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RESUMO

A familia Myrtaceae vem sendo estudada quanto ao seu potencial na regulacdo da
menstruagdo, dor, desordens intestinais, infertilidade, nas suas atividades
antifingica, purgativa e anticancer, no tratamento de resfriados, tosse e em outras
afeccdes do trato respiratorio. Em meio a seus membros, as espécies de Eugenia
spp., ricas em compostos fendlicos, parecem apresentar efeitos pré6 e anti-
inflamatorios quando testados in vivo e in vitro. Dentre as células atuantes de forma
pioneira na inflamacao, estdo os neutréfilos. Eles sdo um alvo de estudo no controle
de processos inflamatérios agudos e crbnicos, por meio da elucidacdo de como
substancias agem, por exemplo, nas diferentes etapas de seu recrutamento. Assim,
0 objetivo principal deste trabalho foi avaliar o potencial efeito anti-inflamatério do
extrato hidroetandlico de folhas de Eugenia aurata - EA e Eugenia punicifolia — EP,
sobre atividades neutrofilicas. Foram avaliados o0s processos de adesdo e
desgranulacdo celular e a geragdo das armadilhas extracelulares neutrofilicas
(NETs- Neutrophil Extracellular Traps) em neutréfilos humanos. Os resultados
mostram que o EA inibe o processo de adesdo, enquanto que o EP, a
desgranulacédo, e, ademais, ambos inibem a liberacdo de DNA (NET), na auséncia
de efeito citotoxico. Tais resultados corroboram o uso desses extratos na medicina
popular. Além disso, sugerem seu potencial no desenvolvimento de medicamentos
fitoterapicos com propriedades anti-inflamatorias.

Palavras-chave: Inflamac&do. Myrtaceae. Eugenia. Neutrofilos.



Costa, M.F. Hydroethanolic extract from the leaves of Eugenia aurata and
Eugenia punicifolia (HBK) inhibit neutrophil migration by different
mechanisms. 2015. 70 f.: il. Dissertacdo de Mestrado — Faculdade de Ciéncias e
Letras de Assis - Universidade Estadual Paulista. Assis, 2015.

ABSTRACT

Myrtaceae family has been studied for its potential in regulating menstruation, pain
and intestinal disorders, infertility, as well as antifungal, purgative and anticancer
agent, and in addition to treat colds, cough and other respiratory ailments. Amid its
members, Eugenia spp species appear to have pro and anti-inflammatory effect once
examined in vivo and in vitro. Among the first cells which act on inflammation site,
there are the neutrophils. They are a matter of study in the controlling of acute and
chronic inflammatory processes, through elucidation of how substances act, for
example, in different steps of their recruitment. Therefore, the main aim of this study
was to evaluate the potential anti-inflammatory effect of hydroethanolic extract of
Eugenia aurata leaves - EA and Eugenia punicifolia - EP, on neutrophil activities. We
evaluated the adhesion process and cell degranulation, as well NETs (Neutrophil
Extracellular Traps NETs) generation in human neutrophils. The results show that EA
inhibits adhesion, while EP degranulation, and further, both inhibit the release of DNA
(NET), in the absence of cytotoxic effect. These results give support to the use of
these extracts in the popular medicine. Furthermore, they demonstrate a potential of
both extracts for the development of phytomedicines with anti-inflammatory
properties

Keywords: Inflammation. Myrtaceae. Eugenia. Neutrophils.
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1. INTRODUCAO GERAL

1.1 EXTRATOS VEGETAIS: IMPORTANCIA E POTENCIALIDADE

FARMACOLOGICA

O uso de produtos naturais com a finalidade de tratar patologias acompanha a
humanidade desde seus primoérdios. As plantas medicinais representam a forma
mais antiga de tratamento medicinal e os primeiros registros de utilizacdo de plantas
para esse fim provém da China (~3000 a.C.), onde o imperador Shen Nung compilou
0 Pen Tsao (Compéndio de Matéria Médica Chinesa) (Andréo, 2008). A diversidade
guimica de compostos existentes na matéria vegetal colaborou para que tal fosse
utiizado ndo sé6 como um agente curativo, como também agente alucindbgeno
(eventualmente mediando a relacdo entre humanos e as divindades), agente de
defesa contra animais, agente de auxilio na caca e também, inclusive, como agente
de execucdo de prisioneiros. Tais compostos utilizados ao longo da histéria da
humanidade para fins tdo difusos sao resultados da complexa interacdo com o0 meio
ambiente, na qual é fundamental a garantia da sobrevivéncia. Desta forma, tais
compostos, também chamados metabdlitos, destacam-se pela ampla gama de
aplicacao bioldgica.

A importancia da utilizacdo de produtos naturais no combate a diferentes
moléstias humanas pode ser percebida se for considerado que, apesar de todos os
avancos da medicina moderna, cerca de 30% de todas as drogas avaliadas como
agentes terapéuticos sao derivados de metabdlitos secundarios (Calixto, 2005;
Veiga-Junior e Mello, 2008; Lage, 2011). Dentre os farmacos derivados de

metabolitos secundarios vegetais, podem-se citar o taxol (antitumoral), cafeina
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(estimulante), atropina (anticolinérgico), artemisina (antimalarico), forskolina (bronco-
e vasodilatador), plaunotol (antitlcera) (Andréo, 2008; Lage 2011), o que evidencia o
grande potencial dos vegetais para o desenvolvimento de novos medicamentos.
Diversos fatores tém incentivado a procura por novas drogas de origem vegetal. A
resisténcia microbiana desenvolvida com o passar do tempo as drogas comumente
utilizadas, a procura por drogas mais eficazes e de maior acesso a populacédo, além
de estudos que visem preservar a biodiversidade (agregando valor as espécies) sédo
alguns desses fatores. Dentro desse contexto deve-se enfatizar a vasta diversidade

floristica brasileira e a enorme potencialidade farmacolégica que a mesma oferece.

O Brasil, em termos floristicos, abrange cerca de 20% da diversidade mundial
(Calixto, 2003). Dentre os biomas brasileiros detentores de tal diversidade destaca-
se o cerrado, o qual é representado pelo conjunto de ecossistemas que ocorrem no
Brasil Central, sendo uma das principais zonas de biodiversidade do mundo (Myers
et al.,, 2000). A grande diversidade quimica e de espécies destas plantas, estdo
associadas com a heterogeneidade espacial do Cerrado e o distanciamento
filogenético entre as mesmas (Machado et al., 2004), e isso pode vir a ser util tanto
para a industria farmacéutica, como para a alimenticia ou para a cosmética

(Caramori, 2004).

Muitas das espécies vegetais presentes no Cerrado, pertencem as mais variadas
familias e tém sido empregadas popularmente no tratamento de diversas doencas,
como € o caso das Myrtaceae (Almeida et al., 1998). A familia Myrtaceae, composta
por 3000 espécies e cerca de 80 géneros se destaca devido sua ampla distribuicéo
em todos os ecossistemas brasileiros (Fabris e Cesar, 1996).

Dentro dessa familia, o género Eugenia, com mais de 500 espécies, das quais

cerca de 400 se encontram no Brasil, assume destaque na medicina popular,
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principalmente no tratamento de ferimentos e infec¢des intestinais (Adebajo et al.,
1989). Desse género ja foram isolados flavonoides e taninos, além de triterpenos e
Oleos essenciais (De Oliveira et al., 2005), e descritas varias atividades
farmacoldgicas.

Dentre os usos na medicina popular, cita-se, por exemplo, a infusdo da
entrecasca de Eugenia dysenterica (cagaita) como antiinflamatério (Coelho et al.
2005). A partir do extrato aquoso das folhas de Eugenia uniflora foram isolados
compostos fendlicos com atividade antioxidante (Kade et al., 2008). De Eugenia
jambolana (muito utilizada na medicina tradicional no tratamento de diabetes) e a
partir de seu extrato hidroetandélico 70% foram isolados flavonoides (Sharma et al.
2008). Em outro trabalho, foram identificados no extrato hidroalcodlico de E.
brasiliensis os compostos fendlicos quercetina, catequina e galocatequina com
elevada atividade anti-inflamatoria (Pietrovski et al., 2008).

