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RESUMO

PEDERIVA, M. M. C. Comparagdo quimica e bioldgica de extratos obtidos de
Ocotea minarum nos anos de 2017 e 2018. 2019. 57.f. Dissertacdo (Mestrado) —
Faculdade de Ciéncias Bioldgicas e Ambientais, Universidade Federal da Grande
Dourados, Dourados, 2019.

O objetivo deste estudo foi investigar e comparar 0 potencial antioxidante, anti-
inflamatorio e antinociceptivo de Ocotea minarum nos anos de 2017 e 2018, bem como
0 isolamento dos principais compostos. O extrato metandlico de 2017 (MEOM-2017) e
2018 (MEOM-2018) foram obtidos a partir das folhas de O. minarum, coletadas,
identificadas e maceradas a frio com metanol. O teor de constituintes foi mensurado
para fenois totais e flavonoides. A atividade antioxidante dos extratos foi avaliada pelos
ensaios de DPPH e p-caroteno/dcido linoleico in vitro, utilizando-se o
butilhidroxitolueno (BHT) como controle positivo. O MEOM-2017 e MEOM-2018
foram avaliados nas doses de 30, 100 e 300 mg/kg, e 0os compostos quercetina-7-O-p-D-
glucopyranosideo (OM-1) e genisteina (OM-2) nas doses de 100 mg/kg, para 0s
modelos de edema de pata, pleurisia e antinocicepcdo, induzido por carragenina em
camundongos. O anti-inflamatério dexametasona foi utilizado como controle positivo.
Os flavonoides OM-1 e OM-2, foram identificados a partir da fracdo de acetato de etila
do extrato obtido em 2018. O MEOM-2018 apresentou maior concentragdo de fenois
totais e flavonoides quando comparado a MEOM-2017, demonstrando deste modo
maior potencial antioxidante nos ensaios testados. Nos modelos de inflamagdo, ambos
extratos e compostos apresentaram atividade antiedematogeénica, inibicdo da migracédo
leucocitaria e antinociceptiva, com destaque para MEOM-2018 e OM-2. Os modelos de
inflamagdo aguda permitem investigar 0os componentes vasculares e celulares da
resposta inflamatoria. O destaque para MEOM-2018 pode ser explicado pela
concentragcdo de metabolitos secundarios, em decorréncia a fatores ambientais, como o
aumento de temperatura e diminuigdo de umidade relativa. O estudo relata pela primeira
vez a acgdo anti-inflamatdria e antinociceptiva em modelo animal das folhas de O.
minarum, com a presenca de flavonoides, sustentando em parte o uso popular como
anti-inflamatorio, contribuindo com estudos do género.

Palavras-chave: Canela-vassoura, Lauraceae, inflamacéo, lipoperoxidacdo, sequestro de
radicais, flavonoides.



ABSTRACT

PEDERIVA, M. M. C. Chemical and biological comparison of extracts obtained
from Ocotea minarum in the years 2017 and 2018. 2019. 57f. Master (MSc) — Faculty
of Biological and Environmental Sciences, Federal University of Grande Dourados,
Dourados, 2019.

The objective of this study was to investigate and compare the antioxidant, anti-
inflammatory and antinociceptive potential of Ocotea minarum in the years 2017 and
2018, as well as the isolation of the main compounds. The methanolic extract of 2017
(MEOM-2017) and 2018 (MEOM-2018) were obtained from O. minarum leaves,
collected, identified and cold-macerated with methanol. The content of constituents was
measured for total phenols and flavonoids. The antioxidant activity of the extracts was
evaluated by the DPPH and p-carotene/linoleic acid assays in vitro, using
butylhydroxytoluene (BHT) as a positive control. The MEOM-2017 and MEOM-2018
were evaluated at doses of 30, 100 and 300 mg/kg, and the compounds quercetin-7-O-p-
D-glucopyranoside (OM-1) and genistein (OM-2) of 100 mg/kg, for carrageenan-
induced paw edema, pleurisy and antinociception models in mice. The anti-
inflammatory dexamethasone was used as a positive control. The flavonoids OM-1 and
OM-2, were identified from the ethyl acetate fraction of the extract obtained in 2018.
The MEOM-2018 showed a higher concentration of total phenomena and flavonoids
when compared to MEOM-2017, thus demonstrating a higher antioxidant potential in
the tested trials. In the inflammation models, both extracts and compounds showed anti-
nematode activity, inhibition of leukocyte and antinociceptive migration, especially
MEOM-2018 and OM-2. Acute inflammation models allow investigation of the
vascular and cellular components of the inflammatory response. The highlight for
MEOM-2018 can be explained by the concentration of secondary metabolites, due to
environmental factors, such as temperature increase and relative humidity decrease. The
study reports for the first time the anti-inflammatory and antinociceptive action in the
animal model of the leaves of O. minarum, with the presence of flavonoids, partially

supporting the popular use as anti-inflammatory, contributing with studies of the genus.

Keywords: Canela-vassoura, Lauraceae, inflammation, lipoperoxidation, radical

sequestration, flavonoids.
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1. INTRODUCAO

O nosso grupo de pesquisa desenvolve estudos sobre o potencial quimico e bioldgico
de plantas presentes em regides de Cerrado e Mata Atlantica do estado de Mato Grosso do
Sul. Das diversas familias presentes na regido, destaca-se a Lauraceae por sua ampla
distribuicdo e pelo nimero de géneros, dentre eles Ocotea, que na medicina popular sdo
utilizadas para o tratamento de infec¢des, inflamacgdes, abscessos, entre outras. Espécies desse
género relatam atividades como anti-inflamatoria, antitumoral, antiparasitaria e antioxidante
(Garcez et al., 2011; Ogundajo et al., 2018; Yamaguchi et al., 2012), com destaque para
compostos pertencentes a classe dos alcaloides e flavonoides (Conceicéo et al., 2017; Lopez
et al., 1996; Vechietti et al., 1981). Dentre as espécies relatadas em Dourados — MS, Ocotea
minarum, conhecida como canela-vassoura, demonstra a presenca de alcaloides nas folhas
(Vechietti et al., 1979), ndo sendo relatada atividades bioldgicas. Neste contexto, observa-se a
necessidade de estudos quimicos e biolégicos que comprovem o uso popular do género como
anti-inflamatorio a qual a espécie esta inserida, e a presenca dos principais constituintes
responsaveis pela atividade, visando o estudo quimico e biolégico para dois anos
consecutivos, em decorréncia da relevancia de se estabelecer e comprovar que ha diferenca na
concentracdo de metabdlitos secundarios devido a influéncias ambientais a qual a espécie é
exposta.

