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RESUMO
Schinus terebinthifolia Raddi, Anacardiaceae, popularmente conhecida como pimenta-
rosa, € uma espécie nativa da América do Sul, e no Brasil principalmente entre o Rio
Grande do Norte ao Rio Grande do Sul, em biomas de Mata Atlantica e Cerrado. Na
medicina tradicional as cascas e/ou folhas séo utilizadas na forma de decoc¢do e/ou
infusdo no tratamento de inflamagdes uterinas. Folhas e frutos sdo ricos em 6leo essencial,
com predominancia de monoterpenos e sesquiterpenos. A espécie vem sendo utilizada na
recuperacdo de areas degradadas pela facil adaptacao. Por se tratar de uma espécie que se
adapta facilmente em diversas localidades, varios fatores podem interferir na variacdo
quimica de metabolitos secundarios. Assim, o objetivo deste estudo foi investigar a
composicdo quimica do 6leo essencial de folhas de S. terebinthifolia (OEST) coletado
nos seguintes estados do Brasil: Bahia, Espirito Santo, Parana, Rio Grande do Sul, Mato
Grosso do Sul e Sdo Paulo e posteriormente avaliar sua atividade anti-inflamatorias e
antinociceptiva. A extracdo do 6leo essencial de folhas foi realizada por hidrodestilagdo
e submetidas a analise por CG/EM. A atividade anti-inflamatoria foi realizada pelo
modelo de edema de pata induzido por carragenina (Cg) em camundongos, seguida da
avaliacdo antinociceptiva pelo método de hiperalgesia mecénica e sensibilidade ao frio.
Os Oleos essenciais tiveram a predominancia de compostos monoterpénicos e
sesquiterpénicos, sendo a-pineno e limoneno os constituintes predominantes em todas as
regibes. O edema de pata em dose Unica do OEST dos seis estados (30 mg/kg), inibiu
significativamente a formacdo do edema comparado ao grupo controle, também reduziu
a sensibilidade induzida por estimulo mecéanico e houve uma resposta hipersensivel ao
frio, no intervalo entre 3 h e 4 h apds a inducdo com Cg em compara¢do com 0 grupo
controle. Este estudo indica que as amostras da OEST coletadas em seis estados
brasileiros diferiram em sua composi¢do quimica, porém € caracterizado pelo predominio
de monoterpenos e sesquiterpenos, entretanto os efeitos anti-inflamatorios e
antinociceptiva ndo se diferenciaram o que se correlacionaram com o efeito sinérgico de

seus componentes.

Palavras-chave:  pimenta-rosa;  a-pineno; limoneno;  anti-inflamatoria;

antinociceptiva



ABSTRACT
Schinus terebinthifolia Raddi, Anacardiaceae, popularly known as pink pepper, is a native
species of South America, and in Brazil mainly between Rio Grande do Norte and Rio
Grande do Sul, in Atlantic Forest and Cerrado biomes. In traditional medicine its bark
and/or leaves are used as a decoction and/or infusion in the treatment of uterine
inflammation. Leaves and fruits are rich in essential oil, with a predominance of
monoterpenes and sesquiterpenes. The species has been used in the recovery of degraded
areas due to its easy adaptation. As it is a species that easily adapts to different locations,
several factors can interfere with the chemical variation of secondary metabolites. Thus,
the aim of this study was to investigate the chemical composition of the essential oil from
the leaves of S. terebinthifolia (EOST) collected in the following Brazilian states: Bahia,
Espirito Santo, Parana, Rio Grande do Sul, Mato Grosso do Sul and S&o Paulo and
subsequently evaluate its anti-inflammatory and antinociceptive activity. The extraction
of essential oil from the leaves was performed by hydrodistillation and analyzed by
GC/MS. The anti-inflammatory activity was performed by the carrageenan (Cg)-induced
paw edema model in mice, followed by the antinociceptive evaluation by the method of
mechanical hyperalgesia and cold sensitivity. Essential oils had a predominance of
monoterpenes and sesquiterpenes, with a-pinene and limonene being the predominant
constituents in all regions. Paw edema in a single dose of EOST from the six states (30
mg/kg) significantly inhibited edema formation compared to the control group, also
reduced the sensitivity induced by mechanical stimulation and there was a hypersensitive
response to cold, in the interval between 3 h and 4 h after induction with Cg compared to
the control group. This study indicates that EOST samples collected in six Brazilian states
differed in their chemical composition, but it is characterized by the predominance of
monoterpenes and sesquiterpenes, however the anti-inflammatory and antinociceptive

effects did not differ, which correlated with the synergistic effect of their components.

Keywords: pink pepper, a-pinene; limonene; anti-inflammatory, antinociceptive
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Grosso do Sul (MS, Dourados 430 m), and Sao Paulo (SP, Olimpia 518 m).
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1 INTRODUCAO

Schinus terebinthifolia pertencente a Anacardiaceae, foi descrita pela primeira vez
por Giuseppe Raddi em 1820, uma arvore de porte médio, com uma ampla distribuicdo
geografica incluindo as Américas, Africa e Oceania, porém é uma espécie nativa da
Ameérica do Sul, principalmente no Brasil, Paraguai, leste da Argentina e Uruguai, no
Brasil estd presente do estado do Rio Grande do Norte ao Rio Grande do Sul,
principalmente na Mata Atlantica e no Cerrado (Corréa, 1974; Lorenzi, 1998; Tlili et al.,
2018).

Sendo conhecida popularmente no Brasil como pimenta-rosa, aroeira-vermelha,
aroeira-pimenteira, aroeira-da-praia, aroeira-negra e/ou aroeira-de-minas (Brasil, 2014;
Carvalho et al., 2017). Seu uso popular foi relatado pela primeira vez por um holandés
durante sua visita ao Nordeste do Brasil (1637-44), uma vez que o extrato de frutas, folhas
e cascas sdo usados na medicina popular para tratar Glceras, reumatismo, gota, tumores,
diarreia , doencas de pele, artrite e inflamacdes, e também como balsamico, hemostatico
ou tbnico para tratar feridas de infec¢fes urinarias e respiratdrias (Braga, 1960; Morton,
1978; Balbach, 1986; Martinez et al., 1996; Melo Jr, et al., 2002; Medeiros et al., 2007;
El-Massry et al., 2009; Santana et al., 2012).

Em 2009, o Ministério da Salde brasileiro elaborou uma Lista Nacional de
Plantas Medicinais de Interesse do SUS (RENISUS) e incluiu S. terebinthifolia (Brasil,
2009), por ser utilizada na medicina popular para tratar processos anti-inflamatérios e
para o tratamento de cervicite, vaginite, cervicovaginite, sua casca e folhas sdo utilizadas
na forma de decocgéo e/ou infusdo (Morton, 1978; Amorim & Santos, 2003; Brasil, 2014;
Rosas et al., 2019). Nesse contexto, o Kronel® é um medicamento fitoterapico
desenvolvido a partir do extrato de casca seca de S. terebinthifolia 0,4%, disponivel no
mercado, produzido pela INFAN - INDUSTRIA QUIMICA FARMACEUTICA
NACIONAL S/A e destinado ao tratamento cervicites, vaginites e cervicovaginites
(Kronel, 1999).

Por se tratar de uma espécie que se adapta facilmente em diversas localidades,
varios fatores podem interferir na variagdo quimica de metabolitos secundarios, tais como
a temperatura, a umidade, a luminosidade, a altitude, pluviometria, radiagéo ultravioleta,
solo e condicdes nutricionais, sazonalidade, ciclo circadiano, método de coleta, secagem
e parte da planta que sera coletada (Gomes et al., 2019).

Por ter um elevado teor de 6leo essencial, encontrado principalmente nas folhas
e frutos, estudos de determinacdo da composi¢do quimica do 6leo essencial de S.
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terebinthifolia, relatam a predominancia de monoterpenos e sesquiterpenos (Dannenberg
etal., 2019; Carvalho et al., 2017; Gomes et al, 2013a), destacando como majoritarios o—
pineno, B-pineno, sabineno, B-mirceno, o-felandreno, B-felandreno e o6-3-carene,
germacreno D, biciclogermacreno (Pawlowski et al., 2012; Tabaldi et al., 2014; Pinto et
al, 2016; Guzzo da Silva et al., 2018).