Além desses, encontram-se relatadas na literatura as atividades anti-inflamatoria
(de Eugenia uniflora por indug&o de ulceras em ratos, conforme Falcéo et al., 2005
apud Schapoval et al.,1994), a antifiungica (de Eugenia uniflora e outras espécies,
segundo Lima et al., 2006), a analgésica e antipirética (de Eugenia umbeliflora,
conforme Kuskoski et al., 2003); a hipotensiva (de Eugenia uniflora L por Consolini
et al., 1999). Também a antidiabética (de Eugenia jambolana segundo Ravi et al.,
2005, Myrcia uniflora e outras espécies, conforme Barbosa-Filho et al., 2005), a
antioxidante (de Eugenia uniflora e outras espécies, por Velazquez et al., 2003), a
antimicrobiana dos 6leos essenciais (de Eugenia stipitata por Medeiros et al., 2003,
de Eugenia dysenterica por Costa et al., 2000). Além dessas, citam-se o efeito
farmacoldgico de extrato aquoso sobre a neurotransmissao nicotinico-colinérgica (de

Eugenia punicifolia por Grangeiro et al., 2006) e a avaliacdo da capacidade anti-
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inflamatoria de extratos organicos sobre uma lesdo muscular em camundongos
distroficos sob a influéncia da ativacdo seletiva do receptor de acetilcolina a7 (de
Eugenia punicifolia por Leite et al., 2010), dentre outros.

O controle de processos inflamatorios agudos/ crénicos e/ou patolégicos como
artrite reumatoide, asma, vasculite, e outras doencas como cancer, aterosclerose,
diabetes é de grande interesse, uma vez que tais processos e doencas podem ter
relacdo com os danos causados pela génese de radicais livres (Degaspari e
Waszczynskyj, 2004), a qual pode ser minimizada por substancias antioxidantes,
como por exemplo, os compostos fendlicos presentes no género Eugenia.

O conhecimento das importantes fungdes que os compostos fendlicos podem vir
a desempenhar na imunidade inata se faz importante, uma vez que representa uma
alternativa extremamente viavel de exploracdo da modulacdo de resposta
imunoldgica, por meio da utilizacdo da biodiversidade nacional (agregando valor de
preservacdo a mesma), além do desenvolvimento de uma estratégia terapéutica, a
qgual vise auxiliar no combate as infeccbes em suas fases iniciais ou mesmo

cronicas.

1.2 INFLAMACAO AGUDA

A inflamacéo ou resposta inflamatoria € uma reacao do organismo a uma infeccéo
ou a alguma lesédo tissular, sendo, portanto, entendida como o recrutamento e
ativagdo de células imunes frente uma infeccdo ou injuria (Amulic et al., 2012).
Macroscopicamente, caracteriza-se pela presenca de dor, edema, calor, rubor,
devido a alteracBes vasculares coordenadas por mediadores inflamatérios. Tais

alteracdes englobam a vasodilatacéo, a expressao de moléculas de superficie pelas
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células endoteliais dos vasos e 0 aumento da permeabilidade vascular (revisto por
Toledo, 2007). A vasodilatacdo é causada pela liberagdo de mediadores como
prostaglandinas, histamina, alguns leucotrienos, fator alfa de necrose tumoral (TNF-
a), interleucina — 8 (IL-8), dentre outros, pelas células residentes no tecido lesionado
(tais como mastdcitos) e possibilita um maior afluxo de sangue e de células para o
local atingido. A presenca de moléculas de superficie (selectinas e integrinas) e
mediadores quimicos (citocinas e quimiocinas) em células endoteliais auxilia na
interacdo com leucécitos circulantes, permitindo a adesdo e posterior migracdo dos
mesmos ao sitio de infeccdo. Por fim, o aumento da permeabilidade capilar é
consequéncia da liberacdo de mediadores quimicos pelas células residentes no sitio
infeccioso, associada a ativacdo da expressdo de moléculas de superficie
endoteliais vasculares, o que propicia o extravasamento de fluidos e proteinas para
a circulacdo, e auxilia no recrutamento e ativacdo de células leucocitarias para
elaboracdo da resposta imunolégica na regido afetada, como esquematizado, de

maneira simplificada na Figura 1.
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Figura 1 - Processo inflamatério agudo simplificado em fluxograma. Primeiramente, apés a
lesdolinfeccdo, ocorre a liberagdo de mediadores quimicos inflamatérios pelas células (lesionadas /
gue tiveram contato com o patégeno) presentes no local da lesdo/infeccéo, e esses mediadores
ativardo as células endoteliais do vaso sanguineo. Assim, havera as alteracdes vasculares
necessérias para recrutamento das células imunoldgicas ao tecido lesionado e a posterior ativacao
dessas para que, consequentemente, ocorra o restabelecimento da homeostasia.

O processo de elaboracdo da resposta imunolégica efetiva abarca, dentre outros

fatores, o recrutamento de leucocitos. Dentre as populagfes de células leucocitarias,
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a primeira populacédo a ser recrutada para o sitio inflamatério € a de neutrdfilos, a
gqual atua como mediadora entre a resposta imune inata e a adaptativa. Os
neutroéfilos sédo leucécitos polimorfonucleares e sdo considerados um dos principais
representantes dos fagocitos durante processos inflamatérios. Eles exercem papel
crucial na primeira linha de defesa contra bactérias, fungos e protozodrios invasores,
além de reacBes autoimunes. A migracdo neutrofilica € um processo que ocorre
através da ativacdo sequencial de proteinas e seus ligantes, expressos nos

neutréfilos e nas células endoteliais, como mostra, de forma resumida, a Figura 2.
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Figura 2 - Recrutamento de neutroéfilos. A migragdo de neutréfilos (leucécitos polimorfonucleares)
envolve desde o estimulo inflamatério induzido pela liberacdo de TNF-a ou interleucina 18 (IL-1f) por
macrofagos residentes no sitio inflamado (a), os quais induzirdo o endotélio a expressar moléculas
gue atraiam os neutrdfilos e os permitam se aderir a superficie endotelial (b, c e d), levando a sua
transmigracao (e) ao local da infeccao e posterior recrutamento de outros neutrofilos ou linfécitos via
liberacdo de mediadores quimicos (f).

Fonte: Williams et al., 2011 (adaptado).

O recrutamento de neutrofilos € iniciado por alteracdes na superficie do endotélio
gue resultam do estimulo de mediadores inflamatorios (incluindo histamina, cisteinil-
leucotrienos e citocinas - principalmente IL-1-B e TNF-a) liberados por leucécitos

residentes no tecido lesionado (macrofagos, mastocitos) ao entrarem em contato



24

com patogenos (revisto por Kolaczkowska e Kubes, 2013) (Figura 2 partes a e b).
Células endoteliais estimuladas por tais mediadores inflamatérios, incluindo as
guimiocinas, também aumentam a expressdo de moléculas de adesdo em sua
superficie (selectina P e selectina E) (Figura 2 parte c). A selectina P é estocada
em granulos citoplasméaticos e rapidamente expressa sob a acdo de substancias
microbianas. A selectina E é expressa na superficie endotelial devido a estimulos
inflamatorios e a substancias microbianas, no entanto, sua expressao € mais tardia e
s6 ocorre uma ou duas horas apés o estimulo. As interacdes entre selectinas e seus
ligantes neutrofilicos sdo de baixa afinidade (Figura 3 parte |), e se rompem em
virtude da pressao resultante do sangue fluente, sendo necessario, portanto, que
essas interagfes endotélio-neutréfilo ocorram repetidas vezes. Consequentemente,
ocorre uma reducao na velocidade de rolamento e ativacao intracelular de quinases
das familias Src- HcK, Fgr e Lyn-, o que resultara em rearranjo de citoesqueleto,
expressdo e mudanca na afinidade das integrinas, as moléculas-chave para etapa

de firme adeséo (revisto por Borregaard, 2010) (Figura 3 parte Il).
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Figura 3 - Migracdo sequencial de neutrdfilos. Envolve a interacdo de glicoproteinas
transmembrénicas como as selectinas (P e E expressas no endotélio e L expressa nos neutroéfilos), o
gque ativa o processo de rolamento ao longo do vaso, no sentido do fluxo sanguineo (I). Apés o
processo de rolamento mediado por selectinas, os neutréfilos se aderem a superficie endotelial (11),
principalmente devido a expressdo de moléculas da familia de B2 integrinas (Lymphocyte Function-
Associated Antigen 1 - LFA-1 - e Macrophage-1 Antigen- Mac-1 - nos neutrofilos e Vascular Cell
Adhesion Molecule - VCAM - e Intercellular Adhesion Molecule — ICAM - no endotélio). Elas também
colaboram para direcionar o processo de transmigragéo celular (IlI- também chamada de diapedese),
o qual ocorrera sequencialmente, via uma complexa rede de interacdo de moléculas presentes nos
neutrofilos e nas juncdes celulares das células endoteliais, incluindo Vascular Endothelial- caderina -
VE-caderina (endotélio), Junctional Adhesion Molecule - JAMs (endotélio) e Platelet/Endothelial-Cell
Adhesion Molecule 1 - PECAM-1 (presente tanto em neutréfilos como nas células endoteliais).

