reaching 80% confluence, and
treated under the conditions described above. The cells were washed with ice-cold
PBS and lysed with RIPA buffer, with protease inhibitor (Halt Protease and
Phosphatase Inhibitor Cocktail, Thermo Fisher), and 1 mM EDTA. The cell lysate was
centrifuged at 10,000 g at 4°C, and the supernatant was subjected to the determination
of total proteins by Bradford method (Bradford, 1976). Equal amounts of protein were
added to sample buffer (2% SDS, 10% glycerol, 0.01% bromophenol blue, 0.0625
mol/L Tris-HCI pH 6.8, 5% B-mercaptoethanol), and heated at 100°C for 10 min. The
samples were loaded to the electrophoresis gel and then transferred to polyvinylidene
difluoride (PVDF) membrane (Hybond ECL-GE Healthcare). After this, the membrane
was blocked with 5% skim milk in tris-buffered saline (TBS; 20 mM tris, 150 mM NacCl,

pH 7,6) with 0.1% tween 20 for 1 h at room temperature. The membrane was incubated
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with anti-MMP-2 antibodies (Thermo Fischer Scientific Inc. 2C1-1D12; 1:500) in the
block solution for 18 h at 4°C. Next, the membrane was incubated with the secondary
anti-mouse IgG HRP antibody (Sigma) of concentration 1 mg/mL (1:5000). The
washes between the steps were done with TBS containing 0.05% tween 20 and TBS.
The revelation was performed by chemiluminescence with Luminata Forte Western
HRP substrate (Millipore) reagent using X-ray film. The intensity of the bands was

analyzed with ImageJ software (Bradford, 1976).

2.14 Statistical analysis

Statistical analyses were performed by analysis of variance (ANOVA: single
factor) of the data obtained. Tukey's test was also be used, allowing significant
differences to be identified between groups. GraphPad software was used in these

aspects.

3. Results
3.1 Aqueous extract up to a concentration of 150 pg/mL does not induce
cytotoxic action, loss of viability and induces cell proliferation.

As shown in graph 1 for the cell cytotoxicity assay using the MTT method (A),
and cell viability using the neutral red method (B), the results presented demonstrate
that the aqueous extract neither induce cytotoxicity action nor loss of cell viability to a
concentration of 150 pg/mL within 24 h of exposure. Using these methods, cytotoxicity
and loss of viability were observed in the highest concentrations of 500 and 1000
pug/mL, being in this last concentration, performing significantly.

Compound induced cell proliferation can be seen in the graph on cell
proliferation assay (C), at all concentrations tested, the largest being 150 ug/mL.

In the concentrations of 500 and 1000 ug/mL, the tests were not performed
because the assess impairment of cell viability (MTT and VN) proved to be cytotoxic.
Thus, the cell proliferation assay was performed only at concentrations that maintained

cell viability.
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Graph 1. Cytotoxicity, viability and proliferation assays
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These tests were carried out in biological quadruplicates. Source: authors.

The 3T3 cells were exposed to the crude extract of Piper amalago in
concentrations of 0.5, 1.5, 5, 15, 50, 150, 500 and 1000 pg/mL for a 24h treatment
period. Letter A shows cell cytotoxicity assay, by the MTT method, letter B the cell
viability assay, by the Neutral Red method and letter C the cell proliferation assay,

using the Violet Crystal method.

3.2 Aqueous extract induces morphological and ultrastructural changes

Since the cytotoxicity, cell viability and proliferation assays showed similar
results in the lowest exposure concentrations 0.5 to 150 ug/mL, and that only in
concentrations above 150 pg/mL, the previous assays demonstrated evident
cytotoxicity with impaired cell viability. In order for the other tests to be analyzed, we
only standardize the concentrations of 15 and 150 ug/mL, to be imposed for all other
subsequent tests.

The morphological analysis of 3T3 control cells (CTR), cells treated with 15
pg/mL and with 150 pg/mL of crude P. amalago extract are shown in Figure 1 (A to 1)
for a period of 24 h of exposure.

It is noted that, in figure 1A, controls cells observed under an optical microscope
comply with the standard established for that line. They are cells with different
morphologies, with characteristic cell body expansions and membrane projections.
Rounded and central nucleus show contact inhibition. It can also be noted that these
cells are adhered to the substrate. There is a predominance of elongated cells with

clear membrane extensions, central and spherical nucleus. Treated cells 15 pg/mL
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(1B) and 150 pg/mL (1C) show a greater number of cells in cell culture. These treated
cells are larger with greater expansion and degree of cell spread. Images (D to I)
represent ultrastructural analysis in SEM: control cells (D and G), exposed to 15 ug/mL
(E and H) and 150 pg/mL (F and I), with the same exposure time. SEM results showed
a greater number of cells after treatment; these are greater due to the greater
expansion of the cell body. Adhered cells, were more spread over the substrate. There
is a predominance of rounded cells forming cellular structures in strands, and
juxtaposed cells. The pattern of cell culture was positively modulated in both

morphological analyses obtained through LM and SEM.

Figure 1. Morphological examination.
Control 15ug/mL 150 pg/mL
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These tests were performed in quadruplicates, in two different tests. Source: authors.
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The light microscope shows in (A) 3T3 control cells (maintenance of cell culture
in the absence of crude Piper amalago extract), exposed to 15 ug/mL (B) and 150
pg/mL (C), for a period of 24 hours of exposure. 400x magnification images. These
tests were performed in quadruplicates, in two different tests. The scanning electron
microscopy shows the control cells (D and G), exposed to 15 ug/mL (E and H) and 150
pg/mL (F and 1) for a period of 24 hours of exposure. The images D, E and F are at

300X magnification and G, H and | images at 6000X magnification.

3.3 Aqueous extract induces greater cell body expansion and intercellular
adhesion

The detection of specific cell surface carbohydrates was performed using Lectin
WGA conjugated to FITC. To detect the actin microfilaments, the phalloidin probe
conjugated with Alexa Fluor 594 was used.

Image 2A shows 3T3 control cells not imposed on treatment with crude P.
amalago extract. Image B shows cells exposed at a concentration of 15 uyg/mL, and
image C shows cells imposed at a concentration of 150 pg/mL. All of these images
show glycocalyx through the immunodetection of carbohydrate (N-acetyl-glucosamine)
by lectin WGA.

