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DEMBOGURSKI, Djaceli Sampaio de Oliveira. Potencial anti-inflamatorio, antimicrobiano e
antibiofilme das folhas de Miconia albicans (Melastomataceae) (Tese). Doutorado em
Biotecnologia e Biodiversidade, Universidade Federal de Mato Grosso do Sul; 2023.

RESUMO

Miconia albicans (Melastomataceae) € conhecida popularmente pelo nome canela de velho
e suas folhas sdo utilizadas em forma de cha para tratar principalmente inflamacGes e dores
articulares. No entanto, escassas evidéncias cientificas avaliam o potencial anti-inflamatorio in
vivo correlacionado ao perfil quimico e a variacdo sazonal de seus constituintes. Com isso, foi
obtido um extrato aquoso das folhas de M. albicans (MAAE), similar ao utilizado pela populagéo,
e 0 mesmo foi submetido a ensaios de inflamacéo, analgesia e toxicidade. MAAE exibiu na dose
de 256 mg/kg, uma inibicdo do efeito edematogénico nos animais tratados, assim como uma
reducdo da migracdo leucocitaria, diante a resposta inflamatoria aguda. As contor¢6es abdominais
induzidas por acido acético foram reduzidas no tratamento com MAAE no teste de nocicepcao,
bem como o tempo de lambida de pata, mostrando um potencial nociceptivo. MAAE nao provocou
efeitos toxicoldgicos nos ensaios de toxicidade aguda e de doses repetidas. Os animais ndo
apresentaram alteracfes quando analisados o0s parametros bioquimicos, histologicos e
hematoldgicos. A atividade antimicrobiana e antibiofilme de MAAE e 4 fra¢Bes foram avaliadas
frente as bactérias Staphylococcus aureus e Pseudomonas aeruginosa, onde todas as amostras
submetidas nao apresentaram atividade eficaz contra as cepas patogénicas. A analise fitoquimica
feita pela técnica de CLAE-DAD-EM, possibilitou anotar vinte e quatro compostos a partir do
MAAE, como megastigmanos, flavonoides, elagitaninos e triterpenos, destacando que essas
classes de metabdlitos sdo reconhecidas por seu potencial anti-inflamatério. Na investigacao
sazonal, 4 individuos da mesma espécie foram monitorados durante 10 meses, dessa forma,
observou-se que as estacdes seca e chuvosa interferem na producdo de metabolitos secundarios da
planta. Sendo observado que as classes de flavonoides e megastigmanos ocorrem com maior
intensidade no periodo de seca, enquanto 0s taninos ocorrem mais intensamente em estacao
chuvosa. Neste trabalho, a classe dos megastigmanos foram identificados pela primeira vez no
género Miconia, assim como ndo haviam informac@es na literatura inferindo a variagcdo sazonal

relacionada a esses compostos.

Palavras-chave: Miconia albicans, inflamacdo, toxicidade, megastigmanos, sazonalidade.



DEMBOGURSKI, Djaceli Sampaio de Oliveira. Anti-inflammatory, antimicrobial and antibiofilm
potencial of Miconia albicans (Melastomataceae) leaves (Thesis). Doctorate in Biotechnology and
Biodiversity, Federal University of Mato Grosso do Sul; 2023

ABSTRACT

The Miconia albicans (Melastomataceae) is popularly known as canela-de-velho, and its
leaves are used as tea to treat inflammation and joint pain. However, few scientific evidence
evaluates the in vivo anti-inflammatory potential correlated to the chemical profile and seasonal
interference of the compounds. In this sense, was developed a M. albicans aqueous extract
(MAAE), similar to use by the population, and used to inflammation, analgesia, and toxicity
assays. It revealed that the MAAE at a dose of 256 mg/kg, inhibits the edematogenic effect in
treated animals, as well as reduces the level of leukocyte migration, against the acute inflammatory
response. The acetic acid-induced abdominal writhings were decreased with MAAE treatment, as
well as the paw licking time response was reduced, showing nociceptive potential. MAAE showed
no toxicological effects, as evaluated in acute and repeated-dose toxicities. The animals showed
no alterations when the biochemical, histological and hematological parameters were analyzed.
The antimicrobial and antibiofilm activities of MAAE and 4 fractions were evaluated against
Staphylococcus aureus and Pseudomonas aeruginosa bacteria, all samples submitted did not show
effective activity against the pathogenic strains. The phytochemical analysis by the CLAE-DAD-
EM technique, made it possible to identify 24 compounds from the MAAE, such as
megastigmanes, flavonoids, ellagitannins and triterpenes, highlighted that these classes of
metabolites are recognized for their anti-inflammatory potential. In the seasonal investigation, 4
individuals of the same species were monitored for 10 months, this way, it was observed, that the
dry and rainy seasons interfere in the production of secondary metabolites of the plant. Was
observed the classes of flavonoids and megastigmanes occur with greater intensity in the dry
season, while tannins occur more intensely during the rainy season. In this work, the class of
megastigmanes was identified for the first time in the genus Miconia, and there was not

information about the season variation related to these compounds.

Keywords: Miconia albicans, inflammation, toxicity, megastigmanes, seasonality.



LISTA DE ABREVIATURAS

AcOEt Acetato de etila

AU Acido ursdlico

AO Acido oleandlico

AINEs Anti-inflamatdrios ndo-esteroidais
BuOH Butanol

CLAE Cromatografia liquida de alta eficiéncia
COX Ciclo-oxigenase

DAD Detector de arranjos de diodos
DCM Diclorometano

DMSO Dimetilsulfoxido

DO Densidade Otica

EM Espectrometria de massas

EM/EM Espectrometria de massas tandem
EtOH Etanol

Hx Hexano

IES lonizagéo por eletrospray

Clso Concentracao Inibitoria média
IL-1 Interleucina 1

i.p. Intraperitoneal

i.pl. Intraplantar

LOX Lipo-oxigenase

MAAE Miconia albicans aqueous extract (extrato aquoso de Miconia albicans)
MeOH Metanol

CIM Concentracdo Inibitoria Minima
m/z Relacdo massa/carga

MN Mononuclear

NO Nitric Oxide (Oxido nitrico)

PMN Polimorfonuclear

TNF Fator de necrose tumoral

uv Espectro de ultravioleta
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1. INTRODUCAO

A base para medicina tradicional e moderna sempre foram as produtos naturais, em que
muitas plantas foram utilizadas como matéria-prima vegetal e tornaram-se fonte de estudos no
desenvolvimento e busca de novos farmacos (SERPELONI et al., 2011). Neste sentido,
encontramos no vasto cerrado brasileiro uma rica flora com inimeras espécies a serem estudadas,
muitas delas com aplicac@es etnofarmacoldgicas. Explorando esse bioma selecionamos a espécie
Miconia albicans, a qual pertence a um género da grande familia Melastomataceae, que possuli
diversas espécies com potencial uso terapéutico, assim promoveremos uma ampliacdo dos

conhecimentos sobre a biodiversidade do cerrado brasileiro.

Miconia € o maior género em numero de espécies da familia Melastomataceae, ocorre em
toda América do Sul e Central e possui um grande apelo comercial e econdmico pelo fato de suas
espécies serem ornamentais (FERREIRA et al., 2013). A espécie Miconia albicans € uma das mais
populares do género, conhecida por canela-de-velho. E muito difundida na medicina popular para
tratamento de diversas doencas, como por exemplo, inflamacgdes, infecgcOes, artrose e dores
articulares (TARAWNEH et al., 2014; SERPELONI et al., 2008; RODRIGUES et al., 2011).

A droga vegetal de M. albicans € comercializada em forma de folhas secas, capsulas,
pomada e tintura. No entanto, em 2017 a Agéncia Nacional de Vigilancia Sanitaria (ANVISA)
divulgou a primeira resolugéo proibindo a comercializa¢do de produtos contendo M. albicans de
algumas empresas, por ndo possuirem registro, notificacdo ou cadastro junto ao 6rgdo (DOU
35/17). Em informe Resolu¢do-RE n° 1.417, de 1° de junho de 2018, a ANVISA determinou como
medida de interesse sanitario, em todo o territério nacional, a proibicdo da fabricacéo, distribuicéo,
comercializagéo e uso do produto canela de velho como medicamento, bem como a divulgagéo em
qualquer midia, até que o produto tenha registro no 6rgao. Atualizado em, 04 de julho de 2022,
ainda fica proibido a distribuicdo de produtos a base de M. albicans, por ndo possuir registro na
agéncia. Ressaltando assim, a auséncia de dados que comprovem a seguranca e eficicia dessa

planta medicinal.

E conveniente ressaltar que muitas dessas espécies vegetais do género Miconia sio

utilizadas pela populacdo e ndo possuem descri¢do na literatura quanto a composi¢do quimica,



eficacia, seguranca, perfil farmacoldgico e toxicologico. Esses apontamentos estimulam o
desenvolvimento desta pesquisa, tanto no sentido da busca pela validacdo de acdo terapéutica e
toxicidade que envolvem o0 uso quanto a caracterizagdo quimica e variagdes sazonais que
interfiram no teor dos seus constituintes. Portanto, o objetivo desse estudo € explorar a aplicacdo
de técnicas metabol6micas e ensaios in vivo, no intuito de corroborar o conhecimento popular

sobre a espécie vegetal M. albicans.



2. REVISAO BIBLIOGRAFICA

2.1. Etnofarmacologia

A biodiversidade brasileira € uma fonte extremamente importante para a pesquisa de novos
medicamentos e alimentos. As plantas sdo fontes valiosas de estudos e desenvolvimento de
produtos no Brasil, gerando grande destaque e oportunidades na pesquisa cientifica e tecnologica
(FERNANDES et al., 2019; CARVALHO et al., 2018). O Brasil possui uma das floras mais ricas
do mundo, abrangendo seis biomas distintos. No estado de Mato Grosso do Sul encontram-se dois
biomas, o cerrado e o Pantanal. O cerrado é considerado um dos maiores hotspots mundiais em
biodiversidade, além de ser considerado a maior savana tropical do mundo contendo 11.627
espécies nativas e 4.000 endémicas (GARCEZ et al., 2016; MACEDO et al., 2018).

O uso medicinal de plantas é um habito brasileiro comum, sendo praticado por uma boa
parte da populacdo incluindo, principalmente, aqueles com acesso limitado a servi¢os de saude e
medicamentos, 0 que leva ao consumo de plantas como alternativa para o alivio de sintomas e
tratamento de doencas. Diversas espécies nativas possuem valor socioeconémico e medicinal
sobretudo para populacfes que estdo em contato direto com elas, incluindo comunidades rurais e
indigenas, o que as tornam fontes primérias de conhecimento tradicional e uso medicinal dessas
espécies. O reconhecimento dessas praticas populares que existem ha séculos é um importante
instrumento que auxilia na descoberta de novos farmacos, moléculas bioativas e alvos terapéuticos
(CECHINEL-ZANCHETT et al., 2017; GASPAROTTO-JUNIOR et al., 2019; HAKALA et al.,
2015; TROJAN-RODRIGUEZ et al., 2012).

O conhecimento que mescla farmacologia, botanica, antropologia e farmacognosia é
denominado etnofarmacologia, no qual etno significa cultura ou grupo e tem como origem o
conhecimento popular. Esta prética estd cada vez mais se tornando um grande foco de interesse
cientifico e estimulando novas pesquisas, 0 que € embasado por exemplos de sucesso, como 0
desenvolvimento de acido acetilsalicilico inspirado em Salix alba, morfina de Papaver somniferum
e outros (ERHABOR et al., 2020; YEUNG et al., 2020).



Uma abordagem de investigacdo de novos farmacos, a partir de espécies vegetais
inexploradas, pode-se iniciar de uma visdo geral de conhecimentos populares, centrados em
aspectos socioculturais de uso local e tradicional. Com base nessas informacdes primarias é dado
inicio a busca de embasamento cientifico para validar o conhecimento popular (MOURA et al.,
2019). Nesse cenario, comeca-se a pesquisa farmacoldgica empregando tecnologias para
destrinchar minuciosamente a composicao quimica do material vegetal, bem como a execucéo de
ensaios in vivo nas investigagdes terapéuticas e de toxicidade (TOLOUEI et al., 2019; TABACH
etal., 2017).

Estudos etnofarmacolégicos estdo sendo realizados por diversos grupos de pesquisa de
inUmeras areas. Tais trabalhos, no dominio da etnofarmacologia, necessitam mimetizar em seu
desenho experimental, ou seja, ser 0 mais proximo possivel do modo de utilizac&o tradicional, para
que os resultados possam ser validados e devolvidos a comunidade. Em consequéncia, mais
estudos farmacologicos podem ser conduzidos a partir dos resultados iniciais para esclarecer, por
exemplo, 0 mecanismo de acdo, realizar o controle de qualidade e determinar sua aplicacéo clinica
com maior propriedade (HE et al., 2020; WANG et al., 2020; EZENYI et al., 2020).

Embora haja um grande aumento de informagdes nas bases cientificas sobre a utilizagdo
de plantas medicinais, o fundamento que envolve sua dose terapéutica e toxicidade ainda é
diminuto. Por isso, ainda ha grande necessidade de investigacoes sobre a flora brasileira, incluindo
do cerrado, visando a descoberta de substancias bioativas, aplicacdes biotecnoldgicas,
nutracéuticos e produtos para prevencao de doencas (RIBEIRO-NETO et al., 2020; MOURA et
al., 2019).

2.2. Familia Melastomataceae

A familia Melastomataceae, ordem Myrtales, possui 166 géneros e aproximadamente 4.600
espécies, apresentando ampla distribuicéo por toda regido tropical e subtropical, porém com maior
incidéncia na América do Sul (GOLDENBERG et al., 2012). Algumas espécies pertencentes aos

géneros Melastoma, Medinilla e Osbeckia s&o utilizadas had muito tempo como plantas medicinais
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para o tratamento de diarreia, doencas de pele, hemorragias e como adstringente. Na medicina
tradicional chinesa, as folhas de Melastoma dodecadrum s&o utilizadas no tratamento de
hemorroidas, dermatites, picada de cobra, escabiose, bem como alternativa para se evitar o aborto,
enquanto que suas raizes sdo aplicadas no tratamento de diarreia, dores abdominais e pds-parto
(ISHII et al., 1999). Em Chiapas, México, as pessoas mastigam e comem as folhas de Arthrostema
ciliatum para tratar as causas de vomito, uma antiga tradicdo Maia que perdura até a atualidade, e
em outras partes da América Central a decoccdo de toda a planta é utilizada como diurético e
laxante (ALMEDA, 1993; BARUCH et al., 2000).

As espécies dessa familia destacam-se por produzirem flores e frutos ao longo de todo o
ano e apresentam caracteristicas vegetativas e reprodutivas diversas, podendo ser facilmente
reconhecidas entre dicotiledoneas pelas suas folhas, uma vez que possuem venacgdo acrodrémica
caracteristica (RIBEIRO et al., 2016; SERNA, MARTINEZ, 2015). Em levantamento da
biodiversidade brasileira, a familia Melastomataceae € identificada como o quinto maior grupo de
Angiospermas do Brasil ocorrendo, principalmente, na Mata Atlantica e Cerrado, e contribuindo

de forma significativa em termo de espécies endémicas do pais (ZAPPI et al., 2015).

A partir de levantamentos bibliogréficos aplicando o termo Melastomataceae na plataforma
SciFinder, do banco de dados Chemical Abstracts, foram encontrados 688 resultados (incluindo
33 patentes). Verificando os resultados por ano de publicacéo, foi analisado o periodo entre 1970
e 2023, sendo possivel constatar o aumento progressivo de publicagdes, principalmente apds 0 ano
2003, o que demonstra o crescente interesse pelas espécies da familia Melastomataceae (Figura
1). O maior nimero de publicacBes ocorreu no ano de 2016 com 53 resultados e dentre esses, cinco
trabalhos sdo patentes. Quando filtrados por conceitos os resultados segregam-se em: Plant
extracts (128 resultados), Brazil (70), Pharmaceutical natural products (68), Miconia (23), Anti-
inflammatory agents (38) e Tradicional Medicine (14).



Trabalhos publicados com espécies de Melastomataceae por ano
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Figura 1. Grafico anual de publicagdes de trabalhos referentes a espécies da familia Melastomataceae desde o ano
1970 a 2023. Fonte: CHEMICAL ABSTRACTS, 2023.

Dados quimicos da familia Melastomataceae, em geral, ainda sdo escassos, porém dentre
os metabolitos secundarios ja descritos encontram-se flavonoides, terpenoides, triterpenos,
taninos, antraquinonas, lignanas, quinonas e cumarinas. Esses sdo 0s principais compostos que tém
sido relacionados as suas propriedades bioldgicas como antioxidante, hepatoprotetora, anti-
inflamatdria, antinociceptiva, antidiarreica, antibacteriana, antitumoral, antitripanossoma e
antimalaria (MOURA et al., 2013; MURUGAN, PARIMELAZHAGAN, 2013; GORDON et al.,
2011; GILBERT et al., 2014; CUNHA et al., 2003).

Os flavonoides kaempferol, apigenina, luteolina, quercetina e seus derivados,
principalmente os glicosilados, foram frequentemente identificados em grande parte dos géneros
da familia Melastomataceae (BONFIM-PATRICIO et al., 2000; SERNA, MARTINEZ, 2015).
Mimura e colaboradores (2004) analisaram oito espécies do género Huberia (H. carvalhoi, H.
espirito-santensis, H. minor, H. glazioviana, H. nettoana, H. ovalifolia and H. semiserrata e H.
consimilis) e relataram esses flavonoides em todas as espécies, além de tambeém publicarem dados

morfologicos.




A espécie Dissotis perkinsiae é utilizada como planta medicinal no tratamento de febre,
doencas infecciosas e reumatismo pela populacdo de Camardes (Africa do Sul). Nadjateu e
colaboradores (2014), desenvolveram um extrato etandlico com as folhas de D. perkinsiae, e
avaliaram a capacidade antioxidante pelo ensaio de DPPH, apresentando uma Clso de 130,66
pg/mL. Bem como foi avaliado o potencial antibacteriano frente as cepas de Enterococcus faecalis
(CIM 0,04 mg/mL), Escherichia coli (CIM 0,08 mg/mL) e Sthaphylococcus aureus (CIM 0,08
mg/mL) pelo método de microdiluicdo em série. Esses dados antibacterianos corroboram com a
utilizagdo popular de D. perkinsiae para o tratamento de infecgdes.

A espécie Bellucia dichotoma, nativa da regido amazonica, € utilizada pela populagédo
regional, em forma de cha das cascas, para tratar os efeitos hemorragicos locais induzidos pelo
veneno de serpentes. Moura e colaboradores (2013) avaliaram o extrato aquoso da casca de B.
dichotoma frente ao veneno de Bothrops atrox, na concentracdo de 1:5 (veneno:extrato; 10 pug:50
pg), por via intraplantar (i.pl.), e observaram inibicdo total da atividade hemorrégica e
edematogénica provocadas pelo veneno. Posteriormente, o extrato aquoso de B. dichotoma foi
investigado frente ao veneno de Bothrops jararaca, em concentragéo de 1:48 (veneno:extrato; 10
1g:480 pg), via intradérmica (i.d.) na regido dorsal, ao qual inibiu completamente a hemorragia
induzida pelo veneno (MOURA et al., 2015). Tendo em vista os trabalhos anteriores, Moura e
colaboradores (2017) analisaram espécimes de B. dichotoma, coletadas em diferentes regides de
Manaus (AM) e Santarém (PA), estas foram utilizadas para a obtencdo de extratos aquosos, sendo
avaliados in vivo contra o veneno de B. atrox em doses baseadas no uso popular (48,3; 145 e 289,8
mg/kg, por via oral). Este estudo, relevou que os extratos inibiram 100% da atividade coagulante
induzida pelo veneno de B. atrox em todas as doses avaliadas. Indicando que a espécie B.
dichotoma, coletada em duas diferentes regiGes possuem composi¢do quimica similar, ambas

contendo propriedades anti-hemorragicas.