Fonte: Yuan et al., 2012 (adaptado).

As integrinas sdo glicoproteinas transmembranicas heterodiméricas, as quais
estabelecem interacfes do tipo proteina-proteina e sdo expressas na superficie dos
leucdcitos como heterodimeros de CD11/CD18 (revisto por Toledo, 2007). LFA-1 é a
principal molécula de adesdo nos neutréfilos, junto com Mac-1, que media a
transicdo do rolamento para adesdo a superficie celular do endotélio (revisto por
Borregaard, 2010) (Figura 3 parte I1l). O nome integrina se deve ao fato de que elas

sdo as proteinas responsaveis por integrar 0s sinais gerados por ligantes
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extracelulares as respostas de movimento, alteracdo de forma e fagocitoses
dependentes do citoesqueleto, justamente por suas caudas citoplasmaticas
formarem sitios para fosforilacdo e ligacdo a proteinas do citoesqueleto (revisto por
Toledo, 2007). Além disso, interagem com moléculas do endotélio da familia das
imunoglobulinas - ICAM-1 e VCAM-1 -, permitindo a firme adeséo do neutrofilo. Séo
ativadas por um mecanismo de transducdo de sinais emitidos por dominios
citoplasmaticos da L-selectina e de PSGL-1, o que promove a sua expressao
ordenada e sequencial devido a alteragbes conformacionais de seus heterodimeros,
estimuladas pela interacdo com quimiocinas, citocinas e mediadores inflamatérios
(fator ativador de plaquetas-PAF, leucotrieno B4) presentes no endotélio inflamado.
Desta forma ocorrem eventos intracelulares que polarizam o neutréfilo, permitindo a
firme adesdo celular e sua locomocdo ao tecido perivascular pelo processo

denominado transmigracao.

7

A transmigracdo pelas paredes vasculares € a Ultima etapa no processo de
migragcdo do neutréfilo ao tecido inflamado. Para isso, os neutrofilos devem
primeiramente cruzar o endotélio (0 que leva de dois a cinco minutos), e entdo a
membrana basal (0 que leva mais tempo, de cinco a quinze minutos) (revisto por
Amulic et al.,, 2012; Kolaczkowska e Kubes, 2013). A transmigracdao requer
integrinas e imunoglobulinas CAMs (ICAM-1, ICAM-2 e VCAM-1), assim como
diferentes proteinas de juncéo, incluindo PECAM-1 (conhecida como CD31), CD99,
JAMs, ECAM e algumas outras moléculas endoteliais, cujo papel ainda permanece
obscuro, tais como PVR (também conhecido como CD155), ectoenzimas (tais como
VAP-1 e CD157) e proteinas especificas de leucécitos (LSP-1) (revisto por
Kolaczkowska e Kubes, 2013). A passagem pelas células endoteliais pode ocorrer

de duas maneiras: paracelularmente (entre as células endoteliais) ou
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transcelularmente (através de uma célula endotelial), sendo que preferencialmente,
0s neutréfilos realizam a primeira, por ser a forma mais rapida e eficiente (revisto por
Amulic et al. 2012; Kolaczkowska e Kubes, 2013). Durante o processo de
transmigracédo, é necessario que os espacos intercelulares se abram, logo ocorre um
rearranjo no citoesqueleto da matriz extracelular (Extracellular Matrix - ECM) dessas
células. Os neutréfilos tendem a migrar por regibes onde exista uma menor
densidade de moléculas da ECM, tais como colageno IV, laminina 10 e nidogénio 2
(Kolaczkowska e Kubes, 2013). Além do mais, nessas regibes ha lacunas (gaps)
entre os pericitos (células da membrana basal), 0 que representa menor resisténcia
a transmigracao do neutrdfilo (revisto por Kolaczkowska e Kubes, 2013). Assim, para
ocorrer a transmigracdo, além da interacdo entre as moléculas de superficie do
neutréfilo e das células endoteliais (por exemplo, CD31 que ocorre em ambos e
regula a rede de actina neutrofilica, sendo uma das moléculas que medeia o
processo de migracao através da juncdes), os neutrofilos também contém granulos
com proteases as quais apresentam atividade enzimatica contra as moléculas de
ECM (tais como metaloproteinase-9 - MMP-9 e elastase) (Borregaard, 2010;

Williams et al., 2011)

Transposta a barreira endotelial, os neutréfilos devem seguir um gradiente
guimiotatico que existe no tecido inflamado em virtude das substancias liberadas,
como por exemplo, por bactérias (N-formyl-methionyl-leucyl-phenylalanine - fMLP),
ou pelo Componente 52 do sistema complemento (C5a) ( revisto por Borregaard,
2010; Amulic et al., 2012). Além disso, essas substancias quimicas de atracdo
podem ser divididas em intermediarias e de alvo final (end-target), sendo que os
neutréfilos respondem preferencialmente as ultimas (revisto por Williams et al., 2011;

Kolaczkowska e Kubes, 2013). Atualmente, sabe-se que existe uma hierarquia de
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sinais intracelulares em resposta as substancias quimicas de atracao de alvo-final,
gue envolve p38MAPK, e que promove a migracao direcional dos neutrofilos,
também estimulada pela expressao sequencial de quimiocinas (revisto por Williams
et al.,, 2011). A locomocao neutrofilica exige a formacdo de contatos adesivos
constantes e dinamica, para que a regido frontal possa se ligar a matriz, enquanto a
regido posterior se desliga (revisto por Toledo 2007; Borregaard, 2010; Williams et

al., 2011; Kolaczkowska e Kubes, 2013) .

As moléculas principais responsaveis pela mediacdo dos processos de adesao e
transmigracdo de leucécitos (neutrdéfilos e outros) sdo abaixo resumidas, na Figura

4.
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Figura 4 - A cascata de adesdo dos leucécitos. Os principais passos estao sublinhados e incluem
o rolamento, que é mediado pelas selectinas; a ativagcao, que é mediada pelas quimiocinas; e o
arrasto, mediado pelas integrinas. Entre a etapa de rolamento e arrasto existe o rolamento lento, e
posterior ao arrasto, ou fixacdo no endotélio, ocorre a adesdo, a invasdo intravascular e a
transmigracdo, a qual pode ser paracelular (quando o leucdcito migra intercelularmente), ou
transcelular (quando o leucécito migra intracelularmente). As moléculas-chave envolvidas em cada
etapa estdo indicadas nas caixas. ESAM, Endothelial Cell-Selective Adhesion Molecule; ICAM1,
Intercellular Adhesion Molecule 1; JAM, Junctional Adhesion Molecule; LFA1, Lymphocyte Function-
Associated Antigen 1 (também conhecida como alLB2-integrin); MAC1, Macrophage Antigen 1;
MADCAM1, Mucosal Vascular Addressin Cell-Adhesion Molecule 1; PSGL1, P-Selectin Glycoprotein
Ligand 1; PECAML, Platelet/Endothelial-Cell Adhesion Molecule 1; PI3K, Phosphoinositide 3-Kinase;
VCAM1, Vascular Cell-Adhesion Molecule 1; VLA4, Very Late Antigen 4 (também conhecida como
04B1-integrin).