Dessa forma, considerando que o metabolismo secundario das plantas €
responsavel pela biossintese das moléculas responsaveis pela agdo farmacoldgica
(Kroymann, 2011), porém os fatores bioticos e abidticos podem interferir na variacao
qguimica de metabolitos secundarios das plantas, tais como como temperatura, altitude,
latitude, composicdo atmosférica, disponibilidade hidrica, nutrientes do solo, exposicao
aos raios UV, e ainda fatores bioticos, como interagdo planta/microrganismo,
planta/insetos, planta/planta, idade, estdgio de desenvolvimento e ritmo circadiano
(Ganzeraetal., 2008; Brown, 2010; Santos et al., 2011; Pavarini et al., 2012), sendo assim
um elemento que esta fora do controle humano.

Assim, o objetivo desse estudo foi identificar a composicdo quimica do 6leo
essencial de folhas de S. terebinthifolia (OEST) de seis estados do Brasil, e
adicionalmente, foi avaliada a acdo anti-inflamatoria e atividade analgésica do 6leo
essencial, em modelos experimentais in vivo de inflamagdo em camundongos. Uma

proposta de estudo esta evidenciada no Esquema 1.

Analise dos 6leos essenciais

- ~, por CG/EM
Obtencdo do dleo essencial J
das folhas de S. terebinthifolia — - -
(OEST) ( . B . )
\ -~ ) Atividade anti-inflamatéria e
- - antinociceptiva dos dleos
/ essenciais
— ._ <

~

Coleta de folhas Schinus
terebinthifolia

Estado Cidade
® Bahia (BA) Itaparica
Espirito Santo (ES) S&o Mateus
® Parand (PR) Maringa

® Rio Grande do Sul (RS) Santa Maria
® Mato Grosso do Sul (MS) Dourados
Séo Paulo (SP) Olimpia

Esquema 1. Proposta de estudo de folhas de Schinus terebinthifolia Raddi coletadas em

seis estados brasileiro.
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2. REVISAO DE LITERATURA
2.1 Anacardiaceae

Anacardiaceae tém cerca de 81 géneros e 800 espécies, destes 15 géneros e 64
espécies sdo nativos do Brasil (Silva-Luz et al., 2020), localizados principalmente em
areas tropicais, mas também em areas subtropicais e temperadas (Schulze-Kaysers et al.,
2015). Geralmente arvores ou arbustos com canais resinosos que quando expostos por
injarias tém um aroma caracteristico (Wannan, 2006), a madeira é de boa qualidade e
muitas substancias sdo extraidas para uso na inddstria de alimentos e/ou farmacéutica e
na medicina (Hsieh et al., 2004), as espécies mais conhecidas dessa familia sdo o caju
(Anacardium occidentale L.), manga (Mangifera indica L.), caja (Spondias mombim L),
pimenta-rosa (Schinus terebinthifolia) e aroeira-salsa ( Schinus molle) (Pell et al., 2010;
Machado et al., 2018).

2.2 Schinus terebinthifolia

Schinus sdo reconhecidas 28 espécies e 17 variedades de arvores e arbustos
nativos de clima temperado da América do Sul, no Brasil 12 espécies, sendo dessas 4
endémicas e 4 sindbnimos (Burckhardt & Basset, 2000; Silva-Luz et al., 2020), foi descrita
por um sueco naturalista Carolus Linnaeous em 1753, designando o género Schinus L.,
derivado de “aroeira”, nome latino dado para a arvore Mastic (Pistacia lentiscus L.), por
sua vez ha S. terebinthifolia Raddi foi descrita pela primeira vez em 1820 pelo italiano
Giuseppe Raddi, o nome terebinthifolius ¢ derivado de “terebinthus”, nome em latim para
a arvore Terebinto (Pistacia terebinthus L.) e “folium” de folhas em referéncias as folhas

resinosas da espécie (Corréa, 1974; Gundidza et al., 2009).

2.2.1 Nomenclatura popular

Schinus terebinthifolia é conhecida popularmente como pimenta-rosa, aroeira-da-
praia, aroeira-precoce, aroeira-mansa, aroeira-vermelha, aroeira-pimenteira, aroeira-do-
beijo, aroeira-negra, aroeira-branca, aroeira-do-campo, aroeira-do-sertdo, aroeira-do-
parand, aroeira-de-remédio, aroeira-mansa, aroeira-vermelha (Carvalho et al., 2013;
Silva-Luz & Pirani, 2014; Brasil, 2014).

Em outros paises como “brasilianischer pfeffer” e “peruanischer pfeffer”

(Alemanha), “Pimentero del Brasil” e “turbinto” (Espanha), “Faux poivrier” e “poivre
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rose” (Francga), “Christmas berry,” “Brazilian pepper,” “Florida holly,” e “peppertree”
(Estados Unidos), cobal (Cuba); cambui” (México), e Chichita (Argentina) (Morton,
1978; Lorenzi & Matos, 2002; Carvalho et al., 2013; Dawkins & Esiobu, 2016).

2.2.2 Macroscoépica da planta

E uma éarvore de porte mediano que atinge de 5-10 m de altura e 20-30 cm de
didmetro (fig. 1A), pode ser encontrada na forma de arbusto ou arvore (Baggio, 1988;
Brasil, 2014), sua copa é ovoide, com um tronco tortuoso, revestido por uma casca grossa
(Brasil, 2014; Clemente, 2006). As cascas (fig. 1B) apresentam na sua superficie externa
uma cor parda com rachados no sentido longitudinal e poucas no sentido transversal,
porém na parte interna apresenta a coloragdo avermelhada e com estrias no sentido
longitudinal (Balbach, 1956; Brasil, 2014).

As folhas sdo perenes, de coloracdo verde escuro, possuindo de 3 a 10 pares de
foliolos imparipinados, aromaticos (fig. 1C) (Baggio, 1988; Brasil, 2014), os frutos sao
numerosos, pequenos, em forma de drupa, possuem coloracdo avermelhada brilhante,
mas inicialmente tem cor verde, sendo eles extremamente aromaticos, periodo
frutificacdo predomina durante os meses de janeiro a julho dependendo da sua
distribuicdo geografica, desta forma quando o fruto esta maduro, transforma-se em uma
espéecie de concha que envolve a semente, que é Unica e mede cerca de 0,3 mm de
diametro (fig. 1C) (Bornhausen, 2002; Lorenzi & Matos, 2002). As flores sdo pequenas
de coloracdo amarelo a branco, masculinas e femininas, em paniculas piramidais (fig. 1D)
(Lorenzi, 2002). A raiz € pivotante, bastante desenvolvida, favorecendo a sobrevivéncia
da espécie em ambientes adversos (Baggio, 1988), entretanto tendo um grande potencial
de regeneracdo natural dos biomas, e sendo utilizada na recuperacdo de areas degradadas
(Lorenzi, 1998; Gomes et al., 2013a).
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Figura 1. Schinus terebinthifolia (A) Arvore no habitat; (B) Tronco evidenciando a casca;
(C) Ramo frutifero e (D) Ramo florido

2.2.3 Distribuicdo geografica

Possui distribuicdo subtropical e tropical (fig.2), sendo considerada uma planta
nativa da América do Sul, principalmente no Brasil, Paraguai, leste da Argentina e
Uruguai (Carvalho et al., 2013). No Brasil é encontrada nos estados: Amapa, Para,
Tocantins (Norte); Alagoas, Bahia, Ceara, Maranhdo, Paraiba, Pernambuco, Piaui, Rio
Grande do Norte, Sergipe (Nordeste); Distrito Federal, Goias, Mato Grosso do Sul, Mato
Grosso (Centro-Oeste); Espirito Santo, Minas Gerais, Rio de Janeiro, Sdo Paulo
(Sudeste); e Parand, Santa Catarina e Rio Grande do Sul (Sul) (Silva-Luz & Pirani, 2012;
Silva-Luz et al., 2020), isso pode ser associado & sua facil adaptacdo em diversos biomas
como: caatinga, cerrado, mata atlantica e pampa (Silva-Luz et al., 2020), nas diferentes
vegetacdes: area antrépica, campo limpo, cerrado (lato sensu), floresta ciliar ou galeria,
floresta estacional semidecidual, floresta ombrdfila (floresta pluvial), floresta ombrofila
mista, manguezal, restinga (Silva-Luz & Pirani, 2012; Silva-Luz et al., 2020). A espécie
pode sobreviver em estacGes secas, é vista por toda a faixa litoranea do Brasil, mas
também em terrenos secos, habitando varias formaces vegetais (Lenzi & Orth, 2004).
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Figura 2. Distribuicdo geogréafica da espécie S. terebinthifolia no Brasil (Silva-Luz et al.,
2020).