As espécies do género Tibouchina sdo encontradas em bordas e clareiras de florestas, sendo
amplamente utilizadas para fins de reflorestamento, marcadores de poluigdo e ornamentagéo
urbana devido a beleza de suas flores Figura 2 (ZAMPIERI et al., 2013). E um género com
caracterizagdo quimica escassa, no entanto, Rezende e colaboradores (2019) analisaram 11

espécies do género Tibouchina e descreveram a identificacdo de flavonoides, triterpenos,



esteroides e taninos a partir das folhas dessas espécies. Alem desses compostos, antocianinas e

proantocianidinas foram identificadas a partir de suas flores.

Figura 2: Tibouchina sellowiana, nome popular: quaresmeira, manaca, manaca-da-serra. Fonte: Flora digital
da Universidade Federal do Rio Grande do Sul — UFRGS, fotégrafo: Marcio Verdi.

2.3. Género Miconia

Miconia é o maior género da familia Melastomataceae, possuindo 1.191 espécies, as quais
encontram-se distribuidas desde o sul do México até a Argentina e ocorrendo em toda América
Central e América do Sul. O Brasil abrange 276 espécies de Miconia, sendo que 121 espécies desse
género sdo endémicas e 250 espécies sdo consideradas ornamentais € por esse motivo geram
grande interesse econdmico na sua comercializa¢cdo (RODRIGUES et al., 2011; FERREIRA et
al., 2013).

As principais caracteristicas morfologicas que fazem uma espécie ser inclusa no género
Miconia séo: paniculas terminais, ramos adicionais axilares, inflorescéncias piramidais,
glomeruladas ou escorpioides, lacinias do célice triangulares, anteras curtas e lineares, como
ilustrado na Figura 3 (REZENDE et al., 2013; GOLDENBERG et al., 2020).



2018

Figura 3: llustragdo com as principais caracteristicas morfolégicas do género Miconia. (A) ramo fértil, (B) base foliar,
(C) pétala, (D) estame vista lateral, (E) estame vista dorsal, (F) flor vista abaxial, (G) flor vista longitudinal, (H) fruta,
(1) e (J) sementes. Fonte: GOLDENBERG et al, 2020, autor: Diana Carneiro.

O uso tradicional de diversas espécies do género Miconia é descrito na literatura brasileira
(SILVA et al.,, 2022), o que destaca a elevada importancia dessas espécies para estudos
etnofarmacoldgicos e também como fontes de compostos bioativos a partir de nossa vasta
biodiversidade nacional. Apesar do género Miconia ser composto por um elevado nimero de
espécies, apenas uma pequena parcela dessas foram estudadas em relacdo as suas propriedades
quimicas ou bioldgicas, sendo que a maior parte dos trabalhos publicados focam em morfologia e
taxonomia. Entretanto, é crescente o interesse etnofarmacoldgico por espécies deste género, pois
sdo amplamente utilizadas na medicina tradicional (MILANEZ et al., 2017; GATIS-
CARRAZZONI et al., 2019).



Diversas espécies de Miconia séo encontradas em todo territorio brasileiro, como pode ser

observado nos registros de coletas levantados no banco de dados SpeciesLink (Figura 4).
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Figura 4: Mapa de registros de coletas de espécies do género Miconia no Brasil. Os pontos verdes indicam o registro

de coleta e depdsito de exemplares com as coordenadas fornecidas. Fonte: SPECIESLINK, 2020.

Uma pesquisa etnobotanica na regido do Alto Rio Grande, MG, levantou as plantas
medicinais de grande interesse na regido a partir de conhecimento de raizeiros, bem como a
ocorréncia dessas. Entre as 167 espécies investigadas, Miconia rubiginosa foi citada como uma
importante espécie utilizada no tratamento de infeccbes de garganta (RODRIGUES,
CARVALHO, 2001). Em 2018, Boscolo e Valle fizeram um levantamento das plantas medicinais
mais utilizadas pela populacdo de Quissamd, RJ, utilizando informacdes de moradores locais.
Neste trabalho, foi relatado o uso das folhas de Miconia cinnamomifolia, em forma de ch4 para o

tratamento de resfriados e febre.

Os compostos quimicos de maior ocorréncia no género Miconia encontram-se sumariados
na Tabela 1. Dentre estes componentes de maior ocorréncia encontram-se flavonoides, triterpenos,

taninos hidrolisaveis e esteroides.
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Tabela 1: Principais substancias encontradas em espécies do género Miconia.

Espécie vegetal

Composto quimico (classe)

Referéncia

Miconia affinis

Acido arjundlico (triterpeno)

GULDBRANDSEN et al., 2015

Miconia albicans

Acido ursolico (triterpeno)

Acido oleandlico (triterpeno)
B-amirina (triterpeno)

o-amirina (triterpeno)

Lupeol (triterpeno)

jB-sitosterol (esteroide)

Campesterol (esteroide)
Estigmasterol (esteroide)

Rutina (flavonoide)

Quercetina 3-O-B-glicosideo (flavonoide)
Castalagina (tanino hidrolisavel)
Vescalagina (tanino hidrolisavel)
Acido galico (acido fendlico)

Acido elagico (acido fendlico)
Miricetina O-hexosideo (flavonoide)

SERNA et al., 2015

PIERONI et al., 2011

VIEGAS et al., 2017; 2019
QUINTANS-JUNIOR et al,
2020

CREVELIN et al., 2006

Miconia cabucu

Quercetina-3-O-a-L-ramnopiranosil-(2—1)-O-f-
D-xilopiranosideo (flavonoide)

Quercetina-3-O- a-L-ramnopiranosideo
(flavonoide)

Miricetina-3-O- a-L-ramnopiranosideo
(flavonoide)
Quercetina-3-O-4-D-glucopiranosideo
(flavonoide)
Kaempferol-3-O-f-D-(6-coumaroil)-
glucopiranosideo (flavonoide)

RODRIGUES et al., 2007

Miconia chamissois

Mateucinol (flavonoide)

SILVA et al., 2020
GIMENEZ et al., 2020

Miconia fallax

Acido ursolico (triterpeno)
Acido oleandlico (triterpeno)
Acetato de a-amirina (triterpeno)
Acetato de 3-amirina (triterpeno)
Lupeol (triterpeno)

B-aitosterol (esteroide)
Estigmasterol (esteroide)

CUNHA et al., 2008; 2010
CREVELIN et al., 2006

Miconia ferruginata

5,6, 7-trihidroxi-4-metoxiflavona (flavonoide)
5,7,4-trihidroxi-6,8-dimetilflavona (flavonoide)
5-hidroxi-7,4-dimetoxi-8-metilflavona
(flavonoide)

Acido ursélico (triterpeno)

Acido oleandlico (triterpeno)

B-sitosterol (esteroide)

Estigmasterol (esteroide)

CUNHA et al., 2006

Miconia ligustroides

Acido ursolico (triterpeno)
Acido oleandlico (triterpeno)
B-amirina (triterpeno)
o-amirina (triterpeno)
Estigmasterol (esteroide)

CUNHA et al., 2008; 2010
CREVELIN et al., 2006
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B-sitosterol (esteroide)
Miconia myriantha Mattucinol-7-O-p-D-glucopyranoside LI etal., 2002
(flavonoide)
Matucinol-7-0-[4,6-di-O-galoil]-B-D-
glucopiranosideo (flavonoide)
Miconia pepericarpa Lupeol (triterpeno) CREVELIN et al., 2006
B-amirina (triterpeno)
o-amirina (triterpeno)
Friedelina (triterpeno)
B-amirina (triterpeno)
o-amirina (triterpeno)
Campesterol (esteroide)
Estigmasterol (esteroide)
B-Sitosterol (esteroide)

Miconia prasina Miconioside C (flavonoide) TARAWNEH et al., 2014
Matteucinol (flavonoide)

Miconia rubiginosa Lupeol (triterpeno) CUNHA et al., 2006
B-Sitosterol (esteroide) RODRIGUES et al., 2011
Quercetina (flavonoide) CREVELIN et al., 2006

Kaempferol (flavonoide)

Acido galico (acido fenélico)
Epicatequina (flavonoide)
Casuarina (tanino hidrolisavel)
Friedelina (triterpeno)

Acetato de a-amirina (triterpeno)
Acetato de B-amirina (triterpeno)
Miconia sellowiana Lupeol (triterpeno) CREVELIN et al., 2006
B-Amirina (triterpeno)
o-Amirina (triterpeno)
Campesterol (esteroide)
Estigmasterol (esteroide)
B-Sitosterol (esteroide)
Miconia trailii Matteucinol (flavonoide) ZHANG et al., 2003
Acido bartogénico (triterpeno)
Acido arjundlico (triterpeno)

Acido miriantico (triterpeno)
Stigmast-4-ene-3,6-dione (esteroide)

2.3.1. Atividade anti-inflamatdria e nociceptiva de espécies de Miconia

Miconia minutiflora é popularmente utilizada para tratar inflamac6es e dores reumaticas.
Das folhas dessa espécie foi obtido um extrato metandlico e avaliado quanto as propriedades anti-
inflamatdria, antinociceptiva e pesquisa de toxicidade aguda. O extrato mostrou inibir 70% da
migracéo leucocitaria na dose de 100 mg/kg, em modelo de bolsa de ar subcutanea produzida por
ar estéril com inducao de inflamacdo por carragenina, em ratos Wistar. No ensaio de pleurisia
induzido por carragenina, este extrato também revelou uma reducéo de 62% na migracao de celulas
polimorfonucleares da cavidade pleural na dose de 100 mg/kg. Este extrato também provocou uma
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reducdo na producdo dos niveis de citocinas TNF e IL-1p, além disso foi observada nocicepcao
para 0 extrato metanolico com uma reducdo de 58,9% das contor¢des abdominais induzidas por
acido acético. Desta maneira, este estudo confirmou as atividades anti-inflamatoria e
antinociceptiva do extrato metandlico de M. minutiflora, correlacionado com a presenca de taninos
hidrolisaveis e compostos fenolicos do perfil quimico (GATIS-CARRAZZONI et al., 2019).

O efeito analgésico do extrato de Miconia rubiginosa foi avaliado pelos ensaios de
contor¢do abdominal induzida por acido acético e placa quente, utilizando camundongos Swiss.
Foram produzidos diferentes extratos, obtidos a partir da extracdo com os solventes hexano,
diclorometano e etanol. O extrato hexanico inibiu mais de 90% das contor¢6es abdominais na dose
de 200 mg/kg. No ensaio de placa quente, os extratos hexanico e etandlico, exibiram efeito
analgésico significativo, com inibicdo de 65% da reacdo motora sobre a placa aquecida.
Empregando métodos de RMN e cromatografia a gas, puderam ser identificados os seguintes
compostos, a-amirina, B-amirina, B-sitosterol e lupeol. Tais metabdlitos secundarios foram
estabelecidos como responsaveis pelas propriedades analgésicas de M. rubiginosa (SPESSOTO et
al., 2003).

Desta maneira, os estudos encontrados na literatura demonstram que espécies do género
Miconia sdo promissoras para a determinacdo e busca de compostos anti-inflamatérios e

analgésicos, assim como ainda sdo pouco exploradas frente a diversidade botanica presente.

2.3.2. Outras atividades biologicas de espécies de Miconia
2.3.2.1. Atividade antiparasitaria

O extrato etandlico de Miconia langsdorffii revelou atividade contra Schistosoma mansoni,
exibindo 100% de mortalidade em 120 h na concentragdo de 100 pg/mL. Esse extrato foi
submetido a fracionamento cromatografico usando Celite e Norit (3:1; v/v; 60 g). A fracdo obtida
com hexano e acetato de etila 50:50 (v/v) apresentou atividade esquistossomicida a 100 pg/mL
com 100% de mortalidade em 24 h. Subsequentemente, foram isolados da fracdo bioativa, 0s
triterpenos acido ursélico (AU) e &cido oleandlico (AO), porém as substancias isoladas nédo

apresentaram atividade contra S. mansoni (CUNHA et al., 2012).
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O extrato etanolico das folhas de Miconia willdenowii também exibiu atividade contra S.
mansoni, eliminando 65% dos platelmintos a uma concentracdo de 200 pg/mL, 0 que representou
um efeito similar ao observado para 0 medicamento praziquantel a 2 pg/mL. Essa propriedade
antiparasitaria foi correlacionada com o metabdlito primina, que apds isolado apresentou Clso de
7,08 ug/mL (VIEGAS et al., 2017). O extrato de M. willdenowii foi posteriormente avaliado contra
diferentes agentes, revelando também atividade contra promastigota de Leishmania amazonensis
(inibicdo de 99% a uma concentracdo de 80 pg/mL), bactéria Staphylococcus aureus (Clgo = 250
pg/mL) e fungos Candida glabrata (Clso = 125 pg/mL) e Candida parapsilosis (Clso = 125
pa/mL) (VIEGAS et al., 2019).

2.3.2.2. Atividade antitumoral

O extrato etandlico das partes aéreas de Miconia fallax foi avaliado contra células de
adenocarcinoma uterino humano — HelLa e subsequentemente uma mistura dos triterpenos acidos
ursolico e oleandlico foi obtida e também avaliada com relacdo ao seu potencial citotoxico. Essa
mistura de triterpenos se mostrou mais efetiva nas avaliagdes citotdxicas do que os extratos, sendo

que uma maior atividade foi observada na concentracao de 45 pg/mL (CUNHA et al., 2008).

A partir de Miconia fallax, foram isolados os triterpenos, AU e A. Esses compostos isolados
foram utilizados no tratamento de animais para a determinacdo de genotoxicidade, da seguinte
forma: AU (80 mg/kg), AO (80 mg/kg), mistura de AU + AO (80 mg/kg) e mistura de AU + AO
+ doxorubicina (DXR 90 mg/kg). Foi empregado o teste de micronucleo usando sangue periférico
e células de medula dssea de camundongos Balb/c. A mistura de AU + AO + DXR apresentou
reducdo de 78,4% na frequéncia de eritrdcitos policromaticos micronucleados no sangue periférico
e também de 46,8% na medula 6ssea na dose de 80 mg/kg. Esse resultado mostra que essa mistura
com triterpenos advindos da planta M. fallax, potencializa o efeito nos micronucleos, em
comparacdo com DXR administrado isoladamente. Ainda demonstra um efeito protetor frente a
genotoxicidade induzida por DXR, que é um farmaco quimioterapico amplamente utilizado no
tratamento antitumoral (RESENDE et al., 2006).

14



A acdo quimiopreventiva dos triterpenos, AU e AO, isolados a partir da espécie Miconia
fallax também foi avaliada, tanto dos triterpenos isolados quanto em combinacéo, frente a lesdes
pré-neoplasicas de cdlon, sendo determinada a frequéncia de foco de criptas aberrantes induzidas
por 1,2-dimetilhidrazina em ratos Wistar. Os resultados revelaram que nos animais tratados com a
mistura de AU+AO (25 mg/kg) a média do nimero de criptas aberrantes foi 1,5 + 0,3, comparado
com AO isolado (25 mg/kg) o resultado observado foi 1,4 + 0,3, e para AU isolado (25 mg/kg) 1,4
+ 0,4. Revelou-se que as amostram reduziram significativamente a frequéncia do nimero de
criptas aberrantes comparado aos grupos néo tratados, nesse sentido nédo se configura o efeito de
sinergismo, pois as substancias isoladas apresentam valor semelhante ao da mistura (FURTADO
et al., 2008).

As folhas de Miconia chamissois foram coletadas e utilizadas para produzir um extrato
hidroetanolico. A partir do extrato bruto foi feita uma particéo liquido-liquido com cloroférmio e
depois um fracionamento em coluna com silica gel (60G; 0,05-0,020 mm; 170-270 mesh). Usando
a fracdo de cloroformio como material de partida foi possivel isolar o composto matteucinol, por
coluna cromatogréfica de silica gel flash. O teste inicial foi o indice de seletividade (IS) que deve
ter o valor menor que 2, o extrato bruto de M. chamissois apresentou IS de 5,77, enquanto a fracéo
cloroférmica apresentou IS de 1,60. Assim os testes seguiram-se com matteucinol isolado, em
26,57 ug/mL apresentou atividade antitumoral para glioblastoma, reduzindo o perimetro do tumor
e promovendo morte celular através de apoptose das células tumorais. Além disso, matteucinol
(28 pg/mL) também revelou efeito sinérgico com temozolomida (9,71 pg/mL) contra células
tumorais de glioblastoma (GAMG e U251MG) com Clsg de 0,401 pg/mL (SILVA et al., 2020).

2.3.2.3. Atividade antimicrobiana

O extrato aquoso das folhas de Miconia latecrenata foi testado frente a cepas de
Staphylococcus aureus e Escherichia coli. A cepa de S. aureus se mostrou mais susceptivel ao
extrato (42,5 pg/mL) apresentando inibigdo de 61,7 + 5,1%. No entanto, para a cepa de E. coli a
atividade bacteriana ocorreu em concentragoes elevadas de extrato (1500 pg/mL) para inibir 38.8

+ 4,6%. Foi feita a desreplicagdo do extrato por UPLC-DAD-ESI-MS/MS, para identificar os
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constituintes quimicos responsaveis pela atividade bacteriana, ao qual foi correlacionada com os

elevados teores de taninos e compostos fendlicos presente no extrato (GONTIJO et al., 2019).

Na linha de avaliagdo do potencial antimicrobiano, o extrato etandlico de Miconia
rubiginosa foi testado contra as cepas de E. coli, Klebsiella oxytoca e Klebsiella pneumonie,
utilizando a técnica de microdiluicdo em placa de 96 pocos. O extrato foi testado em concentracdes
entre 0,3 mg/mL e 2 mg/mL, onde exibiu CIM de 2 mg/mL para todas as cepas avaliadas.
Enquanto, o controle imipenem apresentou CIM de 0,001 mg/mL. Pode-se concluir que mesmo a
combinacgédo de substancias do extrato bruto rica em triterpenos (AU e AQ), este agiu de forma
diminuta se comparado ao controle, frente a essas cepas de bactérias resistentes. Embora seja
valida a investigacdo da espécie vegetal relacionada a diferentes bactérias patogénicas (QUEIROZ
etal., 2011).

O extrato etanolico das raizes de Miconia pilgeriana apresentou atividade contra o fungo
Cryptococcus neoformans. A partir deste extrato foi isolado o triterpeno acido arjundlico que
mostrou atividade contra C. neoformans com Clso de 20 pg/mL, e também apresentou uma

moderada atividade frente a enzima &cido graxo sintase (Clso 27,5 pg/mL) (LI et al., 2002).

As partes aéreas da espécie Miconia ligustroides foram extraidas com diclorometano, e a
partir desse extrato foram isolados AU e AO. Esse extrato diclorometanico de M. ligustroides
exibiu atividade contra Bacillus cereus com CIM de 625 pg/mL, enguanto o AO e AU
apresentaram MIC de 80 e 20 pg/mL, respectivamente. Esses triterpenos também revelaram
atividade antibacteriana contra Streptococcus pneumoniae com CIM de 80 e 50 pg/mL,
respectivamente (CUNHA et al., 2010).

