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RESUMO

A planta Schinus terebinthifolius é amplamente utilizada no estado do Mato Grosso do Sul
como anti-inflamatorio e analgésico. Estudos anteriores do nosso grupo de pesquisa
evidenciaram que, o 0Oleo essencial de Schinus terebinthifolius e o composto (R)-(+)
limonene exibiram efeito anti-hiperalgésico contra estimulos mecéanicos. Sendo assim,
objetiva-se estudar o efeito antinociceptivo e anti-hiperalgésico do extrato metanélico do S.
terebinthifolius, do composto 1,2,3,4,6-pentagaloil-O-p-glucopiranosideo  derivado do
metil galato e o composto robustaflavona em modelo animal. As atividades biolégicas dos
compostos descritos foram avaliadas a partir do modelo de inflamacéo e dor persistente,
induzido por adjuvante completo de Freund (CFA), e pelos modelos de hiperalgesia
induzida pela formalina e carragenina em roedores. Os resultados sugerem que o
tratamento por um longo periodo com o extrato de S. terebinthifolius reduziu de maneira
significativa a hiperalgesia persistente causada pelo CFA, a hiperalgesia induzida pela
carragenina e a nocicepcao induzida pela formalina. Além disso, os compostos 1,2,3,4,6-
pentagaloil-O-B-glucopiranosideo e robustaflavona foram efetivos na inibicdo da
nocicepc¢do induzida pela formalina. Os resultados do presente estudo revelam que, tanto o
extrato como os compostos, (especialmente o 1,2,3,4,6-pentagaloil-O-p-glucopiranosideo)
presentes na folhas de S. terebinthifolius apresentam acbes antinociceptiva e anti-
hiperalgésica em modelos experimentais, indicando uma nova possibilidades para o
desenvolvimento de drogas analgésicas e anti-inflamatdrias a partir da planta de do S

terebinthifolius.

Palavras-chave: Schinus terebinthifolius; roedores; nocicepc¢éo; 1,2,3,4,6-pentagaloil-O-f-

glucopiranosideo e robustaflavona



ABSTRACT
Previous studies from our group showed thatessential oil of Schinus terebinthifolius and

compound(R)-(+)-limonene exhibited anti-hyperalgesic effects against mechanical stimulus. The
chemical composition of essential oil and extract are completely different and this plant is widely
used by Mato Grosso do Sul state as anti-inflammatory, and analgesic agent guiding to the focus of
our study in the analgesic property of the extract. In this way, the aims of this research was evaluate
the anti-nociceptive and anti-hyperalgesic of methanolic extract (MEST), and two pure compounds,
the 1,2,3,4,6--penta-O-galloyl-p-glucopyranoside and robustaflavone, obtained from S.
terebinthifolius leaves in animal models of pain and arthritis. The products were administrated by
oral route for mice and the extract was analysed in CFA- and carrageenan-induced persistent
mechanical hyperalgesia, formalin-induced nociception, CFA- induced knee oedema, cold- and
hot-hipersensitivity, depression, locomotor activity (open field test) and formalin test while the two
isolated compounds was tested only in formalin test. The 1,2,3,4,6-penta-O-galloyl-B-
glucopyranoside and robustaflavone were detected and isolated from the MEST. The MEST
inhibited the mechanical hyperalgesia, knee edema, and cold hyperalgesia, but not the depressive-
like behavior, induced by the intraplantar injection of CFA. The MEST, 1,2,3,4,6-penta-O-galloyl-
B-glucopyranoside and robustaflavone prevented the anti-nociceptive effects in both formalin
phases of nociception and the mechanical induced by carrageenan. The MEST did not induce
alterations in the open field test. The MEST was effective for inhibition of pain and arthritic
parameters, but not against depressive-like behavior, without altering locomotor activity. The
compounds seem to be the active principle(s) present in the MEST because they proved to be anti-
nociceptive and anti-hyperalgesic in models of acute pain. The present results may open new
possibilities for the development of new anti-hyperalgesic and anti-arthritic agents
from S. terebinthifolius

Key-words: Schinus terebinthifolius, rodents, nociception,1,2,3,4,6-pentagaloil-O-p-

glucopiranosideo and robustaflavona
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1. INTRODUCAO

A dor é uma experiéncia sensorial desagradavel e subjetiva que resulta da complexa
interacdo entre processos fisioldgicos, personalidade e comportamento da pessoa. E um
fendmeno perceptivo complexo que normalmente esta associado a leséo tecidual [1]. Além
disso, os transtornos dolorosos constituem um problema de saude publica, podem gerar
repercussdes que incapacitam ou limitam as atividades normais de um individuo. Dessa
forma, representam um problema de saude publica, devido ao custo elevado do tratamento
terapéutico e a incapacidade de trabalho quando a dor é severa [2].