As plantas possuem um complexo sistema de defesa para ultrapassar tensdes abioticas
e bidticas, sdo capazes de sintetizar uma grande variedade de metabdlitos secundarios que
constituem mecanismos de sobrevivéncia e protecdo da espécie em meio a situacdes
ameacadoras, desenvolvendo acfes importantes na adaptacdo da planta ao meio ambiente,
além de serem fontes significativas de drogas (Rao e Ravishankar, 2002; Zaynab et al., 2018).
A presenca/teor de metabdlitos secundarios presentes no vegetal, podem ser influenciados por
fatores bidticos como processos fisioldgicos, bioquimicos e evolutivos da espécie e fatores
abioticos, como época de coleta, radiacdo ultravioleta, disponibilidade hidrica, poluicédo
atmosférica, dentre outros (Gobbo-Neto e Lopes, 2006; Gouvea et al.,, 2012). Estes
metabolitos sdo 0s responsaveis pelas atividades bioldgicas, e a busca de um controle de
qualidade em relagcdo aos compostos, séo de extrema relevancia, visto que, suas concentraces
podem diminuir diante de determinadas exposi¢es da espécie, diminuindo assim a acao
terapéutica.

Devido a utilizagdo de inumeras espécies pertencentes a Ocotea para o tratamento de
inflamacgdes, os efeitos colaterais e custos que os anti-inflamatorios néo-esteroidais e

esteroidais disponiveis no mercado possuem, enfatiza-se a pesquisa por novas drogas oriundas
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de fontes naturais, como as plantas presentes em regides de cerrado brasileiro, demonstrando
a imensa biodiversidade que nosso pais possui. Além disso, o Sistema Unico de Saude (SUS)
detém de uma lista de espécies de plantas medicinais a serem comprovadas cientificamente
qguanto a seus potenciais biologicos, afim de realcar os estudos nessa area e ampliar a

utilizacdo de medicamentos fitoterapicos disponibilizados a populacao.

2. REVISAO DE LITERATURA
2.1 Género Ocotea

O género Ocotea foi descrito por Aublet (1775) a partir de material vegetal coletado
na Guiana Francesa. E representado por arvores e arbustos de grande variedade morfoldgica,
possuindo aproximadamente 350 espécies, sendo no Brasil estimado que haja entre 120 a 160
espécies, destacando 12 reportadas no estado de Mato Grosso do Sul (Baitello, 2001; Brotto et
al., 2013). As espécies de Ocotea tém ampla utilizagdo na medicina popular para o tratamento
de infecgdes, inflamacdes, abcessos, picadas de cobras, dores menstruais, dores nos nervos
(neuralgia) e dores de cabeca (De Camargo et al., 2013; Rodrigues et al., 2014; Moraes et al.,
2017). Até o presente momento foram descritos compostos pertencentes a diferentes classes
de metabdlitos secundérios, tais como flavonoides, alcaloides e terpenos, bem como

potenciais bioldgicos de espécies pertencentes a Ocotea (Tabela 1).



Tabela 1. Compostos isolados e atividades biolégicas do género Ocotea no periodo de 1964-2018
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Espécie/Parte utilizada

Compostos isolados

Atividade bioldgica

Referéncias

O. acutifolia (folhas e cascas)

Alcaloides: talilminina, dicentrina,
ocoteina, ocoteina N-6xido, leucoxina e
norocoxilonina, (+) -talicosimidina e (+)
— neolitsina, morfina.

Flavonoide: 3-O-a-L-
ramnopiranosilkaempferol

Atividade antimutagénica e
recombinagenicidade (SMART) dos
alcaloides.

Citotoxicidade in vitro (cultura de
células) dos compostos isolados.
Atividade genotéxica (SMART).

Guterres et al., 2012
Guterres et al., 2013
Garcez et al., 2011

O. acyphilla (folhas e cascas)

Terpenodides: cadaleno e esqualeno
Fenilpropandide: dillapiole
Flavonoide: vitexin-2”-O-rhamnosideo
Neolignana: ferrearina-B, ferrearin-C,
canelina A, S-metoxi-guianina.

Atividade acaricida in vitro (testes de
imersdo).

Baralle et al., 1972
Romoff et al., 1984
Conceicéo et al., 2017

0. acutangula (folhas)

Alcaloides: (S) - (-) — pallidine, (S) - (-) -
O-methylpallidine, 14-di-
hidromorfinanienona, (S) - (-) pallidinine
e (S) - (-) - O-metilpallidinine.

Vecchietti et al., 1981

O. atirrensis (cascas)

Alcaloides: (+/-) — norarmepavina e
benzilisoquinolina.

Lopez et al., 1995

O. bullata (folhas e cascas)

Neolignanas: ocobullenone e iso-
ocobullenone.

Atividade anti-inflamatdria (inibicéo da

COX e LOX). Impressao digital de DNA.

Antioxidante (ABTS, quelante de metais,
eliminacdo de &nion superperéxido,
eliminacéo de radicais hidroxila, DPPH,
FRAP); Antidiabética (a-amilase, a-
glucosidase).

Citotoxicidade (cultivo de células).

Sehlapelo et al., 1993
Drewes et al., 1995
Zschocke et al., 2000
Madubanya et al., 2006
Ogundajo et al., 2018

O. brenesii (folhas)

Alcaloides: (+) - isocorina, (-) - 3-
hidroxinuciferina e 3-hidroxi-6a, 7-
desidronuciferina (-).

Lopez et al., 1996

O. brachybotra (folhas)

Alcaloides: (+/-) - glaziovina, dicentrina,
ocopodina, cassynthicine, predicentrina,
leucoxina, sinacutina e palidina,
sinacutina, pilidina, ocobotrina e 14-

Vecchietti et al., 1976
Vecchietti et al., 1977
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espisinomenina.

O. ceanothifolia (galhos e folhas)

Atividade antioxidante (DPPH);
anticolinesterasica (cromatoplaca em
camada delgada)

Yamaguchi et al., 2012

0. cymosa (hastes e cascas)

Neolignanas: 2'-0x0-8.1'-lignans
cymosalignans A, B e C; 8.0.6'-
neolignan; ococmosina; dormoctilenona
C; 3,4,5,3',5'-pentamethoxy-1'-allyl-
8.0.4'- neolignan; 3,4,5,3'-tetramethoxy-
1'-allyl-8.0.4"-neolignan;
didymochlaenone B; virologin B;
ocobullenone; unusual 2'-0X0-8.1" —
lignan; 8.0.6'-neolignan;
dihydrobenzofuranoid.

Atividade antimalarica (Plasmodium
falciparum), inseticida (Aedes aegypti) e
antiproliferativa (células de cancer de
ovario) dos compostos isolados.

Rakotondraibe et al., 2015

0. cymbarum (cascas)

Fenilpropandide: apiol.

Eter fenilico: dilapiol
4-hydroxy-2,3,5- trimethoxy
allylbenzene, apioliglicol e lyoniresinol.

Andrei et al., 1988

O. caesia (cascas)

Alcaloides: (-) - zenkerina, (+) -
laureliptina, (-) — pulchina, (+) —
isoboldina e (+) - I-hidroxi 2, 9-
dimetoximoraporfina.

Vilegas et al., 1989

0. corymbosa (frutos ndo maduros)

Monoterpenos: carvacrol e cis-3-
hidroxi-p-mentol-1-en-6-ona.
Sesquiterpenos: 10-desmetil-1-metil-
eudesmane.

Chavez et al., 1995

O. catharinensis (cascas)

Neolignanas: canelina-C e 5'-
metoxicanelina-C, -5-alil-5,7- dimetoxi-
3-metil-2-piperonil-2,3,5,6-tetra-hidro-6-
oxobenzofurano e -3a-alil-5,7-dimetoxi-
3-metil-2-piperonil-2,3,3a, 6-tetra-hidro-
6-oxobenzofurano, tetraidrofuranica
veraguensina.