Devido a facilidade de adaptacdo a diversos habitats, a espécie pode sobreviver
em estacOes secas, € facilmente vista por toda a faixa litoranea do Brasil, mas também em
terrenos secos, habitando varias formacdes vegetais (Degaspari et al, 2005). Uma
caracteristica marcante dessa espécie € a presenca de 6leos essenciais, (podendo variar de
acordo com a localidade e fatores edafoclimaticos), presentes em toda parte da planta

conferindo assim carater medicinal (Pio Corréa, 1984).

2.2.4 Oleo essencial de Schinus terebinthifolia (OEST)

Os 6leos essenciais sdo substancias volateis, aromaticas e lipossollveis obtidos
em diferentes partes da planta, como em flores, folhas, caules, sementes, frutos, raizes,
cascas, através de diferentes métodos de extracdo. A composicdo quimica pode ser
influenciada de acordo com a espécie, parte utilizada, localizacdo geogréfica, periodo de
colheita, estadio de desenvolvimento, idade da planta método de extracdo (Costa et al.,
2015). A formacdo dos compostos presentes nos Oleos essenciais se da a partir da
formacé&o de terpenoides originados a partir do &cido mevaldnico, ou de fenilpropanoides,
oriundos do acido chiquimico, poréem a rota mais comum é do mevalonato (citossolica) e
do metil-eritritol-fosfato MEP (plastidica). Sao necessarias trés moléculas de acetil-CoA
ligadas para formar o &cido mevalbnico, que este passa por reagdes de pirofosforilagéo,
descarboxilacdo e desidratacdo para produzir o isopentenil-difosfato (IPP). Em ambas,
sdo encontrados em maior abundancia, 0s monoterpenos e 0s sesquiterpenos, compostos
constituidos de 10 e 15 carbonos respectivamente (Taiz e Zeiger, 2009), conforme figura
3.
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Figura 3. Biossintese de terpenos (Taiz e Zeiger, 2009)

Vaérios fatores podem interferir na variacdo quimica de metabolitos secundarios
das plantas, tais como a temperatura, a umidade, a luminosidade, a altitude, pluviometria,
radiacdo ultravioleta, solo e condigdes nutricionais, sazonalidade, ciclo circadiano,
método de coleta, secagem e parte da planta (Morais, 2009; Gomes et al., 2019). Uma
deficiéncia ou excesso de nutrientes podem redirecionar a rota metabélica, ocasionando
a biossintese de diferentes compostos promovendo maior ou menor sintese de metabolitos
secundarios e, consequentemente, plantas de uma mesma especie podem resultar em
diferencas quimicas de acordo com as condi¢des do local em que se encontram (Zhang et
al., 2018). Os 6leos essenciais constituem um dos mais importantes grupos de matérias
primas para as industrias de alimentos, farmacéutica, perfumaria e afins. Sdo constituidos
por uma mistura complexa de diversas classes de substancias, dentre elas os
fenilpropanoides, mono e sesquiterpenos, pertencentes ao metabolismo secundarios das
plantas (Morais, 2009).
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O ¢leo essencial dos frutos de S. terebinthifolia apresentaram rendimentos numa
faixa de 1,74% —10% (Carvalho et al., 2013; dos Santos Cavalcanti et al., 2015; Lloyd et
al., 1977; Tabaldi et al., 2014), enquanto o OEST de folhas S. terebinthifolia tem
rendimentos entre 0,10% e 0,74% (EIl-Massry et al. 2009; Ennigrou et al., 2018; Pinto et
al., 2016; Santos et al., 2009). O perfil das classes metabdlicas em ambos os 6leos
essenciais relatam a predominancia de monoterpenos e sesquiterpenos, ficando
evidenciados como os principais compostos limoneno, a-felandreno, p-felandreno, a-
pineno, B-pineno, B-mirceno, silvestreno (Clemente, 2006; Cole, 2008; Richter et al.,
2010; Affonso et al., 2012; Gomes et al, 2013b; Silva et al., 2010; dos Santos Cavalcanti
et al., 2015; Carvalho et al., 2017; Guzzo da Silva et al., 2018; Dannenberg et al., 2019,
Bittencourt Fagundes et al., 2020), sendo destacados na tabela 1 os compostos presentes
em folhas S. terebinthifolia.

Estudos realizados por nosso grupo de pesquisa mostraram que o OEST obtido
dos frutos de S. terebinthifolia coletado em Dourados-MS, Brasil, quando comparado aos
dados da literatura, evidenciou algumas diferencas no perfil cromatografico, bem como
na composi¢do quantitativa do 6leo essencial B-pineno (22,56%), sabineno (15,78%), z-
salven (10,69%), B-pineno (10,52%), a-funebreno (8,82%) e limoneno (5,52%), o OEST
exibiu atividade anti-inflamatéria induzida por carragenina (Cg) pelo modelo de edema
de pata em camundongos e bolsa de ar e persistente induzido por CFA (Formagio et al.,
2011). Em outro estudo também com os frutos, demonstrou-se que a composic¢ao quimica
do 6leo essencial ndo foi influenciada pelo numero de fileiras de plantas na parcela ou
pelas doses de cama de frango em nenhum momento de avaliagdo (Tabaldi et al., 2014).

Considerando um estudo realizado no Brasil, no estado do Rio Grande do Sul com
0 OEST de folhas de S. terebinthifolia com obtencéo de dleo essencial, apresentou como
compostos majoritarios a-pineno (31,59%) e trans-ocimeno (12,32%) (Pawlowski et al.,
2012). Em outro estudo realizado no norte da Tunisia com o OEST de folhas S.
terebinthifolia, obteve dleos amarelados claros com odor caracteristico pungente, com
rendimento de 0,69%, sendo identificados no total de 117 compostos, com predominio de
monoterpeno e como compostos principais a-felandreno (33,06%) e a-pineno (14,85%)
(Ennigrou et al., 2018).
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Tabela 1.

Compostos identificados nas folhas de S.

terebinthifolia

Composto Concentracao Formula Classe Estrutura Referéncia
molecular
8-3-careno 0,22 - 68,78% C1oH1s6 Monoterpeno CHj Santana et al, 2012; Uliana et al.,
2016; Ennigrou et al., 2018
H,C
CHj
limoneno 2,89 - 23,8% CioH1se Monoterpeno CHj Santos et al., 2009; Uliana et al.,
2016; Ennigrou et al., 2018
H4C CH,
a-felandreno 0,6 — 33,06% CioH1s6 Monoterpeno CHj Barbosa et al., 2007; Santana et al,
2012; Pawlowski et al., 2012;
Ennigrou et al., 2018
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B-felandreno

a-pineno

-pineno

0,12 - 18,08%

1,07 - 31,59%

1,22 - 12,59%

CioHz1se

CioHz1se

CioH1se

Monoterpeno

Monoterpeno

Monoterpeno

CH,

Barbosa et al., 2007; Santana et al,
2012; Pawlowski et al., 2012

Barbosa et al., 2007; Pawlowski et
al., 2012; Santana et al, 2012; dos
Santos Cavalcanti et al., 2015; Uliana
et al., 2016; Ennigrou et al., 2018

Barbosa et al., 2007; Pawlowski et
al., 2012; Santana et al, 2012; dos
Santos Cavalcanti et al., 2015;
Ennigrou et al., 2018
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mirceno 0,05-20,43 % C1oH1s6 Monoterpeno CH, Barbosa et al., 2007; Santos et al.,
2009; Santana et al, 2012; Uliana et
al., 2016; Ennigrou et al., 2018

CH,
H4C CH,
silvestreno 3,7% C1oH1s6 Monoterpeno H,C CHs Santana et al, 2012
H4C
carvacrol 0,04% C10H140 Monoterpeno CHs Ennigrou et al., 2018
Oxigenado oH
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germacreno D

cariofileno

biciclogermacreno

2,65 —23,8%

2,10-12,25

0,65 —33,8%

CisH24

CisH24

CisH24

Sesquiterpeno H,C
CHs
HsC
Sesquiterpeno
Sesquiterpeno ”
- < CH,

CH
3 CHs

Santos et al., 2009; Pawlowski et al.,
2012; Santanaet al., 2012; dos Santos
Cavalcanti et al., 2015; Ennigrou et
al., 2018

Barbosa et al., 2007; Santana et al,

2012; Uliana et al., 2016

Barbosa et al., 2007; Pawlowski et
al., 2012; Santana et al, 2012;
Ennigrou et al., 2018
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d-cadineno 2,26 — 9,21% CisHa4 Sesquiterpeno CHg Santos et al., 2009; Pawlowski et al.,
2012; Santana et al, 2012

HaC
H4C CH
sphatulenol 0,10 - 1,90% Ci5H220 Sesquiterpeno HoC Barbosa et al., 2007; Santana et al,
Oxigenado 2012; Pawlowski et al., 2012;
Ennigrou et al., 2018
HO
H3C
CH
CHs
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2.2.5 Uso popular e atividades bioldgicas de Schinus terebinthifolia

Na medicina tradicional casca e/ou folhas de S. terebinthifolia sdo utilizadas na
forma de decoccao e/ou infusdo no tratamento de inflamacdes uterinas, feridas e Ulceras
de pele e mucosas, tumores, diarréia, artrite e infec¢Bes urinarias e sistemas respiratorios
(Morton, 1978; Amorin & Santos, 2003; Rosas et al, 2019; Brandao et al, 2006; Brasil,
2014). Devido ao amplo uso na medicina tradicional dessa espécie, em 2009 o Ministério
da Salde criou a Relacdo Nacional de Plantas Medicinais de interesse do SUS
(RENISUS) e incluiu S. terebinthifolia para o tratamento das cervicites, vaginites e
cervico-vaginites (Brasil, 2009).