A classificacdo de dor pode variar em relacdo ao aspecto de duracdo ou
fisiopatologia: aguda, inflamatoria, neuropatica e idiopatica. Por ser subjetiva, associada a
experiéncia afetiva e emocional do individuo, o diagnostico correto da etiologia da dor é
crucial, pois ela constitui a base de seu tratamento clinico. Os tratamentos terapéuticos
disponiveis atualmente apresentam eficicia e seguranca limitada, principalmente no
tratamento da dor cronica. Os medicamentos normalmente empregados na terapéutica da
dor crbnica sdo os anti-inflamatérios ndo esteroidais (AINESs), glicocorticoides,
antagonistas de receptor para IL-1 e anti-TNF [3]. J& o tratamento da dor aguda é baseado
no uso de analgésicos opioides, AINEs e antagonistas de receptores para o glutamato do
tipo NMDA [4].

No entanto, o0 uso desses medicamentos pode implicar em efeitos colaterais e/ou
adversos, incluindo imunossupressao, depressao respiratoria e dependéncia [3]. Assim, a
literatura relata que o uso continuo dos AINEs, pode induzir varios efeitos indesejados, tais
como: lesbes gastrointestinais, renais e hepaticas [5]. Dessa forma, muitos pacientes
buscam métodos alternativos para o alivio dos sintomas, cura e prevencdo de doengas,
como 0 uso de produtos naturais com ou sem recomendacdo médica, principalmente de
plantas medicinais, através do conhecimento empirico e/ou cientifico.

Sendo assim, a literatura relata que, a Schinus terebinthifolius Raddi e seus
compostos apresentam elevado potencial terapéutico, tanto na forma de extrato bruto,
quanto na administracdo de seus compostos vegetais ou fragcOes ativas, isoladas. Varios
estudos tém mostrado o efeito biolégico do Schinus terebinthifolius como anti-
inflamatdrio, antipirético, adstringente, analgésico e depurativo. Nesse mesmo sentido, a
literatura relata que o composto galato de metila, isolado de S. terebinthifolius, apresenta
efeito anti-inflamatdrio e anti- histaminico [6]. Dois compostos, isolados pela primeira vez

de Schinus terebinthifolius o 1,2,3,4,6-pentagaloil-O-B-glucopiranosideo (ST-1) e a
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robustaflavona (ST-2), foram isolados pelo nosso grupo de pesquisa. Esse estudo teve
como objetivo avaliar a a¢do anti-nociceptiva e anti-hiperalgésica desses compostos e do

extrato, em modelos experimentais de dor inflamatoria aguda e crénica em roedores.

2. REVISAO DA LITERATURA

2.1. Processo inflamatério

O processo inflamatorio € a primeira reacdo do organismo contra patdgenos
invasores. O estimulo inflamatério e doloroso facilita a reparacdo e a cicatrizacdo do
tecido, resultando na manutencdo e homeostase do tecido [7, 8]. As primeiras
manifestaces clinicas observadas na inflamacdo aguda séo eritema, edema, calor e dor,
como descritas por Cornelius Celsus, no inicio da era Crista. O quinto sinal estabelecido no
século 19, € a perda de funcdo do tecido ou 6rgédo lesado, observado em reacdes cronicas
[9,11].

A reacdo inflamatdria envolve alteracfes vasculares e celulares como: aumento do
fluxo sanguineo para a area lesionada; aumento da permeabilidade vascular de proteinas e
fluidos levando a formacdo do exsudato; migracdo de leucdcitos, principalmente os
neutrdfilos para o local da leséo, estimulados pela liberacdo de quimiocinas, estimulando a
interacdo de moléculas de adesdo (ex.: integrinas e selectinas) facilitando a diapedese.
Ainda observa-se ativacdo de linfocitos e de células imunoldgicas residentes, que
contribuem para a sintese e o aumento de mediadores de inflamacdo e espécies reativas de
oxigénio, causando lesdo tecidual [12,13,10].

As células do sistema imunoldgico sdo capazes de produzir varios mediadores
quimicos inflamatdrios e/ou nociceptivos como a histamina, serotonina, prostaglandinas,
leucotrienos, fator de ativacdo plaquetaria, citocinas, quimiocinas, fator de necrose
tumoral, numerosas proteases, entre outros. Agentes envolvidos no processo da resolugéo
inflamatdria, também sdo produzidos, entre eles as lipoxinas, resolvinas e protectinas que
apresentam acdo anti-inflamatoria, pro-resolutoras e anti-fibroticas [14].

No entanto, falhas nos mecanismos de inibicdo da inflamacao, fazem com que esse
processo inicialmente resolutivo, perturbe a homeostase do 6rgdo [15] levando-o0 a

desenvolver processos inflamatorios cronicos.
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Dessa maneira, pelo descrito anteriormente, no processo inflamatorio ocorre a
formacgéo de substancias capazes de induzir a sensibilizacdo dos nociceptores, o que

implica na manifestacdo da dor inflamatoria.

2.2.Processo doloroso

A IASP define a dor como uma sensacdo desagradavel, associada com uma leséo
tecidual [1,18]. Estudos demonstram que a dor é a causa principal para a procura por
servigos de saude no Brasil e em outros paises e representa uma grande porcentagem dos
gastos na saude publica. Assim, a avaliacdo e o tratamento adequado incluem além de
aspectos técnicos profissionais, questdes éticas e juridicas [19,20].