Haraguchi et al., 1983




17

Epimeros: 1-alil-4,8-di-hidroxi-3,5-
dimetoxi-7-metil-6- piperonil-biciclo
(3.2.1) oct-2-enes e rel- L-alil-3,8-di-
hidroxi-5-metoxi-7-metil-6-piperonil-4-
oxobiciclo (3.2.1) oct-2-eno.
Flavonoide: afzelin.

O. caudata (folhas)

Fitoesterol: p-sitosterol.

Fendis: etil 2- (4-hidroxifenil) acetato e
acido 2- (4-hidroxifenil) acético.
Sesquiterpenos: acido comico e éster
metilico de 4cido cdxico.

Flavonoides: quercetina, 7,4 -dimetoxi-

3" hidroxiflavona e afzelin.

Alcaloides: thalictuberine e 3-O-
desmetil-litalictuberina, (+) — reticulina,
(+) — pallidina, (-) - trans-4-hidroxi-N-

metilprolina, (+) - 3-hidroxinornuciferina,

(+) -3 methoxynordomesticina, (+) —
nordomedinina, (+) — isoboldina e (+) —
boldina.

Flavonoides: astragalin e isoquercitrina.

Archila e Suarez, 2018

O. duckei (cascas, calice e folhas)

Alcaloides: reticulina, coclaurinae N
acetilnorjuzifina, laureliptina.
Lignanas: yangambin, epiyangambin e
episesartemin, 4'-O-
demethylepiyangambin, sesartemin,
episesartemin, 4"-O-
demethylepimagnolin A, syringaresinol.

Reticulina testada nos ensaios de
toxicidade aguda, teste de catalepsia,
efeitos na hipermotilidade induzida por
anfetaminas, open field, efeito no tempo
de sono induzido pelo pentobarbital e
teste rotarod.

Potencial mutagénico (teste de ames).

Morais et al., 1998
Morais et al., 1999
Barbosa-Filho et al., 1999
Da Silva et al., 2002
Dias et al., 2003
Marques et al., 2003

O. discolor (cascas)

Alcaloides: ocoxilonina, ocoteina,
dicentrina e 1,2- metilendioxi-3,10,11-
trimetoxiaporfina.

Albarracin et al., 2017

O. eucoxylon (galhos e folhas)

Atividade antioxidante (DPPH);
anticolinesterasica (cromatoplaca em
camada delgada).

Yamaguchi et al., 2012
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O. foetens (folhas)

Atividade antioxidante (ORAC e EPR).

Tavares et al., 2010

O. goinezii (cascas)

Alcaloides de aporfina: desidroglaucina
e (+) - pré-cocina.

Lopez et al., 1995

O. glaziovii (folhas)

Alcaloide: 3,5-dihidroxi-6
metoxaporfina, glaziovina.

Gilbert et al., 1964

O. holdridgeiana (folhas)

Alcaloides: isocitorina, O, O-
dimetilcoriatuberina, 3-metoxinuciferina
e 3 -hidroxinuciferina.

Flavonoides: quercetina e catequina.

Castro e Ruiz, 1994

O. heterochroma (frutos)

Neolighana: -2-Hidroxi-5,1", 3'-
trimetoxi-3,4-metilenodioxi-7,3', 8,1 '-
neolignana; 2-Acetoxi-5,1 ", 3'-trimetoxi-
3,4-metilenodioxi-7,3', 8,1 'neolignana.

Cuca et al., 2009.

O. lancifolia (cascas de caule e folhas)

Sesquiterpenos: substancias como acido
(rel) -4B, 5B, 7p-eremofil-9-en-12-oico,
acido (rel) -4p, 5B, 7p-eremofil-1 (10) -
en-12-oico, &cido (rel) -4, 5B, 7B-
eremofil-1 (10) -en-2-oxo0-12-oico, (rel) -
4B, 5B, 7p-eremofil-9-en- 12,8a-olido,
(rel) -4B, 5B, 7p-eremofil-9-en-12,8p-
olido e &cido (rel) -4p, 58, 7p-eremofilan-
90, 10a-epoxi-12-oico, 4P, 5B, 7B-
eremofil-11-en-10a-ol e espatulenol.
Flavonoides: quercetina-3-O-ramnosideo
e quercetina-3-O-glicosideo.

Atividade antioxidante (DPPH e ABTYS).
Atividade antiprotozoal (Trypanosoma
cruzi e Leishmania).

Fournet et al., 2007
De Camargo et al., 2013
Da Silvaetal., 2017

0. macrophylla (folhas e cascas)

Alcaloides: (S) -3-metoxinordomesticina,
(S) -N-etoxicarbonil-3-metoxi-
nordomesticina, (S) -N-formil-3-metoxi-
nordomedestina e (S) -
N-metoxicarbonil-3-metoxi-
nordomesticina, desidronantenina.

Atividade anti-inflamatdria in vitro
(inibicdo COX e LOX) e agregacédo
plaquetéria.

Franca et al., 1975

Barrera et al., 2009

Pabon e Cuca, 2010
Barrera e Suarez, 2009

0. macropoda

Alcaloides: dicentrina desidrodicentrina,
ocopodina, desidroocopodina,
ococriptina, oconovina.

Cavaetal., 1968
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0. macrocarpa (raizes)

Butanolide, secobutanolides,
linderanolide B, isolinderanolide.

Atividade antiproliferativa (cancer de
ovario) dos compostos isolados.

Liu et al., 2015

0. meziana (cascas)

Alcaloides: (+) — nandigerina.

Lopez et al., 1995

O. minor (galhos e folhas)

Atividade antioxidante (DPPH);
anticolinesterasica (cromatoplaca em
camada delgada).

Yamaguchi et al., 2012

O. nigrescens (galhos e folhas)

Atividade antioxidante (DPPH);
anticolinesterasica (cromatoplaca em
camada delgada).

Yamaguchi et al., 2012

0. nonata (folhas)

Flavonoides: isoquercitrina, afzelin.

Atividade anti-inflamatéria (inibicdo NO)
dos compostos isolados.

Costa et al., 2015

O. odorifera (folhas, caule e cascas)

Compostos fenolicos: apigenina 7-O-
rutinoside, catequina monomeérica,
apigenina 6-C-pentoside-8-C-hexido,
apigenina 6-C-hexoside-8-C-pentoside,
apigenina 6,8-di-

C-glucosideo.

Atividade antioxidante (DPPH, f-
caroteno e peroxidacdo lipidica).
Antibacteriana (placas de orificio e CIM).
Antimutagénica (teste de ames) e
antigenotdxica.

Atividade antimicrobiana (técnica de
difuso em &gar e microdilui¢cdo em
caldo).

Cansian et al., 2010
Gontijo et al., 2017
Rogatto et al., 2014

O. porosa (cascas)

Neolignanas: porosina, porosina-B e
licarina-B.

Dias et al., 1986

O. puberula (folhas, caule, raizes e
frutos)

Alcaloides: boldina, leucoxina,

dicentrina, isodomesticina e thalicminina.