Fonte: Ley et al., 2007 (adaptado).

1.3 DESGRANULACAO NEUTROFILICA

Os neutrdfilos exercem papel crucial na primeira linha de defesa contra bactérias,
fungos, protozoarios invasores, além de doengas autoimunes, mediando a resposta
inflamatoria em multiplas etapas, as quais envolvem a adeséo inicial dos neutrofilos
circulantes ao endotélio vascular ativado, o subsequente extravasamento e migracao
de neutrofilos para o sitio inflamatorio e, por ultimo, a eliminacdo do microrganismo
estranho, através de fagocitose, geracdo de metabdlitos reativos do oxigénio e
liberacdo de substancias microbicidas. A ocorréncia de tais etapas sO € possivel

gracas a estocagem e liberacdo sequencial de granulos neutrofilicos, os quais se
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subdividem em primarios (azurofilicos), secundarios (especificos), terciarios
(granulos de gelatinase) e vesiculas secretdrias. A mobilizacdo desses granulos é
dependente de calcio (Ca®!), e a desgranulacdo ocorre por ordem inversa da
formacao dos granulos durante a maturacéo do neutréfilo (revisto por Borregaard et
al., 2007; Borregaard, 2010; Amulic et al., 2012), ou seja, primeiro sdo mobilizadas
as vesiculas secretdrias, depois 0s granulos terciarios, posteriormente 0s
secundarios e finalmente os primarios (revisto por Amulic et al., 2012). A ordem de
liberacdo esta relacionada com a composicéo dos granulos.

Os granulos primarios e secundarios sdo 0s mais antimicrobianos por conterem
enzimas antimicrobianas (mieloperoxidase, elastase, defensinas, azurocidina-CAP-
37, proteinase3 —PR3-, NGAL, hCAP-18, lisozima, dentre outras). Dentre essas
enzimas, as defensinas, a hCAP-18 e a azurocidina-CAP-37 atuam como
recrutadoras de células T (CD4" e CD8"), estabelecendo um elo entre a imunidade
inata e adaptativa (revisto por Toledo, 2007; Borregaard et al., 2007). Elas seréo
liberadas durante a fagocitose do patdgeno. Esse processo se inicia com a fusao
dos granulos com o fagossoma, originando o fagolisossoma, o que colabora para
ativar a maquinaria da NADPHoxidase e, a partir disso, ocorre a liberacdo de
espécies reativas de oxigénio (ROS). Quando o microrganismo € exposto,
simultaneamente, a esses varios peptideos antimicrobianos, enzimas e ROS, ele é
efetivamente morto pelo sinergismo entre esses componentes (processo conhecido
como burst oxidativo).

Os granulos terciarios (ou de gelatinase) sdo atuantes no processo de
transmigracao (liberacdo de metaloproteases € o que possibilita 0 atravessamento

pela membrana basal).
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As vesiculas secretorias atuam na fase de adesao (por participarem da ativacéo
das integrinas) (revisto por Borregaard et al., 2007; Borregaard, 2010; Amulic et al.,
2012, Kolaczkowska e Kubes, 2013). Os granulos, bem como sua composicdo e

ordem de maturacéo e de liberacdo sdo resumidos na Figura 5.
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Figura 5 - Os granulos neutrofilicos e suas caracteristicas principais. Os granulos neutrofilicos
contém uma variedade de moléculas antimicrobianas e de sinalizagdo. Sao divididos em trés tipos
(primarios, secundarios e terciarios), acrescidos das vesiculas secretdrias, sendo que sua diferenca
de composicdo esta relacionada ao tempo de maturacdo durante a hematopoiese, além de sua
capacidade de mobilizacdo. Os primeiros granulos a se fundirem com a membrana plasmaética, ou
seja, a serem mobilizados e liberados extracelularmente sdo as vesiculas secretérias, seguidas dos
granulos terciarios (ou de gelatinase), depois pelos secundarios (ou especificos) e os ultimos séo
granulos primarios (ou azurofilicos).

Fonte: Amulic et al., 2012 (adaptado).

1.4 NETs

Sob estimulo inflamatério, os neutréfilos podem liberar DNA associado as
histonas e proteinas granulares para o meio extracelula. Estas estruturas séo
chamadas de armadilhas extracelulares de neutréfilos (Neutrophil Extracellular
Traps; NET) (Kolaczkowska e Kubes, 2013). A formacdo das NETs é um processo

ativo, distinto da apoptose e da necrose e envolve resposta imune pré-inflamatoria e
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antimicrobiana e, portanto, requer participacdo de NADPHoxidase e mieloperoxidase
(revisto por Toledo, 2007; Borregaard, 2010; Amulic et al., 2012). As armadilhas
contém proteinas antimicrobianas (lactoferrina, defensinas, catepsina-G), proteases
(proteinase 3, gelatinase, elastase neutrofilica) e enzimas como a mieloperoxidase
(MPO) responsavel pela geracdo de ROS e a funcéo dessas armadilhas é otimizar a
captura de patégenos que ndo sado prontamente fagocitados. As NETs capturam e
matam diversos patdgenos, dentre eles bactérias, fungos e, recentemente, o virus
HIV e os parasitas Leishmania sp e Toxoplasma gondii. No entanto, em virtude de
sua composicdo antimicrobiana e enzimaticamente ativa, as NETs também podem
matar as células endoteliais, em processos que envolvem reacfes de autoimunidade
(revisto por Mantovani et al., 2011; Amulic et al., 2012) como também atuar em
processos inflamatérios crbnicos, tais como carcinoma mamario sélido, o qual
predispde os neutréfilos a liberarem NETs que contribuem para gerar trombose
(Kolaczkowska e Kubes, 2013). Assim, fica claro que estratégias que visem
minimizar ou eliminar a geracdo de NETs em condi¢cbes nédo-infecciosas sdo bem
importantes ( Borregaard, 2010; Mantovani et al., 2011; Amulic, et al. 2012).

Além disso, o controle de processos inflamatérios cronicos e/ou patoldgicos como
artrite reumatoide, asma, vasculite, e outras doencas como cancer, aterosclerose,
diabetes é de grande interesse, uma vez que tais processos e doencas podem ter
relacdo com os danos causados pela génese de radicais livres (Degaspari e
Waszczynskyj, 2004), a qual pode ser minimizada por substancias antioxidantes,
como por exemplo, os compostos fendlicos presentes em plantas do género Eugenia
(revisto por De Oliveira et al., 2005, Kade et al., 2008, Sharma et al. 2008).

O conhecimento das importantes funcdes que os compostos fendlicos podem vir a

desempenhar na imunidade inata se faz importante, uma vez que representa uma
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alternativa extremamente viavel de exploracdo da modulacdo de resposta
imunoldgica. No que tange a inibicdo da acdo dos radicais livres, resultantes do
metabolismo celular, os compostos fendlicos, por sua acdo antioxidante, podem
interagir com essas espécies radicalares, consumindo-as em reacdo, ou através da
inibicdo de enzimas envolvidas na cascata de reacfes enzimaticas realizada nos
neutrofilos, e, por conseguinte, na formacgao das NETs (como relatado por Kirchner e
colaboradores, 2013). Logo, por meio da utilizacdo da biodiversidade nacional (o que
agrega valor de preservacdo a mesma), existe a possibilidade de desenvolvimento
de uma estratégia terapéutica, a qual vise auxiliar no combate a infeccbes em suas

fases iniciais ou mesmo crénicas.

2. OBJETIVOS

Os neutrofilos sao células essenciais no desenvolvimento e controle de processos
inflamatorios. Um melhor estudo destas células passa necessariamente pela
avaliacdo de processos como migracdo, adesdo e desgranulacdo celular, bem
como, mais recentemente, geracdo e liberacdo das NETs. Portanto, o objetivo
principal deste trabalho foi avaliar o potencial anti-inflamatério de Eugenia spp. sobre
neutréfilos humanos sensibilizados pelos extratos hidroetanolicos de folhas de
Eugenia aurata e de Eugenia punicifolia e estimulados por PMA (um potente
mediador inflamatoério) quanto a:

e Adeséo celular
e Desgranulacao celular
e Geracao e liberagcédo das NETs
Posteriormente, verificou-se o efeito desses mesmos extratos sobre a migragao

neutrofilica no modelo in vivo de peritonite induzida por tioglicolato.
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ABSTRACT

Ethnopharmacological relevance: Eugenia spp. have been studied for their anti-
inflammatory effects upon neutrophils, based on their use in popular medicine, which
includes the treatment of pain, diabetes, intestinal disorders, cough among other
ailments.