The (2D) image of control cells, (3E) of cells exposed to 15 pg/mL and (2F) of
cells exposed to 150 pg/mL of the crude extract of P. amalago show the actin
microfilaments of the cytoskeleton evidenced by phalloidin.

It can be observed in the immunofluorescence images that the control cells have
a more elongated morphology when compared to the treated cells (2B and 2C). These
cells presented with less expansion of the cell body volume (2A). In the detection for
surface carbohydrates, less intensity of staining is observed for control cells. In these
cells, when the nucleus/cell cytoplasm correlation is observed, they present the cell
body (cytoplasm) with less expansion. Cells with different morphologies adhered to the
substrate and smaller cells are observed.

Interestingly, the exposure of the cells to the aqueous extract of P. amalago (2B,
2C, 32 and 2F) 15 and 150 pg/mL respectively show, when compared with the control
cells (2A), greater expansion of the cell body. In particular, cells after exposure to 15
pg/mL are typically rounded, juxtaposed, maintaining intercellular adhesion forming
aggregates, by cellular juxtaposition. The marking for cell surface carbohydrates

shows intense dispersed marking over the entire length of the cell surface. It can be
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observed that treated cells showed morphological changes and the largest being
juxtaposed in particular for the treatment with 15 pg/mL.

The detection images of the actin microfilaments of the cytoskeleton showed
that the control cells (2D) organize the microfilaments keeping the cells adhered to the
substrate by organizing them. Smaller cells with little organization of these constituents
are observed, forming few stress fibers. These cells have different morphologies.

The images (2E and 2F), 15 and 150 pg/mL respectively show a clear
organization of the actin microfilaments, in stress fibers occupying the entire cell
cytoplasm. It is observed with this detection that the nucleus/cytoplasm ratio becomes
evident that the treatment increases when compared to the cells that control the
expansion of the cell body.

Similar to what was observed with the other techniques (SEM and detection of
surface carbohydrates), the treatment with 15 pg/mL was the one that induced the
greatest intercellular adhesion, being the cells more juxtaposed. In both treatments,
these cells remained with a greater degree of adhesion to the substrate, spreading and

an increase in the cell body.

Figure 2. Immunomarking analysis using confocal microscopy.

CONTROL 15ug/mL 150 pg/ mL
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adhered cells

cell surface carbohydrate detection
detection of actin microfilaments

cells with further expansion of the cell body
greater number of cells
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The experiments were carried out in triplicate in three independent experiments. The images are at
600X magnification. Source: authors.

The images A and D represent control cells maintained in culture only in the
middle presence. Images B and E are of cells exposed to 15 pg/mL of crude P.
amalago extract and images C and F, cells exposed to 150 pg/mL of extract. Exposure
time of 24 hours. The images A, B and C show N-acetyl-glucosamine carbohydrates
on the cell surface of the control and treated cells. Images D, E and F show detection

of actin microfilaments.

3.4 Aqueous extract induces greater cell adhesion

Control 3T3 cells, treated with 15 and 150 ug/mL after 24 h of exposure, were
imposed on the cell adhesion assay. Different MEC fibronectin (FN) was purified from
fresh human plasma (obtained at the General Hospital, Federal University of Parana,
Brazil) by gelatin—-Sepharose affinity chromatography (Sigma, St Louis, MO, USA) as
described by Engvall and Ruoslahti (1977) and Collagen | (Col. I) commercially
purchased from Sigma, as well as adhesion to the polymer (substrate of the cell culture
plate). For negative control of cell adhesion, bovine albumin (BSA 1%) was used.

Graph 2 shows that in all analyzed substrates there was an increase in cell
adhesion after treatment. For the treatment with the concentration of 15 yg/mL, can be
observed that there was a percentage increase of 113% adhesion to plastic and 111%
adhesion to fibronectin when compared to the control. With this concentration on, both
the substrates had a stimulus higher than that found for the concentration of 150 pg/mL
(adhesion to plastic with an increase in adhesion of 106% and fibronectin of 107.5% in
relation to the control).

It was also observed that for the concentration of 150 ug/mL, the collagen |
substrate, was the one that induced 133% greater adherence compared to the control.
It is also noticed that the control cells adhere similarly to BSA and to Col. I. This result
shows that the cells have less affinity for the referred substrates. Adhesion similarity of

control cells was also observed for the plastic substrate and for fibronectin.



68

Light microscopy images of control cells (3A, 3D and 3G), treated with 15 ug/mL
(3B, 3E and 3H) and 150 pg/mL (3C, 3F and 3l), after the cells were imposed on the
cell adhesion assay (Figure 3), show that in all analyzed substrates fibronectin, (3D,
3E and 3F) collagen | (3G, 3H and 3l) and BSA 1% negative control (3A, 3B and 3 C),
after treatment the cells increased the expansion of the cell body, the cells are bigger,
more adhered and spread by on the substrate.

Among all the analyzed substrates, it is observed that fibronectin is the substrate
of greatest affinity for this cell line. Especially the FN substrate, both for control cells
(3D), for cells treated with 15 pg/mL (3E) or for cells treated with 150 pg/mL (3F), this
matrix protein induced not only adhesion of cells to this substrate as well as a higher

degree of spreading that can be observed for both treatment concentrations.

Graph 2. Cell adhesion assay of 3T3 cells on different MEC proteins.
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These tests were performed in quadriplicates in two independent tests. Source:

authors.

The cell adhesion of control cells and treated with crude P. amalago extract at
concentrations of 15 and 150 ug/mL for a 24h treatment period, in 24-well plates. A
concentration of 10 yg/mL was used for the fibronectin and collagen | substrates. As a

negative control, 1% BSA was used.
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Figure 3. Light microscopy analysis of cells imposed to the cell adhesion assay
on different MEC proteins.

CONTROL 15ug/mL 150pg/mL

BSA

FIBRONECTIN

COLAGEN |

All images are in 400X magnification. Crystal Violet dye was used. These tests were performed in
triplicates in two independent tests. Source: authors.

The image A represents control cells adhered to the BSA (negative control); B
cells treated with 15 pg / ml adhered to BSA and C, cells treated with 150 ug/mL
adhered to BSA. Image D represents control cells adhered to the fibronectin (FN)
substrate, E cells treated with 15 pg/mL adhered to FN and F, cells treated with 150
pMg/mL adhered to FN. Image G shows control cells adhered to the substrate Collagen
| (Col. 1), H, the cells treated with 15 pg/mL adhered to Col. | and |, cells treated with
150 pg/mL adhered to Col. I.