Atividade antinociceptiva (induzida por
formalina e acido acético).

Zanin et al., 2011
Montrucchio et al., 2012

0. splendens (galhos e folhas)

Atividade antioxidante (DPPH);
anticolinesterasica (cromatoplaca em
camada delgada).

Yamaguchi et al., 2012

0. vellosiana (frutos ndo maduros)

Flavonoides: talgliosideo, p-
hidroxibenzoil-rutinosideo e asparagine.

Garcez et al., 1995

O. variabilis

Alcaloides: (+) - glaxiovina, (+) -
apoglaziovina, e (+) — nantenina.

Cavaetal., 1972
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2.2 Ocotea minarum (Nees & Mart.) Mez

Ocotea minarum, Lauraceae, subfamilia Lauroideae, tribo Perseeae e subtribo
Laurinae, € conhecida popularmente como canelinha e/ou canela-vassoura (Figura 2),
abundante no territdrio brasileiro e nativa do bioma cerrado, com ocorréncia nos estados
de Minas Gerais, Mato Grosso do Sul, Mato Grosso, Sdo Paulo, Parana e Goias
(Moraes, 2005). Ha relatos da utilizacdo popular de suas cascas para o tratamento de
candidiase (Rodrigues et al., 2014).

Estudos quimicos para todas as partes da planta como folhas, frutos e cascas
reportaram o isolamento de alcaloides, cumarinas, flavonoides, terpenos, esteroides e

lignanas, e atividade bioldgica foi relatada apenas para as cascas (Tabela 2).

- Y o . >
: ~

Figura 1. Folhas e galhos O. minarum (Fonte: Neotropical plants)
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Tabela 2. Compostos isolados e atividade bioldgica de O. minarum

Parte utilizada Compostos isolados Atividade bioldgica Referéncia

Alcaloides: leucoxilonina,
dicentrina, ocotina, leucoxina,
ocopodina, predicentina,
Folhas dicentrinona, talina, ocominarina, Vecchietti et al., 1979
n- leucoxilonina, iso-oconovina,
4-hidroxidicentrina, ocominarona.

Alcaloide: triptofol-5-O-3-D-
glucopiranosideo.
Cumarina: escopoletina.
Flavonoides: taxifolina,
quercetina-7-O-B-D-
Frutos glucopiranosideo, eriodictilo-3'- Garcez et al., 2005
O-B-D-glicopiranosideo,
naringenina- 7-O-p-D-
glucopiranosideo.

Lignana: lioniresinol.

Alquilfenois: 5- propilresorcinol

e 3- (1,4-di-hidroxipentil) -5-

metoxifenol. Garcez et al., 2005
Cerne Esterdides: 3-O- B-D-

glucopiranosil estigmasterol e

estigmasta-4,22-dien-3-ona.

Sesquiterpenos: acido
Cascas de caule lancedlico, B-sitosterol. Garcez et al., 2005

Antifungica in vitro
Cascas (Candida) Rodrigues et al., 2014

2.3 Inflamacéo

A inflamacdo é decorrente da exposicdo a microrganismos patogénicos,
lesdo/trauma e agentes quimicos e/ou irritantes. A funcdo do processo inflamatério se
resume em destruir ou isolar de forma rapida e eficaz a origem do dano, removendo o
tecido lesionado e restaurando a homeostase do mesmo (Ashley et al., 2012). A
resposta inflamatdria se caracteriza como um processo bioldgico complexo que envolve
a participacdo de varios tipos celulares, substancias sollveis e elementos vasculares,
sendo a primeira resposta do organismo frente a dano tecidual. No decorrer da
inflamacédo diversos conjuntos bioquimicos sdo ativados como a cascata da coagulacao
e o sistema complemento, com funcdo de auxiliar no desfecho do processo. Na
inflamacdo aguda, os leucdcitos migram para o tecido lesionado e ha predominéancia de
componentes da resposta imune inata (macréfagos, neutrofilos, células dendriticas e
Natural Killer - NK), com predominio de neutréfilos e macréfagos (Cruvinel et al.,
2010).
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Os sinais cardinais da inflamacdo: dor, calor (elevacdo da temperatura local),
rubor (aumento da quantidade de sangue circulante), edema (tumor) e perda da funcéo,
se originam devido a ativacdo de diferentes tipos celulares e a producdo de elevadas
quantidades de citocinas e mediadores pré-inflamatorios, que aumentam a

permeabilidade vascular, extravasando fluido para o local lesionado (Tracy, 2006).

2.4 Mediadores envolvidos no processo inflamatorio

Apols uma lesdo ou trauma, a resposta imune inata € imediatamente ativada,
ocorrendo vasoconstricdo instantanea seguida da dilatacdo dos vasos sanguineos. A
resposta inflamatéria imediata envolve a participacdo de aminas vasoativas, que agem
basicamente sob a vasculatura, tendo acdo sob 0s neurdnios sensoriais responsaveis pela
sensacdo de dor (Dray, 1995; Rankin, 2004). Os mediadores inflamatorios liberados, ao
serem ativados sdo capazes de sensibilizar fibras nociceptivas periféricas através da
interacdo com 0s canais idnicos, propiciando uma exacerbada sensibilizacdo a dor,
denominado hiperalgesia. Dentre esses mediadores estdo as prostaglandinas,
leucotrienos, bradicinina, citocinas, histamina e serotonina (Vanegas, 2004; Coutaux et
al., 2005; De Toni et al., 2015).

O sinergismo entre as prostaglandinas, leucotrienos, bradicinina, serotonina e
histamina provocam acdo edematogénica. A formacdo do edema é decorrente do
aumento da permeabilidade vascular de vénulas e capilares, que ocasionam fluxo
transvascular de plasma (fluido rico em proteinas) dos compartimentos intravasculares
para o intersticio. (Sherwood e Toliver-Kinsky, 2004; De Toni et al., 2015).

As prostaglandinas causam vasodilatacdo e sdo sintetizadas por varios tipos
celulares, possuem diversos efeitos bioldgicos, dependente de sua caracteristica. Esses
mediadores também recrutam leucdécitos para o local inflamado e influenciam a
angiogénese. Os leucotrienos séo liberados pelos mastdcitos e basofilos, possuindo acéo
semelhante a histamina, assim como as prostaglandinas, também sdo encontrados no
exsudato inflamatdrio. No endotélio vascular, ocasionam o processo de agregacgdo e
adesdo leucocitaria, além de serem potentes mediadores quimiotaxicos (Lee et al., 2003;
Rankin, 2004).

A histamina é armazenada em sua grande maioria nos granulos dos mastacitos,
possuindo acdo vasodilatadora potente, imediata e de curta duracdo, agindo como
essencial mediador no aumento da permeabilidade vascular. A serotonina é encontrada

nos granulos plaquetarios, sendo liberada no momento da agregacédo plaquetaria, como
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forma de regulagdo funcional das plaquetas. E responsavel pela vasodilatacio e atua
como neurotransmissor no sistema nervoso central com funcdes de percepcdo de dor,
ciclos de sono e regulacdo da pressdo arterial, envolvendo-se na fisiopatologia de
diversas doencas como enxaqueca, depressao e ansiedade (Jonnakuty e Gragnoli, 2008).