E importante ressaltar que a dor fisica é essencial para a sobrevivéncia do
individuo, um sinal de alerta para ocorréncia de lesdes nos 6rgaos ou tecido, apresentando
a funcdo de proteger e preservar o organismo dos agentes nocivos. Entretanto,
dependendo da causa, intensidade e qualidade, a dor pode tornar-se prejudicial, como no
caso das lesbes nervosas, debilitando o paciente [18, 21]. A dor persistente pode levar a
um estado de depressdo analogo ao desencadeado por estimulos estressantes inevitaveis,
n&o podendo ser considerada como resposta adaptativa.

Dessa forma, estudos na literatura mostram que em estados dolorosos prolongados,
ha a estimulacdo constante de nociceptores aferentes, implicando em mudangas no
processamento da informacdo nociva, tanto no sistema nervoso periférico quanto no

sistema nervoso central, o que potencializa a fisiopatologia da dor cronica [22,23].

2.3.Classificagdo

A dor pode ser classificada como dor nociceptiva, que é resultante da ativacéo
direta dos nociceptores presentes na pele (somatica) e outros tecidos, (visceral) em
resposta a lesdo acompanhada de inflamacéo, resultando em dano tecidual [18]; dor
neuropatica, que envolve danos no SNP e/ou no SNC e dor idiopatica, caracteriza por
ndo apresentar uma causa identificavel [22,24].

Quanto a classificacdo temporal, a dor pode ser classificada como aguda ou
croénica. Dessa forma, a dor aguda é uma resposta normal, originada por lesdo tecidual,
com consequente ativacdo dos receptores nociceptivos no local da lesdo, sendo

autolimitante e o local afetado é reestabilizado.
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Em contraste, a dor crbnica é provocada por uma lesdo e/ou fisiopatologia que
sobrepuja a capacidade homeostatica do organismo [25,19].

A literatura relata que, o diagndstico efetivo da dor é clinicamente crucial, pois de
maneira geral, a dor crénica é hiporresponsiva aos farmacos analgésicos. Essa condicao
pode ser observada em pacientes com dor neuropatica, onde esses S&0 mais propensos a
desenvolver alivio da dor com o uso de antidepressivos triciclicos, antidepressivos
inibidores seletivos da recaptura de serotonina e farmacos agonistas gabaérgicos [26].

Além da dor cronica, o0 paciente expressa sintomas secundarios tais como:
alteragBes nos padrdes de sono e libido, incapacidade fisica e mental, irritabilidade,
depressdo do SNC bem como a diminuigédo da capacidade de concentracao.

Dessa maneira, a dor crénica, mesmo sendo considerada um problema de saude
frequente que acarreta sérios prejuizos pessoais e econdémicos a populacdo, a literatura
relata que sdo escassos 0s estudos epidemioldgicos sobre essa condicdo fisiopatoldgica,
associada ou ndo as dores multiplas [2].

2.4. Mecanismo bioldgico da dor

A transmissdo neural da dor, abrange uma interacdo complexa de estruturas
periféricas e centrais desde a pele, visceras e outros tecidos até o cortex cerebral.
Resumidamente, o processamento neural inicia-se por meio de uma estimulacdo quimica,
mecanica ou térmica de nociceptores, que sdo estruturas especializadas em fornecer
informacBes sobre lesdo tecidual, com consequentes alteracdes no potencial elétrico da
membrana das fibras sensoriais.

Assim, essas fibras sensoriais sdo classificadas na dependéncia de suas estruturas,
(diametro, grau de mielinizacdo) e da velocidade de conduc¢do do potencial elétrico para o
SNC em: fibras sensoriais Ap, Ad e C (Tabela 1). As fibras sensoriais do tipo C e Ad séo
responsaveis pela transmissdo das informacgdes nociceptivas da periferia até o corno dorsal
da medula espinhal [27,28,29]. e sdo divididas em laminas, sendo que a lamina I (Iamina
marginal) e a lamina Il (substancia gelatinosa), sdo responsaveis pela maior parte dos
estimulos sensoriais recebidos.

Posteriormente, no corno dorsal da medula espinhal, os neurdnios de primeira
ordem fazem sinapse com neurdnios de segunda ordem, formando a via de transmissédo
ascendente. Essa conexdo sinaptica entre as fibras aferentes primarias e 0s neurbnios do

corno dorsal envolve neurotransmissores como o glutamato e a substancia P, que sdo
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responsaveis pelo desencadeamento de potenciais excitatorios poés-sindpticos. Esse
processo envolve canais para o célcio, sendo os principais moduladores da liberacdo de
neurotransmissores [27,28].

Em seguida, os neurbnios de segunda ordem cruzam a medula espinhal para
ascender no trato espinotalamico, espinoreticular, entre outros, chegando até suas fibras
terminais localizadas no SNC. As estruturas envolvidas da distribuicdo da dor s&o: o
cortex, (onde a consciéncia da dor é formada), o hipotdlamo (regido que modula as reacdes
fisicas a dor, como aumento da pressao e taquicardia), o tronco cerebral (que ativa o estado

de alerta), e o giro do cingulo anterior, onde a magnitude da dor ¢é avaliada [30].