3.5 Aqueous extract induced an increase in hydroxyproline concentration

The hydroxyproline concentration is used as an indirect indicator to determine
the collagen content (Reddy & Enwemeka, 1996). For the quantification of
hydroxyproline, a standard curve comprising concentrations between 1.5 to 150 ug/mL

was constructed. 99% N-acetyl hydroxyproline (Sigma 01192) was used as standard.
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The results obtained correspond to the average of samples from analyzes performed
in quadruplicate in two independent tests (Reddy &d Enwemeka, 1996).

As shown in Graph 3, the crude extract of P. amalago promotes a statistically
significant increase in the hydroxyproline content in the concentrations of 15, 50 and
150 pg/mL, when compared to the control. A smaller increase was observed at
concentrations of 1.5 and 5.0 pg/mL.

Biochemical results, obtained for the determination of hydroxyproline
concentration after 48 and 72 h of exposure, were not significant. However, after
exposure for 96 h, there was a significant increase in the hydroxyproline amino acid,

showing greater collagen biosynthesis by the cells after treatment.

Graph 3. Evaluation of hydroxyproline concentration.
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These tests were performed in quadruplicate in two independent tests. Source: authors.

The evaluation of hydroxyproline concentration in control cells and treated with
crude extract of P. amalago in concentrations of 1.5; 5.0; 15 and 150 yg/mL for a 96-
hour treatment period. These tests were performed in quadruplicate in two

independent tests.

3.6 Quantification and metalloproteinase activity (MMP2)

Western blotting showed no modulation of MMP2 after 96 h of exposure to the
aqueous extract of P. amalago at the concentrations employed.

As shown in graph 4, when the concentration of 15 ug/mL of P. amalago extract
is used, it has a tendency to reduce the activity of metalloprotease (MMP-2) in the

supernatant secreted by the cells. The concentration of 50 pg/mL tends to increase in
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both the supernatant and intracellular. The concentration of 50 yg/mL suggests only

intracellular growth.

Graph 4. Quantification and metalloproteinase activity (MMP2).
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These tests were performed in quadruplicate in two independent tests. Source: authors.

The evaluation of the quantification and activity of MMP2 in control cells and
treated with crude extract of P. amalago at concentrations of 15, 50 and 150 ug/mL for

a treatment period of 96 hours.

4. Discussion
To the best of our knowledge, there is no in vitro study in the literature with P.

amalago, using the in vitro model of mouse fibroblasts (3T3).
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In wound healing, the main effects of the chemical compounds present in plant
extracts are antimicrobial and antioxidant activities, as well as active components that
promote mitotic activity. These active compounds contribute to cell proliferation,
angiogenesis and increased collagen production and DNA synthesis (Budovsky et al.,
2015).

Bioactive compounds, such as alkaloids, flavonoids, essential oils and
terpenoids, have several activities, such as antimicrobial, antioxidant, anti-
inflammatory and healing (Budovsky et al., 2015; Thakur et al., 2011; Tsala et al., 2013;
Nascimento Junior et al., 2020). The antimicrobial, antioxidant, anti-inflammatory and
mitogenic activities of phytochemicals are essential in healing, and can positively favor
one or more phases of the tissue restructuring process (Ghosh & Gaba, 2013). As they
increase the rate of wound contraction, the number of fibroblasts and the disposition
of collagen fibers also increase as well as reduce the number of inflammatory cells
(Nayak et al., 2013; Dogoury et al., 2015). Additionally, natural chemical compounds
also influence the level of cytokines and levels of hydroxyproline and hexosamine (Roy
et al., 2012), as well as angiogenesis (Parente et al., 2012).

Several chemical studies have been performed with P. amalago leaves and
indicated the presence of alkaloids, condensed tannins, flavonoids and triterpenes.
Piperidine, pyrrolidine amides, isobutylamides, chalcones, flavonols and phenolic
compounds were also found in P. amalago (Dominguez et al., 1985; Carrara et al.,
2013; Lopes et al., 2012; Novaes et al., 2014; Santos et al., 2020). In addition, Rovani
et al. (2013) analyzed the crude ethanolic extract by high performance liquid
chromatography (HPLC) and found the presence of vitexin and lupeol; while Carrara
et al. (2012) evidenced pyrrolidine alkaloid in the leaves of P. amalago, using HPLC
analysis of supercritical carbon dioxide and compressed propane extracts.

With regards to biological activities, vitexin and its derivatives have already been
reported as potent antioxidants with anticarcinogenic and antimutagenic potential
(Deladino et al., 2017). Lupeol is a triterpene found in several medicinal species and
has antidiabetic, anti-inflammatory and antioxidant activities (Geetha & Varalakshmi,
2001; Prasad et al.,, 2008). The treatment of wounds with lupeol-based cream
effectively improved the healing process in hyperglycemic rats induced with
streptozotocin with modulating effects on inflammation, oxidative stress and
angiogenesis (Harish et al., 2008). In a study carried out with rat melanoma cells,

lupeol inhibited cell proliferation by inducing cell differentiation (Hata et al., 2010). A
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pyrrolidine alkaloid showed antileishmanial activity with strong activity on
promastigotes and selective action against intracellular amastigotes (Carrara et al.,
2012). Amides present in the ethanol extract of P. amalago showed anti-hyperalgesic,
antinociceptive and anti-arthritic activities in models of acute and chronic pain in
rodents (Arrigo et al., 2016).

In general, tannins are used to treat wounds, burns and inflammations (Funari
& Ferro, 2005). They have the ability to promote the proliferation of epithelial cells and
their migration from the periphery of the lesions, a phenomenon regulated by genes,
growth factors, integrins, and matrix metalloproteinase-type enzymes (MMPs)
(Hernandes et al., 2010), in addition to having high antioxidant activity (Batista et al.,
2010).

In addition to stimulating healing, flavonoids have microbial and immune-
modulating, anti-inflammatory, analgesic activities (Vieira et al., 2008; Coutinho et al.,
2009; Gazola et al., 2014). Flavonoids also have antioxidant activity (Rovani et al.,
2013; Torres et al., 2018) and antimicrobial activity (Santos et al., 2019). In antioxidant
activity, flavonoids regulate the production of superoxide anions and the blood flow of
the injured region, promoting angiogenesis, thus reducing free radicals in the wound
(Mittal et al., 2013).