Aim of the study: Evaluating, ex vivo and in vivo, the potential anti-inflammatory
activity of hydroethanolic extracts of the leaves of Eugenia aurata (EA) and Eugenia
punicifolia (EP) upon neutrophils.

Materials and methods: Ex vivo, isolated human neutrophils were sensibilized by
Eugenia extracts and stimulated by PMA (a potent inflammatory inductor agent). In
these conditions, different neutrophilic activities closed to inflammatory process were
measured: adhesion, degranulation and NET release. Cell viability was monitored by
MTT assay. In vivo, neutrophilic influx was assayed by peritonitis model performed in
mice pretreated with different concentrations of Eugenias. A phytochemical screening
to detect tannins, flavonoids and saponins was performed as described in literature.
Results: Ex vivo, EA and EP (1mg/mL) reduced the cell adhesion and degranulation,
respectively. NET release was inhibited by both extracts. Anti-inflammatory activities
occurred in the absence of cytotoxicity. Both extracts inhibited in vivo neutrophil
migration. The phytochemical profile and the HPLC analyses revealed phenolic
compounds as flavonoids and tannins, whose anti-adhesion effect and anti-elastase
secretion have been described in the literature.

Conclusion: This study contributes to the elucidation of the cellular mechanisms
involved in the anti-inflammatory activity observed in the popular use of the leaves of

EA and EP. Our results indicate that these plants are able to inhibit important events
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during the inflammatory process such as adhesion, degranulation and release of

NETSs.
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3.1 INTRODUCTION

Inflammation is a process that includes a complex immune response, which
occurs in several steps and may be caused by chemical-physical, microbiological
and immunological stimuli. It involves leukocyte recruitment where the first leukocytes

to be recruited and act on the inflamed tissue are neutrophils. Neutrophils have been
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taken as a target for pharmacological intervention given their abilities to Kill
microorganisms, begins and amplifies the inflammatory process. Neutrophil
recruitment and inflammatory activities require a complex sequence of events,

including cell adhesion, degranulation, and more recently, NET release.

The control of the inflammatory process is critical because the associated risks:
tissue damage, loss of performance and organ failure. The Eugenia genus with over
500 species, of which about 400 are in Brazil, assumes prominence in popular
medicine, mainly for their anti-inflammatory activity in the treatment of wounds and
infections (Adebajo et al., 1989; Schapoval et al., 1994; Pietrovski et al., 2008; Leite

et al., 2010).

Our aim was to evaluate ex vivo and in vivo cellular mechanisms involved in the
anti-inflammatory activity from Eugenia aurata (EA) and Eugenia punicifolia HBK

(EP).

3.2 MATERIAL AND METHODS

3.2.1 Plant collection and extraction

Leaves of Eugenia punicifolia and E. aurata were collected in December (2009)
by Dr. Catarina dos Santos in the Instituto Florestal e Estacbes Experimentais —
Floresta Estadual de Assis at the point 22° 33’ to 22°37’ Lat. S-5021’ to 50°24’
Long. W, Assis, State of Sdo Paulo, Brazil. The specimen was identified by Dr.
Antonio C. G .Melo, and the voucher specimen (n° 43.522) was deposited in the
Herbarium D. Bento Pickel, Sdo Paulo, SP, Brazil, for future reference. The extract

was prepared with 10g vegetal material and 100mL solvent(ethanol:water70:30v/v).
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The solution was extracted using dynamic maceration for 2h at room temperature
(25+2°C).Afterwards, the solution was filtered, and the residue was reextracted two
more times following the same procedure. The solution was dried in a rotary
evaporator at yielding 4.49g (45%) of extract for EP and 0,79 (7%) of extract for EA.

The fraction from hydroethanolic extracts soluble in Phosphate Buffer Solution (PBS;
137 mM NacCl, 2.7 mM KCI, 10 mM NayHPO, , 1.8 mM KH,PO,) was evaluated in

all bioassays.

3.2.2 Human neutrophils isolation

Human neutrophils were isolated and prepared according methodology described
by Brinkmann et al., 2010. All assays were done following the ethical principles in
human research recommended by the Faculty of Science and Letters of Assis- Ethics
Committee on Human Research, UNESP (procedure approved under registration no.

02073912.0.0000.5401).

3.2.3 Cell viability (MTT assay)

Cytotoxicity was evaluated by the colorimetric method of MTT (3-(4,5-
dimethylthiazol-2-yl) 2,5-Diphenyl Tetrazoilium bromide) which consists of indirectly
measure cell viability by mitochondrial enzyme activity of living cells. Human
neutrophils (2x10°/well) seeded into wells of a culture plate of 96 wells were
incubated with different concentrations of Eugenia spp. during 1 hour at 37°C. At the
end, MTT (1 mg/mL) was added to each well and incubated at 37°C for 4 hours. After
this time, formazan crystals were diluted by addition of Dimethyl Sulfoxide (DMSO)

and the absorbance of the samples was measured in a spectrophotometer at 570nm.
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Neutrophils incubated with medium alone or water were used as negative and
positive control to cell death, respectively. The percentage cytotoxicity was calculated
by the equation 1

Cellular cytotoxicity (%) = (DO570 (sample) X 100) / DO570 (control) (1)

3.2.4 Cell adhesion

Cell adhesion assays were performed in 96-well microplates. Human neutrophils
(4 x 10°) suspended in RPMI medium plus 5% of Fetal Bovine Serum (FBS) were
added to wells of a microplate containing different concentrations of Eugenia spp.
During 15 minutes, cellular sedimentation was allowed. Then, the cells were
stimulated by Phorbol Myristate Acetate (PMA 20nM) for 1 hour at 37°C. Non-
adherent cells were removed and adherent cells were made evident by a colorimetric
test with the aid of Bicinchoninic Acid (BCA; Pierce). The absorbance of the samples
was measured at 560 nm in a microplate reader (EL800 Microplate Reader; BIO-TEK

Instruments).

3.2.5 Elastase secretion

Elastase released in the process of degranulation was assessed as follows:
Neutrophils (2 x 10°) suspended in Hank's solution were incubated for 30 minutes in
the presence of different concentrations of Eugenia spp. to then be stimulated with
PMA (25nM) for 3 hours at 37 °C. At the end of the incubation, neutrophils were
centrifuged (437 x g, 5 minutes) and the supernatants were then incubated with

elastase substrate (N-Methoxysuccinyl-Ala-Ala-Pro-Val p-nitroanilide, Sigma) at a
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concentration of 100 puM. After 30 minutes incubation, color reaction was measured

at 405nm on microplate reader EL80O0.

3.2.6 NETs release

Human neutrophils (2 x 10°) were incubated with different concentrations of
Eugenia spp. during 30min and stimulated with PMA (50 nM) for 4 hours at 37 °C.
The NETs generated by activated neutrophils were digested with 500 muU/mL
micrococcal nuclease (MNase, Worthington Biochemical Corp.). The nuclease
activity was stopped by 5 mM EDTA and the culture supernatant was collected and
stored at 4 °C until the moment of quantification. NETs were quantified using the

Picogreen dsDNA kit (Invitrogen) according to the manufacturer's recommendations.

3.2.7 Animals

Female, Swiss mice whose weight was 20-30 grams, kept in temperature
controlled rooms (23-25 °C) with free access to food and water, were lodged under
approved conditions at the Animal Research Facility of the Faculdade de Ciéncias e
Letras de Assis (FCLA) - UNESP. Mice were employed in the in vivo neutrophil
migration assay under approval of the Ethics Committee of FCLA (process no.

017/2012).