Tabela 1 - Tipos de fibras sensoriais responsaveis pela conducdo do sinal nociceptivo da
periferia ao SNC.

Tipos de Fibras AB Ad C
(Polimodais)
Mielinizagédo Muita Pouca Ausente
Diametro 10pm 2-6 um 0,4-1,2 pm

Velocidade de 30-100 m/s (rapida) | 12-30 m/s (intermediaria) | 0,5-2 m/s (lenta)

conducéo
Estimulos Propriocepgéo Mecanotérmico Mecanicos,
sensibilidade T i feri térmicos e
emperaturas: inferiores a quimicos
53°C

Fonte: Julius e Basbaum.

2.5. Dor inflamatdria

A dor inflamatoria ou dor associada a processos inflamatorios € resultante de
mudancas funcionais em neurénios aferentes e pela estimulacdo em algumas fibras do tipo
C silenciosas, que sdo ativadas por estimulos quimicos bem como por mediadores
quimicos inflamatorios.

Assim, a literatura relata que, a acetilcolina, PGE, histamina, serotonina,
bradicinina, LTs, substancia P, PAF, [22,29] radicais acidos, interleucinas (IL-1 e IL-8)
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[31], TNF, NGF e AMPc, dentre outras [29,4] sensibilizam o0s  nociceptores
quimiosensiveis, resultando no desenvolvimento da dor inflamatéria e diminuicdo do
limiar de despolarizacdo dos nociceptores e consequentemente, tornando o responsivo a
um estimulo de baixa intensidade [32].

Dessa forma, essas alteragdes morfoldgicas e funcionais no sistema nervoso podem
causar reducdo do limiar da dor, ativacdo exacerbada da via da dor, descargas ectopicas ou
perda de processos inibitorios e o processo inflamatdrio nessas condi¢Ges pode determinar
respostas dolorosas anormais, que sao classificadas como hiperalgesia que € caracterizada
por um aumento da sensibilidade & dor [25,33].

A literatura também relata uma forma inusitada de dor, a alodinia, € uma resposta a
um estimulo ndo nociceptivo, ou ndo doloroso. Ela é mediada pela ativacdo periférica de
receptores sensiveis ao estimulo tatil que ganham acesso ao processamento nociceptivo
central [25,33].

2.6. Dor neuropatica

A dor neuropatica é definida como dor iniciada por lesdo ou disfuncdo do SNC e do
SNP, sendo melhor compreendida como resultado da ativacdo anormal da via nociceptiva
(fibras de pequeno calibre e trato espinotalamico). Essa condicdo fisiopatoldgica pode ser
gerada por lesdes nas raizes e nervos periféricos, na medula espinhal, no tronco cerebral e
no encéfalo. A literatura relata que algumas doencas como a sindrome da imunodeficiéncia
humana (AIDS), herpes Zoster, diabetes, lesbes nervosas inerentes a amputacdo ou
compressdo de membros e uso de quimioterapicos podem implicar no aparecimento desse
tipo de dor [34].

Atualmente, estudos epidemiol6gicos mostram que a prevaléncia da dor cronica, de
origem predominantemente neuropatica, tem maior prevaléncia em mulheres, idosos e
individuos de baixo nivel socioecondmico. No entanto, a literatura também sugere que a
prevaléncia da dor neuropatica futuramente pode aumentar, devido a elevada taxa de
sobrevida dos pacientes com doengas cronicas (cancer, AIDS, diabetes entre outras) [35].

As acdes em longo prazo dos mediadores quimicos tanto em nervos periféricos
quanto em nervos centrais, determinam mudancas de neuroplasticidade causadas por
alteracbes na expressdo génica de receptores, caracterizadas pela maior expressdo de
peptideos pré-nociceptivos, canais idnicos, proteinas intracelulares, substancias

neuromoduladoras, modificagdes na sinalizagéo intra e extracelular, entre outras alteracoes
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[36,37,38,23]. A literatura relata ainda que as implicacdes dessas alteragcbes determinam
um aumento da expressdo de neurdnios nocicpetivos espinhais, que respondem de forma

exagerada a estimulos inécuos [39].

2.7. Modelos de inflamacgéo em roedores

Existem diversos modelos animais descritos na literatura que sdo utilizados na
avaliacdo da dor e inflamacdo. No entanto, os resultados obtidos nesses estudos sdo
extrapolados para a condicdo humana. A maioria dos modelos mimetiza certos aspectos
dessa condicdo fisiopatoldgica, e podem ser usados como ferramentas para aumentar a

compreensdo especifica do mecanismo da doenca inflamatoria.
2.7.1. Modelo de hiperalgesia mecanica induzida pela carragenina

Esse modelo avalia do limiar nociceptivo dos animais por meio da estimulacéo
mecénica pelo método de o Von Frey eletrénico, apds a administragdo I.pl. de carragenina
(substancia quimica que apresenta alto potencial inflamatorio por determinar a liberacéo de

prostaglandinas, resultando no processo algico).
2.7.2. Modelo de nocicepcédo induzida pela formalina

A nocicepcao induzida pela formalina permite avaliar dois tipos de dor: a dor de
origem neurogénica, que € caracterizada pela estimulacdo direta dos neurbnios
nociceptivo (resposta imediata) e a dor de origem inflamatoria caracterizada pela
liberacdo de mediadores inflamat6rios (resposta tardia) (Correa e Calixto, 1993). Os
animais sdo avaliados pelo tempo de reacdo da dor (lambida na pata) em segundos, durante
0 periodo de 0 a 5 minutos (primeira fase) e de 15 a 30 minutos (segunda fase) (Hunskaar e
Hole, 1987).