Estdo sendo realizados estudos com diferentes tipos de extratos com as cascas,
folhas e frutos para comprovar o uso etnofarmacoldgico de S. terebinthifolia, tais como
atividades: atividade antioxidantes, atividade anti-inflamatoria, atividade antimicrobiana
e atividades antitumorais (El -Massry et al., 2009; Bendaoud et al., 2010; Fedel-Miyasato
et al., 2014; Sereniki et al., 2016; Silva et al., 2017; dos Santos da Rocha et al., 2019; de
Oliveira et al., 2020), conforme detalhado na tabela 2. Essas evidéncias resultaram no
lancamento do medicamento de aplicacdo tépica Kronel®, sendo esse um medicamento
fitoterapico desenvolvido a partir do extrato de casca seca de S. terebinthifolia 0,4%,
disponivel no mercado destinado ao tratamento de todos os supracitados condicdes
ginecologicas (Kronel, 1999).

No trabalho realizado por Estevao et al. (2017) com 6leo essencial de folhas de S.
terebinthifolia, no tratamento de ferida, inflamag&o, angiogénese e deposi¢éo de colageno
na cicatrizacdo de feridas na pele apds excisdo em camundongos, promoveu respostas
anti-inflamatorios e angiogénicos, e também h& melhora na reposi¢do de coldgeno. Em
outro estudo, porém utilizando peixes-zebra adultos que avaliou os efeitos
antinociceptivos neuropaticos agudos, Oleo essencial de folhas de S. terebinthifolia
mostraram um efeito farmacologico com inibi¢do da nocicepgédo sem alterar locomocao
e sem causar toxicidade nos animais (Lima et al., 2020).

a-pineno, composto isolado de frutos de S. terenbithifolia apresentou atividade
contra melanoma, com potencial para induzir apoptose em células cancerosas (Matsuo et
al., 2011), outro estudo de Piccinelli et al. (2014) mostrou que Oleos essenciais e
compostos isolados como: (R) - (+) - limoneno e a-felandreno isolados de frutos de S.
terebinthifolia coletados no municipio de Dourados - MS - Brasil, apresentaram atividade

anti-inflamatoria inibindo a formacéo de edema e infiltracdo de células.
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Tabela 2: Usos etnofarmacoldgicos e estudos farmacoldgicos de S. terebinthifolia

Parte da Planta | Usos Etnofarmacoldgicos Estudos farmacoldgicos

Casca Ulceras, problemas respiratorios, reumatismo, tumores, | Atividade antimicrobiana e anti-inflamatoria (EE) (Melo Jretal.,
diarreia, doencas de pele, artrite, antisséptico, anti- | 2002), cicatrizante (EHE) (Coutinho et al., 2006; Lucena et al.,
inflamatdrio, balsdmico, hemostatico, tonico, tratamento de | 2006; Santos, 2013), atividade antioxidante, tratamento de
feridas e de infec¢es urinarias e respiratérias; gripe, dor de | doencas neurodegenerativas (Parkinson's) (EE) (Sereniki et al.,
dente, feridas na boca, dor de garganta (Balbach, 1956; Braga, | 2016),

1960; Morton, 1978; Melo Jr et al., 2002; Amorim & Santos,
2003; Medeiros et al., 2007; Lima et al., 2009; Martorelli et
al., 2011 Moura-Costa et al., 2012)

Folhas Tratamento de infeccbes bacterianas, como agente anti- | Antiproliferativa (EA) (Queires et al., 2006), cicatrizante e anti-
inflamatdrias,  anti-Glcera,  anti-séptico,  balsamico, | inflamatério (EHE) (Nunes Jr et al., 2006; Martorelli et al.,
hemostatico; tratamento de feridas tonicas e de infecgbes | 2011), cicatrizante, anti-inflamatdria e quimiopreventiva (EM)
urinarias e respiratorias (Braga, 1960; Martinez et al., 1996; | (Fedel-Miyasato et al., 2014), anti-inflamatério e antioxidante
Melo Jr et al., 2002; EI-Massry et al., 2009 (EM) (Silva et al., 2017), angiogénico e anti-inflamatério (OE)
(Estevao et al., 2017),hiperglicemia po6s-prandial, sintomas de
diabetes, antioxidante (EM) (dos Santos da Rocha et al., 2019),
anti-inflamatorio e antinoceptivo (OE) (Lima et a., 2020),

Frutos - Atividade antimicrobiana (OE) (Martinez et al., 1996), atividade
antioxidante e antitumoral (OE) (Bendaoud et al., 2010),
atividade anti-inflamatéria (OE) (Formagio et al., 2011)
atividade antioxidante (EM) (Bernardes et al., 2014),
antinoceptivo e atividade antidepressiva (OE) (Piccinelli et al.,
2015), atividade antioxidante e antibacteriana (OE) (Salem et al.,
2018), atividade antioxidante (EM) (de Oliveira et al., 2020),
atividade antioxidante, anti-inflamatoria e antinoceptiva (EO)
(Feriani et al., 2020),

EA: Extrato aquoso; EE: Extrato etandlico; EM: Extrato metanélico; EHE: Extrato hidroetandlico; OE: Oleo essencial
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2.3 Inflamagéo

A inflamacdo é uma resposta biologica complexa de tecidos vasculares a
estimulos nocivos, tais como patogenos, danos celulares ou irritantes (fisicos ou
quimicos). E um mecanismo de defesa destinado a remover os estimulos lesivos e iniciar
0 processo de cicatrizagdo do tecido (Maldini et al., 2009). O processo inflamatério pode
ser dividido em duas fases: inflamagdo aguda e cronica, as quais sdo marcantes pelo
tempo ou evolucdo relativa, e caracterizadas por cinco sinais cardinais: calor, rubor,

edema, dor e perda da funcéo (fig.4) (Cruvinel et al., 2010).

INFLAMACAO AGUDA RESOLUCAO
=  Alteragdes vasculares *  Apuramento de estimulos prejudiciais
= Recrutamento de neutrofilos *  Apuramento demediadorese células
= Mediadores nflamatoniasagudas
Substituigdo de células lesadas

Fungdonormal

D

= Infaxto.‘ : *  Formagdo de pus(abscesso)
= Infecgdesbacterianas
= Toxinas . >
= Trauma Progressio Cicatrizagdo
Cicatrizagdo
~ >
o RN
Cicatrizagdo
= Infecgbesvirass L. 2 FIBROSE
= Infecgdescronicas INFLAMACAO. CRONICA .
= Lesdo persistente = Angiogénese Perda da fungio
* Doengasautoimunes = Infiltragio decélulas
mononucleares

=  Fibrose (cicatriz)

Figura 4. Processo inflamatdrio agudo e cronico (Kumar et al., 2005)

A inflamacg&o aguda considerada de curta duracéo (horas ou dias) é caracterizada
pela presenca de vasodilatagdo (ocasionada por mediadores como Oxido nitrico e
prostaglandinas), exsudacdo de liquido (plasma), infiltracdo de células
polimorfonucleares (neutrofilos), seguido por mondcitos que se diferenciam em
macrofagos e finalmente os fibroblastos que se proliferam, podendo restabelecer a
estrutura do tecido danificado. Além da vasodilatacdo, a formagdo do edema é um outro
sinal importante da inflamacao aguda. O edema é oriundo do fluxo transvascular de fluido

rico em proteinas (plasma), dos compartimentos intravasculares para o intersticio em
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decorréncia do aumento de permeabilidade vascular de capilares e vénulas, como
resultado da liberagdo de histamina, bradicinina, fatores do complemento e fator de
agregacdo plaquetaria no sitio inflamatério (Rang & Dale et al, 2007).