3.2.8 Peritonitis model (in vivo)

Mice receive intraperitoneal injection (1mL) of 3% Thioglicolate one hour after
plant extract subcutaneous administration (3-300 mg/kg) (Souto et al., 2011). Six

hours later, the mice were euthanized by cervical dislocation. The cells were
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immediately harvested with 5 mL PBS containing heparin (5 IU/mL). Total counts of
harvested cells were performed in a Neubauer chamber. Differential counts were
made on smears stained by the Rosenfeld panchromic method (Rosenfeld e Kak,
1976). The results are reported as the number of neutrophils per mL of cavity wash.
In the control groups, the animals received: (1) PBS subcutaneous and
intraperitoneal; (2) PBS subcutaneous and Thioglicolate intraperitoneal; (3)

Dexamethasone subcutaneous (0.5 mg/kg) and Thioglicolate intraperitoneal.

3.2.9 Phytochemical screening

A phytochemical screening to detect tannins, flavonoids and saponins was
performed as described in literature (Harborne, 1998). Crude plant extracts were
screened for alkaloids, flavonoids, saponins and sesquiterpene lactones on thin layer
chromatography plates (TLC aluminum sheets, 20X20 cm, Silicagel 60,Fluka) using
appropriate spray reagents and UV absorbances according to procedures described
by Wagner and Bladt (1995). For detecting classes of compounds it was used the

methodology as described by Matos (1997).

3.2.10 Statistical Analysis
The experimental data were evaluated by analysis of variance (one-way ANOVA)
followed by Bonferroni test. A significance level of 5% was adopted. All assays were

performed in triplicate at least.
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3.3 RESULTS

Myrtaceae family and among them, the Eugenia genus are used in the popular
medicine to treat cold, pain, to regulate menstruation, as well as antifungal,
anticancer, antidiabetic agent, among other properties. In order to evaluate this anti-
inflammatory potential already described by folks, ex-vivo experiments were

performed.

3.3.1 Ex vivo anti-inflammatory activity

The inflammatory process involves the recruitment of neutrophils and occurs as
sequential events. Among them, we can mention adhesion, degranulation and
generation of NETs. Human neutrophils isolated and sensitized with plant extracts
were tested for their ability to maintain responsive to stimulus for adhesion,
degranulation and NETSs release.

Neutrophils incubated in the presence of PMA adhered to the culture plate and
were considered as 100% adhesion. Neutrophils incubated only with culture medium
showed basal adhesion rate (~ 50%). Pretreatment of neutrophils with different
concentrations of EP did not alter their ability to adhere under PMA stimulus. On the
other hand, pretreatment with EA 1000 pg/mL significantly reduced the cell adhesion.
The EP 1000 pg/mL was the only concentration able to induce a weak neutrophil

adhesion when neutrophils were incubated with extracts alone (data not shown).
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Figure 1 — Eugenia aurata inhibits human neutrophil adhesion. Human neutrophils (4 x 105) were
previously pretreated with different concentrations of EA or EP and stimulated to adhesion by PMA.
Neutrophils incubated with RPMI alone were used as negative control. Data are shown as adhesion
(%) = S.D. where PMA is 100%. * p <0,05 when compared to PMA control.

Next inflammatory event assayed by us was degranulation. The degranulation of
neutrophils was assessed through release of elastase in the supernatant of
neutrophils stimulated by PMA and previously sensitized by plant extracts. Again, the
release of elastase induced by PMA was considered 100% and the degranulation of
neutrophils incubated with medium alone showed significant reduction. The presence
of EA did not alter elastase secretion at any concentration tested. However, EP at a
concentration of 1000 pg/mL significantly reduced the elastase secretion induced by
PMA. No concentration of the extracts was able to induce per si the elastase

secretion (data not shown).
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Figure 2 — Eugenia punicifolia inhibits elastase secretion from human neutrophil. Human
neutrophils (4 x 10%) were previously pretreated with different concentrations of EA or EP and
stimulated to degranulation by PMA. Neutrophils incubated with RPMI alone were used as negative
control. Data are shown as elastase (%) + S.D. where PMA is 100%. ** p <0,01 when compared to
PMA control.

During the inflammatory process, neutrophils release NETSs in order to capture and
eliminate the invading agent. Furthermore, the release of NETs amplifies the tissue
inflammation. The presence of both plant extracts studied here inhibited significantly
the release of NETs induced by PMA. Figure 3 shows release of, approximately, 170
ng/mL of DNA in the supernatant from PMA-stimulated neutrophils. This release has
been reduced to baseline levels when cells were stimulated in the presence of herbal

extracts for all concentrations tested.
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Figure 3 - Eugenia spp. extracts inhibit NET release. Human neutrophils (4x10°) were previously
pretreated with different concentrations of EA or EP and stimulated to NET release during 4 hours.
Neutrophils incubated with RPMI alone were used as negative control. Data are shown as released

DNA (ng/mL) = S.D. * p <0,05 when compared to PMA control.

Cell viability of neutrophils incubated with both plant extracts was monitored by

MTT assay. The cytotoxicity by MTT assay reveals that for any tested concentrations

(0.1, 10 and 1000 pg/mL) from both extracts did not alter in a significantly manner the

cell viability, as shown in Figure 4.
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Figure 4 - Cell viability of neutrophils is not affected by Eugenia aurata or Eugenia punicifolia.
Human neutrophils (4 x 10°) were incubated with different concentrations of EA or EP. At the end of
incubation, cell viability was measured by MTT assay. Neutrophils incubated with RPMI alone or 50uM
H,O, (Hydrogen Peroxide) were used as negative and positive control, respectively. Data are shown
as cell viability (%) + S.D.

3.3.2 In vivo anti-inflammatory activity

In the analysis of cellular migration in vivo, extracts were injected subcutaneously
and one hour later, the animal was challenged intraperitoneally with thioglycolate. In
a model of peritonitis assayed in mice, it is necessary a period of 6 hours for a
maximum of acute neutrophil recruitment. The analysis of cell migration in vivo
showed that subcutaneous injection of different concentrations of the extracts
significantly reduced the cell influx into the peritoneal cavity (Figure 5). The extract of
EP showed anti-inflammatory activity at concentrations of 30 and 300 mg/mL. As for
EA, the anti-inflammatory activity was demonstrated for all concentrations tested. In
both cases, the anti-inflammatory activity of the extracts was compared to the effect
of dexamethasone, a potent anti-inflammatory drug in clinical use. Internal controls,
where extracts were s.c. injected and PBS was i.p. injected, did not present

neutrophil migration.
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Figure 5 - Eugenia extracts inhibit neutrophil migration showing anti-inflammatory activity.
Swiss male mice received s.c. injection with different concentrations of EA or EP or PBS vehicle only.
After 1 h, same mice received i.p. Thioglicolate. Cellular migration was allowed by six hours when the
peritoneal lavage fluid was collected and subjected to total and differential cell count. Data are shown

as no. neutrophils x 10°/ ml + SD. (n =5) ** p <0,01 and *** p <0,001 when compared to Thioglicolate
control.

3.3.3 Phytochemical screening

In the analysis for EA and EP phytochemical composition, using thin layer
chromatography and detecting classes of compounds tests, the presence of
saponins, flavonoids, tannins and terpenoids was revealed. The results obtained
were consistent with literature data for the genus (De Oliveira et al., 2005, Kade et
al., 2008, Pietrovski et al., 2008, Sharma et al. 2008). Other results from our research
group (Annexs A — D, Basting et al., 2014), from HPLC-PAD analyses confirm the
existence of these secondary metabolites, suggesting also that the water soluble
fractions of EP are enriched in derivatives of myricetin, quercetin, rutin, gallotanins
and di-HDDP glucose (Annex C, table C.3), whereas EA are enriched of quercetin

derivative, gallotannin, galloyl-hexahydroxydiphenoyl (HDDP) and proanthocyanidin

derivatives.
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3.4 DISCUSSION AND CONCLUSION

There are several reports about the popular use of the leaves from genus Eugenia
in the treatment of diseases with their origin in acute and chronic inflammatory
processes, among them, Eugenia aurata and Eugenia punicifolia (Grangeiro et al.,
2006; Leite et al., 2010; Basting et al.,, 2014). Our aim was to improve the
understanding about the mechanisms involved in the anti-inflammatory activity
exerted by these two plants. We demonstrated that hydroethanolic extracts from both
Eugenia are able to inhibit neutrophils activities, under clear evidence of no toxicity
for the cells. For the first time, it was shown that both extracts have inhibitory effect
on the generation of Neutrophil Extracellular Traps (NETS), which is extremely useful
as a promising alternative of treatment in those cases where it is already known that
NETs mechanism play an important role, such as some kinds of carcinomas,
thrombosis, atherosclerosis, lupus, among others (Borregaard, 2010; Mantovani et
al., 2011; Jancinova et al., 2012; Amulic et al., 2012; Kirchner et al., 2012,

Kolaczkowska e Kubes, 2013).