2.7.3. Hiperalgesia mecanica induzida pelo Adjuvante Completo de Freund (CFA)
Estudos tém utilizado modelos de monoartrite induzidas por CFA para investigar
caracteristicas da doenga, mecanismos de sensibilizagdo e o comportamento nociceptivo
induzido pela inflamacdo. Nos camundongos C57BL/6, a inflamacdo induzida por CFA
resulta em limiares nociceptivo baixos, no desenvolvimento da alodinia e da hiperalgesia

na pata inflamada.
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2.8. Tratamento da dor

Para estabelecer um tratamento adequado com eficécia terapéutica no bloqueio da
dor é necessario realizar o diagndstico correto quanto a etiologia da dor. Também é
indispensavel conhecer a fisiopatologia e 0os mecanismos que conduzem o desequilibrio
organico para que a escolha da conduta seja apropriada.

Alguns medicamentos podem ser eficazes para a dor aguda e determinar pouco ou
nenhum efeito benéfico, quando utilizados para as sindromes de dores crénicas. Dessa
forma, é de fundamental importancia conhecer a farmacologia geral das substancias que
fazem parte do arsenal farmacoterapéutico disponivel na atualidade [40].

Por outro lado, vérias terapias ndo farmacoldgicas sdo empregadas no tratamento
da dor, como fisioterapia, psicoterapia, aplicacdo de frio ou calor no local da dor
massagem, acupuntura e estimulacdo elétrica nervosa transcutanea. Essas modalidades
terapéuticas estdo associadas a um melhor fluxo de sangue para locais afetados e a
liberacdo enddgena de mediadores anlagésicos, como a beta-endorfina e encefalina [28].
Porém, devido a complexidade do processo algésico, a terapia farmacoldgica sobrepuja a
terapia ndo-farmacoldgica [41].

Assim, a escolha do farmaco a ser utilizado no controle terapéutico da dor
fundamenta-se no tipo de situacdo dolorosa a ser debelada. Dentre as classes de farmacos,
podemos citar 0s: anestésicos gerais, anestésicos locais, analgésicos opioides, agonistas o-2
adrenérgicos, AINEs, antagonistas de receptores adrenérgicos, antidepressivos,
antagonistas de NMDA e relaxantes musculares [4]. Em adicdo, combinacdes de
analgésicos podem oferecer abordagens terapéuticas mais efetivas, proporcionando alivio
da dor, por meio de diferentes mecanismos.

Nesse sentido, a literatura relata que o uso dos anestésicos gerais bloqueiam a
percepcdo da dor induzindo o cértex cerebral a ndo percepc¢do da informacéo nociceptiva
que esta sendo recebida, ou seja, a inconsciéncia [42]. Anestésicos dissociativos como a
cetamina antagonizam de maneira ndo competitiva os receptores NMDA para o glutamato,
determinando efeito analgésico [43]. A amantadina é outro antagonista de receptores
NMDA para o glutamato, que pode ser usado no tratamento da dor neurogénica e
osteoartrites cronicas [4,28].

Os anestésicos locais agem blogueando os canais para o0 sodio voltagem
dependentes, inibindo a passagem do ion sodio pelos canais ions seletivos nas membranas

nervosas, retardando a velocidade de despolarizagdo modulando negativamente a
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propagacdo do potencial de agéo o que determina o bloqueio da condugéo nervosa, tanto
motora quanto sensorial[42]. Por esse motivo, 0s anestésicos locais sdo utilizados na
vigéncia da dor aguda por meio de aplicagdes locais, mas também podem ser utilizados de
forma injetavel, através da injecdo por puncdo lombar e/ou infiltracdo por via epidural ou
subaracnoidea. Além disso, esses farmacos podem ser utilizados também no tratamento da
dor cronica, principalmente na dor neuropatica. Nesse caso, utiliza-se bloqueio nervoso ou

aplicacdo local [44,45].

Ainda em relacdo aos farmacos utilizados no tratamento da dor, os opioides sdo
analgésicos de alta poténcia farmacoldgica sendo representados pela morfina e seus
derivados como a codeina, fentanil, buprenorfina e o butorfanol. A eficacia desses
farmacos esta relacionada ao seu mecanismo de acdo ou seja, eles sdo agonistas dos
receptores opioides (do tipo , k e, em alguns casos 9), que localizam-se principalmente no
SNC e em regides da medula espinhal envolvidas na transmissdo e modulacdo da dor,

alterando a atividade sensitiva, motora e psiquica [46].