2.4. Miconia albicans (Sw.) Steud.

A espécie Miconia albicans (Sw.) Steud. (Figura 5), conhecida popularmente por canela-
de-velho, tem o uso disseminado como planta medicinal e possui diversas indicagcdes, como no
tratamento de artrite, artrose, inflamacGes, dores reumadticas, depurativo, e infeccOes
(TARAWNEH et al., 2014; SERPELONI et al., 2008; RODRIGUES et al., 2011).
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Figura 5: Foto da espécie Miconia albicans, com inflorescéncias (A) e frutos imaturos (B). Fonte: Prépria.

A partir de pesquisas em diferentes bancos de dados realizadas em 2023 e utilizando a
palavra-chave Miconia albicans, foram obtidos 0s seguintes resultados em relacdo ao nimero de
publicagbes no Chemical Abstract/SciFinder (65), ScienceDirect (142), Google Scholar (3.690),
Scopus (105) e PubMed (166). Na principal base de dados, o Chemical Abstract, foram
encontradas 65 referéncias relacionadas a palavra-chave, destacando o ano de 2018 em que houve

0 maior nimero de publicagdes (12) Figura 6.
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Publicacdes com Miconia albicans por ano

Figura 6: Gréfico anual de publicages de trabalhos referentes a Miconia albicans no periodo de 1979 a 2023. Fonte:
CHEMICAL ABSTRACTS, 2023.

Dentre os resultados obtidos, foi observado que 11 trabalhos descrevem o perfil quimico
da planta, em 16 publicacdes investiga-se diferentes atividades bioldgicas, e apenas em 9 trabalhos
sdo correlacionados a atividade biolégica com os compostos presentes no perfil quimico da
amostra. Notando-se que o maior nimero de trabalhos (29), concentram-se em aspectos ecolégicos

e de metabolismo vegetal que envolvem essa espécie.

A partir da espécie M. albicans, diversos compostos quimicos ja foram identificados e/ou
isolados, sendo que 0s mais recorrentes sdo metabolitos como flavonoides, taninos, esteroides e
triterpenos, como ilustrado na Figura 7. Além disso, alguns estudos tem demonstrado variacGes
quimicas em M. albicans dependo da localizacdo geografica onde o individuo é coletado e estacdo

do ano, além de variacgdes intra e interpopulacionais (GIMENEZ et al., 2020).

18



Classes de metabdlitos secundarios isolados/identificados a
partir de Miconia albincans
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Figura 7: Grafico de ocorréncia das principais classes de metabdlitos secundarios j& descritos em Miconia albicans.
Fonte: CHEMICAL ABSTRACTS, 2023.

Lima e colaboradores (2018) analisaram a espécie M. albicans coletada na area de cerrado
do Parque Nacional da Chapada dos Veadeiros, em Goias. As folhas recolhidas foram submetidas
a extracdo com acetato de etila, e a partir do extrato foram preparadas fragcdes por HPLC em escala
preparativa. As fracGes foram utilizadas como material de partida para o isolamento de cinco
flavonoides e oito triterpenos, por HPLC em escala analitica. Tanto o extrato bruto, quanto as
substancias isoladas, foram avaliadas diante as propriedades antidiabéticas frente a inibicdo da
proteina tirosina fosfatase 1B, que atua na desativacao do receptor de insulina e consequentemente
é um regulador negativo do sinal de transducdo de insulina. O extrato apresentou Clso de 4,92
pg/mL, enquanto as substancias isoladas revelaram valores de Clso entre 0,46 € 3,21 uM. O écido
3-O-cis-p-cumaroil maslinico foi o constituinte mais potente, exibindo uma acéo inibitéria da
proteina tirosina fostatase 1B com Clso de 0,46 + 0,07 uM.

Lima e colaboradores (2020) investigaram a espécie M. albicans coletada no Parque
Nacional da Serra de Itabaiana, que comtempla os biomas de Mata Atlantica e Caatinga, em
Sergipe. O extrato hidroetandlico das folhas de M. albicans foi avaliado em ensaios de inflamagéo
e dor, utilizando modelos de edema de pata induzido por carragenina. Os resultados mostraram
que o tratamento com o extrato hidroalcodlico de M. albicans, na dose 25 mg/Kg, reduziu em 29%
a formacédo de edema, enquanto o controle indometacina (10 mg/kg) apresentou reducao de 25%

do edema. Além disso, o tratamento com esse extrato provocou a diminuicdo dos niveis de duas
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citocinas envolvidas no processo inflamatorio, o TNF e a IL1-B. Esse perfil anti-inflamatorio do
extrato de M. albicans tem sido relacionado ao seu elevado potencial antioxidante devido a

presenca de compostos fendlicos e flavonoides (LIMA et al., 2020).

2.5. Inflamacéo

O processo inflamatorio € uma resposta imune a algum estimulo lesivo, danos celulares e
teciduais, que podem ser ocasionados por diversos agentes nocivos como por exemplo: bactérias,
anticorpos e lesfes. Esse processo tem como objetivo restaurar o tecido lesado e a homeostasia
atraves da ativacdo de componentes envolvidos na promocao e resolucdo do processo (GAO et al.,
2020; NEWMAN, ZLOZA, 2017).

Inicialmente, ocorre a inflamag&o aguda no local da leséo ou infecc¢éo que envolve diversos
eventos como, o aumento do fluxo sanguineo, a permeabilidade celular, a liberagdo e acimulo de
células sanguineas (neutréfilos, macréfagos, mastocitos, linfécitos, plaguetas, células dendriticas,
células endoteliais e fibroblastos). Os eventos celulares e moleculares apresentam as principais
caracteristicas de resposta fisiologica como dor, calor, edema, rubor e perda de funcdo de tecidos
comprometidos (ALESSANDRI et al., 2013, DUFFIN et al., 2010).

Em seguida, os macréfagos residentes do tecido e os recrutados, trabalham na reparacédo
tecidual, no qual estdo envolvidos mediadores anti-inflamatérios, como as lipoxinas que removem
as celulas mortas e iniciam a restauragdo tecidual. No entanto, se essas intervencdes ndo forem
suficientes para eliminacdo do patégeno é iniciado um novo recrutamento de neutréfilos,
macrofagos e linfdcitos T, se ainda assim as medidas ndo forem capazes de reparar o dano, o
processo inflamatorio crénico sera iniciado (LUAN, HORNG, 2021). Logo a fase cronica, tem
longa duragdo e estd correlacionada com infiltrados de células mononucleares, proliferagdo de
vasos sanguineos, degeneracdo e fibrose do tecido (WANG, LIN, 2008).

O recrutamento de células inflamatorias para os locais de lesdo envolve interagfes entre
varios tipos de mediadores, como algumas citocinas que executam acao essencial no processo
inflamatdrio, mais especificamente o fator de necrose tumoral (TNF), interleucinas (IL),
interferons (IFN), fator estimulador de col6nias (CSF) e fator de transformacéo de crescimento
(TGF-B). O TNF aumenta a permeabilidade vascular, induz a expressao de moléculas de adeséo

celular e vascular, como também, influencia na produgdo de citocinas mediadoras fundamentais
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para resposta bioldgica ao lipopolissacarideo bacteriano (LPS). Essas citocinas sdo secretadas por
monacitos, macréfagos, adipdcitos e fatores de crescimento como as IL-6 e IL-8, que induzem a
expressdo génica e sintese protéica em uma gama de células para mediar e promover a inflamacéao
(MURATA, 2018; COUSSENS, WERB, 2002).

2.6. Tratamento medicamentoso da inflamacao

Um farmaco com atividade anti-inflamatoria tem a finalidade de agir em alguma etapa do
processo inflamatorio e, com isso, inibir a inflamacao. A principal classe de anti-inflamatorios é
dos ndo esteroides, mais conhecidos como AINEs, anti-inflamatdrios ndo esteroidais. No entanto,
com o0s avangos nas pesquisas foram desenvolvidos farmacos com especificidade e complexidade
que atuam de modo demarcado na cascata inflamatéria (SILVA et al., 2022).

O grupo dos AINEs é guimicamente heterogéneo de acidos organicos e compartilham
basicamente as mesmas acdes terapéuticas e efeitos adversos. Podem ser subdivididos em
inibidores néo seletivos da ciclo-oxigenase 2 (COX-2) e os inibidores seletivos da COX-2, ambos
agindo de forma anti-inflamatéria, analgésica e antipirética (VIEIRA et al., 2022). Esses agentes
atuam desde a inibicdo da biossintese de prostaglandinas a reducdo da producdo de radicais
superdxidos, induzindo a apoptose, diminuindo o éxido nitrico sintetase e modificando a atividade
de linfécitos alterando as funges da membrana celular (PSOMAS, 2020).

Os anti-inflamatorios séo a classe de medicamentos mais utilizados no mundo, sé no Brasil
fatura-se com eles 2,5 bilhdes de reais anualmente, sendo a nimesulida 0 medicamento desse grupo
mais prescrito e consumido no pais, a venda desses no mercado farmacéutico atual, de janeiro até
0 més de maio de 2022, ja movimentou mais de R$ 41 milhdes (SIDUSFARMA, 2022).

Os AINEs, sdo os principais medicamentos que provocam toxicidade gastrointestinal em
seus usuarios, essa classe também pode causar, devido a seu uso prolongado, fatores de risco como,
doencas cardiovasculares principalmente em pacientes com mais de 60 anos (MCEVOY, CARR,
PIRMOHAMED, 2021). Nos EUA, mais de 16,5 mil pessoas morrem a cada ano em decorréncia
da ingestao de anti-inflamatorios que causam sangramento gastrointestinal (WOLFE et al., 1999).

Desse modo, destaca-se ainda a necessidade de desenvolvimento de novos farmacos para
o tratamento de inflamacdo com reduzidos efeitos adversos. Neste contexto, a vasta diversidade

quimica de produtos naturais a partir da flora brasileira € um ponto promissor para essa busca e
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desenvolvimento de potenciais candidatos a farmacos a serem utilizados para o tratamento de
infeccdes, inflamacdes e outras doencas.

O medicamento fitoterapico Acheflan®, por exemplo, é um anti-inflamatério para via
topica que foi desenvolvido e produzido totalmente no Brasil. Este desenvolvimento foi realizado
a partir de um projeto conduzido em parceria entre cinco universidades brasileiras e, portanto, € o
primeiro medicamento 100% nacional. O Acheflan® é produzido a partir do 6leo essencial de
Cordia verbanaceae (erva baleeira) e seus principais metabdlitos ativos sdo o-humuleno,

alloaromadendreno e trans-cariofileno (MORAIS et al., 2022).

2.7. Biofilmes bacterianos

Os biofilmes bacterianos séo considerados um grande problema de salde publica e ocorrem
com bactérias que sdo capazes de se aderir a uma superficie e formarem uma rede polissacaridica
que protege e imobiliza a colénia, como um sistema de sobrevivéncia, e essa comunidade
microbiana pode conter uma ou indmeras espécies de bactérias diferentes. Os biofilmes podem
estar presentes em diversas superficies, tanto bidticas (células e tecidos animais e vegetais) quanto
abidticas (plasticos e metais) (TRENTIN et al., 2013; BARROS et al., 2023).

A formacdo do biofilme envolve vérias etapas, se iniciando pela adesdo das bactérias
colonizadoras a uma superficie e que ocorre em duas fases (adesdo reversivel e irreversivel).
Posteriormente a aderéncia, inicia-se 0 processo de quorum sensing (QS), onde ocorre uma
ampliacdo da densidade populacional devido a células sinalizadoras especializadas que s&o
liberadas no meio extracelular, agregando novas células e contribuindo para a formacao da col6nia,
assim sdo reunidos nutrientes para 0 ambiente, suporte para crescimento e maturacao celular, e
manutencdo do biofilme (Figura 8) (SCHNEIDER et al., 2020, BOROWSKI et al., 2020).

O biofilme maduro se transforma em um sistema com uma &rea densa, canais onde
circularam nutrientes, gases, acidos e residuos metabdlicos. Essa matriz protege as bactérias contra
a acdo de antibidticos, desinfetantes, raios ultravioleta e mudancas ambientais. No entanto, com a
superpopulagdo o meio se torna desfavoravel, ocorrendo entdo o desprendimento celular, liberando
entdo esses microrganismos virulentos no meio externo que poderé@o colonizar outras superficies
caracterizando um novo ciclo de contaminacdo (Figura 8) (BOROWSKI et al., 2018, REIS et al.,
2020).
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Figura 8: Mecanismo de formacéo dos biofilmes. Fonte: TRENTIN et al., 2013.

Presume-se que mais de 80% das infeccGes microbianas que ocorrem na clinica médica
estdo relacionadas aos biofilmes, o que representa uma grave ameaca a medicina moderna,
representando 0 aumento na incidéncia de mortes e o alto custo relacionado a tratamentos
consecutivos, uma vez que ainda ndo temos eficientes medicamentos para 0 combate de bactérias
em biofilmes (CAMPOS-SILVA et al., 2019). Diante disso, a industria farmacéutica procura
desenvolver novos medicamentos que sejam capazes de modular a formacdo do biofilme e/ou

erradicar o biofilme ja formado.
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3. OBJETIVOS

O presente trabalho tem como objetivo explorar os aspectos quimicos e biologicos das

folhas de Miconia albicans, propondo:

e Determinar o perfil quimico da espécie utilizando a técnica de CLAE-DAD-EM,;

e Avaliar as propriedades anti-inflamatdria, anti-hiperalgésica, toxicidade aguda e de doses
repetidas do extrato aquoso de M. albicans;

e Auvaliar a atividade antibacteriana e antibiofilme in vitro frente as bactérias Staphylococcus
aureus e Pseudomonas aeruginosa;

e Avaliar a capacidade antioxidante e os teores de taninos e fendis totais;

e Correlacionar os compostos ativos com as propriedades biolégicas;

e Realizar monitoramento mensal da espécie, afim de verificar interferéncia da variacéo

sazonal nos metabholitos secundarios.
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4. CAPITULO 1 — Infusion from Miconia albicans (Melastomataceae) leaves exhibits

anti-inflammatory and anti-hyperalgesic activities without toxicity

Manuscrito publicado no periddico Journal of Ethnopharmacology.
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ABSTRACT

Ethnopharmacological relevance: The leaves of Miconia albicans have been extensively used as a traditional
medicine to treat inflammation, infection, arthritis, joint pain, and analgesia, which can be purchased easily.
Nevertheless, the scientific evidence of chemical profile identification and toxicity investigation is meager.
Aim of the study: This study aimed to determine the chemical profile of Miconia albicans aqueous extract (MAAE),
to investigate its anti-inflammatory and hyperalgesic effects, and toxicity (acute and repeated-dose oral) in vivo
studies.

Materials and methods: MAAE was obtained by infusion method and its chemical constituents were analyzed and
annotated by LC-DAD-MS. The in vivo tests were performed with male and female Swiss mice. Toxicity studies
were examined by acute (2000 mg/kg) and repeated-dose oral assays (51.2; 256; 1280 mg/kg); anti-
inflammatory evaluation was performed by paw edema and leukocyte migration, and anti-hyperalgesic prop-
erties were analyzed by abdominal writhing induced by acetic acid and formalin. The animals were treated by
oral means with 51.2, 256, and 1280 mg/kg of MAAE.

Results: Twenty-four compounds were annotated from MAAE by LC-DAD-MS, such as ellagitannins, ellagic acid
derivatives, flavan-3-ol, and O-glycosylated compounds, including flavonols, triterpenes, and megastigmanes.
MAAE induced no significant toxicological effects in the acute and repeated-dose oral assays at lower doses and
no histological changes were observed. Hematological and biochemical showed no significant alterations. The
oral administration of MAAE 256 mg/kg inhibited the edematogenic effect and reduced the leukocyte migration.
In addition, MAAE decreased the abdominal writhings induced by acetic acid and the paw-licking time by
formalin assay.

Conclusion: MAAE showed a significant reduction in inflammatory levels and leukocyte migration, revealing anti-
hyperalgesic properties. Additionally, MAAE revealed no acute and repeated-doses toxicities.

1. Introduction

prostaglandins, and bradykinin. Inflammation is also related to many
several human diseases, such as type 2 diabetes, obesity, cancer, car-
diovascular disease, arthritis, celiac disease, inflammatory bowel, and

Inflammation, a physiological response of organisms to microbial
infections and tissue injury, presents signals as pain, swelling, heat,
redness, and loss of physiological function when an intense reaction
happens. The immune cells (macrophages, monocytes, and neutrophils)
are activated in the inflammation, and mediators are synthesized and
released, such as chemokines, cytokines, histamine, nitric oxide,

autoimmune diseases (El-Gabalawy et al., 2010; Hotamisligil, 2006).
The drugs normally prescribed to treat pain and inflammation con-
ditions are nonsteroidal anti-inflammatory drugs (NSAIDs), which can
act on the cyclooxygenase 1 and 2 enzymes (COX 1 and COX 2),
inhibiting the synthesis of thromboxanes and prostaglandins. These non-
selective drugs generate gastrointestinal and cardiovascular disorders,
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Abbreviations

ALB albumin

ALT alanine aminotransferase
AST aspartate aminotransferase
CHOL total cholesterol

COX cyclooxygenase

DPPH 2,2-diphenyl-1-picrydrazyl
GLU glucose

HCT hematocrit

HGB hemoglobin

LOX lipoxygenase

MAAE M. albicans aqueous extract

MCH mean corpuscular hemoglobin

MCHC mean corpuscular hemoglobin concentration
MCV mean corpuscular volume

PLT platelet count

RBC erythrocytes

UFMS  Federal University of Mato Grosso do Sul
WBC leukocytes

even the COX 2 selective drugs have shown side effects, that stimulate
the development of new drugs (Bindu et al., 2020; Nunes et al., 2020;
Strand, 2007). In this context, plants have been an important source for
the search and development of new anti-inflammatory drugs based on
phytopharmaceutical compounds or herbal medicines (Castaneda et al.,
2019). For example, the herbal medicine Acheflan® produced from
Cordia verbenacea DC (Boraginaceae) and used to treat inflammation via
topic (Ribeiro et al., 2018). The phytoconstituents of medicinal plants
have revealed diverse pathways to interfere in the inflammatory pro-
cess, such as the inhibition of the production of cytokines and lipid
mediators, nitric oxide synthesis, the production and secretion of
various mediators such as chemokines, arachidonic acid, and reactive
oxygen species (Nunes et al., 2020).

The pain is a response to mechanical, chemical, and thermal stimuli,
which is also a signal of the inflammation process. For acute inflam-
mation pain, the sensibilization of primary nociceptors happens, and it
affects significantly the quality of life, increasing health costs. Nonste-
roidal anti-inflammatory drugs (NSAIDs) have been frequently applied
in the treatment of inflammation pain, but these treatments can be
inefficient in many cases (Singh et al., 2018; Pinho-Ribeiro et al., 2016;
Chen et al., 2013). Then, medicinal plants are an interesting alternative
to treat pain, since their constituents have been frequently reported as
anti-hyperalgesic, such as flavonoids, terpenoids, alkaloids, and
phenolic derivatives, besides they can act synergistically (Silva-Correa
et al., 2021).