A inflamac&o crénica é caracterizada por ter maior dura¢do (semanas a meses) e,
estd correlacionada a presenca de linfocitos e macrdéfagos, proliferacdo de vasos
sanguineos e as tentativas de reparo tecidual com consequente destrui¢do do tecido e a
formacéo de fibrose e necrose tecidual (Tabas & Glass, 2013).

Para o tratamento de processos inflamatdrios é realizado com administracdo de
anti-inflamatorios nao-esteroidais (AINES) e, em casos especificos, anti-inflamatérios
esteroidais (AIES). Entretanto, o uso cronico destes, acarreta efeitos colaterais graves,
como ulceracdo gastrica ou intestinal, distarbios renais, edema, retencdo de sddio e
hipertensao arterial (Dale & Stacey, 2016).

Os AINES tradicionais como naproxeno, ibuprofeno, diclofenaco, indometacina,
flurbiprofeno, nabumeton e aspirina inibem tanto COX-1 como COX-2, classificados
como anti-inflamatorios ndo seletivos. Por atuarem nas duas COXs, reduz a inflamacgéo
por inibir a COX-2 que € altamente seletiva, porém causa efeitos secundarios
gastrointestinais por inibirem a COX-1, entretanto isto pode ser explicado pelo
envolvimento de ambas as COXs na producdo de prostanoides associados com prote¢édo
gastrica (Mitchell & Warner, 2006).

Com a descoberta da COX-2 durante o processo inflamatério, surgiu novas
perspectivas terapéuticas para o desenvolvimento de drogas com menos efeitos adversos,
denominados de Coxibes ou inibidores seletivos da COX-2 (FitzGerald & Patrono, 2001).
Alguns exemplos de coxibes sdo celocoxibe, parecoxibe, valdecoxibe, etoricoxibe e
rofecoxibe. Em 2004 e 2005 o medicamento rofecoxibe e valdecoxibe foram retirados do
mercado por causar problemas cardiovasculares e celecoxibe foi recomendado a
colocacéo de tarja preta por apresentar risco cardiovascular (Garcia Junior et al., 2005).

Em relagéo aos glicocorticoides conhecidos como anti-inflamatérios esteroidais
ou hormonais séo bastante prescritos pois séo utilizados em protocolos de tratamento de
uma ampla variedade de doencas inflamatérias e autoimunes, como a artrite reumatoide,
por exemplo (Rauch et al., 2011). Alguns exemplos séo: a cortisona e a hidrocortisona
(acdo curta), prednisona, prednisolona, metilprednisolona e a triancinolona (acdo
intermediaria), dexametasona e betametasona (agéo longa) (Anti et al., 2008).

Compostos naturais com diferentes mecanismos de a¢do podem ser utilizados no

tratamento de doencas inflamatorias, dentre os metabdlitos secundarios com potencial
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atividade anti-inflamatéria estdo a curcumina, extraida de Curcuma longa L.
(Zingiberaceae); a rutina, a quercetina, a apigenina, a morina e a narigenina, obtidas de
Ginkgo biloba (Ginkgoaceae); a silimarina, extraida de Silybum marianum (L.) Gaertn.
(Asteraceae); alguns flavonoides, como a baicaleina, obtida de Scutellaria baicalensis
Georgi (Lamiaceae) e o cirsiliol, derivado de Achillea fragantissima (Forssk.) Sch.Bip.
(Asteraceae), entre outros compostos (Calixto et al., 2003). Desta forma, estudos a partir
de plantas com potencial medicinal sdo necessarios para contribuir para a descoberta de
novos anti-inflamatdrios que possam ser utilizados com eficacia e seguranca para o

tratamento da doenca.

3. OBJETIVOS
3.1 Objetivo geral

Avaliar a composic¢éo quimica do dleo essencial obtido de folhas coletadas de
Schinus terebinthifolia de seis estados brasileiros e comprovar a atividade anti-

inflamatdria e atividade antinociceptiva in vivo.

3.2 Objetivos Especificos

o Realizar a extragdo do 6leo essencial de folhas de S. terebinthifolia coletadas na
Bahia, Espirito Santo, Parand, Rio Grande do Sul, Mato Grosso do Sul e S&o Paulo;

o Identificar os compostos majoritarios presentes nos 6leos essenciais por CG/EM;
o Avaliar a atividade anti-inflamatéria pelo modelo edema de pata induzido por
carragenina;

o Avaliar a atividade antinociceptiva pelo modelo de hiperalgesia mecanica;

o Avaliar a atividade de sensibilidade ao frio pelo teste da acetona.
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ABSTRACT

Background: Schinus terebinthifolia Raddi. (Anacardiaceae), commonly known as pink
pepper, is a plant native to South America that grows in several of Brazil’s states. Its
leaves and fruits are rich in essential oil, distinguished by a predominance of
monoterpenes and sesquiterpenes, it being widely used in traditional medicine for the
treatment of inflammations.

Purpose: This study’s objective was to investigate the chemical composition of the
essential oil of S. terebinthifolia leaves (EOST) collected in six states of Brazil, and to
evaluate its anti-inflammatory effects in mice.

Methods: Leaves of S. terebinthifolia were collected in six states of Brazil, and subjected
to hydrodistillation in Clevenger type apparatus, the analysis was performed in a CG/MS.
The anti-inflammatory activity and hyperalgesia were performed using the carrageenan-
induced paw edema methodology.

Results: The essential oil showed variation across the six states in its yield (0.40% to
0.86%) and chemical composition: hydrocarbon monoterpenes (28.76%-47.73%),
sesquiterpenes, (31.43%-41.76%), oxygenated monoterpenes (14.31%-19.57%), and
oxygenated sesquiterpenes (4.87%— 14.38%). Both o-pinene and limonene were
predominant constituents of essential in five regions, except for one state where -
phellandrene and limonene were the dominant components. In the in vivo testing, all
EOST samples exerted antiedematogenic and antihyperalgesic effects, when tested in a
carrageenan-induced paw inflammation (mechanical and thermal hyperalgesia) model
with oral doses of 30 mg/kg.

Conclusion: Our results indicate that the EOST samples collected in six Brazilian states

differed in their chemical composition but not their anti-inflammatory and
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antihyperalgesic effects, which was correlated with the synergistic effect of its

components.

Keywords: Pink pepper; Monoterpenes; Sesquiterpenes; Inflammation; Anti-

hyperalgesic.

Abreviattions: Abreviattions: CFA - complete Freund’s adjuvant; Cg - carrageenan;
COX-2 - Cyclooxygenase; DEXA - dexamethasone; IPP - isopentenyl pyrophosphate;

DMAPP - dimethylallyl pyrophosphate; s.c - subcutaneous

Introduction

Schinus terebinthifolia Raddi. (Anacardiaceae), commonly known as pink pepper,
is a popular evergreen shrub or tree that is widely distributed in Brazilian territory, though
mainly occurring in the Atlantic Forest (Corréa, 1974; Tlili et al., 2018). In folk medicine,
its stem bark and leaves are primarily used in the form of decoction and/or infusion to
treat various health disorders, as well as anti-inflammatory processes (Amorim and
Santos, 2003; Brasil, 2014; Morton, 1978; Rosas et al., 2019). The importance of S.
terebinthifolius has promoted this plant’s inclusion in the Brazilian Pharmacopeia
(Brandéo et al., 2006).

Both the leaves and fruits of terebinthifolia are rich in essential oil, with
predominance of monoterpenes and sesquiterpenes. Chemical analyses of the essential
oil extracted from leaves showed that its major components were spathulenol (0.19%-—
3.01%), o-3-carene (0.18%-2.69%), B-phellandrene (0.21%-6.59%), B-myrcene (0.86%—
1.69%), B-pinene (1.22%-8.99%), bicyclogermacrene (2.09%-15.0%), germacrene D

(2.65%-23.8%), a-pinene (5.7%-31.59%), and limonene (6.62%-14.21%) according to
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all studies (Ennigrou et al, 2018; Pawlowski et al., 2012; Pinto et al., 2016; Santana et
al., 2012; Santos et al., 2009; Uliana et al., 2016 ).