Por outro lado, na vigéncia da dor inflamatoria, os receptores opioides sao
expressos na periferia 0 que pode ser reflexo da atividade diminuida da colecistoquinina
(CCK) associada com mediadores inflamatérios [28]. A administracdo sistémica dos
opioides é o meio mais efetivo de aliviar a dor severa em varias situacfes que incluem dor

aguda, inflamatdria persistente e neuropatica [47].

Os AINES também sdo utilizados como analgésicos, atuando no blogueio de etapas
da inflamagdo por inibicdo dos componentes do sistema enzimatico envolvidos no
metabolismo do acido araquidbnico e formacdo de eicosanoides, como prostaglandinas,
tromboxanos e prostaciclinas (sensibilizadores de nociceptores), e pela inibicdo das
isoenzimas cicloxigenases [48]. A PGI causa hiperalgesia de curta duracdo e a PGE induz
hiperalgesia de longa duracdo [4]. A vantagem da utilizacdo dos AINES é a auséncia de
depressdo do sistema nervoso, cardiovascular e respiratério. Seus efeitos analgesicos séo

potencialmente aumentados pela combinagdo com opiaceos [49].

Em relacdo a analgesia determinada pelos agonistas de receptores a-2 adrenérgicos
pré sindpticos encontrados nos neurdnios dorsais da medula espinhal é devida a reducao

da exocitose dos neurotransmissores nociceptivos, como as catecolaminas, substancia P

[4].
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A literatura também relata de farmacos simpatoliticos e simpatomiméticos no
controle farmacoldgico da dor. Assim antagonistas de receptores o e B adrenérgicos,
podem ser usados associados a derivados triptanos e ergotaminicos, no controle de certos
tipos de cefaleia e como auxilio na terapia das enxaquecas [50]. Em contraste, estudos
recentes mostram que 0 uso de agonistas de receptores P2 adrenérgicos ¢ indicada para
aliviar a alodinia e também podem oferecer uma alternativa terapéutica para o tratamento

da dor neuropatica crénica [51].

Também de maneira alternativa aos analgésicos, farmacos antidepressivos
triciclicos como a amitriptilina, imipramina e clomipramina, mostram-se eficazes como
coadjuvantes no tratamento da dor, especialmente no caso de dor crénica neuropatica e/ou
por nocicepcdo na fibromialgia, profilaxia da enxaqueca e na neuralgia pés-herpética [52].
Sua agdo analgésica esta relacionada a inibicdo da recaptura neuronal de noradrenalina e
serotonina, bem como a ativacdo das vias descendentes inibitérias da dor. O efeito
analgésico periférico dos antidepressivos triciclicos tem sido atribuido a diminuicdo do
AMP ciclico, via ativacdo de receptores da adenosina e ao blogqueio dos canais para o sddio
voltagem-dependentes [53].

Do mesmo modo alternativo, os farmacos relaxantes musculares como a
ciclobenzaprina, a tizanidina e carisoprodol sdo usados para controlar dores resultantes de
traumatismos e doencas degenerativas. No mesmo sentido, a glicosamina e o sulfato de
condroitina, classificados como nutracéuticos, sdo utilizados como adjuvantes no alivio de
dores oriundas de problemas articulares degenerativos, associados aos AINES [4].

Clinicamente a literatura relata que o tratamento da dor crbnica e da artrite
reumatoide (AR) baseia-se no uso de medicamentos como os AINEs, glicocorticoides,
antagonista do receptor da IL-1 e anti-TNF. Vérios estudos também tém mostrado a
eficacia clinica e seguranca dos inibidores de TNF no controle dos sinais e sintomas da
AR, expressa pela reducdo da progressdo da doenca [54,55]. Os estudos clinicos em
pacientes com AR mostram que 0 uso de antagonistas especificos para o TNF, reduz a
inflamacdo e retarda a destruicdo das articulacGes [54,56]. Atualmente encontram-se
disponiveis no mercado trés antagonistas de TNF: etanercepte, infliximabe e adalimumabe.
No entanto, seus usos sdo associados com impactantes efeitos colaterais, incluindo a
imunossupressdo e o surgimento de infecgbes oportunistas que podem aumentar a

morbidade e a mortalidade do paciente.
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Apesar de existir uma ampla variedade de medicamentos utilizados no tratamento
da dor, a maioria deles apresenta efeitos colaterais, variando de lesfes gastrointestinais
renais e hepaticas [5,57], disfuncdo plaquetéaria, problemas cardiovasculares até tolerancia
e dependéncia. Dessa maneira, torna-se necessario e plausivel, investir em novas pesquisas
cientificas, que possam proporcionar o desenvolvimento de novas terapias, bem como a
procura por novas substancias quimicas, biologicamente mais efetivas contra os diferentes
tipos de dor e que apresentem baixo risco de desenvolvimento de efeitos indesejados

durante a farmacoterapia dessas condicdes fisiopatoldgicas.

2.9. Importancia de produtos naturais e obtencdo de novos farmacos

Apesar de a dor ser um processo biologico importante para a sobrevivéncia, ela é
uma sensacdo desagradavel e muitas vezes associada ao sofrimento em diversas
fisiopatologias. Dessa forma, a ciéncia interfere no curso natural dos processos
fisiopatoldgicos por meio do alivio dos sintomas da dor [58].