As citocinas, liberadas pelos macrofagos e neutrofilos (células da fase inicial)
agem nas células endoteliais presentes nos vasos sanguineos locais, ocasionando
vasodilatacdo, gerando aumento do fluxo sanguineo local, levando aos sinais cardinais
de calor e vermelhidao, também sdo capazes de recrutar leucécitos circulantes, como
mondcitos e linfécitos. A migracdo celular para o local inflamado, bem como a
exsudacdo plasmatica, é responsavel pelos sinais de inchaco e dor. O processo
inflamatério é interrompido quando o tecido lesionado esta sob controle, neste
momento, os macrofagos fagocitam os detritos celulares se liberam citocinas para
reparacdo tecidual, enquanto as citocinas anti-inflamatérias substituem de forma
gradativa os mediadores inflamatorios, afim de inibir sua secrecdo e agdo (Noack e
Kolopp- Sarda, 2018).

2.5 Mecanismos de acdo das drogas anti-inflamatorias

A busca de substancias quimicas de combate a inflamacéo e alivio da dor, sdo
solicitadas desde a antiguidade. Os AINEs (Anti-inflamatoérios néo esteroidais) tiveram
seu mecanismo de acéo relatados em 1971, sendo medicamentos largamente prescritos e
liberados para venda sem necessidade de receita médica, onde atuam na inibicdo da
oxidacdo do acido araquiddnico, a partir da inibicdo das ciclooxigenases (COXs),
enzimas envolvidas diretamente na sintese de prostaglandinas. A COX-1 é uma enzima
constitutiva presente em varios tipos celulares, desempenhando funcgdes fisioldgicas,
afim de manter a hemostasia, em parte a COX-2 é expressa na maioria das células e
induzida a partir da exposicgao a estimulos inflamatorios. Nas Ultima décadas, o interesse
tem sido desenvolver AINEs de maior seletividade para COX-2 comparado com a
COX-1 (Sandilands e Bateman, 2016; Knych, 2017).

Os AINEs sdo distribuidos conforme seu grupamento quimico, podendo ser
classificados em inibidores nédo-seletivos da COX, aqueles que inibem ambas as
enzimas de maneira reversivel e ndo-seletiva, ex. paracetamol, meloxicam,
indometacina e ibuprofeno, e inibidores seletivos da COX-2, que se ligam seletivamente
a esta enzima ocasionando sua inibi¢do, ex. nimesulida, eterocoxib e rofecoxib. A

variedade quimica destes medicamentos ocasionam variagdes em suas caracteristicas
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farmacocinéticas, enquanto que seus efeitos adversos sdo consequentes da inibicdo da
COX-1, dentre os primeiros efeitos colaterais estdo o0 comprometimento renal, gastrite e
disfuncéo plaquetaria (Da Silva et al., 2014).

Os Anti-inflamatorios esteroidais (AIES) ou corticoesteroides possuem acao de
analgesia e anti-inflamatéria com reducéo de edema, além da prevencédo de hiperalgesia
através da inibicdo da fosfolipase A2 e da COX, atuam praticamente em todos os
tecidos e Orgdos, e por esse motivo compreendem inumeros efeitos adversos. De
maneira geral, agem na reducdo da sintese de prostaglandinas e citocinas pro-
inflamatorias (IL-6, IL-2 e TNF-a), compreendendo efeitos imunossupressores e anti-
inflamatorios, sendo capazes de inibir manifestacBes iniciais e tardias do processo
inflamatdrio. Dentre os farmacos da classe estdo: hidrocortisona e cortisona (curta
duracdo), prednisolona e predsona (média duracdo) e medicamentos de acdo prolongada
como a dexametasona e betametasona (Anti et al., 2008; Bavaresco et al., 2005; Silva e
Pereira, 2016).

Portanto, estes medicamentos detém de efeitos adversos em decorréncia de sua
toxicidade sob diversos sistemas, dentre estes destaca-se 0s gastrointestinais, que podem
ir desde desconfortos abdominais até erosbes nas mucosas, levando a sangramento e
perfuracdo, podendo levar ao ébito. Além disso, induzem ou agravam a hipertensdo
arterial, provocam insuficiéncia renal, sindrome nefrética e outras formas de doenca
renal. Os efeitos hematoldgicos conhecidos incluem: agranulocitose, neutropenia,
anemia hemolitica ou aplastica (Luz et al., 2006). Todos os efeitos sistémicos citados,
enfatizam a busca de novas drogas para o tratamento de processos inflamatdrios que

detenham de minimos ou ausentes efeitos colaterais.
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3. OBJETIVOS

3.1 Objetivo Geral

e Avaliar as atividades antioxidante, anti-inflamatoria, antinociceptiva e estudo

quimico das folhas de O. minarum coletadas em maio de 2017 e 2018.

3.2 Objetivos Especificos

Ocotea minarion

Coleta
Identificagdo
| Folhas 2017 | Folhas 2018
Extrato metandlico 2017 Extrato metanélico 2018
Estudo quimico Atividade biologica Estudo quimico Atividade biologica
« Teor de constituintes * Antioxidante * Teor de constituintes  »  Antioxidante
*  Anti-inflamatéria * Fracionamento * Anti-inflamatoria
* Anfinociceptivo * Isolamento .

Antinociceplivo
* Identificacio

Figura 2. Representacfo esquematica das atividades realizadas no estudo
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ABSTRACT

The objective of this study was to investigate and compare the antioxidant,
antiinflammatory and antinociceptive potential of methanol extracts obtained from the
leaves of Ocotea minarum in the years 2017 and 2018, as well as the isolation of the
main compounds. The contents of the constituents were evaluated for total phenols and
flavonoids. The antioxidant activity of the extracts was measured by the DPPH and 3-
carotene/linoleic acid assays in vitro, using butyl-hydroxytoluene (BHT) as a positive
control. The MEOM-2017 and MEOM-2018 were evaluated at doses of 30, 100 and
300 mg/kg, and quercetin-7-O-B-D-glucopyranoside (OM-1) and genistein (OM-2) for
100 mg/kg, for carrageenan-induced models of edema, pleurisy and paw antinociception
in mice. The anti-inflammatory dexamethasone was used as a positive control. The
flavonoids OM-1 and OM-2, were identified from the ethyl acetate fraction of the
extract obtained in 2018. The MEOM-2018 showed a higher concentration of total
phenomena and flavonoids when compared to MEOM-2017, thus demonstrating a
higher antioxidant potential in the tested trials. In the inflammation models, both
extracts and compounds showed anti-nematode activity, inhibition of leukocyte and
antinociceptive migration, especially MEOM-2018 and OM-2. Acute inflammation
models allow investigation of the vascular and cellular components of the inflammatory
response. The highlight for MEOM-2018 can be explained by the concentration of
secondary metabolites, due to environmental factors, such as temperature increase and
relative humidity decrease. The study reports for the first time the anti-inflammatory
and antinociceptive action in the animal model of the leaves of O. minarum, partially
supporting the popular use as anti-inflammatory, contributing with studies of the genus.
KEY WORDS: Canela-vassoura; Lauraceae; inflammation; lipoperoxidation; radical

sequestration; flavonoids.
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INTRODUCTION