Additionally, the majority of analyses of essential oil of P. amalago leaves
showed the prevalence of sesquiterpene hydrocarbons such as bicyclogermacrene, (3-
phellandrene and germacrene D, with substantial amounts of monoterpene
hydrocarbons, such as a-pinene, and some sesquiterpenoids such as spathulenol
(Salehi et al., 2019). The essential oil played important biological roles, such as
antimicrobial (Mogrich et al., 2005; Santos et al., 2016) anti-inflammatory (Jeong et al.,
2014; Bahi et al., 2014; Passos et al., 2014; Carneiro et al., 2017) antioxidant (Nogueira
Neto et al., 2013; Santos et al., 2016; Oliveira et al., 2016), and antihyperalgesic
(Carneiro et al., 2017).

Fractions obtained from stems and roots of Piper hayneanum C.DC were tested
for healing activity in rats, with dorsal lesions infected with Staphylococcus aureus and
Candida albicans, and showed better wound healing compared to those treated with
gentamicin (S. aureus) and miconazole (C. albicans) (Bastos et al., 2011).

Bacterial contamination can increase the inflammatory phase, causing
prolonged production of pro-inflammatory cytokines; if this condition persists and

bacterial elimination is not achieved, the wound becomes chronic and does not heal.



74

Therefore, the elimination of bacterial contamination in the wound microenvironment
is essential for optimal wound repair (Edwards & Harding, 2004; Guo & DiPietro, 2010).

The aqueous extract of P. amalago in concentrations ranging from 0.5 to 150
pMg/mL did not cause damage to 3T3 cells and induced cell proliferation (Graphs 1 A
and B).

In the case of mitosis and fibroblast migration, it is necessary to have a solid
substrate that serves as a support base for the cells. The construction of this substrate
is done by the lysis of inert constituents of the extracellular matrix followed by its
replacement with new characteristics. Any lack of control in the lithic process, instead
of benefits, can result in damage to the evolution towards repair (Balbino et al., 2005).

Since fibroblasts are the main targets in the design of therapeutic drugs,
bioactive compounds that can stimulate the proliferation of fibroblasts may be able to
stimulate the healing process (Singh et al., 2014), as observed in the present study.
Also, the results indicated that none of the extracts exhibited cytotoxic activity in 3T3
fibroblasts. In that sense, ethnopharmacological studies have indicated that extracts
obtained from species of Piper presented the ability to promote the proliferation of
fibroblasts during the healing process (Panah et al., 2014; Varga et al.,, 2015).
Khosravitabar et al. (2017) have suggested that the effects of flavonoids on fibroblast
proliferation depend on their structure and concentration, and confirm that flavonoids
stimulate fibroblast proliferation, especially at lower concentrations (Khosravitabar et
al., 2017).

The ethanolic extract and the dichloromethane and hexane fractions obtained
from the leaves of Piper arboreum Aubl. showed high toxicity at concentrations of 100
and 500 pg/mL, with fibroblast mortality between 79% and 100% (Figueredo et al.,
2014).

The hydroethanolic extract obtained from the leaves of the species Piper
aduncum L. increased the proliferation and migration of human fibroblasts (HDFA),
and in addition, increased the expression of growth factors (FGF, EGF and PDGF),
important in the healing process. The concentrations used were 103.5 pg/mL after 24
h of treatment and 39.54 yg/mL after 48 h of treatment (Paco et al., 2016).

3T3 fibroblasts treated with 125 pg/mL of the methanolic fraction obtained from
the leaves of Jatropha gossypiifolia L. exhibited an increase in migration, at 12 h and

24 h, when compared to cells treated with culture media (Silva et al., 2018).
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Study carried out with a fraction composed of long-chain hydrocarbons (LCHCs)
obtained from the crude methanolic extract of P. cubeba L. fruit showed cytotoxic
activity against breast cancer cells (ICs0 of 2.69 £ 0.09 uyg/mL) and low toxicity against
fibroblasts (ICso of 2.69 £ 0.09 ug/mL) (Graidist et al., 2015).

The morphological analysis of the cells suggests that the treatment with the
aqueous extract in the concentrations of 15 and 150 pg/mL after 24 h of exposure, did
not cause cytotoxic effects on the cells when compared to the control cells (Figures 1
A and B).

Fibroblasts have fusiform morphology with numerous cytoplasmic extensions,
with a central and rounded nucleus, evident nucleolus and fine chromatin. They are
the cells responsible for the synthesis and degradation of connective tissue (fibrous
and non-fibrous) and synthesis of numerous mediators (Kanitakis, 2002; Tobin, 2006;
Gartner & Hiatt, 2017).

The fibroblast motion also shows stress fibers and lamellipodia, and changes a
cell body from extended to fan-shaped or elongated (Vallenius, 2013). Filopodia and
lamellipodia form immature adhesions within the substrate of the extracellular matrix,
as they contain integrins and signaling molecules (Czuchra et al., 2005; Pankov et al.,
2005).

These cells in vitro are linked by communicating and adhesion junctions, an
indication that these cells are metabolically associated (Arenas & Zurbaran, 2002). In
the substrate adhesion tests, Graph 4 shows that for both control cells and cells treated
with the crude extract of P. amalago, there was an increase in adhesion to fibronectin,
collagen | and BSA proteins.

Through the cell adhesion assay by optical microscopy analysis, it is noted that
the FN substrate was the one with the highest affinity for both control and treated cells
(Figures 2 D, E and F).

Since the a5B1 integrin membrane receptor modulates adhesion to this
substrate, possibly the treatment may be making an expressive modulation of this
substrate. Integrins are responsible for many of the interactions between cells and the
extracellular matrix (ECM), in addition to serving as a union between ECM and the
cytoskeleton (Arenas & Zurbaran, 2002; Savino et al., 2003). One ECM component is
fibronectin (FN), an important molecule in migration and cell adhesion processes
(Anjos & Alvares-Silva, 2000; Kunz-Schughart et al., 2001).
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Fibronectin and hyaluronic acid are the predominant components of the matrix
during the early stages of wound repair (Suzuki et al., 2005).

Activated inflammatory cells are producers of reactive oxygen and nitrogen
species with known lytic potential on cell membranes. Some of the inflammatory
mediators, such as TNFs and TGF-b, can induce apoptosis of cells by death receptors
(Moore et al., 2001).