Miconia is the largest genus of the Melastomataceae family and it is
founded in South and Central America (Ferreira et al., 2013). Miconia
albicans (Sw.) Steud., the most popular species from this genus, is
popularly known as “canela-de-velho” which means old man’s shin
(Almeida et al., 2014). Its aqueous extract is widely used in Brazilian
folk medicine to treat inflammation, infection, arthritis, and joint pain,
while it is used to treat diabetes in Mexico (Lima et al., 2018; Almeida
et al., 2014; Tarawneh et al., 2014; Rodrigues et al., 2011; Serpeloni
et al., 2008). The leaves of M. albicans are easily found to buy in the
Brazilian market for medicinal purposes. Their extracts showed several
phenolic constituents, including hydrolysable tannins, triterpenes, fla-
vonoids, and ellagic acid and its derivatives (Quintans-Junior et al.,
2020; Lima et al., 2018; Crevelin et al., 2006; Vasconcelos et al., 2006).
The composition of M. albicans is affected by seasonality, in which the
levels of flavonols (e.g. rutin and quercetin) are higher in the rainy
season, while the triterpenes (e.g. ursolic and oleanolic acids) are lower
(Gimenez et al., 2020).
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Cytotoxic, antimicrobial, antidiabetic, anti-inflammatory, and anti-
nociceptive properties are reported from extracts of M. albicans (Quin-
tans-Junior et al., 2020; Serpeloni et al., 2011; Celotto et al., 2003). The
ethanolic extracts from leaves also reduced the number of leukocytes in
the pleurisy, the TNF-a and IL-1f levels in the pleural lavage, the IL-6 in
the joint knee, as well as reduced the nociceptive and hyperalgesic
events. In addition, these extracts only exhibited in their compositions
flavonols, some ellagic acid derivatives, and few hydrolysable tannins
(Quintans-Junior et al., 2020); these last two were not the same
observed here in the infusion from M. albicans leaves.

Therefore, here we aimed to evaluate the anti-inflammatory and
anti-hyperalgesic effects of the aqueous extract of M. albicans (MAAE), to
determine its acute and repeated-dose oral toxicities and to characterize
its chemical composition.

2. Materials and methods
2.1. Plant material and extraction

Miconia albicans was collected in Campo Grande, Mato Grosso do Sul,
Brazil, on May/2018 at the Federal University of Mato Grosso do Sul
(UFMS) campus. It was identified by prof. Dr. Flavio Macedo Alves. A
voucher was deposited at CGMS herbarium (CGMS 79407) of UFMS. The
protocol number of registration in SISGEN is ACD1712.

The leaves of M. albicans were dried in a circulation air oven and
powdered by a knife mill. Subsequently, the powdered material was
extracted by infusion according to RDC 10/2010 (Anvisa, 2010). Thus,
500 mL of boiled ultrapure water was added to 18 g of plant material for
15 min. After this time, it was filtered and the extract was dried by
lyophilization to obtain the aqueous extract of M. albicans (MAAE) with
yield of 18%.

2.2. Liquid chromatography coupled to diode array detector and mass
spectrometry (LC-DAD-MS) analyses of MAAE

An UFLC LC-20AD Shimadzu Prominence coupled to a diode array
detector and a high-resolution mass spectrometer with electrospray
ionization source (MicrOTOF-Q III — Bruker Daltonics, Billerica, MA,
USA) was used in the analyses. The chromatography column was a
Kinetex C18 column (2.6 pm, 100A, 150 x 2.1 mm, Phenomenex),
which was applied a flow rate of 0.3 mL/min, and oven temperature was
maintained at 50 °C during the analyses. The mobile phase was
composed by acetonitrile (B) and ultrapure water (A) with formic acid
0.1% (v/v) and the following elution gradient profile was applied: 0-2
min - 3% of B, 2-25 min - 3 to 25% of B, 25-40 min - 25 to 80% of B, and
40-43 min 80% of B. MS and MS/MS analyses were acquired in negative
and positive ion modes, and Ny was used as nebulizer gas (4 Bar),
collision gas, and dry gas (9 L/min). The capillary voltage was 2.500 and
4.500 kV for negative and positive ion modes, respectively. MAAE was
prepared at concentration 6 mg/mlL, filtered on PTFE syringe filters
(Millex 0.22 pm, Millipore®), and 1 pL was injected into the chro-
matographic system.

2.3. Total phenolic (TPC) and tannins contents (TTC)

The total phenolic (TPC) and tannin contents (TTC) were determined
according to Herald et al. (2012). MAAE solution was prepared at 1
mg/mL in methanol and water (1:1 v/v). MAAE solution was applied to
determine TPC and an aliquot was used for TTC that was previously
submitted to precipitation of tannins by hide powder (protease sub-
strate, Sigma-Aldrich). For this, the solution with hide powder was
stirred for 60 min and TPC from the supernatant was quantified. TTC
was determined by the difference of TPC values measured from the
extract and after the precipitation of its tannins with hide powder, as
described by Santos et al. (2017).

To determine the TPC, 50 pL of MAAE (1 mg/mL) or the standard
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(gallic acid, 1 mg/mL) were mixed to 50 pL of ultrapure water in a 96-
well plate. Subsequently, they were serially diluted to obtain the solu-
tions of MAAE at 31.25-500 mg/mL and gallic acid at 0.002-1 mg/mL.
All the analyses were performed in triplicate. Subsequently, Folin-
Ciocalteu reagent (Sigma-Aldrich) (1:1, v/v) was added in the sam-
ples, except in controls, mixed softly, and after 6 min 100 pL of NasCO3
75 g/L (Vetec) solution were added in the samples. The plate was shaken
and maintained in the dark for 90 min. After this, the optical density was
measured at 765 nm on a spectrophotometer (SpectraMax Plus 384).
Total phenolic (TPC) and tannin contents (TTC) were calculated in mg of
gallic acid/g of dried extract (gallic acid equivalent) by the calibration
curve of gallic acid standard. The calibration curve was obtained by
regression linear and it was the following: Y = 0.008X-+0.0028 (12 =
0.9971).

2.4. DPPH radical scavenging assay

The radical scavenging capacity was performed by DPPH (2,2-
diphenyl-1-picrydrazyl, Sigma-Aldrich) method, as described by Herald
etal. (2012). In a 96-well plate, 25 pL of MAAE at 1 mg/mL or quercetin
standard (400 pg/mL — positive control) were added and they were
serially diluted resulting in ten concentrations: MAAE at 0.002-1
mg/mL and quercetin at 0.78-400 pg/mL. The analyses were performed
in triplicate for each sample. The stock solution of DPPH was prepared at
150 pM using methanol and water (8:2 v/v), and 200 pL of this solution
were added in all samples. After 12 h of incubation at room temperature
and protected from light, the optical density was measured at 514 nm by
an Elisa reader (SpectraMax Plus 384). The concentration required to
reduce 50% of the radical DPPH, expressed as ICsg, was calculated by
applying the equation from the standard curve and replacing the y value
to reduce 50% of the DPPH. The results were calculated by Minitab 16
software.

2.5. Animals

Male and female Swiss mice (18-25 g) were used in the experiments.
These animals were obtained from Federal University of Mato Grosso do
Sul (UFMS), and they were stayed in collective cages (5 animals/cage) at
controlled temperature (22 + 2 °C), light cycle (12/12 h light/dark),
and food and water ad libidum. The experiments were performed ac-
cording to National Institutes of Health Regulations on the Use and Care
of Animals for Scientific Purposes, which was approved by the Ethics
Committee on Animal Experimentation of the UFMS (protocol 1.033/
2019). The animals had free access only to water, 6 h before the ex-
periments. For the anti-inflammatory and anti-hyperalgesic assays, only
male Swiss mice were used. All the animals were euthanized by inha-
lation of carbon dioxide in the chamber.

2.6. In vivo toxicity study

2.6.1. Acute toxicity assay

The study was performed according to the Organization for Eco-
nomic Co-operation and Development OECD 423 (2002). A single dose
of MAAE 2000 mg/kg (p.o.) was administered to eleven Swiss mice (five
female and six male animals) and water was applied for negative control
(10 mL/kg). After the drug administration, the animals were monitored
to detect clinical and toxicity signs in the first 12 h and daily for 14 days.
The observations include changes in the locomotion, auditory and
corneal reflex, as well as the incidence of salivation, diarrhea, lethargy,
tremors, irritability, writhing, or death. Body weight was also
monitored.

2.6.2. Repeated-dose oral toxicity study

The four-week dose oral study was examined according to the OECD
407 (2008). MAAE (51.2, 256, and 1280 mg/kg) and water (negative
control) were daily administered by via oral in twenty-eight animals
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(eleven females, seventeen males). Clinical signs of toxicity were scored
daily and the body weight was measured weekly.

2.6.3. Biochemical, hematological and histopathological analyses

For both toxicity studies, the animals were anaesthetized with
intraperitoneal injection (i.p.) of xylazine (50 mg/mL) and ketamine
(2%) at ratio 1:2 (v/v) (50 pL). The blood samples were collected by
retro-orbital punction from each animal, centrifuged at 3000 rpm for 10
min, and the serum samples were removed. The biochemical and he-
matological analyses were performed by standard techniques (Teixeira
etal., 2000), and the parameters evaluated were glucose (GLU), albumin
(ALB), cholesterol (CHOL), alanine aminotransferase (ALT), and aspar-
tate aminotransferase (AST). Additionally, the hematological parame-
ters measured were leukocyte (WBC), erythrocyte (RCB), hemoglobin
(HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), and platelet (PLT). The organs (heart, liver, spleen,
pancreas, lung, kidney, stomach, epididymis, uterus, and ovary) were
removed, weighted, and stored in formaldehyde (10%) for histopatho-
logical analyses (Greaves, 2012; Willard and Tvedten, 2012). The tissue
sections (4 mm) were acquired, stained (hematoxylin and eosin), and
analyzed by a light microscope.

2.7. In vivo anti-inflammatory evaluation

2.7.1. Carrageenan-induced paw edema

The carrageenan-induced paw edema assay was performed based on
the method described by Winter et al. (1962). The animals were
randomly distributed into three groups (5 animals per group). Before 1h
carrageenan administration, the animals were treated p.o. with water -
negative control (vehicle), indomethacin 15 mg/kg - positive control,
and MAAE - 256 mg/kg, The animals received an intraplantar injection
(i.pl.) in the right hind paw of 40 pL 1% carrageenan (Cg) after the
treatments. The same volume of saline was injected to the left hind paw.
The edema was evaluated in both paws at 30, 60, 120, and 240 min after
the injection of carrageenan by a digital plethysmometer (Insight®).
Paw edema was measured by the differences between the volumes of
control and stimulated paw. The results were expressed in mL.

2.7.2. Leukocyte influx

Leukocyte influx assay was conducted as described by Souza and
Ferreira (1985) with adaptations. The animals were pre-treated p.o.
(0.2 mL) according to the following groups: (1) water 10 mL/kg
(negative control), (2) indomethacin 15 mg/kg (positive control), (3)
MAAE 51.2 mg/kg, (4) MAAE 256 mg/kg, and (5) MAAE 1280 mg/kg.
After 1 h of the pre-treatment, 1% carrageenan (0.5 mL) was adminis-
tered intraperitoneally (i.p.) in the animals. Then, the animals were
euthanized after 4 h and the exudates were collected by washing the
peritoneal cavity (3 mL, 0.1% heparin in phosphate-buffered saline). For
the quantification of leukocyte, the exudate was diluted in Turk’s so-
lution (0.2% crystal violet in 30% acetic acid). The exudate was
centrifuged (1000 rpm, 5 min) for differential cell counts, and the cells
were stained with HEMAS3. Cells were classified as mononuclear or
polymorphonuclear according to morphological criteria. The results
were expressed as the number of cells per mm®.

2.8. In vivo anti-hyperalgesic potential

2.8.1. Acetic acid-induced abdominal writhings

The anti-hyperalgesic activity was evaluated by the acetic acid
injected i.p., and the contraction of abdominal muscles and enlargement
of the hind limbs were examined as described previously by Koster
(1959). The animals pre-treated by p.o. (0.2 mL) according to the
following groups: (1) water 10 mL/kg (negative control), (2) indo-
methacin 15 mg/kg (positive control), (3)- MAAE 51.2 mg/kg, (4)
MAAE 256 mg/kg, and (5) MAAE 1280 mg/kg. After 1 h of the oral
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pre-treatment, 0.6% acetic acid was administrated intraperitoneally (i.
p.) in the animals (0.1 mL/10g body weight). The number of abdominal
writhings was counted between 5 and 30 min after the injection of
stimulus. The results were expressed in number of abdominal writhings.

2.8.2. Formalin-induced paw licking response in mice assay

The assays were performed according to Hunskaar and Hole (1987)
with modifications. The animals were pre-treated with saline 10 mL/kg
(negative control, p.o.), morphine 5 mg/kg (positive control, i.p.),
indomethacin 15 mg/kg (p.o.) or MAAE 256 mg/kg (p.o.). After 30 min
for morphine and 60 min for another group, the animals received an
injection (i.pl.) of 1.2% formalin (40 pL) into the right hind paw. The
duration of the licking paw was recorded at first phase (from 0 to 5 min)
and the second phase (from 15 to 30 min). The results were expressed in
seconds of paw licking.

2.9. Statistical analyses

The results were showed as the mean =+ standard error of the mean.
Variations between the groups were analyzed by one- or two-way
ANOVA followed by the Tukey test, p values less than 0.05 were
considered significant. All the analyses were carried out by GraphPad
Prism 5 software (GraphPad Software Inc., USA).

3. Results
3.1. Chemical profile of MAAE

The compounds from MAAE were annotated based on their spectral
data (UV, MS, and MS/MS) compared to data reported in the literature,
besides the injection of authentic standards was performed for some
compounds. Thus, twenty-four compounds were annotated from MAAE
(Fig. 1 and Table 1).

The peaks 2—-4 and 10 revealed deprotonated ions at m/z 341.1061,
191.0229, 169.0118, and 289.0709, while 7 showed an intense ion at m/
z 205.0958 [M+H]" that were compatible with molecular formula
C12H22011, C6H807, C7H605, C15H1406, and C11H12N202, respectively.
Compound 1 was putatively annotated as di-O-hexoside, additionally
the peaks 3-4, 10, and 7 were confirmed by injection of authentic
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Fig. 1. Base peak chromatogram in (A) negative and (B) positive ion modes
from aqueous extract of Miconia albicans leaves (MAAE).
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standards as citric acid, gallic acid, epicatechin, and the amino acid
tryptophan.

The chromatographic peaks 5/6, 8, and 9 showed absorption bands
at Amax 280 nm, and deprotonated ions at m/z 933.00627, 947.0811, and
the double-charged ion m/z 602.0252 were observed in the mass
spectra. These compounds showed fragmentation patterns of hydro-
lysable tannins typically of ellagitannins, which were confirmed by the
product ion at m/z 301 that corresponds to ellagic acid yielded from
losses of hexahydroxydiphenyl units (HHDP) with subsequently cycli-
zation reactions on the mass spectrometer (Cerulli et al., 2020). Com-
pound 9 also exhibited the fragment ion at m/z 289 relative to
procyanidin. Thus, the compounds 5/6, 8, and 9 were annotated as
NHTP-HHDP-hexose (NHTP: nonahydroxytriphenoyl), —O-methyl
NHTP-HHDP hexoside, and C-procyanidin NHTP-HHDP-hexoside,
which revealed spectral data compatible with the data described in
the literature (Cerulli et al., 2020; Rasines-Perea et al., 2019).

Peaks 11 and 12 reveal no UV absorption, and their protonated ions
at m/z 387.1992 and 391.2295 indicated the molecular formula
C19H300g and Cy9H340g, They showed losses of an O-hexosyl group
yielding the fragment ions m/z 207 [M + H-162-H,0]1" and 229 [M + H-
162]". These fragments are relative to aglycones with thirteen carbons
and compatible to megastigmanes (Jo et al., 2020), which were anno-
tated as dihydroxy-megastigmadienone O-hexoside (roseoside) and tri-
hydroxymegastigmanene O-hexoside (Chang et al., 2020; Spinola et al.,
2015).

The compounds 13 and 15-17 presented two absorption bands in the
UV spectrum at Amax =~ 270 and 350 nm that are compatible to flavonols.
The losses of 162 and 146 u indicated the O-hexosyl and O-deoxyhexosyl
substituents, respectively (Silva et al., 2013). In addition, they showed
the same fragment ion at m/z 303 and other diagnostic ions relative to
quercetin as reported by Younis et al. (2020). Thus, they were annotated
as O-hexosyl quercetin (13 and 16), rutin (15), and O-deoxyhexosyl
quercetin (17).

The UV spectra of 18 and 22 revealed two absorption bands similar
to the ellagic acid chromophore (with Apax &~ 250 nm and 370 nm)
(Reichert et al., 2018). From their protonated ions m/z 345, the frag-
ment ions at m/z 330, 315, and 300 were observed, which are yielded
from subsequent losses of radical methyl (15 u) (Reichert et al., 2018;
Moilanen et al., 2013). Compounds 18 and 22 were annotated as tri--
O-methyl ellagic acid.

The mass spectra of 19, 20 and 21 revealed ions of m/z 711.3980 [M-
H + HCOOH] compatible with the molecular formula of C346Hsg011. The
fragment ions at m/z 503 are yielded from losses of 208 u (relative to
hexosyl + HCOOH), suggesting the aglycone triterpene (Gao et al.,
2011). Thus, the compounds were annotated as O-glycosylated
triterpenes.

3.2. DPPH radical scavenging assay, total phenol (TPC) and tannins
contents (TTC)

MAAE was evaluated on DPPH assay and showed ICsq of 4.25 pg/mL,
while the flavonoid quercetin and rutin (controls) exhibited ICsq of 0.17
and 4.37 pg/mL, respectively. The determinations of TPC and TTC from
were also performed, and the obtained results from MAAE were 327.40
+ 5.56 and 140.29 + 8.70 mg of gallic acid/g of dried extract,
respectively.

3.3. In vivo toxicity study

3.3.1. Acute toxicity study

All the animals received de single-dose of MAAE 2000 mg/kg and
they were monitored daily, twice a day. The mice did not show any
behavioral abnormalities or clinical signs of toxicity effects during 14
days of examination. There were no deaths. The body weight of animals
after the treatment for 14 days with MAAE 2000 mg/kg and water
(control) were evaluated and illustrated in Figs. SIA-B (Supplementary
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Table 1
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Compounds annotated from Miconia albicans aqueous extract (MAAE) by LC-DAD-MS.