Anti-inflammatory effects of essential oil from terebinthifolia leaves were
recently reported (Estevéo et al., 2017; Lima et al., 2020). Studies conducted by our
research group revealed that, when compared to literature data, the essential oil obtained
from S. terebinthifolia fruits collected in Dourados-MS, Brazil, differed slightly in its
chromatographic profile and quantitative composition; this essential oil exhibits anti-
inflammatory activity when assayed for carrageenan-induced rat paw-edema, air pouch,
and CFA-induced persistent (Formagio et al., 2011).

Essential oils have attracted much scientific interest for being substances with
anti-inflammatory potential. However, environmental conditions (extrinsic factors) can
cause significant variation in plant secondary metabolism and this could affect the yield
and relative values of an essential 0il’s components (Gobbo-Neto and Lopes, 2007). Thus,
the variation in compounds in essential oils is important, because it is a key parameter
that could be related to the biological activity in the plants.

Combining popular knowledge of anti-inflammatory processes’ treatment with
the variation in plant secondary metabolism, this study investigated the chemical
composition of the essential oil in S. terebinthifolia leaves (EOST) collected in Brazil

throughout six states as well as its anti-inflammatory and analgesic activity in mice.

Materials and methods
Plant material

Leaves of S. terebinthifolia were collected at the fruiting stage (June 2019) from
six Brazilian states in the Atlantic Forest biome (Figure 1). The plant was identified and

a voucher specimen DDMS 4600 was deposited in the herbarium of the Faculty of
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Biological and Sciences, Federal University of Grande Dourados (UFGD), Mato Grosso

do Sul, Brazil, SisGen 010220/2015-1-CNPg/CGEN/MMA.
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Figure 1. Detailed information on the Schinus terebinthifolia collection sites. States are
Bahia (BA, Itaparica 24 m), Espirito Santo (ES, Sdo Mateus 36 m), Parana (PR, Maringa
551 m), Rio Grande do Sul (RS, Santa Maria 139 m), Mato Grosso do Sul (MS, Dourados

430 m), and S&o Paulo (SP, Olimpia 518 m).

Extraction of the essential oil
Fresh leaves (400 g) of S. terebinthifolia at each sampling site were subjected to

hydrodistillation in a Clevenger type apparatus for approximately 4 h to obtain the
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essential oil (EOST), following the procedure described in the Brazilian Pharmacopeia
(Brasil, 2010). The obtained samples of essential oil of S. terebinthifolia growing in Bahia
(EOST -BA), Espirito Santo (EOST -ES), Parana (EOST -PR), Rio Grande do Sul (EOST
-RS), Mato Grosso do Sul (EOST -MS) and Sdo Paulo (EOST -SP) all had same
characteristic odor. They were dried over anhydrous sodium sulfate and, after filtration,

stored in glass bottles at low temperature (4°C) until further testing and analysis.

Analysis of the essential oil

The analysis of essential oil samples was performed using the same gas
chromatograph equipped with a mass spectrometer detector (GCMS-QP2010 Ultra,
Shimadzu, Kyoto, Japan). A DB-5 column (30-m length, 0.25-mm internal diameter,
0.25-pm film thickness) was used, with helium (99.999% purity) as the carrier gas, using
a flow rate of 1.0 mL min™ and an injection volume of 1 uL (in the split mode, 1:10).
Initial oven temperature was 50°C, with heating to 280°C at 3°C min™. The injector
temperature was 220°C and the temperature of the transfer line as well as the quadrupole
detector was 280°C. The MS scan parameters included an electron impact ionization
voltage set at 70 V, a mass range spanning 50 to 600 Daltons, and a scan interval of 0.3
S.

The retention index was calculated using a mixture of linear alkanes (Cs—Cao) as
an external reference. Compound identification was achieved by comparing the mass
spectra of the essential oil samples with those spectra available in the NIST21 and

WILEY229 libraries, as well as with data reported in the literature (Adams, 2007).

Animals
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Swiss male mice (8 weeks old) were used, these provided by the Central Vivarium
of Federal University of Grande Dourados. All the mice were kept on a 12-h light—dark
cycle under controlled humidity (60%-80%) and temperature (22°C + 2°C). Two hours
before the experiments, the animals were placed in the laboratory and used only once per
experiment (n = 6/group). The experiments were conducted with the approval of the

Ethics Committee (CEUA) of our institution, under protocol number of 33/2019.

Analyses of edema, mechanical hyperalgesia, and cold sensitivity in the carrageenan
model

Male Swiss mice were divided into experimental treatment groups (6
animals/group) and treated orally (1 h before the carrageenan injection) with EOST-BA,
EOST-ES, EOST-PR, EOST-RS, EOST-MS, and EOST-SP (30 mg/kg), and vehicle. In
the positive control group, a dose of steroidal anti-inflammatory dexamethasone (DEXA,
1.0 mg / kg, subcutaneously) was administered 30 min before the carrageenan delivery.
After the respective treatments, the animals received in their right paw 50 pL of the
carrageenan solution (Cg, 300 ug diluted in sterile 0.9% saline). The left paw received
the same volume of sterile 0.9% saline solution, and served as the control. The edema
was gauged as the difference in thickness between legs, measured using a digital
micrometer (DIGIMESS 110-284) at 2 h and 4 h after the carrageenan injection, and
expressed in units of mL. (Henriques et al., 1990; Kassuya et al., 2009). Analyses of
mechanical hyperalgesia (von Frey apparatus) and cold allodynia (test with drop acetone)

were performed at 3 and 4 h after the carrageenan injection (Decosterd and Woolf, 2000).

Statistical analyses
To determine the relationship between classes of oil compounds and sampling

sites’ altitude, Pearson’s correlation test was used (GraphPad Software, San Diego, CA,
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USA), with a heat map and cluster graph produced in Past3®. All biological data are
presented here as the mean + SEM (standard error of the mean), the difference between
groups was assessed by analysis of variance (one-way ANOVA) followed by the
Newman-Keuls test. The number of animals per group is indicated in the figure legends.

Statistical differences were evaluated at P < 0.05, in GraphPad software.

Results and discussion

The essential oil obtained by hydrodistillation from S. terebinthifolia leaves
collected from six diverse states in Brazil showed variation in its yield and chemical
composition. Based on plant (w/w), the essential oil yields ranged from 0.40% to 0.86%.
The highest yield was found in essential oil from Bahia (EOST-BA) with 0.86%, EOST-
SP (0.83%), and EOST-MS (0.80%), followed by EOST-PR (0.78%), EOST-RS (0.70%),
and EOST-ES (0.40%). This result was consistent with other findings for essential oil
extracted from the aerial parts of S. terebinthifolia that had yields between 0.10% and
0.74% (El-Massry et al. 2009; Ennigrou et al, 2018; Pinto et al., 2016; Santos et al., 2009).
However, other work demonstrated the essential oils extracted from the fruits of S.
terebinthifolia had higher yields, of 1.74%-10% (Carvalho et al., 2013; dos Santos
Cavalcanti et al., 2015; Lloyd et al., 1977; Tabaldi et al., 2014).

More interestingly, however, were the differences in oil composition. In Table 1
are the chemical composition profiles of the essential oil samples identified by gas
chromatography. The number of identified compounds in each essential oil varied as
follows: EOST-BA, EOST-RS, and EOST-MS had 20 compounds; EOST-ES and EOST-
PR had 21 compounds and EOST -SP had 16 compounds. The essential oil of S.
terebinthifolia was composed mainly of hydrocarbon monoterpenes (28.76%— 47.73%)

and hydrocarbon sesquiterpenes (31.43%—41.76%). Oxygenated monoterpenes (14.31%—
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19.57%) and oxygenated sesquiterpenes (4.87%-14.38%) were identified in lower
percentages.

Pearson correlations were performed to discern possible relationships between the
altitude of the states sampled and chemical classes (Table 2). These results showed that
hydrocarbon monoterpenes and oxygenated sesquiterpenes were not affected by altitude
(r = 0.7701 and r = —0.8360, respectively) indicating a strong correlation. However,
oxygenated monoterpenes had a moderate correlation (r = -0.5976) and a weak
correlation was found for hydrocarbon sesquiterpenes (r = 0.3763), which suggested the
classes of compounds were highly correlated with altitude.

The a-pinene and limonene were predominant constituents of oil samples from
five states, having concentrations of 11.66%-19.45% and 8.52%-22.34%, respectively
(Table 1). Both were main compounds in four states: EOST-BA (a-pinene, 22.34%;
limonene, 16.22%), EOST-PR (a-pinene, 11.43%; limonene, 14.01%), EOST-RS (a-
pinene, 13.42%; limonene, 19.45%) and EOST-MS (a-pinene, 14.90%; limonene,
12.99%). The main compounds in EOST-ES were limonene (17.01%) and B-pinene
(14.63%). The sole exception was EOST-SP, for which a-phellandrene (20.13%) and
limonene (11.66%) were dominant components (Table 1). Other constituents, such as
sabinene (6.08%-9.01%), a-copaene (6.34%-10.15%), a-funebrene (2.05%-3.33%), and
germacrene D (3.24%-8.21%) were found in the essential oil samples of five states, with
the exception again being EOST-SP (Table 1), it solely harboring a-phellandrene
(20.13%), E-caryophyllene (6.78%), and elemol (14.30%).