In the present study, the results of scanning electron microscopy, optical
microscopy and immunostaining show cells with cellular integrity, greater expansion of
the cell body adhered to the substrate, juxtaposed, and high number of cells. These
cells increased the adhesive capacity of extracellular matrix molecules, especially
fibronectin, showing that the crude P. amalago extract does not induce loss of viability
or changes in cell integrity or in cell adhesion dynamics at the evaluated times and
concentrations.

The results of the carbohydrate detection assay suggest the presence of surface
glycosaminoglycan scattered throughout the cell body. When compared to control
cells, the treated cells show greater distribution of these glycoconjugates containing
residues of N-acetyl-glucosamine (detected using WGA) (Figures 3 A, B and C). N-
acetyl glucosamine regulates cellular responses to hormones, such as insulin; initiates
a protective stress response; modulates growth and cell division capacity; and
regulates gene transcription (Liu et al., 2004).

An important tool for the investigation of the cytoskeleton dynamics is the
fluorescent marking of actin, using fluorescents derived from phallotoxins, as they
allow the identification of whole cell culture with minimal cell disruption (Devod et al.,
2001).

In the results obtained, the treated fibroblasts show a clear organization of the
actin microfilaments compared to control cells. Stress fibers occupy the entire cell
cytoplasm with a greater degree of adhesion to the substrate and spreading of the cell
body. The treatment with 15 pg/mL was the one that induced the greatest intercellular
adhesion (Figures 3 D, E and F).

The strength of a scar is given by the amount of collagen deposited and the way
the fibers are organized. In the fiber ripening process, lysines, hydroxylysines and
glycosylated lysines, constituents of the tropocollagen molecule, are oxidized (Frazier
et al., 1996). In healing, when the lesion space is filled with granulation tissue, the

margins move towards each other, due to the differentiation of some fibroblasts from
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the wound margins to myofibroblasts that have contractile capacity (Peacock Jr.,
1984). In that case, the immunostaining results for the constituents of the cytoskeleton,
specifically the actin microfilaments marked with the phalloidin probe, showed a clear
increase in the quantity and organization of these constituents after exposure to the
crude extract of P. amalago.

Important steps in the new phase of tissue formation are the migration and
proliferation of keratinocytes and fibroblasts (Gurtner et al., 2008). The cells move,
rearranging their actin framework. In order for cells to migrate, the long chain of actin
must be deranged, thus being able to change shape and then migrate to other sites
(Natérica, 2005). A change in shape of the actin cytoskeleton is a prerequisite for cell
migration (Friedl & Wolf, 2010).

The hydroxyproline quantification method shows that the cells treated with the
aqueous extract of P. amalago produced a greater amount of this amino acid when
compared to the control cells, with the concentration of 150 pg/mL being the most
statistically significant (p <0.05) (Graph 3).

Collagen is the most abundant protein in the body, comprising 30% of the mass
of all proteins. It is an important structural protein of connective tissues (Sandhu et al.,
2012). Among the types of collagen, collagen | is the most abundant, being found
mainly in the skin. This type of collagen has about 20% proline (Pro) and 4- or 3-
hydroxyproline (Krane, 2008; Gordon & Hahn, 2010; Mienaltowski & Birk, 2014).

The collagen protein is directly involved in the reconstitution of the extracellular
matrix and in the healing of wounds. Its deposition and collagen remodeling contribute
to increase the tensile strength of the injured tissue (Vancheri et al., 2005; Sandhu et
al., 2012).

Human dermal fibroblasts treated with extracts of Piper cambodianum P. Fourn.
showed an increase in the expression of extracellular matrix genes, such as collagen
and elastin; decreased expression of the metalloproteinase-3 gene; a dose-dependent
increase in RNAm expression levels of collagen, elastin and hyaluronic acid synthase-
2 (hyaluronan synthase-2); and decreased levels of expression of the
metalloproteinase-1 gene. The extract also showed positive effects on wound healing
in mice (Lee et al., 2016).

As shown by the results obtained in the evaluation of MMP-2 secretion by
treated 3T3 fibroblasts and the gelatinolytic activity of this metalloprotease, there was

no difference between the treated cells when compared to the control cells (Graph 4).
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After analyzing the antitumor effects of the aqueous extracts of Aloe vera (L.)
Burm.f., Annona muricata L. and black tea in three serial dilutions on the gelatinolytic
activity of MMPs 2 and 9, the results suggest that the antitumor effects can be partially
explained by their ability to inhibit the proteolytic activity of MMPs (Ribeiro et al., 2010).

The results obtained with the cell adhesion and spreading tests on extracellular
matrix molecules showed an increase in both the degree of adhesion and the spread
of these 3T3 cells after exposure to the crude extract of P. amalago.

Fibroblasts are cells that undergo phenotypic changes; the cytoplasm becomes
bulky and has an abundant rough endoplasmic reticulum. Thus, fibroblasts secrete
large amounts of collagen (Balbino et al., 2005). In the present study, the results of
biochemical tests to assess hydroxyproline biosynthesis reveals an increase in the
production of this molecule after treatment with P. amalago extract. Subtle modulation

of MMPs can also be assessed.

5. Conclusion

According to the results found in the present study, the aqueous extract
obtained from the leaves of P. amalago on the 3T3 line did not prove to be cytotoxic
until the concentration reached 150 ug/mL after 24 h of exposure. The cells after
treatment showed greater expansion of the cell body, more juxtaposed; there is a
greater number of cells with greater adhesion and spreading. The extract induced
increased cell adhesion and spreading especially in fibronectin and type | collagen.
The extract also induced a significant increase in the concentration of hydroxyproline
(collagen production) and subtle modulation of metalloproteinase (MMP2) activity.
Thus, the results revealed positive modulation in the degree of cell spreading, number
of cells, adhesion, intercellular cohesion, and collagen production with promising
results of the action of this compound in the healing model, in the times and
concentrations studied in the 3T3 fibroblast lineage.

These results endorse the ethnopharmacological use of P. amalago as a
healing agent for wounds and burns by Central American and Brazilian communities,

and may be important in the development of new healing phytomedicines.
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5. CONCLUSOES
Levando-se em consideragdo o objetivo geral e os objetivos especificos
apresentados no presente trabalho, abaixo serao destacadas as conclusbes a cerca

dos resultados obtidos.