Peak  RT Compound UV(nm) Molecular Negative mode (m/z) Positive mode (m/z)
(min) formula ,
MS[M-H] MS/MS MS EM/EM
[M+H]*
1 1.1 Unknow 262 - 202.9402 - -
2 1.2 di-O-hexoside - C12H22011 341.1061 - -
3 1.5 Citric acid* - CgHgO, 191.0229 - -
4 2.4 Gallic acid* 270 C7HgOs 169.0118 - 171.0282
5 3.2 NHTP-HHDP-hexoside (vescalagin or castalagin 282 C41H26026 933.0615 467, 421, 301, 935.0720 469, 439, 307, 277
isomer) 275, 257
6 4.5 NHTP-HHDP-hexoside (vescalagin or castalagin 280 C41H26026 933.00627 631, 587, 569, 935.0731 615, 495, 469, 439,
isomer) 425, 301 307, 277
7 5.2 Tryptophan* 272, C11H12N202 203.0839 - 205.0958 188, 170, 159
280, 288
8 6.2 O-methyl NHTP-HHDP-hexoside (O-methyl 280 C42H25026 947.0811 493, 467, 421, 949.0886 -
vescalagin or castalagin isomer) 301, 275, 203
9 10.0 C-procyanidin NHTP-HHDP-hexoside (acutissimin 280 CseH303:1 602.025272 493, 467, 301, - -
A/B or epiacutissimin A/B) 289, 275, 249
10 12.3 Epicatechin* 280 Ci5H1406 289.0709 163 291.0861 -
11 13.3 Dihydroxy-megastigmadienone O-hexoside - C19H300g 385.1845 205, 153 387.1992 207, 189, 161
(roseoside)
12 16.9 Trihydroxymegastigmanene O-hexoside - C19H340g 389.2150 - 391.2295 229, 211, 193, 175
13 18.2 Quercetin O-hexoside 270,356  Cy1Hz0012 463.0860 300, 271, 255, 465.1003 303
243,179, 151
14 18.3 Unknown (galloyl derivative) 280 C26H34012 537.1966 385, 313, 271, 539.2107 -
211, 169
15 18.4 Rutin* 270, 352 Ca7H30016 609.1455 463, 301, 151 677.1591 465, 303
16 18.7 Quercetin O-hexoside 265,352  C21H20012 463.0868 300, 271, 255, 465.1011 303
151
17 21.0 Quercetin O-deoxyhexoside 262, 350 C21H20011 447.0910 300, 271, 255, 449.1057 303, 257, 229
163
18 24.2 Tri-O-methyl ellagic acid 244,368  Cy7H;20g 343.0442 313, 298 345.0585 330, 315, 300, 285
19 24.2 O-hexosyl triterpene - C36Hs5011 711.3971% 503 689.3867™* 487, 469, 451, 187
20 30.2 O-hexosyl triterpene - C36Hs8011 711.3984% 503 689.3878N 505, 487, 469, 451,
439, 405, 261, 215,
187
21 30.3 O-hexosyl triterpene - C36Hs8011 711.3980" 503 689.3856N2 505, 487, 469, 451,
439, 405, 261, 215,
187
22 30.9 Tri-O-methyl ellagic acid 250,372  Cy7H;,0g 343.0448 - 345.0593 330, 315, 300, 285
23 31.2 O-hexosyl triterpene - C36Hs010 695.4032 487 - -
24 34.3 Unknow - Cy1H33N303 - - 376.2590 302, 292, 275, 218,

209

-2 [M-2H] "% #: [M-H + HCOOHJ; RT: retention time; HHDP: hexahydroxydiphenoyl; NHTP, nonahydroxytriphenoyl; *:

standard.

Data). The changes in body weight were not significant with MAAE
pretreatment compared with the control groups.

3.3.2. Repeated-dose oral study

The animals did not show clinical alterations, no changes in general
behavior until the twenty-eight days of the experiment. After twenty-
one days of assay, some female and male mice shown agitation and
vocal fremitus, those animals were given 1280 mg/kg oral administra-
tion. In addition, the effects on body weight by MAAE pretreatment
(51.2, 256, and 1280 mg/kg) for twenty-eight days were also evaluated
and the data are shown in Figs. S1C-D (Supplementary Data). The body
weight of pretreated and control groups did not reveal statically
differences.

3.3.3. Organ weights and histopathology analyses

The organ weights of all mice pretreated with water and MAAE
(2000 mg/kg) were measured and summarized in Table 2. All the organs
exhibited normal color and visual aspect. The liver of males showed
higher weight (1.546 + 0.124) in comparison with a control group
(1.272 4+ 0.050), while the stomach of females decreased weight (0.508
+ 0.034) when compared to the control (0.708 + 0.140). The other
organs did not show statistical changes compared to controls.

The organ weights of mice pre-treated with different oral repeated-
doses were also measured and illustrated in Table 3. The stomach

confirmed by injection of authentic

Table 2
Weight of organs from acute toxicity evaluation of MAAE.

Organ Female Male
Water MAAE Water MAAE
10 mL/kg 2000 mg/kg 10 mL/kg 2000 mg/kg

Kidney 0.175 + 0.174 + 0.009 0.255 + 0.234 + 0.016
0.014 0.005

Liver 1.260 + 1.184 £+ 0.038 1.272 + 1.546 +
0.062 0.050 0.124**

Stomach 0.708 + 0.508 + 0.414 + 0.485 + 0.119
0.140 0.034** 0.022

Heart 0.140 + 0.147 £ 0.013 0.175 + 0.154 + 0.015
0.022 0.016

Lung 0.216 + 0.180 + 0.004 0.224 + 0.210 + 0.012
0.015 0.004

Spleen 0.118 + 0.113 + 0.008 0.128 + 0.1054 +
0.003 0.008 0.006

Pancreas 0.087 + 0.097 + 0.002 0.164 + 0.1621 +
0.005 0.027 0.059

Reproductive  0.288 + 0.227 + 0.008 0.217 + 0.160 + 0.022
0.037 0.017

MAAE = Miconia albicans aqueous extract. All the animals received water
(control group) or MAAE by single-dose oral. The organs weight of females and
males were registered in the end of experiment, on the fourteenth day. The re-
sults were expressed with mean + EPM. ANOVA and Bonferroni test (n = 4/
group). **p < 0.01, when compared with control.
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Table 3
Weight of organs from animals treated with repeated-dose oral of MAAE.
Organ Female Male
Water MAAE MAAE MAAE Water MAAE MAAE MAAE
10 mL/kg 51.2 mg/kg 256 mg/kg 1280 mg/kg 10 mL/kg 51.2 mg/kg 256 mg/kg 1280 mg/kg
kidney 0.175 + 0.009 0.186 + 0.029 0.168 + 0.014 0.133 + 0.012 0.255 + 0.005 0.258 + 0.009 0.203 + 0.036 0.248 + 0.011
Liver 1.260 + 0.043 1.224 £+ 0.183 1.168 £+ 0.079 1.164 £+ 0.083 1.272 + 0.050 1.529 + 0.079 1.471 £+ 0.106 1.680 + 0.090*"
Stomach 0.708 + 0.099 0.478 + 0.016 0.569 + 0.096 1.140 £ 0.055** 0.414 £+ 0.022 0.588 + 0.040 0.649 + 0.075 1.078 4+ 0.133%***
Heart 0.134 £+ 0.015 0.133 + 0.013 0.167 + 0.017 0.126 + 0.014 0.175 £+ 0.016 0.203 + 0.028 0.158 + 0.007 0.189 + 0.024
Lung 0.216 + 0.011 0.205 + 0.013 0.214 + 0.017 0.236 + 0.013 0.224 + 0.004 0.224 £+ 0.010 0.248 + 0.018 0.264 + 0.011
Spleen 0.118 + 0.002 0.110 + 0.013 0.117 + 0.012 0.132 £+ 0.009 0.128 + 0.008 0.113 £+ 0.006 0.104 + 0.009 0.126 + 0.017
Pancreas 0.087 + 0.003 0.112 + 0.028 0.150 + 0.049 0.115 + 0.019 0.163 + 0.027 0.079 £+ 0.011* 0.114 + 0.006 0.130 + 0.007
Reproductive 0.288 + 0.026 0.193 + 0.045 0.163 + 0.032 0.238 + 0.064 0.217 £ 0.017 0.163 + 0.011 0.164 + 0.020 0.180 + 0.008

MAAE = Miconia albicans aqueous extract. All the animals received water (control group) or MAAE in different repeated-dose oral. The organs weight of females and
males were registered at the end of experiment, on the twenty-eighth day. The results were expressed with mean + EPM. ANOVA and Bonferroni test. *p < 0.05, **p <
0.01, ***p < 0.001, when compared with control. * p<0.05, when compared with MAAE 1280 mg/kg female.

weight of male (1.078 + 0.133) and female (1.140 + 0.055) animals
after the treatment with MAAE 1280 mg/kg exhibited an increase when
compared with the control group treated with water (female 0.708 +
0.099, male 0.414 + 0.022). The liver weight of males treated with
MAAE 1280 mg/kg was raised 1.680 + 0.090 compared to the control
group 1.272 + 0.050, in the other hand, the liver weight of females
declined in the same dose (1.164 + 0.083) when compared to the con-
trol group (1.260 + 0.043).

All the treatment groups of animals from the acute toxicity and
repeated-dose oral assays did not show morphological changes in the
tissues analyzed (liver, spleen, heart, uterus, testicle, stomach, kidney,
and lung), and they did not present anomalies such as necrosis,
apoptosis, inflammation, degeneration or hemorrhage (Figs. S2-S6,
Supplementary Data).

3.3.4. Hematological and biochemical analyses

Hematological and biochemical examination was conducted using
whole blood or plasma samples of mice, the results were presented in
Tables S1-S4. The parameter values of treated groups, both studies,
shown no alterations (p < 0.05; p < 0.01) within the range of control
group.

The hematological parameters measured after the treatment with
MAAE in acute toxicity (Table S1, Supplementary Data) and different
repeated-dose oral assays (Table S2) were leukocytes (WBC), erythro-
cytes (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), HGB concentration, and
platelet count (PLT). These measured hematological parameters in acute
toxicity did not reveal changes for the MAAE treatment at a dose 2000
mg/kg in relation to the control for female and male mice.

The hematological parameters from repeated-dose oral evaluations
of MAAE (1280, 256, and 51.2 mg/kg) were not changed when
compared to the controls. The PLT increased after the MAAE treatment
at higher doses 256 and 1280 mg/kg for male (m) and female (f) (MAAE-
256 mg/kg: 1065 + 74 (f) and 1439 + 58.8 (m); MAAE-1280 mg/kg:
1569 + 97.62 (f) and 1628 + 45.73 (m); control:963.30 + 114.70 (f),
1180 + 27.55 (m) x 103/pL).

The biochemical parameters evaluated from acute toxicity (Table S3)
and repeated-dose oral assays (Table S4) were glucose (GLU), albumin
(ALB), total cholesterol (CHOL), alanine (ALT) aminotransferase, and
aspartate aminotransferase (AST). The ALT increased in male mice
treated with MAEE (2000 mg/kg) from acute toxicity assay in relation to
control.

From the repeated-dose oral experiment, the MAAE (51.2, 256, and
1280 mg/mL) induced an increase of GLU, while CHOL was increased in
males at dose 1280 mg/kg the male mice. AST was not changed in the
animal groups compared to the control and ALT was decreased.

3.4. In vivo anti-inflammatory evaluation

3.4.1. Effect of MAAE in carrageenan-induced paw edema

The effect of pretreatment with MAAE in carrageenan-induced paw
edema is shown in Table 4. After 60 min, the oral administration of
MAAE at a dose 256 mg/kg inhibited 43% (0.031 + 0.003) similarly the
inhibition showed by the control indomethacin of 44% (0.030 + 0.004).
In addition, the inhibition percentage of carrageenan-induced paw
edema was 55% (0.016 + 0.004) for MAAE at 120 min, which was
statistically similar to the inhibition of 67% (0.012 + 0.004) for
indomethacin.

3.4.2. Effect of MAAE on the leukocyte influx induced by carrageenan

The results of pretreatment with MAAE on leukocyte influx are
shown in Fig. 2. The leukocyte influx increased into the abdominal
cavity after 4h of the injection of carrageenan (4238 =+ 526 cells/mm?),
compared to saline control (2100 + 178 cells/mm3). The anti-
inflammatory drug indomethacin reduced the leukocytes to 1438 +
201 cells/mm® while MAAE at 256 mg/kg reduced to 1488 + 334 cells/
mm?, representing reductions of 66 and 65%, respectively. In addition,
MAAE at 51.2 and 1280 mg/kg reduced the total cells by 36 and 45%
(Fig. 2A).

The influx of polymorphonuclear cells (PMN) was decreased from
the pretreatment with MAAE 51.2, 256, and 1280 mg/kg, resulting in
reductions of 42% (1448 + 137.9 cells/mmg), 78% (555 + 211.2 cells/
mms) and 66% (844 + 124.4 cells/mms), respectively. While the drug
indomethacin presented a reduction of 84% (396 + 123.8 cells/mm?) of
PMN (Fig. 2B).

The mononuclear cells (MN) showed a reduction of 46% (933 + 137
cells/mm?) for MAAE at 256 mg/kg, while indomethacin decreased by
40% (1042 + 138 cells/mmg), and they were not revealed statistical
differences. The MAAE at doses 51.2 and 1280 mg/kg also revealed
reductions to 1269 + 87 (27%) and 1489 + 44 cells/mm? (14%)
(Fig. 2C).

3.4.3. Effect of MAAE on abdominal writhings induced by acetic acid

The results of the abdominal writhing assay are plotted in Fig. 3. The
control group with water raised writhings (99.6 + 7 writhing episodes),
in contrast the positive control group pretreated with indomethacin (15
mg/kg) reduced the abdominal writhings by 38% (61.6 + 2.9 writhing
episodes). The MAAE doses (51.2, 256, and 1280 mg/kg) exhibited a
gradual reduction in writhings directly proportional to the dosage in-
crease, as follows 19% (80.8 + 3.4 writhing episodes), 33% (66.4 + 3.6
writhing episodes) and 42% (57.6 + 7.6 writhing episodes),
respectively.

3.4.4. Effect of MAAE formalin-induced paw licking response in mice
The results from the formalin-induced paw licking assay were illus-
trated in Fig. 4. The animals pretreated with water (10 mL/kg, control)
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Table 4
Effect of pre-treatment with MAAE in carrageenan-induced paw edema.
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Group Conc. Paw edema (mL) and (%) inhibition

30 min 60 min 120 min 240 min
Water 10 mL/kg 0.022 + 0.003 - 0.054 + 0.005 - 0.036 + 0.004 - 0.021 + 0.002 -
Indomethacin 15 mg/kg 0.026 + 0.005 - 0.030 £ 0.004*** 44.4% 0.012 + 0.004*** 66.6% 0.016 + 0.002 23.8%
MAAE 256 mg/kg 0.031 + 0.003 - 0.031 £ 0.003*** 42.6% 0.016 + 0.004** 55.5% 0.029 + 0.005 -

The animals (n = 5/group) were pretreated with vehicle (10 mL/kg, water/negative control), indomethacin (15 mg/kg, 0.2 mL, positive control) or MAAE (256 mg/
kg), p.o. (0.2 mL/animal), 60 min before the stimulus. The edema was evaluated at 30, 60, 120, and 240 min after the intraplantar injection (i.pl.) of carrageenan 1%.
Results were expressed with mean + EPM. ANOVA of two ways, followed by the Tukey test. **p < 0.001; ***p < 0.001 (compared as the group pretreated with water).
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Fig. 2. Effect of pretreatment with Miconia albicans aqueous extract (MAAE) on
leukocyte influx into the peritoneal cavity in mice. The groups were 0.9% sterile
saline solution (saline); water (vehicle), indomethacin (positive control), or
MAAE, p.o., 0.2 mL, were administered 60 min before injection of stimulus
(Carrageenan 1%, i.p., 0.5 mL). Evaluation of leukocytes total (A), poly-
morphonuclear cells (PMN, B) and mononuclear cells (MN, C) was performed
after 4h of the stimulus. The results were expressed as the mean + S.E.M. (n =
4). Data were analyzed employing ANOVA followed by the Tukey test. #p <
0.05 when compared to the saline group; *p < 0.05; **p < 0.01; ***p < 0.001
when compared to the Water group (vehicle).

showed 43.2 £ 1.9 s in phase I in the paw licking time and in phase II
259.8 + 22.5 s. The animals pretreated with morphine (5 mg/kg)
exhibited reductions at both phases; in phase I and II reduced 93% (3.1
+ 0.8 s) and 96% (10.9 + 10.9 s) of paw licking, respectively. In addi-
tion, the control group pretreated with indomethacin (15 mg/kg) indi-
cate reduction only in phase II by 34% (172.7 + 14.9 s), while MAAE at
dose 256 mg/kg reduced the paw licking time by 23% (200.9 + 11.1 s)
only in phase II

1504
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Fig. 3. Effect of pretreatment with Miconia albicans aqueous extract (MAAE) on
acetic acid-induced writhing response in mice. Water (vehicle), indomethacin
(positive control), or MAAE was administered (p.o., 0.2 mL), 60 min before
injection of stimulus (acetic acid 0.6%, 0.5 mL, i.p.) and the number of writhes
were recorded during 30 min. The results were expressed as the mean + S.E.M.

(n = 4). Data were analyzed employing ANOVA followed by the Tukey Test. *p
< 0.05 and ***p < 0.001 when compared to the water group (vehicle).
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Fig. 4. Effect of pretreatment with Miconia albicans aqueous extract (MAAE) on
formalin-induced paw licking time. Water (vehicle), morphin (positive control,
phase I), indomethacin (positive control, phase II), or MAAE was administered
(p.o., 0.2 mL), 60 min before injection of stimulus (Formalin acetic acid 1.2%,
40 pL, i.pl.). The paw licking time was evaluated in Phase I (0-5 min) and
Phase II (15-30 min) after injection of stimulus in the hind paw of mice. The
results were expressed as the mean + S.E.M. (n = 5). Data were analyzed
employing ANOVA followed by the Tukey Test. *p < 0.05, **p < 0.01, and
< 0.001 when compared to the water group (vehicle).

4. Discussion

Inflammation is important response of human organism, but it pro-
vokes damages when this process uncontrolled. Nowadays, diverse
studies have been performed from natural products as source for new
anti-inflammatories with fewer side effects compared to steroidal and
non-steroidal anti-inflammatory drugs, since they show diverse side
effects such as renal toxicity, gastric intolerance, and cardiovascular
problems (Bindu et al., 2020; Nunes et al., 2020; Strand, 2007). In this
context, the aqueous extract of M. albicans (MAAE) demonstrated
anti-inflammatory and anti-hyperalgesic potential, corroborating with
some analyses described by Quintans-Junior and coworkers (2020) and
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attesting its application in the popular medicine by the same extraction
methodology used by population. M. albicans is a species widely used in
traditional medicine to treat inflammation and arthritis. It can be bought
easily on local markets and drug stores of herbals (Lima et al., 2018;
Almeida et al., 2014).

The pretreatment with MAAE showed a relevant anti-inflammatory
property, reducing paw edema after 60 min. The carrageenan-induced
paw edema assay has been an essential process in the development of
new nonsteroidal anti-inflammatory drugs by cyclooxygenase (COX)
inhibition. This biphasic assay is marked for the first (30-60 min) and
the second phase (after 60 min). The mediators histamine, bradykinin,
and serotonin are released in the first phase, while in the second phase is
observed an increase of prostaglandins and nitric oxide (Wu et al., 2021;
Sengar et al., 2015). Thus, MAAE could promote COX inhibition,
reducing prostaglandins.

Flavonols, compounds annotated from MAAE, are polyphenols
widely found vegetables, fruits, and herbs with antioxidant and anti-
inflammatory properties (Beecher, 2003). They are recognized due to
the inhibition of enzymes of arachidonic acid metabolism, including
COX and LOX. In the rat paw edema model, rutin, a di-O-glycosylated
flavonol presents on MAAE, reduced the polymorphonuclear cells
chemotaxis, besides it reduced the histamine production, as well as
reduced the production and release of cytoprotective prostaglandins
(Gautam et al., 2016). Quercetin (aglycone of flavonoid rutin) inhibits
the lipopolysaccharide-induced NO production, but its glycoside rutin is
inactive in vitro assay, as well as for prostaglandin E2 production by
peritoneal macrophages. However, rutin showed the capacity to block
lipopolysaccharide-induced NO production in vivo assays, since it can be
hydrolyzed by glucosidases in the gastrointestinal tract and produce
quercetin (Shen et al., 2022; Manach et al., 1997). These hydrolyzation
reactions can occur for the other O-glycosylated flavonols such as
quercetin O-hesoxide and quercetin O-deoxyhesoxide (Manach et al.,
1997).