Inflammatory diseases such as diabetes, auto immunities and tumors cause death
and decrease quality of life of the population (Szondy et al., 2014). Chronic
processes may result in the loss of function of the affected organ or limb, or even the
loss of the same. These facts justify investments in the search for anti-inflammatory

molecules that have minimal side effects.

The inflammatory process involves cellular and molecular events that begin with
the neutrophil recruitment. Neutrophil recruitment is a complex sequential event
array, which is calcium dependent (Ca®") and includes proteins expression and

activation, as well as neutrophil granules mobilization. The process is commonly
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separated in four steps: rolling, adhesion, transmigration and degranulation. The
rolling is mediated by the interaction between neutrophil selectins (selectin- L) and
endothelium selectin (selectins P and E). Sequentially, the adhesion happens by the
interaction between endothelium and neutrophil integrins as well as by mobilization of
neutrophil secretory vesicles. After that, the transmigration - or diapedesis — also
occurs under effect of integrins interactions and counting on the help from neutrophil
tertiary granules release to digest endothelium basal membrane. Finally, the release
of neutrophil secondary/primary granules is done, in response to some
immunological stimuli (reviewed by Borregaard, 2010; Amulic et al., 2012;
Kolaczkowska e Kubes, 2013 ). The proteins release from these granules can be
associated with DNA and oxidative enzymes. These structures are called Neutrophil
Extracellular Traps (NETs). They improve microbe capture, as well as increase

phagocytosis efficiency.

Ex vivo analyses focused in some events involved in the recruitment and function
of neutrophils. Result revealed that cell adhesion was affected significantly only by
Eugenia aurata (1000 pg/mL), although it has also been reduced at the other
concentrations tested (0.1 and 10 pg/mL). In addition, Eugenia punicifolia (1000

png/mL) reduced elastase secretion effectively.

Neutrophils newcomers to the inflammatory focus have as their first objective the
elimination of agent responsible for tissue damage, as well as the maintenance of
controlled inflammatory process. In order to evaluate this, we observe phagocytosis
and release of NETs at this stage. Both, Eugenia aurata and Eugenia punicifolia
were able to inhibit NET release. Inhibition of the release of NETs by Eugenias may

have a suppressive effect on inflammation, activation of neutrophils and capture/
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elimination of pathogens by decreasing the inflammatory stimulus that comes from
genetic material released. Furthermore, the presence of extracellular DNA has been
appointed as a direct source stimulus to inflammatory and autoimmune diseases

(Kirchner et al., 2012; Amulic et al., 2012; Kolaczkowska e Kubes, 2013).

In vivo assays, both Eugenias showed anti-inflammatory effect by inhibiting the
neutrophil influx in acute peritonitis model. No animal showed symptoms of toxicity or
even died. In vivo experiment comprises a greater complexity of events once
compared to in vitro and ex vivo experiments, in which the experimental conditions
are better monitored. Therefore, the results obtained using in vivo analyses are more

close to the real scenario.

The phenolic compounds found in hydroethanolic Eugenia extracts, which were
confirmed by TLC analysis and detecting class compounds, are consistent with the
partially published results by our research group from HPLC-PAD analysis (Annexs
A — D, Basting et al., 2014). From these results, it was suggested that those fractions
more soluble in water of Eugenia punicifolia are enriched in derivatives of myricetin,
guercetin, rutin, gallotanins and di-HDDP glucose (Annex C, table C.3), whereas
Eugenia aurata fractions are enriched of quercetin derivative, gallotannin, galloyl-
hexahydroxydiphenoyl (HDDP) and proanthocyanidin derivatives (Annex D, table
D.3). These results are according to Gordon et al., (2011), who showed the presence
of gallic acid and its derivatives, myricetin, ellagic acid and other tannins derivatives

and pentagalloylglucose from Myrtaceae family (Araca and Jambol&o).

Differences in chemical composition between Eugenia aurata and Eugenia
punicifolia may explain the anti-inflammatory effects described herein. Neutrophil

activation is largely dependent on the generation of oxygen free radicals (ROS) that
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are known to be inhibited by antioxidant compounds found abundantly in plant
extracts (as reviewed by Kirchner et al., 2013). Selected flavonoids decreases the
adhesion of inflammatory cells to the endothelium (Friesenecker et al., 1995),
whereas others flavonoids can inhibit degranulation of neutrophils without affecting

superoxide production (Ferrandiz et al., 1996).

The table 1 shows that water soluble fractions from Eugenia aurata are enriched
for phenolic compounds that are reported by the literature as anti-adhesion
compounds. These compounds can inhibit the expression of the adhesion molecules
(ICAM-1, VCAM-1, E-selectin) or they can affect signaling pathways that result in
reduced expression of chemokines, cytokines and adhesion molecules. Quercetin is

the only compound that presents anti-adhesion and anti-elastase secretion activity.

On the other hand, the fraction more soluble in water of Eugenia punicifolia
present a larger proportion of phenolic compounds directly involved in the inhibition

of elastase secretion once compared to Eugenia aurata.

Table 1. Phenolic compounds and related inhibitory effect on neutrophil activities

Extract Phenolic compound Anti-adhesion  Anti-elastase secretion

E.aurata Quercetin derivative 4 a v f
Gallotannin v b
Galloyl HHDP derivative v c
Proanthocyanidin v d

E.punicifolia Rutin v g v e
Myricetin derivative v f
Quercetin derivative v a v f
Gallotannin v b

®Huang et al 1999, °Erdelyi et al 2005, *Youdim, K.A., et al., 2002, “Garbacki et al.
2005), ®*Selloum et al. 2003, 'Kanashiro et al. 2007, 9Eun-Wha et al. 2001

In the same vein, it was reported that myricetin has a potent anti-inflammatory
function - in acute and chronic inflammation - in different models (Wang et al., 2010;

Basting et al., 2014), as it also affects leucocyte migration (Wang et al., 2010). This
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seems to be attributed to the reduction of cytoplasmic pro-inflammatory mediators or
superoxide radicals from the leukocytes (Wang et al., 2010). More so, it is already
known that quercetin (Warren et al.1987) and some of its derivatives (Siedle et al.,

2007) inhibits neutrophil degranulation.

In addition, other anti-inflammatory activities were reported to those phenolic
compounds. The proanthocyanidin seligueain from Poplypodium species was found
to inhibit the proteolytic enzyme elastase in vitro (Siedle et al., 2007 cited Vasange et
al., 1997). Proanthocianidins have also been related to the inhibition of gastric
mucosal injury, as reported by Iwasaki et al. (2004) and Basting et al. (2014). In
another development, ellagitannins — agrimoniin and peduncalagin - isolated from
Alchemilla xanthochlora Rothmaler were also described as potent inhibitors of human
neutrophil elastase (Hrenn et al., 2006). Elagittanins belongs to the same class of
compounds that galloyl-HDDP and gallotannins, which is the hydrolysable tannins.
Besides that, the flavonoid rutin was shown to block NETs release (Kircher et al.

(2013).