5.1. Analise do 6leo essencial das folhas de Piper amalago L.

o Na amostra de 6leo essencial analisada por CG-EM foram identificadas 28
substancias, representando 99,35% dos constituintes em relacdo aos picos totais do
cromatograma.

o Entre as substancias encontradas, 20 s&o sesquiterpenos, destacando-se E-
nerolidol, a-muuruleno, d-elemeno, D-4-ol germaceno, 3-cedreno e o a-cadinol e 8

monoterpenos, com destaque para o B-felandreno.

5.2 Analise antibacteriana

o Na analise antibacteriana, o dleo de P. amalago apresentou atividade para as
cepas de Enterococcus faecalis e Staphylococcus aureus. A espécie S. aureus é
isolada com frequéncia em feridas cirurgicas infectadas, podem representar focos
para desenvolvimento de infeccbes sistémicas e apresentar capacidade de

desenvolver rapidamente resisténcia a agentes antimicrobianos.

5.3 Ensaios de viabilidade celular, citotoxicidade e proliferagao

o Através do ensaio de citotoxicidade celular pelo método MTT e da viabilidade
celular pelo método do vermelho neutro, verificou-se que o extrato aquoso nao induziu
citotoxicidade nem perda de viabilidade celular em concentragdo de até 150 ug/mL
apos 24 horas de exposicao.

o Até a concentragao de 150 ug/mL apds 24 horas de exposicao foi verificada a
proliferacéo celular induzida pelo extrato aquoso.

o Houve comprometimento da viabilidade celular (MTT e VN) mostrou-se
citotoxica nas concentragdes de 500 e 1000 ug/mL, e os testes de proliferacéo celular

nessas concentracdes nao foram realizados.

5.4 Morfologia celular através de microscopia de luz e microscépio eletrénico de
varredura (MEV)
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o As células controles observadas ao microscopio de luz e ao microscopio
eletrénico de varredura atendem ao padrao estabelecido para a linhagem com células
alongadas aderidas ao substrato, com expansao do corpo celular e nucleo central e
esférico.

o Os resultados obtidos através da microscopia Optica e da microscopia
eletrbnica de varredura das células tratadas com 15 ug/mL e 150 pg/ mL de extrato
bruto de P. amalago por um periodo de 24 horas de exposicdo mostra um elevado
numero de células, maiores que as células controle, com integridade celular, maior

expansao do corpo celular, aderidas ao substrato e justapostas.

5.5 Ensaios de citoquimica de fluorescéncia

o Os resultados do ensaio de detecgao de carboidratos sugerem a presencga de
glicosaminoglicanos de superficie espalhados por todo o corpo celular. Quando
comparadas as ceélulas de controle, as células tratadas apresentam maior distribuicao
desses glicoconjugados contendo residuos de N-acetil-glucosamina.

° Para a deteccdo de microfilamentos de actina, as células tratadas
apresentaram uma organizagao clara desses microfilamentos em relagcao as células
controle. As fibras de estresse ocupam todo o citoplasma da célula com maior grau
de adeséo ao substrato e disseminag¢ao do corpo celular. O tratamento com 15 pg/ mL

foi o que induziu a maior adesao intercelular.

5.6 Ensaio de adeséo e disseminacéao celular

o O extrato bruto de P. amalago nas concentragdes de 15 ug/mL e 150 pg/ mL
por 24 horas, nao induziu perda de viabilidade ou alteragdes na integridade celular ou
na dinamica de adesao celular através de analise por microscopia Optica. Foi
verificado que o substrato fibronectina (FN) foi 0 que apresentou maior afinidade tanto

para as células controle quanto para as tratadas.

5.7 Determinacao da concentracéo de hidroxiprolina
o O extrato aquoso de P. amalago induziu aumento da produgcdo do aminoacido
hidroxiprolina pelas células 3T3, sendo que a concentragdo de 150 ug/mL foi a mais

estatisticamente significativa (p <0,05).
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5.8 Quantificagao e atividade da metaloproteinase MMP-2

o A secrecdo de metaloproteinase MMP-2 por células 3T3 apdés 96 horas de
exposicao ao extrato aquoso de P. amalago nas concentracdes de 15 pg/mL e 150
Mg/ mL, mostrou que ndo houve diferenga entre as células tratadas quando

comparadas as células controle.

6. CONSIDERAGOES FINAIS

As plantas medicinais sao utilizadas desde a antiguidade despertando muito
interesse na cura de inumeras doencas. Muitas espécies botanicas sio utilizadas
popularmente e entre elas destaca-se a espécie Piper amalago L.

P. amalago é utilizada popularmente como agente cicatrizante de feridas,
queimaduras, abcessos, furunculos, picadas de insetos, analgésico, auxiliar digestivo;
para tratar calculos urinarios, problemas cardiacos, edema, inflamag¢des e como
agente antipirético.

Estudos prévios mostraram a presenca de amidas, alcaloides, triterpenos,
taninos condensados, flavonoides e 6leos essenciais € o potencial farmacolégico de
suas folhas demonstrou sua importancia como anti-inflamatério, antimicrobiano,
antioxidante e como cicatrizante.

Diante dos fatos apresentados houve interesse do estudo da composi¢cao
quimica e de atividades biologicas dos 6leos essenciais e do extrato aquoso obtidos
de folhas de P. amalago.

O estudo dos 6leos essenciais obtidos de folhas de Piper amalago apresentou
de 28 compostos que representam 99,35% dos constituintes desse dleo. A analise da
atividade antimicrobiana evidenciou atividade inibitéria para as cepas de Enterococcus
faecalis e Staphylococcus aureus.

O extrato aquoso obtido de folhas de P. amalago em linhagem de fibroblastos
(3T3), apresentou modulagao positiva no grau de disseminagao celular, proliferagao
celular, adeséo, coeséao intercelular e producdo de colageno.

A acgao antibacteriana dos 6leos essenciais frente a duas espécies de bactérias
envolvidas em infec¢des cutaneas; a modulagao positiva do extrato aquoso liofilizado
em fibroblastos 3T3 e o efeito cicatrizante da aplicagao tépica do extrato aquoso de
folhas de P. amalago em ferimento de paciente com diabetes mellitus tipo 2 endossam

o uso etnofarmacolégico dessa espécie pelas comunidades da América Central e do
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Brasil, como agente cicatrizante de feridas e de queimaduras, podendo ser importante

agente no desenvolvimento de novos fitomedicamentos.