The antioxidant and anti-inflammatory properties of ellagic acid and
its derivatives have also been described in the literature (Mansouri et al.,
2020; Murphy et al., 2020) The hydrolysable tannins (e.g. vescalagin
and castalagin) are commonly related to anti-inflammatory and anal-
gesic properties (Fidelis et al., 2020; Granica et al., 2015; Piwowarski
and Kiss, 2015; Piwowarski et al., 2014). The compound vescalagin
reduced TNF-a (66%) and IL-6 (52%), when compared to the control
(Chang et al., 2013), that suggests the anti-inflammatory effect of MAAE
can also be closely related to vescalagin and others tannins.

MAAE reduced the total leukocyte influx (64%) and both mono-
nuclear cells (monocytes) (46%) and polymorphonuclear cells (77%),
similar to the reduction observed for drug indomethacin of 66, 39, and
84%, respectively. After the stimulus, the leukocyte migration occurs in
the local carrageenan injection, and initially (up 12 h after stimulus) the
polymorphonuclear are predominant and secondarily the mononuclear
cells (Cassatella, 1995). Thus, chemotactic mediators are released such
as TNF, LTB4, IL-8, and IL-1f, which induced the expression of adhesion
compounds by vascular endothelium (PAF, selectins, and others), in this
sense, it is possible to suggest that MAAE can inhibit arachidonic acid,
COX and LOX followed by reduction and production of prostaglandins
(Alcaraz-Quiles et al., 2018; Omoigui et al., 2007).

Flavonoids, compounds presented on MAAE and widely distributed
in plants such as O-glycosylated quercetin (13, 15-17), are correlated to
antioxidant properties and they modulate the inflammatory responses
by expression of different factors such as cytokines and chemokines,
including TNF-a, IL-1, IL-6 and IL-8 (Dicarlo et al., 2019; Gandhi et al.,
2018; Panche et al., 2016). The hydroethanolic extract from M. albicans
leaves has been reported to reduce TNF-a and IL-1p levels (Lima et al.,
2018). In addition, megastigmanes, here reported for the first time from
genus Miconia, exhibit important pharmacological properties, including
inhibition of LPS-stimulated induction for proinflammatory cytokines
and molecules related to leukocyte adhesion (Pan et al., 2019).

A positive correlation is described between the total phenol (TPC)
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and tannin contents (TTC) with the potential antioxidant and anti-
inflammatory. In our study, MAAE revealed TPC and TTC of 327.40
+ 5.56 and 140.29 + 8.70 mg/g of gallic acid equivalent (GAE), both
important compounds for the antioxidant activity. The TPC value from
leaf aqueous extract by infusion of M. albicans was reported as 318.52 +
0.002 mg/g of GAE (Alexandre et al., 2021), similar to the results ob-
tained here. While the methanol and hydroethanolic extracts by
maceration and turboextraction from leaves of M. albicans presented
TPC of 70.04 + 0.12 and 551.3 + 3.72 mg/g GAE, respectively. The
differences in TPC values are relative to changes in the extractor solvent
and method, as well as the chemical differences due to seasonality and
specimens (harvest site, genetics, and others) as described by Gimenez
et al. (2020). The concentration of flavonols (rutin and quercetin),
compounds recognized by their antioxidant potential, were higher in the
rainy season in the leaves of M. albicans, while the triterpenes ursolic
and oleanolic acids were higher in the dry season (Gimenez et al., 2020).

Hyperalgesia is a common process in inflammation, where the
nociceptors are sensitized in the injured tissue and mediators are pro-
duced inducing pain, such as TNF, prostaglandins, IL-1, IL-6, and IL-8
(Huang et al., 2006). MAAE extract decreased the abdominal writh-
ings, demonstrating effect on painful sensitivity, similar to non-steroidal
anti-inflammatory drugs. MAAE reduced the abdominal writhings
caused by acetic acid and the formalin-induced paw licking time in the
second phase, like as indomethacin. The formalin paw licking assay
indicated the anti-hyperalgesic activity that suggests a mediation by
inhibition of prostaglandin biosynthesis, as well as inhibition of medi-
ator release mechanisms, as suggested by Quintans-Junior and collab-
orators (2020), which showed a reduction in TNF- and IL-1p levels.

The acute toxicity evaluation of MAAE demonstrated no toxicity. In
the repeated-dose oral experiment, the agitation and vocal fremitus
were detected after 21 days at a higher dose (1280 mg/kg), but the
therapeutic dose (256 mg/kg) showed no toxicity effects. The treatment
caused an increment in GLU that could induce an elevation in total CHO,
since an increase in blood GLU can accelerate the production of tri-
glycerides. In addition, GLU levels associated with transaminase levels
(ALT and AST) can suggest liver damage. ALT and AST are enzymes that
indicate hepatic function and their values can be increased in situations
of liver damage. Beyond the liver cells, these enzymes are also present in
heart, muscle, and lung cells. Thus, the increase in serum ALT and ASP
values could indicate damage to these tissues (Song et al., 2014).
However, in our study, these enzymes were decreased in treatments at
lower doses, suggesting a hepatoprotection, probably due to the action
of the polyphenols present in the extract.

5. Conclusion

This work expanded the chemical knowledge from genus Miconia,
since some tannins (5-6, and 8-9), megastigmanes (11-12), and tri-
methylated ellagic acid (18, 22) were reported for the first time here for
it. The anti-inflammatory and anti-hyperalgesic properties of MAAE
were confirmed, as used in folk medicine, corroborating and giving
evidence of M. albicans to treat inflammatory disorders, and suggesting
an alternative potential to assist this treatment. The MAAE showed no
acute or repeated-dose toxicities.
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Organ weights and histopathology analyses
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Fig. S1. Body weight of animals after the treatment with agueous extract of
Miconia albicans (MAAE). All the animals received water (vehicle) or MAAE by
single dose oral for 14 days (A, B) and repeated dose for 28 days (C, D). The
body weight of female (A, C) and male (B, D) were evaluated weekly over the
fourteen and twenty-eight days. Results were expressed with mean + EPM.
Statistical analyses of two-way variance ANOVA and Bonferroni test (n=
4/group), *p<0.05, when compared to Water group (vehicle).



Acute toxicity (female)

Fig. S2. Cross-sections from liver, spleen, heart, uterus, testicle, stomach,
kidney, and lung in MAAE-treated animals (females and males) from the acute
toxicity assay. H&E stain.



Vehicle (water) - female

Fig. S3. Cross-sections from liver, spleen, heart, uterus, stomach, kidney, and
lung in water-treated animals - control (females and males). H&E stain.



MAAE (dose 1280 mg/kg) — female

MAAE (dose 1280 mg/kg) — male

Fig. S4. Cross-sections from liver, spleen, heart, uterus, stomach, kidney, and
lung in MAAE-treated animals (females and males) —dose 1280 mg/kg from
repeated-dose toxicity assay. H&E stain.



MAAE (dose 256 mg/kg) — female

Fig. S5. Cross-sections from liver, spleen, heart, uterus, stomach, kidney, and
lung in MAAE-treated animals (females and males) —dose 256 mg/kg from
repeated-dose toxicity assay. H&E stain.



MAAE (dose 51.2 mg/kg) — female

g

Fig. S6. Cross-sections from liver, spleen, heart, uterus, stomach, kidney, and
lung in MAAE-treated animals (females and males) —dose 51.2 mg/kg from
repeated-dose toxicity assay. H&E stain.idem



Hematological and biochemical analyses

Table S1: Hematological parameters measured after the treatment with MAAE in acute toxicity

study
Female Male
Parameters Water MAAE Water MAAE

10 mL/Kg 2000 mg/Kg 10 mL/Kg 2000 mg/Kg
WBC (x103/pL) 9.53+0.97 9.98+1.96 3.60+0.08 7.73+3.17
RBC (x108/uL) 10.2040.34 10.98+1.41 10.03+0.43 9.53+0.23
HGB (g/dL) 15.40+0.41 14.83+0.35 15.53+0.57 14.68+0.38
HCT (%) 53.20+1.56 50.65+0.96 54.17+2.60 50.70+1.30
MCV (fL) 52.23+0.43 53.26+0.68 54.03+0.58 53.24+0.38
MCH (pg) 15.10+0.14 15.58+0.33 15.53+0.13 15.40+0.13
MCHC (g/dL) 28.97+0.18 29.25+0.15 28.67+0.08 28.98+0.33
PLT (x10%/uL) 963.30+114.7 1340+143.6 1180+27.55 1104+108.6

MAAE = Miconia albicans aqueous extract. WBC= leukocytes; RBC= erythrocyte; HCT= hematocrit; MCV= mean
corpuscular volume; MCH= mean corpuscular hemoglobin; MCHC= mean corpuscular hemoglobin concentration; HGB =
hemoglobin concentration; PLT= platelet. The animals received water (control group) or MAAE by single-dose oral. The
hematological parameters of female and male were registered in the end of experiment, on the fourteenth day. The results
were expressed with mean + EPM. ANOVA and Bonferroni test (n = 4/group).



Table S2. Hematological parameters effect of MAAE in different repeated-dose oral study

Female
Parameters Water MAAE MAAE MAAE
10mL/Kg 51.2 mg/kg 256 mg/kg 1280 mg/kg
WBC (x103%/uL) 9.53+0.96 6.90+1.02 6.67+£1.27 11.00+1.61
RBC (x108/uL) 10.20+0.35 10.50+£0.22 9.47+0.12 10.40+0.07
HGB (g/dL) 15.40+0.58 15.70+0.15 14.67+0.17 15.33+0.21
HCT (%) 53.20+1.56 54.13+1.03 50.47+0.86 53.63+0.78
MCV (fL) 52.23+0.30 51.57+0.48 53.47+0.19 51.53+0.47
MCH (pg) 15.10+0.14  14.97+0.17 15.57+0.08  14.77+0.13
MCHC (g/dL) 28.97+0.18 25.52+3.54 25.72+3.39 25.14+3.46
PLT (x10%/uL) 963.30+114.70 1068+59.40 1065+74 1569.00+£97.62***
Male
Water MAAE MAAE MAAE
10mL/Kg 51.2mg/kg 256 mg/kg 1280 mg/kg
WBC (x10%/uL) 3.60+0.08 7.75+1.52 7.475+1.28 4.67+0.80¢
RBC (x108/uL) 10.03+0.43 9.98+0.63 9.65+0.24 9.72+0.34
HGB (g/dL) 15.53+0.57 15.15+0.54 14.93+0.41 14.58+0.40
HCT (%) 54.17+1.84 52.48+2.02 52.15+1.20 51.20+1.42
MCV (fL) 54.03+0.58 52.68+0.76  54.13+0.36 52.18+0.87
MCH (pg) 15.53+0.13 15.20+0.24  15.50+0.20 14.83+0.19
MCHC (g/dL) 28.67+0.08 28.86+0.19 28.60+0.50 28.64+0.16
PLT (x10%/uL) 1180+27.55 1218+68.97 1439+58.80% 1628+45.73**

MAAE = Miconia albicans aqueous extract. WBC= leukocytes; RBC= erythrocyte; HCT= hematocrit; MCV= mean
corpuscular volume; MCH= mean corpuscular hemoglobin; MCHC= mean corpuscular hemoglobin concentration; HGB =
hemoglobin concentration; PLT= platelet. The animals received water (control group) or MAAE in different repeated-dose
oral, daily for twenty-eight days. The hematological parameters of female and male were registered in the end of
experiment, on the twenty-eighth day. The results were expressed with mean + EPM. ANOVA, and then Bonferroni test
(n = 4/group). ** p<0.01; *** p<0.001, when compared with control. ¢ p<0.05, when compared with MAAE 1280 mg/kg
female. & p<0.05, when compared with MAAE 256 mg/kg female.



Table S3. Biochemical parameters effect of MAAE in acute toxicity study

Parameters Female Male
Water MAAE Water MAAE
10mL/Kg 2000 mg/Kg 10mL/Kg 2000 mg/Kg
GLU (g/dL) 82.65+2.27 70.80+0.82 48.05+9.88 43.05+3.20

ALB (g/dL) 2.09+0.30 1.47+1.08 1.71+0.15 1.51+0.03
CHOL (mg/dL) 67.48+0.65 75.32+3.91 66.19+0.56 70.76+3.33
ALT (U/L) 6.06+2.205 4.98+1.33 9.23+2 21.49+2.10**
AST (U/L) 49.08+3.36 43.99+1.20 42.15+2.04 41.73%+0.51

MAAE= Miconia albicans aqueous extract. GLU= glucose; ALB= albumin; CHOL= total cholesterol; ALT= alanine
aminotransferase; AST= aspartate aminotransferase. The animals received water (control group) or MAAE by single-dose
oral. The biochemical parameters of female and male were registered in the end of experiment, on the fourteenth day.
The results were expressed with mean + EPM. ANOVA, and then Bonferroni test (n = 4/group). **p<0.01, when compared

with control group.



Table S4. Biochemical parameters effect of MAAE in different repeated-dose oral study

Parameter Female
Water MAAE MAAE MAAE
10mL/Kg 51.2mg/kg 256 mg/kg 1280 mg/kg
GLU (g/dL) 82.65+2.27 94.25+5.90 104.9 +6.88 81.41+3.37
ALB (g/dL) 2.09+0.30  1.56%0.03 1.50+0.051 1.59+0.08
CHOL (mg/dL) 67.48+0.64 63.76+0.78 64.45+1.09 67.7414.74
ALT (U/L) 6.06£2.05 2.12+0.67 3.17+0.31 4.81+0.65
AST (U/L) 49.08+3.36 49.72+0.25 49.47+2.90 42.66+2.28
Male
Water MAAE MAAE MAAE
10mL/Kg 51.2mg/kg 256 mg/kg 1280 mg/kg
GLU (g/dL) 48.05+9.88 85.96+6.60* 106.4 £5.43*** 82.65+8.57*
ALB (g/dL) 1.71+0.14  1.44+0.03  1.62+0.08 1.50+0.01
CHOL (mg/dL) 66.19+0.56 67.48+3.20 76.47+6.70 90.36+3.79**
ALT (U/L) 14.84+5.96 6.71+0.65 6.42+1.48 16.44+1.18¢
AST (U/L) 42.15+2.04 42.21+2.00 41.78+0.82 46.86+2.87

MAAE= Miconia albicans aqueous extract. GLU= glucose. ALB= albumin. CHOL= total cholesterol. ALT= alanine
aminotransferase. AST= aspartate aminotransferase. The animals received water (control group) or MAAE by single-dose
oral. The biochemical parameters of female and male were registered in the end of experiment, on the fourteenth day.
The results were expressed with mean £+ EPM. ANOVA, and then Bonferroni test (n = 4/group). * p<0.05; ** p<0.01; ***
p<0.001, when compared with control. ¢ p<0.05, when compared with MAAE 1280 mg/kg female.



5. CAPITULO 2 — Avaliagbes das atividades antibacterianas e antibiofilmes de

extratos de Miconia albicans.

Apresentacédo de resultados.
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5.1. INTRODUCAO

Os biofilmes séo caracterizados como um sistema microbiano que se adere a uma superficie
bidtica ou abiodtica e produz uma matriz com a capacidade de proteger a colbnia de fatores
ambientais. Geralmente, as infeccGes bacterianas agudas estdo relacionadas com bactérias
planctonicas, que sdo tratadas com antibidticos. Contudo, se as bactérias atingirem a forma de
biofilme, a infeccdo torna-se cronica, ou piorando uma infeccdo pré-estabelecida, tornando o

quadro mais complexo e de delicada terapia (BOROWSKI et al., 2018).

A bactéria gram-negativa Pseudomonas aeruginosa é oportunista e provoca infeccGes
nosocomiais nas formas aguda e crdnica em pacientes hospitalizados e imunocomprometidos.
Apresenta-se como uma das principais bactérias com resisténcia a diversos antibioticos,
dificuldade na erradicacdo dos biofilmes formados e reinfeccdo frequente, o que tornou a P.
aeruginosa um alvo de pesquisa para novos farmacos (ALJALAMDEH et al., 2021).

Staphylococcus aureus é outro patdgeno muito presente em ambiente hospitalar, conhecido
como oportunista, envolvido em diversos tipos de infeccOes, desde a pele a endocardites. As
infeccdes por S. aureus causam internac@es, além de maior tempo de permanéncia hospitalar, altos
custos com medicamentos e incidéncia de mortes. Por ser um patdgeno frequente e com resisténcia
a diversos antimicrobianos, torna-se um alvo no rastreio de substancias eficazes de erradicacao
(PINTO et al., 2020; REIS et al., 2020).

Considerando os obstaculos emergenciais de resisténcia bacteriana e ineficacia de classes
de antibacterianos no tratamento dessas cepas, encara-se tentativas de buscar novas estratégias de
combate as bactérias patogénicas. Desse modo, avaliando estudos antibacterianos envolvendo
espécies do género Miconia, pode-se observar a investigacdo de M. salicifolia (BUSSMANN, et
al., 2010), M. ligustroides (CUNHA et al., 2010) e M. latecrenata (RODRIGUES et al., 2020)
frente a cepas patogénicas. No entanto, quando se busca pela espécie Miconia albicans ndo séo

encontradas pesquisas que analisem o potencial antimicrobiano ou antibiofilme dessa planta.

Miconia albicans é nativa de regides tropicais, porém abundante no cerrado brasileiro. E
conhecida tradicionalmente pelo nome canela de velho. Suas folhas sdo consumidas em forma de

cha na medicina popular, indicadas principalmente para o tratamento de inflamacdes, artrite e
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artrose. As propriedades terapéuticas dessa planta podem variar de acordo com a composicao
quimica extraida (CORREA et al., 2021). Em estudo anterior desse grupo de pesquisa, pode-se
reconhecer a atividade anti-inflamatoria e nociceptiva das folhas de M. albicans advindas de um
extrato aquoso, verificando-se também todo perfil quimico da mesma. Nesse estudo, visamos
avaliar a atividade antimicrobiana e antibiofilme do extrato aquoso de M. albicans, como também
de fracGes obtidas a partir do extrato, frente a cepas patogénicas de Staphylococcus aureus e

Pseudomonas aeruginosa.

5.2. MATERIAL E METODOS
5.2.1. Amostra vegetal e extracao

As folhas de M. albicans, depois de secas e estabilizadas em estufa de ar circulante por 48
h em 50 °C, foram trituradas em moinho de facas, tamizadas (mesh 32; 0,50 mm) e
homogeneizadas. O extrato aquoso das folhas de M. albicans foi produzido a partir de aliquotas
de 18 g de material vegetal e adi¢cdo de 500 mL de agua ultrapura (MilliQ, Millipore) a 100° C por
15 min e agitando esse material a cada 5 minutos. Posteriormente, o extrato foi filtrado com papel
de filtro e submetido a liofilizacdo. Obtendo-se rendimento de 18% de extrato aquoso das folhas
de M. albicans (EAMA).

Para a obtencdo de fragGes, o extrato EAMA foi submetido a particdo liquido-liquido.
Assim, 2 g de EAMA foi solubilizado em metanol:agua (6:4, v/v) e particionado com os solventes
hexano, diclorometano, acetato de etila e butanol. As amostras obtidas foram concentradas em
evaporador rotativo e secas por liofilizacdo, resultando nas fracées hexano (EAMA-HX, 19,56 mg),
diclorometano (EAMA-DCM, 453,78 mg), acetato de etila (EAMA-Ac, 164,86 mg), butanol
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(EAMA-Bu, 140 mg) e a hidrometanolica (EAMA-Me, 161,3 mg), conforme ilustrado na Figural.