We compared these results with those from studies in the literature concerning the
essential oils extracted from fruits. This confirmed the presence of monoterpenes as major

constituents of S. terebinthifolia essential oil, highlighting limonene, a-pinene, B-pinene,
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germacrene D, a- phellandrene, and B- phellandrene (dos Santos Cavalcanti et al., 2015;
Gois et al., 2016; Richter et al., 2010).

In applying the hierarchical cluster analysis to the data in Table 1, a single main
group and two subgroups were evident (Figure 2). Both formed by the class of
monoterpenes, the first subgroup had a predominance of the compound limonene (EOST-
ES, EOST-PR, and EOST-RS) while the second subgroup had a predominance of a-
pinene (EOST-BA and EOST-MS). In analyzing the heatmap (Figure 3) for chemical
composition of the essential oil samples from the six states, it is evident that limonene
and o-pinene are prevalent in all states. Yet the elemol stands out for being one of the
most abundant compounds in EOST-SP, one belonging to the oxygenated sesquiterpenes
class, whereas the compounds sabinene, B-pinene, and a-copaene are evidenced in EOST-

BA, EOST-ES, EOST-PR, EOST-RS, and EOST-MS.
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Figure 2. Dendrogram obtained by the cluster analysis of the essential oil composition

profiles of S. terebinthifolia from the six Brazilian states.
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Figure 3. Heatmap for the total composition of the essential oil composition profiles of S.

terebinthifolia from the six Brazilian states.

This variation can be due to many factors, such as seasonal and plant growth stage
differences. These results suggest the differential chemical composition and differing
concentrations of prevailing compounds (a-pinene, limonene, a- phellandrene) in the
essential oil can be attributed to climatic variability and altitudinal variation. Surprisingly,
however, this has yet to be reported in the literature for S. terebinthifolia. The
developmental stage of the plant can also influence the amount of secondary metabolites
produced in its leaves, as well their relative proportions among tissue types.

The formation of monoterpenes begins with the combination of one isopentenyl
pyrophosphate (IPP) with one dimethylallyl pyrophosphate (DMAPP). The DMAPP
undergoes ionization, forming a highly electrophilic intermediate that attacks the IPP

producing geranyl pyrophosphate, the precursor of all monoterpenes. Scheme 1 depicts
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the possible biosynthetic route of main monoterpenes (o-pinene, limonene, B-pinene)
found in the essential oil of S. terebinthifolia, these originating from rearrangements

involving the cyclical species.

g e

a-pinene
geranyl pyrophosphate

B-pinene

P

Limonene

Scheme 1. Biosynthetic route of main cyclic monoterpenes (o-pinene, limonene, [3-

pinene) found in the essential oil of S. terebinthifolia.
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Table 1. Chemical composition of S. terebinthifolia leaves EOST-BA, EOST-ES, EOST-PR, EOST-RS, EOST-MS and EOST-SP.

Class Compounds Retention indexs Content (%)
Determined Literature EOST-BA EOST-ES EOST-PR EOST-RS EOST-MS EOST-SP
Monoterpenes z-salvene 856 847 - - 1.96 4.34 8.70 -
o-pinene 939 932 22.34 9.76 11.43 13.42 14.90 8.52
a-fenchene 953 945 3.85 4.08 4.32 4.23 4.95 0.2
Sabinene 976 969 6.08 7.45 9.01 7.89 8.89 -
B-pinene 979 974 9.56 14.63 8.63 8.52 6.60 0.26
Myrcene 987 988 - - - - - 2.84
a-phellandrene 1001 1002 - - - - - 20.13
p-cymene 1019 1020 - - - - - 3.48
Limonene 1029 1024 16.22 17.01 14.01 19.45 12.99 11.66
-ocimene 1037 1032 1.44 1.42 3.37 1.34 1.26 -
y—terpinene 1060 1054 - 1.69 2.55 1.61 1.73 0.2
28.76 32.62 37.71 38.17 38.96 47.73
Oxygenated 1,8-cineole 1031 1026 1.87 2.29 - 1.91 2.15 -
monoterpene  Terpinen-4-ol 1177 1174 1.22 1.64 1.38 - 151 -
Neo-iso-verbanol 1190 1187 - 2.22 2.54 2.52 2.71 -
z-patchenol 1319 1316 3.02 3.30 2.21 3.27 3.46 -
Evadone 1340 1337 1.34 - 1.04 - - -
19.17 19.57 17.96 14.31 19.48 -
Sesquiterpene Longicyclene 1374 1371 2.46 1.91 1.95 1.95 1.03 1.03
o-copaene 1377 1374 6.34 7.85 9.03 9.09 10.15 -
B-elemene 1386 1389 - - - - - 3.64
o-funebrene 1403 1402 2.57 2.05 3.05 2.19 3.33 -
E-caryophyllene 1414 1417 - - - - - 6.78
Aromadendrene 1439 1439 1.63 4.03 1.63 1.58 2.78 -
y-muurolene 1475 1478 - - - - - 3.59
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Germacrene D 1485 1484 3.24 8.82 6.86 4.80 3.67 -
Isodaucene 1499 1500 - - - - - 3.09
Biciclogermacrene 1500 1500 3.44 1.33 3.38 1.37 1.32 2.72
d-cadineno 1514 1522 1.89 1.34 1.79 1.94 2.13 1.59
33.55 32.62 31.43 33.40 34.09 41.76
Oxygenated Elemol 1552 1548 - - - - - 14.3
sesquiterpene  Sphatulenol 1578 1577 2.78 3.03 2.98 2.97 3.14 -
Davanone 1588 1587 - - 1.17 - - -
Globulol 1585 1590 2.56 2.02 - - - -
Carotol 1595 1594 2.02 - - 1.05 -
Eremoligenol 1631 1629 - 1.65 - - - -
14.38 13.98 8.98 9.54 4.87 5.96
Total identified 05.87 97.87 94.29 95.44 97.4 95.47
Others 3.6 1.21 3.92 4.58 2.6 4.55

Table 2. Chemical classes of essential oil from S. terebinthifolia and their Pearson correlations with the altitude of the plant sampling sites.

EOST-BA EOST-ES EOST-PR EOST-RS EOST-MS EOST-SP  Pearson correlation p value
coffecient

Altitude 24 36 551 139 430 518 1 0
(MASL)
Hydrocarbon 28.76 32.62 37.71 38.17 38.96 47.73 0.7701 0.0732
Monoterpene
Oxygenated 19.17 19.57 17.96 14.31 19.48 nd -0.5976 0.2104
monoterpene
Hydrocarbon 33.55 32.62 31.43 33.40 34.09 41.76 0.3763 0.4622
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Sesquiterpene

Oxygenated 14.38 13.98 8.98 9.54 4.87 5.96 -0.8360 0.0381
sesquiterpene
Others 3.6 1.21 3.92 4.58 2.6 4.55 0.5344 0.2747

For EOST-BA, EOST-ES, EOST-PR, EOST-RS, EOST-MS, and EOST-SP. their MASL (m above sea level) differ significantly at P < 0.05.
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Compounds isolated as a-pinene have demonstrated potential to induce apoptosis
in cancer cells (Matsuo et al., 2011). Piccinelli et al. (2015) found that the essential oil
and isolated compounds, such as: (R)-(+)-limonene and a-phellandrene, from S.
terebinthifolia fruits engaged in anti-inflammatory activity against edema formation and
cell infiltration.