7. PERSPECTIVAS DE TRABALHOS FUTUROS

O artigo publicado pela nossa equipe e intitulado “ The wound healing effect of
aqueous extract from Piper amalago L. in diabetic patient”, descreve um relato de
caso, onde a aplicacao tépica do extrato aquoso obtido das folhas de P. amalago
auxiliou na cicatrizagao de uma ferida lacerada em um paciente com diabetes mellitus
tipo 2, apds 15 dias de aplicagdo. O resultado obtido mostrou efeito cicatrizante
sugerindo que o extrato de folhas de P. amalago poderia ser utilizado em estudos
futuros através de modelo de cicatrizagdo com analise de mediadores envolvidos no
processo, incluindo citocinas, uma vez que os fibroblastos produzem essas
substancias fundamentais para a cicatrizagao.

O artigo intitulado “Review of Piper species growing in the Brazilian State of
Parana with emphasize on the vegetative anatomy and biological activities”, cujo
objetivo foi reunir informagdes-chave, por meio de bancos de dados eletrénicos, sobre
a morfoanatomia e atividades bioldgicas de espécies de Piper encontradas no Estado
do Parana abre um caminho para que mais pesquisas e atualizagdes a respeito desse

importante género sejam realizadas.
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ABSTRACT

Diabetes patients present a complex healing process due to several factors directly
linked to their pathology. The use of medicinal plants that aid in tissue repair can bring
great benefits to such individuals. This case report  describes how the topical
application of the aqueous extract produced from the leaves of Piper amalago L. was
used to aid the healing of a lacerated wound in the left thumb of a patient with type 2
diabetes mellitus. The aqueous extract of the leaves of Piper amalago L. was prepared
in boiling water. During the boiling process the dried leaves were submerged in the
boiling water and left for five min. The injured thumb was submerged in the solution
and the leaves were placed on the injury. The action of the aqueous extract obtained
from the leaves of P. amalago was shown to be promising in the healing of a wound in
a patient with type 2 diabetes mellitus. The topical application of the aqueous extract
produced from the leaves of P. amalago assisted in the healing of a lacerated wound

in the left thumb of a patient with type 2 diabetes mellitus over a period of 15 days.

Keywords: medicinal plant; Piper amalago; lacerated wound; healing.

INTRODUCTION

The skin is one of the organs that are most susceptible to injury, and it needs to
be repaired in order to restore its structure and functions. The healing of a wound is a
highly complex process ', consisting of a coordinated cascade of cellular and
biochemical events that interact for the regeneration of the injured tissue to take place.
Healing occurs in three phases: the inflammatory phase; proliferation or granulation;
and remodelling or maturation.?

During the process of tissue repair several factors directly interfere with the
wound; these can directly affect the wound and/or have systemic influences on the
functioning of the organism. Systemic factors include advanced age, where healing
tends to be slower because the elderly may have weakened immune, respiratory and
circulatory systems, nutritional deficiency and poor hydration.?

Chronic pathologies, such as diabetes mellitus, have a large impact on wound
healing and they can hold up the tissue repair process due to a diminution in the

response to growth factors and proteins involved in the insulin signalling pathway.
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Moreover, the excessive production of reactive oxygen species and the reduction of
nitric oxide are also involved.*®

Archaeological records dating from 60,000 BCE indicate the role of medicinal
plants in the recovery of health for humans and the treatment of diseases.® The role of
medicinal plants is as old as the human species, and in recent years these plants have
played an important role in repairing tissues and improving the treatment of wounds.”-
8

The medicinal plants found in the state of Parana, Brazil include the Piperaceae
family, which has 2,658 species distributed within 13 genera throughout the Americas.
In Brazil there are four genera, with approximately 450 representatives that are found
in the Atlantic Forest and the Amazon rainforest. The Piper genus is one of the most
representative and it includes about 290 species.®'?

Ethnopharmacological studies of Piper have shown biological activities, such as
antioxidant, psychotropic and antimicrobial effects, as well as the capacity to treat
snake bites. 31

Chemically, Piper contains amides that have been shown to have anti-
inflammatory and antimicrobial action -8, as well as healing properties.'®

One of the most important Piper species is Piper amalago L., popularly known in
Brazil as "jaborandi-manso”, which is the focus of the present study. Piper amalago L.,
is a shrub that can reach up to 7 m in height; it can be found from Southern Brazil as
far as Central America.'® It contains volatile oil in oil cells that are located in the stem
and leaves."?

This species is used in traditional medicine for digestive ailments 2°, in the
treatment of cardiac problems, as diuretics, in the treatment of urinary calculi 17, and
also for muscular pain and hair loss.?!

Extracts from the aerial parts contain amides that have presented anti-
inflammatory '8; antimicrobial '°, and anti-leishmania properties.??

The essential oil obtained from P. amalago leaves showed activity against
Staphylococcus aureus ', a bacterium of the Gram-positive coccus group which is
capable of quickly evolving resistance to antimicrobial agents. It is frequently isolated
from infected surgical wounds and may contain foci for the growth of systemic

infections.?3



116

Therefore, the objective of the present study was to report on the healing effect
of the aqueous extract of the leaves of P. amalago in a patient with type 2 diabetes

mellitus.

MATERIALS AND METHODS

This project was submitted to the Ethics Committee of the Uninter International
University Center; Curitiba, Parana, Brazil,b and approved under No.
68737817.7.0000.5573.

Material
The plant material was gathered in Curitiba, Parana, Brazil (24° 18 'S and 49° 37'
W), in January 2016. The leaves were dried and then stored, where they were

protected from light and moisture.

Preparation and utilisation of the aqueous infusion

The aqueous extract of the leaves was prepared with 1 L of boiling water. During
the boiling process (100 °C) 1.4 g of dried leaves (five leaves) of P. amalago were
submerged and left for five min. The injured thumb was then submerged in the solution
for 20 min, when it was at a temperature of about 40°C, and the leaves were left on

the injury during that time

RESULTS ANALYSIS

The patient was male, 62 years old (at the time of the accident), who had had
type 2 diabetes mellitus for 13 years, as well as systemic arterial hypertension. On
October 21st, 2016 he was handling an electric circular saw with a disc for wood
cutting. The machine rebounded, causing a lesion in the left-hand dorsal region with
damage to the extensors of the thumb and articular capsule lesion. The thumb was
partially cut away.