Extracao liquido-liquido
EAMA-DCM
PN Rendimento
EAMA (453,78 mg)
B VeoH:Agua il
EAMA-Me
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Figura 1: Obtencdo de fragdes com solventes de polaridade crescente (hexano (EAMA-HX), diclorometano (EAMA-
DCM), acetato de etila (EAMA-AC), butanol (EAMA-BU) e hidrometanélica (EAMA-Me) a partir do extrato aquoso

das folhas de Miconia albicans (EAMA).

5.2.2. Cultura de bactérias e condic¢tes

Foram utilizadas cepas de Staphylococcus aureus ATCC 25904 e Pseudomonas
aeruginosa ATCC 27853 cultivadas em agar Mueller Hinton (Oxoid Ltda., Inglaterra) a 37°C por
24h. As bactérias foram diluidas em solucdo estéril de NaCl 0,9% e preparadas com ajuste de
densidade 6tica (DO) a 600 nm de 0,150, que corresponde a 3.102 UFC/mL.

5.2.3. Formagcéo de biofilme

Para a biomassa total e a viabilidade celular do biofilme foi utilizado o ensaio colorimétrico
cristal violeta de acordo com a metodologia de Trentin e colaboradores (2011) com adaptacdes.
Em uma placa de 96 pogos (Costar 3599, Corning, Inc., Corning, NYC), 4uL de extrato ou fracbes
(EAMA, EAMA-DCM, EAMA-Ac, EAMA-Bu e EAMA-Me, nas concentragdes: 5, 50, 100 e 500

pg/mL) foram solubilizados em dimetilsulfoxido (DMSO) e adicionados a 76 pL de dgua ultrapura
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(MilliQ, Millipore), 40 uL de meio TSB (Trypcase Soy Broth) para Pseudomonas aeruginosa ou
BHI (Brain Hearth Infusion medium) para Staphylococcus aureus e 80 L da suspencao bacteriana
com DO a 600 nm. Como controle foram utilizados 4 pL de DMSO (veiculo), 8 pL/mL de
gentamicina para P. aeruginosa ou 8 uL/mL de vancomicina para S. aureus e 200 pL de meio de
cultura como controle de esterilidade. Para o screening inicial foram utilizados todos os extratos e
fracbes em todas as concentragcdes. A placa preparada foi incubada por 24 h em 37 °C.
Simultaneamente, o crescimento bacteriano foi avaliado de acordo com a leitura de absorbancia
em 600 nm no tempo inicial (0 h) e no tempo final (24 h). Apds a incubac&o e leitura da placa, o
conteudo de células planctdnicas foi removido da placa, lavando-se com 200 pL de solucdo salina
estéril (0,9 % NaCl) 3 vezes afim de remover as células ndo aderentes. As células aderentes foram
fixadas por cristal violeta (0,4% por 15 min em temperatura ambiente), enquanto a viabilidade das
células aderentes foi avaliada pelo método de MTT (0,3 mg/mL, incubada por 1 h em 37 °C), ap6s
0 corante ser removido por lavagem com agua, é usado 200 pL de etanol (99,5%) por 30 min para
ressuspender o corante aderido. A inibicdo da formacdo de biofilme foi determinada pela leitura
de absorbancia em DO 600 nm. Os valores acima de 100% representam a indugéo do crescimento
bacteriano ou da formacéo de biofilme comparado ao controle negativo (2% DMSO, veiculo).

5.3. Resultados

Na avaliagdo de crescimento microbiano as amostras testadas e submetidas a leitura DO
600 nm mostraram que ndo houve reducdo no crescimento bacteriano tanto de Pseudomonas
aeruginosa quanto de Staphylococccus aureus. Em relacéo a inibicdo da formacédo de biofilme
para ambas as cepas, igualmente ndo foram observadas atividades. Os resultados encontram-se
ilustrados nas Figuras 2 e 3.

Na Figura 2, observa-se o efeito do extrato aquoso das folhas de M. albicans (EAMA) e
das fracbes EAMA-DCM, EAMA-Ac, EAMA-Me e EAMA-BuU, sobre o crescimento bacteriano
e a formacdo de biofilme da cepa P. aeruginosa. O EAMA mostrou elevado crescimento
bacteriano nas concentragdes de 5, 50, 100 e 500 pL/mL. Quanto a formacao de biofilme, EAMA

em 100 pL/mL foi a amostra que apresentou maior formacéo de biofilme testada.
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P. aeruginosa ATCC 27853
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Figura 2: Efeito do extrato aquoso das folhas de Miconia albicans (EAMA) e fragcdes diclorometano (EAMA-DCM),
acetato de etila (EAMA-AC), hidrometandlica (EAMA-Me) e butanol (EAMA-BU) sobre a formagdo de biofilme e
crescimento bacteriano da cepa P. aeruginosa ATCC 27853 nasas concentra¢des de 5, 50, 100 e 500 pg/mL.. Teste t-
Student, *p < 0,05.

Na Figura 3 verifica-se o efeito de todas as amostras testadas sobre a formacéo de biofilme
e crescimento bacteriano de S. aureus. Em que, o maior crescimento bacteriano foi observado para
0 EAMA na concentragdo de 100 pL/mL. Para biofilme, o EAMA em 100 e 500 uL/mL e EAMA-
Bu em 100 pL/mL foram as amostras que apresentaram maior formacéo de biofilme da cepa S.
aureus.

As amostras testadas frente ambas as cepas, ndo podem ser consideradas ativas quanto as
atividades antimicrobiana e antibiofilme, uma vez que ndo houve inibicdo de crescimento
bacteriano tdo quanto de biofilme. Pelo contréario ao esperado, houve crescimento bacteriano e

formacéo de biofilme.
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S. aureus ATCC 25904
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Figura 3: Efeito do extrato aquoso das folhas de Miconia albicans (EAMA) e fra¢des diclorometano (EAMA-DCM),
acetato de etila (EAMA-Ac), hidrometandlica (EAMA-Me) e butanol (EAMA-Bu) sobre a formacdo de biofilme e
crescimento bacteriano de S. aureus ATCC 25904 nas concentragfes de 5, 50, 100 e 500 pg/mL. Teste t-Student, *p
<0,05.

5.4. Discussao e conclusao

A investigacdo de novas estratégias para a prevencao e tratamento de infec¢des causadas
por bactérias formadoras de biofilme € imprescindivel nos dias de hoje. Essa busca é
frequentemente realizada tanto a partir de produtos naturais quanto compostos sintéticos. Os
produtos naturais se apresentam como um amplo leque de opcGes a serem testadas com grande
diversidade e complexidade estrutural frente a essas bactérias especializadas, o que vem sendo
comprovado pelos inimeros trabalhos publicados na literatura e novos candidatos a farmacos
desenvolvidos com base em produtos naturais (NEWMAN, CRAIGG, 2020). Esses avangos em
termos de nimeros de compostos detectados e identificados em amostras de produtos naturais e

avaliados biologicamente tem relacdo direta com os avangos analiticos (ATANASOV et al., 2021).
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Na literatura podemos encontrar diversos trabalhos que investigam a atividade
antibacteriana com diferentes cepas patogénicas relacionadas a espécies do género Miconia, no
entanto ndo sdo contemplados trabalhos que envolvem bactérias formadoras de biofilmes. O que
d& abertura para investigacdo de novas substancias do género vegetal sobre essa linha de pesquisa.

Os estudos demonstram como diferentes produtos naturais dispGe de capacidades
antibidtica e antibiofilme, que tais extratos podem ser alvo de novas pesquisa de desenvolvimento
farmacéutico e biotecnoldgico, assim como podem ser utilizados em estratégias de associa¢do com
0s medicamentos ja empregados na terapéutica para maior sucesso no tratamento, tentando

minimizar casos de reinfeccao e resisténcia terapéutica.
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Abstract

Miconia albicans (Swartz) Triana (Melastomataceae) is an ethnopharmacological species
relevant in popular medicine of Brazil, which is used to treat inflammation and pain. It can be found
in Biome Cerrado. In this context, it was here explored the influence of dry and rainy season in the
variation of secondary metabolites from M. albicans by metabolomics and chemometric tools. The
leaves of M. albicans were collected during two years and submitted to analyses by HPLC-DAD-MS
techniques and application of statistical analysis. Twenty-five compounds were annotated, including
flavonoids, megastigmanes, tannins, and triterpenes. The higher ion intensities of flavonoids and
megastigmanes were observed in dry period, while tannins were higher in the rainy season. The

variations detected emphasize the interference of temporal variables in the chemical profile of plants.

Keywords: megastigmane, flavonoid, hydrolysable tannin, dry season, rainy season.
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6.1. Introduction

Miconia albicans (Swartz) Triana, a medicinal species of Melastomataceae family, has a
cosmopolitan distribution. It is native to the Brazilian Cerrado that is a biome with two well-
characterized seasons, a dry and rainy season (LIMA et al., 2020). This plant is popularly known as
“canela de velho" and used to treat inflammation, joint pain, infections, and arthritis in the traditional
medicine, representing an important vegetal drug widely used by population that can be easily found
in the brazilian markets (SERPELONI et al., 2011). Besides, this plant is widely investigated for
several biological activities (CORREA et al., 2021), but few studies have attempted to understand the

influence of the seasonal variation on the secondary metabolism of it.

The chemical composition of medicinal plants can be affected by biotic and abiotic factors.
These factors include seasonality, altitude, temperature, rainfall, age, UV radiation, atmosphere
composition, herbivory, and pathogen attack, which can impact the qualitative and quantitative
chemical composition of a plant (GOBBO-NETO, LOPES, 2007). Thus, the period/time of harvest
can significantly change the chemical composition and impact the therapeutic value of a medicinal

plant-extract.

The effects of seasonal, environmental and geographic intervention of M. albicans and M.
chamissois, were evaluated by identification and quantification of flavonoids (rutin, quercetin,
matteucinol, miconioside) and triterpenes (ursolic acid, oleanolic acid). Samples of leaves were
collected in three different environments (dry and humid), twice a year in S&o Paulo State, Brazil. The
highest levels of flavonoid rutin occured in M. albicans when collected during the rainy season. The
flavanone matteucinol were detected in M. chamissois, mainly for plants collected in the dry season.
In addition, the triterpene ursolic acid was detected when collected during the dry season in dry and
humid environments, on M. albicans and M. chamissois. These findings show the influence of spatial
and temporal variations in the chemical composition, emphasizing the importance of applying

different metabolomics techniques to evaluate a better plant potential (GIMENEZ et al., 2020).

As demonstrated by Quintans-Junior and collaborators (2020), M. albicans leaves of Sergipe
(Brazil), have a relation about chemical profile and pharmacological activities. By HPLC-DAD-ESI-
MS/MS were identified twenty-three compounds between flavonoids and tannins. In relation to the
biological properties, anti-arthritic, anti-inflammatory and anti-hyperalgesic assays. The tests
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evaluated on carrageenan induced pleurisy in mice, showed decreased levels of TNF and IL-6,
reduced knee edema induced by intra-articular injection of CFA, and reduced the hyperalgesic
symptoms in mice, in 50 and 100 mg/kg of ethanolic extract. The findings were correlated with the
presence of flavonols, which corroborates data from the literature.

In this sense, this work explores a set of data collected, analyzing the influence of rainfall,
temperature, air humidity, and wind on the presence of secondary metabolites, temperature and light

of Miconia albicans individuals.

6.2. Materials and methods
6.2.1. Plant material

Leaves of Miconia albicans were collected in the Private Natural Heritage Reserve (latitude
20°50°75.25”, longitude 54°61°85.30”) localized in Federal University of Mato Grosso do Sul
(UFMS), Campo Grande, Mato Grosso do Sul, Brazil. This reserve is an urban fragment of Brazilian
Savanna. The collections started in July 2018 until February 2020, four individuals were collected
once per month, in the afternoon, during a period of ten months. Leaves were collected, at the same
stage of development, from different points of each individual. After collection, plant material was
stabilized by drying in a circulating air oven (50 °C), for 48 hours, powered by a knife mill and stored

at room temperature for later extraction and chemical analysis.

The species was identified by Dr. Flavio Macedo Alves and a voucher was deposited at CGMS
herbarium of Federal University of Mato Grosso do Sul at number CGMS 79407, under authorization
by SISGEN (National Management System Genetic Heritage and Associated Traditional Knowledge)
with protocol number of registration ACD1712.

6.2.2. Climate information

Climatic data the months of collection, to July 2018 from February 2020, was acquired at the
available online database Mato Grosso do Sul Weather and Climate Monitoring Center (Centro de
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Monitoramento do Tempo e do Clima de Mato Grosso do Sul, CEMTEC-MS). Were acquired the
data of instantaneous temperature (IT), gust of wind (GW), minimum temperature (MAINT), rainfall
(RA), days without rain (DWR), maximum temperature (MAXT), maximum humid (MAXH),
minimum humid (MINH), instantaneous humid (IH), for each month. Environmental data were used

to assess how the months are grouped within Cerrado seasons.
6.2.3. Sample preparation

The extracts from leaves were obtained with 10 mg of powdered plant and extracted using 1
mL of methanol and ultrapure water 7:3 (v/v) in an ultrasonic bath for 10 min (De Vos et. al., 2007).
Subsequently, the extracts were centrifuged at 10.000 rpm for 3 min, the supernatant was removed
and filtered with PTFE filter (Millex 0.22 um, Millipore). A pool (quality control) was prepared from
the mixture of 25 pL of each sample, homogenized, and injected at each five samples. For the

injections, the samples were randomized.

6.2.4. Analyses of extracts by liquid chromatography coupled to diode array detector and
mass spectrometry (LC-DAD-MS):

Chromatographic analyses were performed on an UFLC LC-20AD Shimadzu Prominence
coupled to a diode array detector and a high-resolution mass spectrometer with electrospray ionization
source (MicrOTOF-Q Il — Bruker Daltonics, Billerica, MA, USA). The analytical column used was
a Kinetex C18 (2.6 um, 100A, 150 x 2.1 mm, Phenomenex), which was maintained at 50 °C and a
flow rate of 0.3 mL/min was applied. Acetonitrile (B) and as solvent B and ultrapure water (B), both
added formic acid 0.1% (v/v), were used as mobile phase and the following elution gradient program
was used: 0-2 min — 3% of B, 2-25 min — 3 to 25% of B, 25-40 min — 25 to 80% of B, and 40-43 min
80% of B. The MS analyses were performed in negative ion mode for the data processing and this
method was selected from the initial analysis of pool in positive and negative ion mode, since the
negative ion mode revealed a higher number of peaks. For these analyses, N2 was applied as nebulizer

gas (4 Bar), collision gas, and dry gas (9 L/min). The capillary voltage was 2.500 kV.
6.2.5. Data proceeding

Firstly, the data were analyzed in the software “DataAnalysis 4.2” (Bruker Daltonics). The

raw data were aligned by “Metalign 3.0” (LOMMEN, KOOLS, 2012), resulting in 1003 entrances
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and, subsequently, the data was reduced by “MSClust” (TIKUNOV et al., 2012). After that, duplicate
peaks and with intensity less than 750 were removed, gerating 22 compounds. The resulting data
matrix was used in the statistical analysis in the “software R V.4.1.3” (R CORE TEAM, 2022).

To assess the interrelationship between the samples, we performed a Principal Components
Analysis (PCA). The PCA was performed using the “stats” package and the graphs plotted using the
“factoextra” package in the “software R”. Peak data were transformed by logarithm (logio) for further
calculation of components. Analyzes of the effects of seasonality on the intensity of metabolites were
performed using the permutational analysis of variance (PERMANOVA) based on Bray Curtis

dissimilarities.

To evaluate the influence of seasonality on classes or metabolites, we used the Wilcoxon
signed-rank test from the “rstatix” package. The p threshold considered was 0.05. Box-plots were
plotted to evaluate the dispersion of peaks or classes.

6.2.6. Annotation of the compounds

The annotation of the compounds were performed by spectral data (UV, MS, and MS/MS)
compared to data published (DEMBOGURSKI et al., 2023) and deposited in GNPS. The accurate
MS data were applied to determine the molecular formula, considering errors and mSigma up to 8
ppm and 30, respectively. The injection of some authentic standards were also performed to confirm

the identity of them.

6.3. Results and discussion
6.3.1. Annotation of the constituents from Miconia albicans

The annotation of the compounds applied in the statistical analyses were described in the
Table 1, and their spectral data were also summarized. The annotated compounds and monitored were
twenty-five, which included O-glycosylated flavonols, triterpenes, hydrolysable tannins,

megastigmanes, ellagic acid and its derivatives.
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The compounds 1 and 2 were putatively annotated as di-O-hexoside and citric acid, which
presented intense deprotonated ions at m/z 341.1061 (C12H22011) and 191.0229 (C¢HgO7), in addition
peak 2 was confirmed by the authentic standard. The peak 8 revealed an absorption band at 280 nm
in the UV spectrum, compatible with chromophore flavan-3-ol, and ion at m/z 289.0709 (C15H140e),

which was confirmed by the authentic standard as epicatechin.

The peaks 3 and 7 revealed absorption bands at Amax 280 nm and the deprotonated ions at m/z
933.00627, 947.0811, 915.0478, and the double charged ion m/z 602.0252. These compounds
revealed fragmentation patterns of hydrolysable tannins typically of elagitannins, which was
confirmed by the product ion at m/z 301 that are basically composed of ellagic acid yielded from
losses of hexahydroxydiphenyl units (HHDP) with subsequently cyclization reactions on the mass
spectrometer (Cerulli et al.,, 2020). A The compounds 3, 4, 5 and 7 were annotated as
nonahydroxytriphenoy (NHTP)-hexahydroxydiphenoyl (HHDP)-hexoside (vescalagina or castalagin
isomer), O-methyl NHTP-HHDP hexoside, and C-procyanidin NHTP-HHDP-hexoside, which
revealed spectral data compatible with the data described in the literature (CERULLI et al., 2020,
RASINES-PEREA et al., 2019).

The peaks 9 and 10 reported no UV absorption, and their protonated ions at m/z 387.1992 and
391.2295 exhibited the molecular formula C20H32010 and C20H3s010. They showed losses of an O-
hexosyl group yielding the fragment ions m/z 207 [M+H-162-H,0]* and 229 [M+H-162]*. These
fragments are relative to aglycones with thirteen carbons and compatible to megastigmanes (JO et al.,
2020), which were annotated as dihydroxy-megastigmadienone O-hexoside (roseoside) and
trihydroxymegastigmanene O-hexoside (CHANG et al., 2020; SPINOLA et al., 2015). The peaks 14
and 16 showed UV spectrum at Amax = 280 nm, deprotonated ions at m/z 537.1966 and 541.2277 that
were compatible to the molecular formulas C26H34012 and C2sH3zsO12. The fragment ions at m/z 385
[M-H-galloyl]” and 371 [M-H-galloyl-H.O]" suggested the presence of galloyl substituent for 14 and
16, respectively (WEI et al., LI et al., 2015).

The chromatographic peaks 12, 13, 15, and 17 showed two absorption bands in the UV
spectrum at Amax =~ 270 and 350 nm that are aligned to flavonols. The losses of 162 and 146 u indicated
the O-hexosyl and O-deoxyhexosyl substituents, respectively (Silva et al., 2013). According to
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Younis et al., (2020), the fragment ion at m/z 303 was attributed to quercetin. Thus, they were

annotated as O-hexosyl quercetin (12 and 15), rutin (13), and O-deoxyhexosyl quercetin (17).