Canelinha or canela-vassoura as it is known Ocotea minarum (Nees & Mart.)
Mez., (Lauraceae), abundant in the Brazilian territory, covering the state of Mato
Grosso do Sul [1], is popularly used for candidiasis [2] and others of Ocotea genus are
used inflammation treatments i.e. O. odorifera [3]. Some researchers reported at present
from flavonoids, coumarins, steroids and sesquiterpenes on fruits, heartwood and stem
[4], as well as alkaloids on the leaves of O. minarum [5]. However, there are no reports
available in the literature, studying the anti-inflammatory properties of this specie.
Plants of Ocotea genus are reported with potential anti-inflammatory agents
[6,7,8,9]. The inflammation consists of a mechanism of defense of the organism against
cellular and tissue imbalance, aiming at homeostasis, involving the participation of
different cell types, soluble substances and vascular elements. After injury, the innate
immune response is activated, causing intracellular signaling pathways to activate the
production of proinflammatory cytokines, in addition to other mediators such as
histamine and prostaglandins [10]. These mediators are generated during arachidonic
acid metabolism, where cyclooxygenase isoforms (COX-1 and COX-2) act as key
players. Nonsteroidal anti-inflammatory drugs (NSAIDs) blocked of prostaglandin
biosynthesis [11], and this have been used to treat inflammatory disorders because of
their multiple effects, however also cause a lot of side effects, including ulceration in
the gastrointestinal system, as well as cardiovascular and neurological disorders.
Based on the idea that phenolic and polyphenolics compounds have demonstrated
beneficial effects for the therapy of several acute and chronic disorders, including
inflammatory diseases [12,13], at least in part, its use as alternative or supportive

treatments in various diseases, this study evaluated the anti-inflammatory effects in
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rodents of methanolic extract from O. minarum leaves, collected in two consecutive
years in the fall season, to investigate its anti-inflammatory effects. In addition, we also
determined the antioxidant activity and the isolation of flavonoids genistein, quercetin-

7-O-B-D-glucopyranoside and myricetin 3-raminoside.

MATERIAL AND METHODS

Animals

Male and female Swiss mice (30-60g) were obtained from the central laboratory
of the Federal University of Grande Dourados (UFGD). The animals were kept at a
constant temperature (23 + 1°C) in a light/dark cycle of 12 hours, with free access to
feed and water. In the models of pleurisy and paw edema (inflammation), the male and
female mice, respectively, were divided into groups (n=6), negative control (saline
solution), positive control (dexamethasone, DEX 1mg/kg), MEOM-2017 and MEOM-

2018 (30, 100 and 300mg/kg), OM-1 and OM-2 (100mg/Kkg).

Plant material and methanolic extracts preparation

Sample of methanolic extract O. minarum (leaves) collected in the autumn
(May) in 2017 and 2018, in Itahum (22° 08' 05"S and 55° 08' 17"0), Mato Grosso do
Sul, Brazil and identified by Dr. Zefa Valdivina Pereira (Faculty of Biological and
Environmental Sciences, Federal University of Grande Dourados, MS, Brazil) and a
voucher specimen was deposited in the Herbarium this University under the registration
number 5633. The methanolic extract of the O. minarum (MEOM) was then prepared
by maceration of the leaves in methanol (P.A) at room temperature for 6 days. The

extracts were filtered and the residue was submitted to 4 more extractions using the
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same process. After 30 days, the filtrate was concentrated under reduced pressure and
finally freeze-dried and stored at —4 °C, with yieled of (MEOM-2017, 218.4 g) and

(MEOM-2018, 44.3 q)

Isolation and identification of compounds

Part of the methanolic extract from the leaves (MEOM-2018, 36 g) was
dissolved in MeOH: H>O (1:1) and partitioned with hexane, chloroform and ethyl
acetate, with subsequent evaporation of the solvents under reduced pressure, resulting in
hexane fractions (HF-OM, 7.59 g), chloroform (CF-OM, 1.54 @), ethyl acetate (EAF-
OM, 1.41 g) and hydromethanol (HMF-OM, 7.45 g). Part of EAF-OM (0.267 g) was
fractionated in Sephadex LH-20 using H20, H.O: MeOH (75:25, 50:50, 25:75) and
MeOH, resulting in EAF-OM-1 to EAF-OM-139 subfractions, of which EAF-OM-60
and EAF-OM-77 were sent for *H and 3C NMR analysis, allowing the identification of
flavonoids quercetin-7-O-f-D-glucopyranoside (OM -1) and 3-raminoside myricetin in

the EAF-OM-77 subfraction and genistein (OM-2) of the EAF-OM-60 subfraction.

Content of constituents

The determination of the content of total phenols and flavonoids was determined
following the methodology by [14]. The standards used were gallic acid and quercetin,
respectively. The methanol was used as white and the results expressed in milligrams of

the standard per gram of extract.

DPPH - radical screening
In the DPPH assay different concentrations of MEOM-2017 and MEOM-2018

(5-300 mg/mL) were added (2mL) to a pre-prepared solution of DPPH (0.1mM). The
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tubes were incubated at room temperature and under light protection for 30min and the
reading performed at 515nm [14]. Butylhydroxytoluene (BHT) was used as standard.
The percentage of inhibition was calculated according to: (1%) = (A0 - A/A0) x 100,
where AO is the absorbance of the control and A is the absorbance of the sample. The
IC50 value was calculated as the sample concentration required eliminating 50% free
radicals by plotting the 1% versus the extract concentration. The test was performed in

triplicate.

Peroxidation p-carotene/linoleic acid

The B-carotene was dissolved in 10mL of chloroform, called the B-carotene
solution [15,16]. In 1ml of this solution was added 20ul of linoleic acid and 200ul of
Tween 40. The mixture was subjected to rotaevaporation at 45°C to remove chloroform.
50ml of distilled water was added and the mixture was stirred vigorously until
emulsion. 0.2mL of the samples and the BHT standard were added to 5mL of the
emulsion. Absorbance reading was performed in the time from zero to 470nm. The
tubes were placed in a 50°C water bath and the absorbance was read at 15min intervals
until discoloration of the P-carotene in the control sample (210 min). For test the
calculation was performed from the following equation: AA% = 1- (A -A0 / A'A’- A'0)
A'0) x 100, where A and A'A' refer to absorbance values measured at time zero for the
test and control sample, respectively, and A0 and A'OA'O refer to the corresponding
absorbance values of the test and control sample measured after incubation,

respectively. The assay was performed in triplicate.

Paw edema — carrageenan induced

The treatment (via gavage) was performed 1 hour prior to intraplantar injection
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of carrageenan (Cg). Paw edema was induced from 50 pL of Cg injection in the right
paw and injection of sterile saline (0.9%) applied to the left paw of the animal as
control. The edema was evaluated with a plethysmometer at 1, 2 and 4 h after Cg
injection. The results were expressed in mL and the difference between onset and

postinjection was quantified as edema [17].