A pesquisa e 0 desenvolvimento de novos farmacos podem ser alcancados pela
producdo de novas moléculas oriundas da quimica sintética, alteracdo estrutural de
compostos de origem natural e extracdo de principios ativos de produtos naturais [59].

Os derivados de plantas incluindo produtos naturais contribuiram ao longo dos anos
em grande parte para o desenvolvimento de terapias modernas. A descoberta de novos
alvos relevantes para o desenvolvimento de medicamentos ndo poderia ter sido alcancada
sem o importante papel desempenhado pelos produtos naturais, especialmente aqueles
derivados de plantas superiores. E consenso que muitos medicamentos importantes no
mercado foram obtidos direta ou indiretamente a partir de fontes naturais, como: morfina,
pilocarpina, digitalicos, quinino, artemisinina, atropina, escopolamina e captopril, além de
muitos outros medicamentos, como os utilizados no tratamento do cancer, por exemplo a
vinblastina, vincristina e paclitaxel, a despeito de muitos antibidticos e agentes
imunossupressores [60,61].

Dessa maneira, os estudos cientificos envolvendo plantas medicinais continuam. A
presente dissertagdo € um exemplo disso e estudou os potenciais efeitos biologicos de
Schinus terebinthifolius Raddi.

2.10. Schinus terebinthifolius
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Schinus terebinthifolius Raddi pertence a familia Anacardiaceae, conhecida
popularmente como aroeira da praia, aroeira vermelha, aroeira pimenteira e aroeira mansa.
E uma planta nativa da América do Sul que pode ser encontrada em quase todo o territorio
brasileiro, no nordeste, cerrados, chegando ao Rio Grande do Sul e estendendo-se a
Argentina e Paraguai [62].

Na medicina popular ou empirica, a casca, folhas e frutos de S. terebinthifolius
Raddi sdo usados como anti-inflamatério, antipirético, adstringente, analgésico, depurativo
e para tratar doencas do sistema urogenital e outros [63]. Alguns estudos tém indicado que
as propriedades medicinais de S. terebinthifolius estdo ligadas a alta quantidade de
derivados fendlicos como o &cido gélico, galato de metila, taninos e flavonoides, que séo
responsaveis pelas atividades antioxidantes e antitumorais do S. terebinthifolius [64,66].
Devido ao amplo uso populacional dessa planta, e pela importancia demonstrada, ela foi

incluida na Farmacopeia Brasileira [67].

Um dos compostos isolados de S. terebinthifolius, ja citado, foi o galato de metila
[65]. Seu nome sisteméatico € metil 3,4,5-tri-hidroxi-benzoato de metila (C8H805). A
literatura relata que esse composto determina efeitos antibacteriano e bacteriostatico [68]
bem como atividade antitumoral [69,70]. Tanto os derivados naturais quanto os derivados
sintéticos do acido galico apresentaram importante atividade bioldgica em varios estudos.
O galato de metila mostra acdo sobre as células do melanoma metastatico [71] e acdo
fungicida contra Paracoccidioides brasiliensis [72].

Estudos anteriores demostraram que tanto o extrato metandlico das folhas de
Schinus terebinthifolius Raddi quanto o composto isolado galato de metila, também
apresentam efeito anti-inflamatério e anti-histaminico [6]. A atividade anti-histaminérgica
do composto foi observada por meio da inibicdo da formagdo do edema, da degranulagdo
dos mastocitos e do influxo de eosinofilos como resultado da diminuicdo da producéo de
mediadores quimiotaticos de eosindfilos. Além disso, o tratamento com o galato de metila

inibe 0 edema da pata na mesma propor¢do que a prometazina, farmaco anti-histaminico

[6].

Por outro lado a literatura relata que as substancias: galato de metila, miricetrina,
quercitrina e miricetina obtidas da fase acetato de etila, provenientes do extrato etandlico
das folhas do S. terebinthifolius, estdo associadas as propriedades antioxidantes [65].
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No mesmo sentido, o0 composto 1,2,3,4,6-pentagaloil-O-B-glucopiranosideo inibe a
peroxidagdo lipidica induzida por H,O, [76] e também é eficaz contra a formagdo do

biofilme de Staphylococcus aureus [77].

A literatura relata ainda que, o composto robustaflavona, isolado de sementes Rhus
succedanea, exibe efeito inibidor contra o virus da gripe A e da gripe B anti-HSV-1, anti-
HSV-2 [78] e anti-HBV [79].

Pelas atividades bioldgicas acima descritas, dois novos compostos o do 1,2,3,4,6-
pentagaloil-O-B-glucopiranosideo (ST-1) derivado do galato de metila e a robustaflavona
(ST-2) foram isolados pelo nosso grupo de pesquisa e suas a¢@es anti-nociceptivas e anti-

hiperalgésicas foram testadas em modelos experimentais de dor em camundongos.