The UV spectra of 18 and 19 revealed two absorption bands similar to ellagic acid
chromophore (with Amax = 250 nm and 370 nm) (REICHERT et al., 2018). From the protonated ions
m/z 345 of 19, the fragment ions at m/z 330, 315 and 300 were observed, which are yielded from
subsequent losses of radical methyl (15 u) (REICHERT et al., 2018; MOILANEN et al., 2013). From
the deprotonated ion m/z 461 (18) was observed a loss of deoxyhexosyl (146 u) and subsequent loss
of a radical methyl (15 u) to yield the fragment ion at m/z 300. Thus, the compounds 18 and 19 were
annotated as O-deoxyhexosyl O-methyl ellagic acid and tri-O-methyl ellagic acid.

The compounds 20 and 21 revealed the deprotonated ions at m/z 711.3980 [M-H+HCOOH],
which were compatible to the molecular formula CssHsgO11. The fragment ions at m/z 503 are yielded
from losses of 208 u, associated to hexosyl and formic acid (HCOOH), indicating the aglycone
triterpenic. Therefore, these compounds were annotated as O-glycosylated triterpenes (Gao et al.,
2011). The peak 23 showed no UV absorption, the deprotonated ion at m/z 487.3431 [M+H-]" and
molecular formula C3oHasOs from the of 409 u, was assigned arjunolic acid (CORREA et al., 2021).
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Table 1. Compounds annotated from Miconia albicans leaves by LC-DAD-MS.

Negative (m/z)

Positive (m/z)

castalagin isomer)

RT uv
Peak MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
1 1.2 | C12H22011 |di-O-hexoside - 341.1061 - - -
2 1.5 CeHgO7 |Citric acid* - 191.0229 - - -
3 3.6 | CaH26026 |NHTP-HHDP- Tannin 282 933.0615 |467,421,300,| 935.072 469, 439,
hexoside 275, 257, 231 307, 277
(vescalagin or
castalagin isomer)
4 5.2 | CaH26026 |NHTP-HHDP- Tannin 280 933.0615 | 467,421,300, | 935.0731 615, 495,
hexoside 275, 257, 231 469, 439,
(vescalagin or 307, 277
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Negative (m/z)

Positive (m/z)

RT uv
Peak MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
5 7.1 | Ca2H28026 |O-methyl NHTP- Tannin 280 947.0811 | 493, 467,421, | 949.0886 -
HHDP-hexoside 301, 275, 203
(O-methyl
vescalagin or
castalagin isomer)
6 7.6 | Ca1H24025 [Hydrolyzable Tannin 280 915.0478 457, 169 - -
tannin
7 10.3 | CseH3s031 |C-procyanidin Tannin 280 602.0252 | 493, 467, 301, - -
NHTP-HHDP- 289, 275, 249
hexoside
8 13.2 | CisH1406 |Epicatechin* Flavan-3-ol 280 289.0709 163 291.0861 -
9 14.6 | Ca0H32010 Megastigmane - 385.1894 205, 153 387.2031 (207, 189, 161

Dihydroxy-
megastigmadienon
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Negative (m/z)

Positive (m/z)

RT uv
Peak MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
e O-hexoside
(roseoside)

10 | 18.2 | CxoH36010 |Trinydroxymegasti | Megastigmane - 389.2173 189 391.234 229, 211,
gmanene O- 193, 175
hexoside

11 | 185 | CuHeOg |Ellagic acid* Ellagic acid 250, 300.999 283 245 299 303.0172

derivative 365 217, 201, 185,
173, 161

12 | 19.3 | Ca1H20012 |Quercetin O- Flavonoid 270, 463.086 | 300, 271, 255, | 465.1003 303
hexoside 356 243, 179, 151

13 | 19.4 | C27H30016 |Rutin* Flavonoid 270, 609.1455 | 463,301,151 | 677.1591 465, 303

352
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Negative (m/z) Positive (m/z)
RT uv
Peak _ MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
14 | 19.5 | Cz6H34012 |Mallophenol B Megastigmane | 280 537.1966 | 385, 313,271,| 539.2107 -
211,169
15 | 19.8 | Ca1H20012 |Quercetin O- Flavonoid 270, 463.086 | 300, 271, 255, | 465.1003 303
hexoside 356 151
16 | 21.2 | Cz6H3s012 |Clypearoside A Megastigmane 541.2277 | 371, 363,331, | 543.2459
313, 271, 253,
280 227,169
17 | 22.1 | Ca1H20011 |Quercetin O- Flavonoid 262, 447.091 |300, 271, 255, | 449.1057 |303, 257, 229
deoxyhexoside 350 163
18 C21H18012 |O-deoxyhexosyl Ellagic acid 265, 461.0727 315, 300 463.091 -
O-methyl ellagic derivative 360
acid
19 | 254 | Ci7H120s |Tri-O-methyl Ellagic acid 219, 343.0442 311, 298 345.0585 330, 315,
ellagic acid derivative 365 300, 285
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Negative (m/z)

Positive (m/z)

RT uv
Peak MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
20 | 30.7 | CzsHsgO11 |O-hexosyl Triterpene - 711.3984 503 689.3878 505, 487,
triterpene 469, 451,
439, 405,
261, 215, 187
21 | 30.8 | C3sHs8011 |O-hexosyl Triterpene - 711.398 503 689.3878Na | 505, 487,
triterpene 469, 451,
439, 405,
261, 215, 187
22 | 31.7 | CssHs8010 |O-hexosyl Triterpene - 695.4032 487 - -
triterpene
23 35.5 | CsoHs0s |Triterpene Triterpene - 487.3431 409 - -
(arjunolic acid)
24 | 39.6 | CoH4011 |Unknown - - 555.2847 299, 255, 225, - -
206, 164
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Negative (m/z)

Positive (m/z)

RT v
Peak MF Compound Class (max) MS MS
(min) [M-H]- MS/MS [M+H]+ MS/MS
25 | 39.6 | CzsHagO10 |Fatty acid)  Fatty acid " | 5053024 | 255, 249 ] )
derivative ' ’

RT: retention time; MF: molecular formula; *confirmed by authentic standard. HHDP: hexahydroxydiphenoyl; NHTP,
nonahydroxytriphenoyl
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6.3.2. Metabolomics analyses from Miconia albicans correlated to climatic factors

First, we analyze the climatic factors to verify how the dry and rainy periods are distributed
according to the harvests of plant materials used in our study. The climatic data were obtained from
the registers of the climatic monitoring center (CEMTEC-MS) and these data were ordinated by Non-
Metric Multidimensional Scaling (NMDS) based on Bray-Curtis dissimilarities. As a result, we
observed that December 2018 (dec-18) presented low rainfall (RA) and many days without rain
(DWR), consequently this month was grouped with the dry season (Figure 1), although December is
classified into the rainy season (RATTER et al., 1997) in the literature. These observations
demonstrated the importance to collect real data to classify the climatic factors and to apply them in
the study. Additionally, October 2018 (oct-18) grouped with the rainy months due to a high rainfall
registered, while October 2019 (oct-19) was a dry period due to many days without rain were
registered and low rainfall. This is a transitional month between the dry and rainy season, so a
variation of climatic conditions in this month is normal. Therefore, from the multivariate analysis of
climatic data we classified August 2018 (aug-18), December 2018 (dec-18), June 2019 (jun-19),
August 2019 (aug-19), and October 2019 (oct-19) as dry season, and the rainy season was constituted
by the months October 2018 (oct-18), February 2019 (feb-19), April (apr-19), November 2019 (nov-
19), and February 2020 (feb-20).
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Figure 1 - NMD (stress = 0.02337093) of the environmental data of the collection period. The ordering
suggests seasonal variation. Inserted variables: instantaneous temperature (IT), gust of wind (GW), minimum
temperature (MAINT), rainfall (RA), days without rain (DWR), maximum temperature (MAXT), maximum humid
(MAXH), minimum humid (MINH), instantaneous humid (IH).

The chemical data were analyzed by multivariate statistics such as by the unsupervised
Principal Component Analysis (PCA) to observe interrelationships between the sample group
regarding the secondary metabolites present in M. albicans individuals collected in dry and rainy
seasons. However, the PCA showed no clear separation of groups related to the variables inserted,
but we noted a tendency to divide individuals related to the groups of dry and rainy season (Figure
2A). The strong variables observed from biplot were, for example, the peaks 7, 8, 9, 10, and 14
(Figure 2B). It is important to notice that in the Cerrado there are two distinct seasons, but the group
separation based on the secondary metabolites from the plants collected in all the months was not
clear, which was verified as a seasonal graduation. Seasonality, as an independent factor when
considered all collection months, was significant (PERMANOVA, F=4.3327, R,=0.10235, P=0.005).

However, this explains a small variation in the intensity of the metabolites (R>.=0.10235).
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Figure 2 - (A) Principal component analysis (PCA) from the samples of Miconia albicans analyzed by LC-MS/MS that
were collected in different months of rainy (oct-18, feb-19, feb-20, apr-19, and nov-19) and dry season (aug-18, dec-18,
oct-19, jun-19, and aug-19). (B) Biplot of principal component 1 (PC1) and principal component 2 (PC2). Months:
february (feb), april (apr), june (jun), october (oct), november (nov), and december (dec). Years: 2018 (18), 2019 (19),
and 2020 (20). Individuals: 53, 58, 63, and 82.
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Although the interrelationship between the samples does not show a multivariate separation
between the samples, we performed the Wilcoxon signed-rank test to verify if the classes of
metabolites are distinct between dry and rainy samples, adding the metabolites intensities and
comparing this total of each compound class (Figure 3). In terms of this, the classes of flavonoids,
tannins, and triterpenes showed no statistically significant differences. On the other hand, the
megastigmanes were significantly distinct between the seasons (p<0.05), presenting higher intensity

in the dry season.
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Figure 3 - Boxplot of classes (flavonoids, megastigmanes, tannins, and triterpenes) in relation to the dry and rainy season
from the all samples (rainy season: oct-18, feb-19, feb-20, apr-19, and nov-19; dry season: aug-18, dec-18, oct-19, jun-
19, and aug-19).
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The only samples collected in the driest and rainiest months were analyzed together to
determine if the seasonality can be an influence factor on the secondary metabolites of M. albicans.
The driest season was considered aug-18, aug-19, and oct-19, while the rainiest season was feb-19,
apr-19, and feb-20, according to the ordinated data (NMDS). In this way, we obtained a PCA from
only these samples, which revealed a distinction between the samples of dry and rainy season. The
PC1 explained 46.7% and PC2 26.4% of these differences, and the strong variables observed in biplot
for the separation of dried season samples were the peaks 7 (O-methyl NHTP-HHDP-hexoside), 8
(epicatechin), 9 (dihydroxy-megastigmadienone O-hexoside), 10 (trihydroxymegastigmanene O-
hexoside), 14 (mallophenol B), and 16 (clypearoside A) (Figure 4).
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Figure 4. (A) Principal component analysis (PCA) from the samples of Miconia albicans analyzed by LC-MS/MS that
were collected in different months of rainy (feb-19, feb-20, and apr-19) and dry season (aug-18, oct-19, and aug-19). (B)
Biplot of principal component 1 (PC1) and principal component 2 (PC2). Seasonality, as an independent factor when
considered all collection months, was significant (PERMANOVA, F=10.296, R,=0.3188, P=9.999e-05), explaining about

31% of the metabolites used in processing.
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From the ion intensities of all metabolites added by class and the application of the Wilcoxon

test, the groups of M. albicans collected in driest and rainiest season presented some statistical

significant differences, such as flavonoids and tannins that exhibited statistical relevance (Figure 5).

The flavonoids revealed higher ion intensity in the dry season (p=0.034) while tannins are more

intense in the rainy period (p=0.012). The megastigmanes confirmed their higher increment during

the dry season (p=0.0005). However, the triterpenes showed higher ion intensities in the dry season,

but they did not show valid statistical significance (p = 0.129) (Figure 5). Some of these patterns can

also be observed in the (Figure 5) in which the megastigmanes were strongly correlated with the

group separation in PC1, such as the glycosylated megastigmanes 9 (dihydroxy-megastigmadienone

O-hexoside), 10 (trihydroxymegastigmanene O-hexoside), and 14 (mallophenol B). The glycosylated

megastigmane 14 has an additional galloyl substituent, like as the megastigmane 16.
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Figure 5 - Boxplot of classes of metabolites (flavonoids, megastigmanes, tannins, and triterpenes) annotated from the

Miconia albicans samples in relation to dry and rainy season, applying the materials collected in dry (aug-18, aug-19, and

oct-19) and rainy periods (feb-19, apr-19, and feb-20).
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Flavonoids showed higher intensity in the dry period (p = 0.03418), observed in Figure 5. In
plants this class of compounds acts as a protector against solar radiation, as well as giving the bitter
and astringent taste, that makes the plants unattractive to herbivory, this strategy is an important
characteristic of this leaves during the budding and the fruiting stage. Another functions of flavonoids
in plants are the antimicrobial and growing regulations, promoting physiological survival
(MAHGOUB et al., 2023, QIAO et al., 2022).

Megastigmanes exhibited high intensity in leaves collected during the dry season. This class
of compounds biosynthesized via oxidative cleavage of the carotenoids (ZHAO et al., 2022), although
this study detected for the first time these compounds in genus Miconia. The occurrence of
megastigmanes is a chemotaxonomic marker to Vitis (Vitaceae) species (CONG et al., 2012), were
used to a significantly markes to Aleurites (Euphorbiace) species (Silva et al., 2012) too. There is no
mention about the seasonal variation in plants involving this class, highlighting the relation between

megastigmanes and dry stress in Miconia genus.

Tannins are the compounds revealed largest intensity in M. albicans during the rainy season
(p=0.01221), illustrated in Figure 5. These compounds annotated from M. albicans are hydrolysable
tannins of ellagitannin type, which are yielded from the hexoside central with units of
hexahydroxydiphenoyl and additional galloyl units can be in the structures. Tannin accumulation is
related to several types of stress effects such, nutrient poor soil, high solar exposure and herbivore
attack, which is closely related to the cerrado biome (DEHGHANIAN et al., 2022). Hydrolysable
tannins specifically, have importante function in defense, are more concentrated in young leaves, but
low levels are sufficient to defend against herbivory (VISAKORPI et al., 2019).
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Figure 6 - Boxplots from the annotated peaks of Miconia albicans collected in dry and rainy season.
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The boxplots from some important compounds are illustrated in Figure 6. The highlightly
metabolites for dry season include: 2 (citric acid), 7 (C-procyanidin NHTP-HHDP-hexoside), 8
(epicatechin), 9 (dihydroxy-megastigmadienone O-hexoside), 10 (trihidroxymegastigmane O-
hexoside), 14 (mallophenol B), 16 (clypearoside A), 18 (O-deoxyhexosyl O-methyl ellagic acid), 19
(tri-O-methyl ellagic acid), 21 (O-hexosyl triterpene) and 22 (O-hexosyl triterpene), while for the
rainy season include 3 (NHTP-HHDP-hexoside), 6 (hydrolyzable tannin), and 25 (fatty acid

derivative).

Differences were observed in leaves of M. albicans collected during dry and rainy season,
showing that seasonality influences the composition of the plant. This is closely related to the stress
caused by water deprivation, high temperatures, high solar radiation, and nutrient poor soil of Cerrado
(PINTO, KOLB, 2016).
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6. CONCLUSAO GERAL

Neste estudo foi abordada a investigacao farmacolégica de Miconia albicans, e seus
aspectos quimicos relacionados com as interferéncias ambientais na planta.

Foram conduzidos ensaios in vivo avaliando a capacidade anti-inflamatoria,
analgésica e toxicidade, utilizando como tratamento o extrato aquoso das folhas de M.
albicans no intuito de mimetizar a forma que a populagéo utiliza.

No ensaio de edema de pata induzido por carragenina, pode-se verificar a reducao de
55% (0,016 + 0.004) do edema nos animais tratados com extrato na dose de 256 mg/kg.
Quanto ao teste de influxo leucocitario induzido por carragenina, foi revelado que o pré-
tratamento (256 mg/kg) causou 78% (555 + 211,2 células/mms3) de reducdo das células
polimorfonucleares. Assim entdo, os resultados confirmam a atividade inflamatoria ja
conhecida da infusdo dessa planta.

Verificando o efeito analgésico, conduziu-se 0 método de contorcdo abdominal
induzida por acido acético, em que o extrato (1280 mg/kg) mostrou reduzir 42% (57,6 + 7,6
namero de contor¢des) das contorgdes. Desse modo, no teste de lambida de pata induzido
por formalina, o tratamento com 256 mg/kg de extrato foi capaz de reduzir em 23% (200,9
+ 11,1 s) o tempo de lambida de pata. Com esses resultados, é possivel observar o efeito
hiperalgésico moderado dessa espécie vegetal em relacdo aos farmacos de controle.

Na investigacao de toxicidade, inicialmente os animais receberam uma dose Unica de
2000 mg/kg e foram monitorados diariamente por 14 dias. Nao apresentaram nenhum sinal
clinico ou comportamental que inferisse toxicidade, sem mortes e sem alteragcdes nos exames
histologicos, bioguimicos e hematoldgicos. Na toxicidade de doses repetidas, foram
administradas trés doses diferentes (51,2; 256 e 1280 mg/kg), que foi analisada ao longo de
28 dias. Também ndo foram registradas mortes, nem alteragdes clinicas e comportamentais.
Referente as investigacdes histologicas, bioquimicas e hematoldgicas, todas mostraram-se
sem alteraces significativas. O que revelou a auséncia de toxicidade no tratamento com M.
albicans em diferentes doses.

Pesquisou-se a capacidade antimicrobiana e antibiofilme do extrato aquoso das
folhas de M. albicans e fracdes advindas do mesmo, frente as bactérias de Staphylococcus

84



aures e Pseudomonas aeruginosa. Os resultados demonstraram que ndo houve efeito frente
a essas bactérias, tanto na reducdo, quanto na erradicacdo de biofilmes formados.

No estudo quimico das folhas de M. albicans, pode-se anotar 25 metabdlitos por meio
da técnica de HPLC-DAD-MS, dentre esses, encontram-se flavonoides, taninos,
megastigmanos e triterpenos. Com destaque a classe de megastigmanos, grupo de compostos
biossintetizados pela via dos carotenoides, que pela primeira vez foi identificado no género
Miconia. Os principais megastigmanos identificados em Miconia albicans do cerrado de
Campo Grande-MS, foram cliperosideo A, malofenol B e roseosideo, que anteriormente
haviam sido mencionados em espécies das familias Euphorbiaceae e Fagaceae.

E no intuito de verificar as variagdes quimicas que a planta sofre diante as
modificacGes ambientais, foi realizado também um monitoramento mensal com coleta das
folhas da espécie, e informacbes em base de dados oficiais de pardmetros climéaticos. A
analise metabolémica foi desenvolvida aplicando técnicas de HPLC-DAD-MS e analises
multivariadas. Ao final, foi possivel verificar tendéncias de agrupamento, que mostraram
classes de metabdlitos mais intensas em determinados periodos. Como, os flavonoides e
megastigmanos mais intensos em periodo de seca, e taninos com maior intensidade em
periodo de cheia. Mostrando que o estresse ambiental influencia na composi¢éo quimica das
plantas, que reagem fisiologicamente aos fatores externos.

Todos esses dados demonstram a necessidade da pesquisa e investigagédo de plantas
medicinais de conhecimento etnofarmacoldgico. Evidenciando a necessidade atual de novas
moléculas bioativas que atuem frente a diversas patologias, a pesquisa realizada aplicou
técnicas que se mostram eficientes para validar e constatar caracteristicas de Miconia

albicans.
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