Pleurisy — carrageenan induced

Treatment (via gavage) was performed 1h prior to intrapleural injection. Pleurisy
was induced from the injection of 100ul intrapleural Cg (1%) [19]. The negative control
group was treated with sterile saline solution by intrapleural injection. The group not
injected with carrageenan was called naive. After four hours, the animals were
anesthetized and submitted to euthanasia. ImL of phosphate buffered saline (PBS) was
used to wash the pleura and remove the exudate, a 20uL aliquot of the exudate was
diluted in 400ul of Turk's liquid, and the total leukocyte count was performed in
neubauer chamber under light microscopy. The exudates removed were centrifuged and

evaluated for extravasation of proteins [20].

Antinociceptive

Cold hyperalgesia was measured by the acetone test as described previously
(18), analyzed at 3 and 4 hours after administration of intraplantar Cg. The cold
sensitivity reaction, indicated from the licking, agitation or friction of the paw, was

observed and recorded. The duration of the test was 30s.
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Statistical analysis

All data are presented as mean = S.E.M. Difference between groups was
evaluated by analyses of variance (one-way ANOVA) followed by Student Newman-
Keuls test. The number of animals per group is indicated in the legends. Statistical

differences were considered to be significant at p<0.05.

RESULTS
Phytochemical study

The MEOM-2017 and MEOM-2018 presented variation in the content of
constituents evaluated, highlighting the sample the MEOM-2018 with highest total
phenolics (1050.7 £ 0.19 mg GAE/g extract) and flavonoids (321.96 + 1.20 mg QE/g
extract). Whereas MEOM-2017 was 302.56 + 0.67 mg GAE/g extract for total phenols
and 205.04 = 0.67 mg QE/g extract for flavonoids. In an attempt of demonstrate the
flavonoids present, the chemical investigation of MEOM-2018 has led to isolation of
the genistein by 'H and *C NMR data in the aromatic region of &w/c 8.30 (s)/152.50,
7.87 (d, J= 8.2Hz)/129.43, 6.94 (d, J= 1.2Hz)/102.56, 6.63 (d, J= 8.2)/115.09 e 6.53 (d,
J= 1,2Hz)/104.44 for the isoflavone aglycone and comparison with data from the
literature [21], as also quercetin-7-O-B-D-glucopyranoside and myricetin 3-raminoside,

relating to flavonol aglycone, isolation of the ethyl acetate fraction (Fig. 1).
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OH O
Quercetin 7- glucosideo

Myricetin 3 - Rham

Fig. 1. Chemical structures of genistein, quercetin-7-O-B-D-glucopyranoside and

myricetin 3-raminoside, identified in extract of O. minarum by *H and 3C NMR.

Biological activity
Antioxidant

The highest antioxidant capacity was also the average of DPPH with an ICsp of
25.16 + 1.28 pg/mL and 16.66 + 0.11 ug/mL, for MEOM-2017 and for MEOM-2018,
respectively, with potential similar to the BHT (ICso of 16.7 + 1.34). Higher antioxidant
activity was found for MEOM-2018 (58.7+ 0.81%) with the [B-carotene bleaching
method compared to BHT (77.3 £ 0.67%), while the MEOM-2017 which presented

values 24.5 + 1.40%.

Paw oedema

Paw edema was measured using a plethysmometer. After 1 hour of Cg injection,
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MEOM-2017 and MEOM-2018 (30, 100 and 300 mg/kg) were able to reduce edema
size by 72.5; 80.0 and 85.0%, respectively, for MEOM-2017 and 75.0; 78.0 and 80.0%,
respectively, for MEOM-2018. The isolated compounds OM-1 and OM-2, tested at a
dose of 100 mg/kg, presented 80 and 88.4%, respectively, of decreasing edema size in
1h (Fig. 3A). At 2h, MEOM-2017 (30, 100 and 300 mg/kg) reduced by 65.7; 68.7 and
77.1%, respectively, while MEOM-2018 presented 80; 74.2 and 82.8% reduction,
respectively. OM-1 (100 mg/kg) and OM-2 (100 mg/kg) presented values of 84 and
84.8% reduction, respectively (Fig. 3B). On reading after 4h of Cg injection, MEOM-
2017 decreased its effect of reducing edema size, with results of 27.7; 30.3 and 39.3%,

respectively, while the MEOM-2018 maintained its reduction effects 81.8; 70.9 and .6%
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respectively, while OM-1 and OM-2, maintained their anti-inflammatory effects with a
reduction of 79.8 and 81.8% (Fig. 3C). DEX showed inhibition of 92.5% (1h), 86.2%

(2h) and 85.4% (4h) (Fig. 3).
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Fig. 3. Effect of oral administration of MEOM-2017, MEOM-2018, OM-1 and OM-2
on carrageenan-induced paw edema in mice. The animals received MEOM-2017 and
MEOM-2018 (30, 100 or 300 mg/kg, p.o.), OM-1 and OM-2 (100 mg/kg, p.0.), control
(saline) or DEX (1 mg/kg, sc), and 1h later, an intraplantar injection of carrageenan

(300 pg/paw) was administered. The graphs (A), (B) and (C) represent the evaluation of
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paw edema at 1, 2 and 4 h, respectively, after Cg injection. Each bar represents the
mean + SEM of 6 animals. **p <0.01, ***p <0.001, compared to the control group.

One-way ANOVA followed by the Newman-Keuls test.

Pleurisy

In the pleurisy assay, females were orally treated with MEOM-2017, MEOM-
2018, OM-1 and OM-2. Treatment with MEOM-2017 and MEOM-2018 at doses of 30,
100 and 300 mg/kg showed inhibition of leukocyte migration of 27.6; 33.7 and 38%,
respectively, for MEOM-2017 and 67.4; 65.7 and 70.2% for MEOM-2018, whereas
OM-1 and OM-2 at the doses of 100 mg/kg reduced leukocyte migration in 82.3 and
83.6%, after 4 hours of Cg injection. DEX showed inhibition of 89% (Fig. 4A).
However, only the doses of MEOM-2 and the compounds OM-1 and OM-2 tested

showed significant protein extravasation (Fig. 4B).
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Fig. 4. Effects of oral administration of MEOM-2017, MEOM-2018, OM-1 and OM-2
on leukocyte migration (A) in the pleurisy test (B) and protein extravasation. The
animals received MEOM-2017 and MEOM-2018 (30, 100, or 300 mg/kg, p.o.), OM-1
and OM-2 (100 mg/kg, p.o.), control (saline) or dexamethasone (DEX, 1 mg/kg, s.c.).

After 1h, they received an intrapleural injection of Cg or saline solution (100 pL of a
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1% solution/cavity). Each bar represents the mean £ SEM of 6 animals. *p < 0.05, **p
< 0.01,***p < 0.001, #p < 0.001 compared with the control group. One-way ANOVA

followed bythe Newman-Keuls test.