The Cg-injection into the mouse paw was able to induce edema and mechanical
and cold hyperalgesia in all animals of the control group (Figure 4). Cg-induced paw
edema was reproduced in our work (Figure 4A, B). A single dose of EOST (30 mg/kg)
significantly inhibited Cg-induced paw edema formation when compared to the control
group (Figure 4A): the degree of inhibition was 39.99% + 3% (EOST-PR), 37.00% * 4%
(EOST-BA), 34.90% + 2% (EOST-MS), 32.05% * 6% (EOST-ES and EOST-RS), and
27.52% + 8% (EOST-SP) at 2 h. However, this magnitude of reduction was not
maintained after the fourth hour of observation (Figure 4B), when the degree of inhibition
was evidently less pronounced, at 26.33% + 3% (EOST-BA and EOST-ES), 23.70% +
5% (EOST-PR and EOST-RS), and 21.05% + 3% (EOST-MS). The positive control
(DEXA) showed a significant inhibition of 73.33% + 5% and 78.94% * 3% after 2 h and
4 h, respectively (Figure 4A, B). The EOST-SP did not have the same effect as the other
states’ essential oil samples, which may be linked to its distinctive chemical composition,
whose constituent profile was dominated by a-phellandrene (20.13%). Additionally, the
oral dose of 30 mg/kg of all EOSTs decreased the sensitivity of mice to mechanical
stimuli at 3 h after the administration (degrees of inhibition: 33.79%-48.52%). At 4 h,
however, only EOST-BA, EOST-ES, EOST-PR, and EOST-SP still exerted inhibitory
effects (34.50%, 33.70%, 30.75%, and 27.05%, respectively) (*** P <0.001) (Figure 4C,
D). The DEXA group (1 mg/kg) had degrees of inhibition of 65% and 58% when

evaluated after 3 and 4 h, respectively (Figure 4C, D). Doses of 30 mg/kg of all EOSTs
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inhibited mice sensitivity to cold stimuli at 3 h and 4 h after the carrageenan delivery

(degree of inhibition: 65.79%-58.52%) (Figure 4E, F).
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Figure 4. Effect of oral administration of EOST on the Cg-induced (A) paw
edema (at 2 and 4 h) and (B) mechanical and (C) cold hyperalgesia (at 3 and 4 h) in mice.
Animals received EOST-PR, EOST-BA, EOST-MS, EOST-ES, EOST-RS, EOST-SP (30
mg/kg, p.o.) or a control (vehicle) or dexamethasone (DEXA, 1.0 mg/kg, s.c.), and after
1 h had elapsed, an intraplanar injection of carrageenan (300 ug/paw). Each bar represents
the mean £ SEM of n = 6 animals/group. * P < 0.05, ** P < 0.01, *** P < 0.001 when
compared with the control group. One-way ANOVA followed by the Newman-Keuls

test.

In a study done in 2017 that investigated the healing process and anti-
inflammatory activity of essential oil from S. terebinthifolia leaves, the oil improved
wound closure and had angiogenic and fibrogenic effects while also promoting anti-
inflammatory responses in injured mice (Estevéo et al., 2017). More recently, Lima et al.
(2020), using another experimental animal model (adult zebrafish [female]), found that
the leaves essential oil reduced the number of nociceptive behaviors induced by formalin
and inflammatory nociception, neither altering locomotor activity nor causing acute

toxicity.
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Huang et al. (2019) studied the essential oil from Gynura procumbens leaves for
its composition, finding that a-pinene and limonene were predominant and exhibited
significant anti-inflammatory and antinociceptive effects via the inhibition of
inflammatory infiltrates induced by nociceptive stimuli and overexpression of COX-2;
hence that oil could serve as a potent therapeutic agent for the treatment of chronic pain.

Work by Piccinelli et al. (2015) showed that the essential oil obtained from S.
terebinthifolia fruits and the compounds present in this oil, including limonene and a-
phellandrene, exhibited antinoceptive effects against mechanical hyperalgesia.
Accordingly, we may suppose that the effects of EOST-ES, EOST-PR, and EOST-RS are
due to the major compound limonene in them whereas for EOST-SP the major compound

a- phellandrene is likely bioactively responsible.

Conclusion

This study shows that the qualitative and quantitative composition of essential oil
from S. terebinthifolia leaves collected throughout six states of Brazil is characterized by
a predominance of monoterpenes and sesquiterpenes. Notably, its main constituents are
a-pinene and limonene for all states sampled, except for EOST-SP which was rich in a-
phellandrene. Variation in the content of the EOST did not affect the anti-inflammatory
activity evaluated. This could be linked to the synergistic effect of the leaf oil constituents,
which thus offer anti-inflammatory and antinoceptive potential for the development of

new herbal medicines.
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6. CONCLUSAO

Este estudo mostrou que a composicdo qualitativa e quantitativa do 6leo essencial
das folhas de S. terebinthifolia coletadas em seis estados do Brasil é caracterizada pelo
predominio de monoterpenos e sesquiterpenos. Notavelmente, seus principais
constituintes sdo o-pineno e limoneno para todos os estados amostrados, exceto para
EOST-SP que era rico em a-felandreno, entretanto essas variacdes podem ser devido a
muitos fatores, como diferencgas sazonais, edaficos e estagio de crescimento. A variagcdo
no conteddo do EOST ndo afetou a atividade anti-inflamatoria avaliada na dose tnica (30
mg / kg) inibindo a formacdo do edema de pata induzido por Cg, e havendo também
sensibilidade induzida por estimulo mecénico e resposta hipersensivel ao frio, no
intervalo entre 3 h 4 h ap6s a inducdo, isso pode estar relacionado ao efeito sinérgico dos
constituintes do 6leo da folha, que oferecem potencial antiinflamatdrio e antinoceptivo

para o desenvolvimento de novos medicamentos fitoterapicos.
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7. ANEXOS

7.1 Aprovacdo do Comité de Etica (CEUA) — 33/2019

MINISTERIO DA EDUCACAO
FUNDAGAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUA(}AO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA
Dourados-MS, 21 de Maio de 2020.

CERTIFICADO

Certificamos que a proposta intitulada "Variacdo da composicao
quimica do oleo essencial das folhas e frutos de Schinus terebinthifolius
Raddi de quatro estados brasileiros”, registrada sob o protocolo de n°
33/2019, sob a responsabilidade de Anelise Samara Nazari Formagio — que
envolve a produgdo, manutengao e/ou utilizagdo de animais pertencentes ao filo
Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica
(ou ensino), encontra-se de acordo com os preceitos da Lei n® 11.794, de 08 de
outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as normas
editadas pelo Conselho Nacional de Controle da Experimentagdo Animal
(CONCEA), e foi aprovada pela Comissdao de Etica no Uso de Animais
(CEUA/UFGD) da Universidade Federal Da Grande Dourados, em reunido de
08/11/2019.

Finalidade ( ) Ensino ( X ) Pesquisa Cientifica

Vigéncia da autorizaggo 01/07/2020 a 28/02/2021

Espécie/linhagemyraca Rattus norvegicus/Wistar e Mus musculus/Swiss

NO de animais 227

Peso/idade 45 dias

e 10, fémeas Wistar e 140 machos e 77 fémeas
Swiss

Origem Biotério Central UFGD

Melissa Negrao Sepulvida
Coordenadora CEUA

Comissao de Etica no Uso de Animais — CEUA/UFGD — Rua Joao Rosa Goes, 1761 — Vila Progresso
Dourados/MS. E-mail: ceva@ufgd.edu.br
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Background: Schinus terebinthifolia Raddi. (Anacardiaceae), commonly known as
pink pepper, is a plant native to South America that grows in several of Brazil's states.
Its leaves and fruits are rich in essential oil, distinguished by a predominance of
monoterpenes and sesquiterpenes, it being widely used in traditional medicine for the
treatment of inflammations.

Purpose: This study’s objective was to investigate the chemical composition of the
essential oil of S. terebinthifolia leaves (EOST) collected in six states of Brazil, and to
evaluate its anti-inflammatory effects in mice.

Methods : The essential oil (EOST) was extracted from the leaves of S. terebinthifolia
by hydrodistillation and analysed by gas chromatography-mass spectrometry
(GC-MS). Anti-inflammatory potential was assessed using carrageenan-induced paw
edema assay.

Results: The essential oil showed variation across the six states in its yield (0.40% to
0.86%) and chemical composition: hydrocarbon monoterpenes (28.76%-47.73%),
sesquiterpenes, (31.43%—-41.76%), oxygenated monoterpenes (14.31%-19.57%), and
oxygenated sesquiterpenes (4.87%- 14.38%). Both a-pinene and limonene were
predominant constituents of essential in five regions, except for one state where o-
phellandrene and limonene were the dominant components. In the in vivo testing, all
EOST samples exerted antiedematogenic and antihyperalgesic effects, when tested in
a carrageenan-induced paw inflammation (mechanical and thermal hyperalgesia)
model with oral doses of 30 mg/kg.

Conclusion : Our results indicate that the EOST samples collected in six Brazilian
states differed in their chemical composition but not their anti-inflammatory and
antihyperalgesic effects, which was correlated with the synergistic effect of its
components.
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