Based in our results, we can propose an action model to anti-inflammatory
properties exhibited by both hydroethanolic extracts evaluated from Eugenia aurata
and Eugenia punicifolia (Figure 6). In this model, both extracts, whose chemical
composition differs in terms of phenolic compounds, are not toxic to neutrophils and
exhibit in vivo and ex-vivo anti-inflammatory action by different mechanisms. Eugenia
aurata reduces neutrophil adhesion and Eugenia punicifolia decreases elastase
degranulation. NET release is inhibited by two extracts. Together, these effects result

on lower inflammatory and give support to their use in the popular medicine.
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Furthermore, these results demonstrate a potential of both extracts for the

development of phytomedicines with anti-inflammatory properties.
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Figure 6 - Schematic summary of the effects upon neutrophil recruitment cascade from
Eugenia aurata and Eugenia punicifolia. EA affects mainly adhesion while EP, degranulation. Both

extracts cease the NETSs release.
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ANNEXS

ANNEX A - Analytical HPLC-PAD Eugenia punicifolia chromatogram
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Figure A.1 - Analytical HPLC-PAD Eugenia punicifolia chromatogram: a) hydroethanolic crude extract
recorded at 254 nm; b) Fraction SPE MeOH:H,O 8:2 (v/v) recorded at 254 nm, c) Fraction SPE
MeOH:H,0, 1:1 (v/v) recorded at 371 nm, d) Fraction SPE MeOH:H,0, 95:5 (v/v) recorded at 254 nm.
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ANNEX B - Analytical HPLC-PAD Eugenia aurata chromatogram
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Figure B.1 - Analytical HPLC-PAD Eugenia aurata chromatogram: a) hydroethanolic crude extract
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recorded at 254 nm; b) Fraction SPE MeOH:H,O 8:2 (v/v) recorded at 266 nm, c) Fraction SPE
MeOH:H,0, 1:1 (v/v) recorded at 254 nm, d) Fraction SPE MeOH:H,0, 95:5 (v/v) recorded at 254 nm.
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ANNEX C - UV spectra data of the peaks from HPLC-PDA chromatogram
of the SPE Fractions from hydroethanolic extract from leaves of Eugenia

punicifolia.

Table C.1 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 95% MeOH from hydroethanolic extract from leaves of Eugenia punicifolia.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
1 2.99 274 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
2 6.00 276 proanthocyanidin Ramirez et al.,
2014
3 6.12 275, 344 Unknown flavonoid
4 7.56 274 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
5 8.84 274 gallotannin or Gallic Laguari et al.,
acid derivative 2012
6 11.52 264 Galloyl HHDP glucose Romani et al.,
2012
7 12.63 263 Galloyl HHDP glucose Romani et al.,
2012
8 13.10 274 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
9 13.40 273 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
10 14.44 272 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
11 14.50 272 gallotannin or Gallic Laguari et al.,
acid derivative 2012
12 15.04 279 proanthocyanidin Ramirez et al.,
2014
13 20.63 255, 366 Flavonol derivative
14 20.72 258, 348 quercetin Ramirez et al.,
2014
15 21.04 267, 353 Myricetin derivative Simirgiotis, 2013
16 21.34 254, 360 Myricetin Simirgiotis, 2013
17 21.69 265, 349 Quercetin derivative Ramirez et al.,
2014
18 22.04 254, 356 Rutin Simirgiotis, 2013;
Ola et al., 2009
19 23.44 269, 354 Myricetin derivative
20 24.77 258, 348 quercetin Simirgiotis, 2013
21 29.74 221,278 di-HHDP glucose Gordon, 2011
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Table C.2 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 8:2 from hydroethanolic extract from leaves of Eugenia punicifolia.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
1 6.23 274 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
8.93 216, 256 Unknown flavonoid
11.54 264 Galloyl HHDP glucose Romani et al.,
2012
14.58 272 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
18.50 271 Gallotannin or Gallic Ramirez et al.,
acid derivative 2014
20.63 256,355 Rutin Simirgiotis, 2013;
Ola et al., 2009
21.03 267, 353 Myricetin derivative Simirgiotis, 2013
21.28 254, 359 Myricetin Simirgiotis, 2013
21.59 265, 349 Quercetin derivative Ramirez et al.,
2014
22.02 254, 360 Myricetin Simirgiotis, 2013;
Ola et al., 2009
23.36 273, 352 Myricetin derivative Simirgiotis, 2013
29.80 218, 278 di-HHDP glucose Gordon, 2011

Table C.3 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 1:1 from hydroethanolic extract from leaves of Eugenia punicifolia.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
20.66 256, 354 Rutin Simirgiotis, 2013;
Ola et al., 2009
21.02 266, 353 Myricetin derivative Simirgiotis, 2013
21.65 264, 350 Quercetin derivative Ramirez et al.,
2014
22.08 254, 356 Quercetin derivative Simirgiotis, 2013;
Ola et al., 2009
22,87 267,355 Myricetin derivative Simirgiotis, 2013;
23.31 258, 352 Myricetin derivative
23.82 269 Gallotannnin
24.69 257, 348 Quercetin derivative Simirgiotis, 2013
25.32 273 Gallotannin or Gallic Laguari et al.,
acid derivative 2012
29.86 220, 278 di-HHDP glucose Gordon, 2011
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ANNEX D - UV spectra data of the peaks from HPLC-PDA chromatogram
of the SPE Fractions from hydroethanolic extract from leaves of Eugenia

aurata.

Table D.1 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 95% MeOH from hydroethanolic extract from leaves of Eugenia aurata.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
3.86 265 Gallotannin
14.71 240, 290 sh,325 Phenolic acid Fischer et al.,
derivative 2011
18.34 238, 290 sh,325 gallotannin or Gallic Laguari et al.,
acid derivative 2012
23.32 257,348 Quercetin
24.69 259, 350 Quercetin Simirgiotis, 2013
25.48 265 Gallotannin Romani et al.,
2012
27.43 264 Gallotannin Romani et al.,
2012
35.16 281 Proanthocyanidin Ramirez et al.
2014; Simirgiotis
etal., 2013

Table D.2 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 8:2 from hydroethanolic extract from leaves of Eugenia aurata.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
1 4.00 260 Ellagic acid derivative Fischer et al.,

2014

14.57 290 sh, 325 Phenolic acid derivative Sanz et al., 2012,
Fischer et al.,
2014.

18.24 290 sh, 326 Phenolic acid derivative Sanz et al., 2012,
Fischer et al.,
2014.

22.36 255,350 Quercetin derivative Simirgiotis et al.,
2012

23,26 257, 349 Quercetin derivative Simirgiotis et al.,
2012

24,60 258, 350 Quercetin derivative Simirgiotis et al.,
2012

25.41 265, 349 kaempferol Ramirez et al.,
2014

27.29 264 Galllotanin Simirgiotis et al.,
2013;

34.01 281 Proanthocyanidin Ramirez et al.,

2014
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Table D.3 - UV spectra data of the peaks from HPLC-PDA chromatogram of the SPE
Fraction 1:1 from hydroethanolic extract from leaves of Eugenia aurata.

Peak no. t, Amax(nm) Phenolic compound Reference
assignment
23.14 257, 344 Quercetin derivative Simirgiotis et al.,
2013
24.53 262 Gallotannnin Romani et al.,
2012
25.33 264, 335 Galloyl HHDP Fischer et al.,
derivative 2014
34.19 279 Proanthocyanidin Ramirez et al.,

2014; Simirgiotis
et al., 2013
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4, CONCLUSOES GERAIS

Os neutrofilos atuam como células efetoras no controle de processos
inflamatdrios agudos e crénicos, e os extratos hidroetandlicos de folhas de Eugenia
aurata (EA) e de Eugenia punicifolia (EP) se mostram aptos a modular algumas de
suas respostas, por atuarem na inibicdo de etapas do recrutamento neutrofilico. O
EA inibe o processo de adesao, enquanto que o EP, a desgranulacéo (secrecao de
elastase). Ademais, ambos inibem a liberacdo de DNA (NETose). Além disso, o EA e
o EP, cujas composi¢hes fendlicas sao diferentes, ndo apresentam efeitos toxicos
aos neutrdéfilos nas concentracdes estudadas ex vivo (0,1; 10 e 1000 pg/mL). Esses
resultados, em conjunto, mostram o efeito anti-inflamatério desses extratos, o que
sugere o seu potencial no desenvolvimento de fitoterapicos com propriedades anti-
inflamatorias. Estudos futuros sdo necessarios para o0 entendimento dos
mecanismos moleculares envoltos pelos efeitos do EA e do EP, correlacionando-os

aos seus componentes fitoquimicos.
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