Cold sensitivity

The MEOM-2017 and MEOM-2018 (30, 100 and 300 mg/kg) were able to
reduce the acetone cold response at 3 and 4 hours after Cg injection, with inhibitions of
39.5; 55.6 and 63.7%, for MEOM-2017, respectively, and 67.7; 74.1 and 77.4% for
MEOM-2018, respectively. The OM-1 and OM-2 (100 mg/kg) also had significant
antinociceptive activity, with values of 80.6 and 81.6%, respectively, in the 3h analysis.
At 4h, MEOM-2017 (30, 100 and 300 mg/kg) reduced the cold response by 51.6; 59.6
and 63.7%, while MEOM-2018 at the same doses showed 70.9; 74.1 and 77.4%,
respectively. The OM-1 and OM-2 (100 mg/kg) presented antinociception activities
with values of 80.6 and 87%, respectively. The DEX presented values of 87 and 90.3%

in the times of 3 and 4h, respectively (Fig. 5).
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Fig. 5. Effect of oral administration of MEOM-2017, MEOM-2018, OM-1 and OM-2

on the cold sensitivity induced by acetone in mice. The animals received MEOM-2017
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and MEOM-2018 (30, 100 or 300 mg/kg, p.0.), OM-1 and OM-2 (100 mg/kg, p.o0.),
control (saline) or DEX (1 mg/kg, s.c.). The cold sensitivity was measured 3 and 4h
after carrageenan administration. Each bar represents the mean + SEM of 6 animals.
***p <0.001; compared with the control group One-way ANOVA followed by the

Newman-Keuls test.

DISCUSSION
The present study reports the first research on the anti-inflammatory and

antioxidant effects of leaves from O. minarum and its isolated compounds, showed of
the presence flavonoids of the methanolic extracts collected in the same month in
consecutive years.

The DPPH is a free radical that accepts electrons or hydrogen radicals from
donor compounds and shows a strong absorption band at 515-520 nm. Flavonoids are
potent antioxidants, since they have the capacity to donate hydrogen from the hydroxyl
groups present in their structures, resulting in a radical of lower reactivity, highlight the
need for including these compounds in the diet due to their potential antioxidant
activities and a wide range of health benefits. It is known that the transfer of simple
electrons and hydrogen atoms are important mechanisms for the antioxidant potential of
flavonoids [22]. We have attempted to explain the results obtained using the DPPH'
method for the flavonoids aglycone related, suggest the hypotheses to explain the
antiradical efficiencies, that flavonol aglycone (ring B, orto or para-hydroxyl group)

each reduce nearly two molecules DPPH as is shown in the following reaction (Fig. 6).
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Fig. 6. Hypothesis to explain anti-radical efficiencies of isolated flavonoids.

This extract contains lipophilic compounds, which act by inhibiting or retarding
oxidation of p-carotene. Some species of the Ocotea genus have been tested for
antioxidant activity, showing satisfactory results, notably O. bullata, O. minor, O.
foetens, O. lancifolia and O. odorifera have confirmed their properties [6, 23-27].

The models of acute inflammation allow to investigate the vascular and cellular
components of the inflammatory response. In the attempt to verify if the species under
study has anti-inflammatory activity by the model of edema and pleurisy induced-Cg.
The Cg is capable of causing the release of various inflammatory and nociceptive
mediators such as histamine, prostaglandins and cytokines [28]. The edema is a cardinal
signal dependent on the synergism between the mediators that generate local
vasodilation, increasing blood flow [29]. This is a classic test to evaluate the first phase
of the inflammatory reaction with multiple mediators acting in sequence to produce an
inflammatory response. The early phase (0-1 h) includes the release of histamine,
serotonin and bradykinin occurs, and later stage (1-6 h) includes an increased
production of prostaglandins, COX-2 activation and NO release [30]. The isoflavones
have been reported as anti-inflammatory substances. The genistein is able to negatively
regulate the signal transduction generated by cytokines, affecting leukocyte cells acting
against inflammation [31], as well as other reported mechanisms of action

[32,33,34,35,36,37].
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In the pleurisy model it is possible to evaluate leukocyte migration. The
cytokines released by macrophages and neutrophils are able to recruit other cells to the
site of injury, and increased vascular permeability generates extravasation of fluids with
high concentrations of proteins responsible for signs of swelling and pain. In our study
it was possible to observe that the extracts and compounds were able to generate
inhibition of the leukocyte migration, reduction in protein concentration and, moreover,
acted as analgesics in antinociception.

The MEOM-2018 presented the best results of antioxidant, anti-inflammatory
and antinociceptive activity compared to MEOM-2017, this can be explained by the
environmental factors that generate alterations in the content of secondary metabolites.
According to data from the western agricultural Embrapa, from May 2016 until the
same month of 2017, when the leaves were collected, the mean maximum temperature
was 26.6 ° C and the minimum was 15.4 ° C (Fig. 7A), the relative humidity had an

average of 71% and the rainfall index was 3.5 mm (Fig. 7B).

However, for the months of May 2017 to 2018, where the species was collected
at the same site, the temperature averages were 30.1 °C for maximum and 18.1 °C for
minimum (Fig. 7C) , while the relative humidity presented a mean of 70.2% and a
rainfall of 4 mm (Fig. 7D), indicating that in the years 2017-2018 there was a higher
temperature rise and a lower relative humidity compared to 2016-2017, it may be
assumed that O. minarum produced a higher amount of secondary metabolites due to
environmental changes, which can be observed through the content of constituents

present in MEOM-2018 and its potential in the tests performed.
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Fig. 7. Minimum and maximum temperatures (A and C), precipitation and relative
humidity (B and D) during the months of April-2016 to May-2017 and April-2017 to

May-2018.



Flavonoids are widely distributed in the plant defense system, their synthesis has a positive
correlation with the intensity of solar radiation, as they hinder ultraviolet radiation damage to the
inner tissues of the plant, through its dissipation and/or absorption characteristics. solar energy.
They accumulate mainly in the superficial tissues of the vegetable and are used by them as filters,
by absorbing the solar radiation [38]. This can be explained by the higher concentration of
flavonoids found in the 2018 extract, because with the elevation of temperature, there is an increase
in the ultraviolet radiation rates that affect the species.

The study reports for the first time the anti-inflammatory and antinociceptive action in the
animal model of the leaves of O. minarum, with the presence of flavonoids, which in part support
the popular use as anti-inflammatory, contributing with studies of the genus. Environmental
conditions such as temperature and relative humidity influence the production of secondary
metabolites, thus highlighting a better response for the methanol extract obtained from the leaves

collected in May 2018.
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6. CONCLUSAO GERAL

De acordo com dados obtidos no estudo, os extratos metandlicos obtidos das folhas de O.
minarum possuem potenciais antioxidantes nos ensaios testados, incluindo radical DPPH e B-
caroteno/acido linoleico, quando comparado ao composto antioxidante convencional, BHT. Além
disso, mostraram serem capazes de atuar como agentes anti-inflamatérios, reduzindo o edema de
pata e inibindo a migracédo leucocitaria. Entretanto, a atividade de maior evidéncia foi demonstrada
no extrato das folhas coletadas no ano de 2018, sendo possivel o isolamento de flavonoides. Em
parte, os flavonoides isolados do extrato podem ser atribuidos as atividades relatadas. O maior
conteudo de metabolitos secundarios no extrato de 2018, deve-se a fatores ambientais, por exemplo,
estresse hidrico, umidade relativa e temperatura que interferem na composicéo e estabilizacdo dos

compostos.