The patient received microsurgery and the tendons, articular capsule, skin and
adjacent tissues were sutured and supported with a plaster splint. On the same day,
the patient started taking the following: the antibiotic cephalexin (500 mg), one tablet
every 6 h for ten days; the anti-inflammatory and analgesic, Celebra® (200 mg), one
tablet every 12 h for five days; and the antipyretic Lisador®, one tablet every 8 h, also

for five days.
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The topical application of the aqueous extract obtained from leaves of P. amalago
promoted the healing of the lacerated wound in the left thumb of this patient after fifteen
days of application of the extract. The evolution of the healing process is demonstrated
in the photographs shown in Fig. 1 (A-J).
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Figure 1: Evolution of the healing process. A. (1st day): site of the wound with edges showing minimal
approximation, signs of tissue necrosis (darker regions) and an area of edema. B. (2nd day): site of
wound with open areas, signs of tissue necrosis and small area of infection. C. (3rd day): site of wound
with closer edges:, decreased signs of tissue necrosis and edema. D. (5th day): site of wound with closer
edges and areas of debridement. E. (7th day): site of wound with closer edges and areas of debridement.
F. (8th day): site of wound with closer edges. G. (11th day): site of wound with closer edges and still
with areas of debridement. H. (14th day): site of wound with closer edges and still with areas of
debridement. I. (15th day): site of wound with well-approximated and healed edges. J. The image
obtained on May 6, 2018 shows the location of the cut to be fully healed.

After 15 days the stitches were taken away; however, some of them opened and
the cut did not mend. The cut remained open with the release of suppurative content.

By this time, the patient was not observing any healing regarding his thumb and
he decided to try another approach. He began by immersing the injured thumb in the
aqueous extract of the leaves of P. amalago for 20 min when the liquid was at a
temperature of approximately 40°C, and some leaves were left placed over the injury.
This procedure began on November 22nd, 2016 and ended on December 6th of the

same year (15 days). Photographs were taken at each stage of the healing process.

DISCUSSION

The process of wound healing is complex; it involves chemical signals, cell
organisation, and the reconstruction and remodelling of the extracellular matrix so that
a lesion can be rapidly closed for functional healing.?*

In patients with diabetes, the initial stages of healing occur in a disorganised
manner, accentuating edemas, reducing vascular proliferation, and decreasing the
number of cells such as leukocytes, macrophages and fibroblasts, thus delaying the
process of tissue regeneration.25-2

Hyperglycemia can cause vasoconstriction of the arteries, with consequent
reduction of blood flow. It can also affect the peripheral nerves of the legs and feet,

causing the decrease or loss of feelings of touch, heat and pain. Alterations in vascular
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function and structure can cause injury to the affected organ and in extreme cases can
even lead to death.?7-8

Some species of Piper, such as Piper hispidum Sw., Piper anonifolium Kunth and
Piper aleyreanum C.DC., which are commonly found in the Brazilian Amazon
rainforest, are used to heal wounds. In these species, sesquiterpenes are the most
representative compounds and they present anti-inflammatory action due to their
antioxidant properties.?®

Cutaneous wounds in mice treated with a 2.5% concentration of Piper
hispidinervum C. DC. oil ointment had the tissue repair process accelerated on the
eighth day and accentuated after twelve days of treatment, presenting regression
characteristics regarding wound repair.3°

A study performed by Coelho et al.3' demonstrated that the crude methanolic
extract of P. amalago promoted the second intention healing of wounds. This type of
wound is characterised by excessive tissue loss with the presence or absence of
infection, it is not possible to for the edges of the wound to heal while the wound
remains open.3? However, methanol is a neurotoxic compound that is responsible for
serious damage to the central nervous system, and it is still capable of causing
blindness, affecting the retina and optic nerve.33-3%

The phytochemical analysis of the ethanolic extract obtained from the leaves of
P. amalago showed the presence of alkaloids, condensed tannins, flavonols and
triterpenes; the isolated substances were vitexin and lupeol.36

The most common alkaloid in Piper is piperine, which has analgesic, antipyretic,
anti-inflammatory, antioxidant and depressant activity on the central nervous
system.3”- 3 Piperine is most abundant in fruits of Piper nigrum and is responsible for
its pungent taste.3?

In an acute pain model, the amides obtained from the ethanolic extract of P.
amalago proved to be anti-nociceptive and anti-hyperalgesic.*°

Tannins are phenolic substances that are soluble in water and act in the formation
of complexes with metal ions; in the antioxidant and sequestering activity of free
radicals; and in the ability to form complexes with proteins and polysaccharides.*!-43

In wound healing, burns and inflammation processes, tannins help to form a
protective layer over the lesioned epithelial tissues, allowing the process of repairing
adjacent connective tissue to occur naturally.4? Tannins are known to promote wound

healing due to their astringent properties.**
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Tannins were found in an ethanolic extract obtained from Piper tuberculatum
Jacq. leaves #° and in an ethanolic extract obtained from Piper aduncum stems.6

The triterpenes found in plants have proven anti-inflammatory, antitumor,
antibacterial, antifungal, antiviral, analgesic and cardiovascular activity.#-48

Vitexin is a flavonoid that has various pharmacological effects, including
antioxidant, anticancer, anti-inflammatory, anti-hyperalgesic, antimicrobial and
neuroprotective effects.*9-52

Lupeol is a triterpene that has potential antimitotic activity 53; anti-inflammatory
activity %*; inhibition of the proliferation of cancerous cells °°; and gastroprotective
effects. % Some authors have found that lupeol has high hepatoprotective potential

and very low toxicity.%"-58

CONCLUSION
The topical application of the aqueous extract from the leaves of P. amalago
aided the healing of a lacerated wound in the left thumb of a patient with type two

diabetes mellitus over a period of 15 days.
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Abstract

The State of Parana has a diversity of plants that are used in the traditional medicine
and among them are some of the representatives of the Piperaceae family. Piper is
the one of the most important genera of this family and its species show similar
morphology and different biological activities. The literature shows that approximately
54 species of Piper have been described in the State of Parana. The purpose of this
study is to gather key information by means of electronic databases, about the
morphoanatomy and biological activities of species of Piper found in the State of
Parana. The results with regard to the morphoanatomy show that, on the whole, the
species that have been described possess hypostomatic leaves, non-glandular and
glandular trichomes, and calcium oxalate crystals in the leaves and stems. Several
biological activities have been reported, including antimicrobial, anti-inflammatory,
antifungal, digestive, diuretic, insecticidal, leishmanicidal, pesticide and trypanocide.

Keywords Anatomy. Biological activities. Volatile oil. Microscopy. Morphology.

Piperaceae.
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