3. OBJETIVOS

3.1. Objetivo Geral

Realizar o estudo farmacoldgico (atividade analgésica, anti-edematogénicas) do
extrato de S. terebinthifolius, do composto 1,2,3,4,6-pentagaloil-O-B-glucopiranosideo

derivado do galato de metila e robustaflavona (ST-2), em modelos experimentais.
3.2. Objetivos Especificos

Verificar possiveis atividades anti-hipernociceptivas e antiedematogénicas de
extrato de S. terebinthifolius no modelo de inflamacédo e hiperalgesia persistente induzido
por adjuvante completo de Freund (CFA) em camundongos;

Avaliar o efeito anti-nociceptivos do extrato de S. terebinthifolius, e 0 composto
1,2,3,4,6-pentagaloil-O-B-glucopiranosideo derivado do galato de metila e robustaflavona
(ST-2), em modelo de nocicep¢do induzida pela formalina e &cido acético em

camundongos;

Avaliar o efeito anti-hiperalgésico do extrato de S. terebinthifolius, e do composto
1,2,3,4,6-pentagaloil-O-B-glucopiranosideo derivado do galato de metila e robustaflavona

(ST-2), em modelo de hiperalgesia mecanica, induzida pela carragenina em camundongos.
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5. ANEXOS

5.1 Artigo

Este trabalho deu origem ao artigo “Atividade analgésica de extrato de Schinus
terebinthifolius e dos derivados 1,2,3,4,6-pentagaloil-O-g-glucopiranosideo e
robustaflavona em modelos experimentais de nocicep¢do em roedores” que sera

submetido para publicagéo no periodico “Inflammation”.
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Abstract

Previous studies from our group showed that essential oil of Schinus terebinthifolius
and compound(R)-(+)-limonene exhibited anti-hyperalgesic effects against mechanical
stimulus. The chemical composition of essential oil and extract are completely different
and this plant is widely used by Mato Grosso do Sul state as anti-inflammatory, and
analgesic agent guiding to the focus of our study in the analgesic property of the extract.
In this way, the aims of this research was evaluate the anti-nociceptive and anti-
hyperalgesic of methanolic extract (MEST), and two pure compounds, the 1,2,3,4,6--
penta-O-galloyl-B-glucopyranoside  and  robustaflavone, obtained from S.
terebinthifolius leaves in animal models of pain and arthritis. The products were
administrated by oral route for mice and the extract was analysed in CFA- and
carrageenan-induced persistent mechanical hyperalgesia, formalin-induced nociception,
CFA- induced knee oedema, cold- and hot-hipersensitivity, depression, locomotor
activity (open field test) and formalin test while the two isolated compounds was tested
only in formalin test. The 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside and
robustaflavone were detected and isolated from the MEST. The MEST inhibited the
mechanical hyperalgesia, knee edema, heat and cold hyperalgesia, but not the
depressive-like behavior, induced by the intraplantar injection of CFA. The MEST,
1,2,3,4,6-penta-O-galloyl-B-glucopyranoside and robustaflavone prevented the anti-
nociceptive effects in both formalin phases of nociception and the mechanical induced
by carrageenan. The MEST did not induce alterations in the open field test. The MEST
was effective for inhibition of pain and arthritic parameters, but not against depressive-

like behavior, without altering locomotor activity. The compounds seem to be the active
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principle(s) present in the MEST because they proved to be anti-nociceptive and anti-
hyperalgesic in models of acute pain. The present results may open new possibilities for
the development of new anti-hyperalgesic and anti-arthritic agents from S.

terebinthifolius.

Key-words: Schinus terebinthifolius, rodents, nociception,1,2,3,4,6--penta-O-galloyl-f-

glucopyranoside and robustaflavona

INTRODUCTION

Pharmacological and non-pharmacological treatment is established depending on
the classification of type of pain in neuropathic, inflammatory or idiopathic [1]. The
pain is a very common clinical sign in inflammatory diseases, being one of the first
manifestations observed also in acute inflammation [2]. Inflammatory diseases or
neuropathies lead to sensitization of nociceptors where painful sensations are perceived
abnormally when a stimulus innocuous generating the allodynia and hyperalgesia is an
exaggerated pain to a noxious stimulus [3].

In terms of duration, the acute pain is a normal response caused by an injury of
the tissue with consequent local activation of receptors, and this pain disappears after
the resolution, in this way the pain has a protective function. In other way, in chronic
pain is persistent and has no protective character [4].

The currently available therapeutic treatments for pain generally are non-specific
and have limited efficacy and safety, particularly in the treatment of chronic pain and
arthritis such as NSAIDS, glucocorticoids and cytokines blockers. However, its use is

associated with a multitude of side effects, including immunosuppression and

35



emergence of opportunistic infections that may increase morbidity and mortality [5].
Often, the repeated use of NSAIDS may induce several side effects, such as
gastrointestinal, renal and hepatic lesions [6]. In addition, some painful conditions such
as neuropathic pain refractory to current medications are analgesics, including opioids
[7].

Schinus terebinthifolius (Anacardiaceae), known as “aroeira-vermelha”,
“aroeira-pimenteira” or “poivre-rose’ and aroeira, is native to South America is widely
distributed in the Brazil [8]. Biological applications of bark and leaves of this plant are
known for many years, have been used in traditional medicine as anti-inflammatory,
antipyretic, analgesic and as a purifying astringent, diuretic and diarrhea medication [9,
10, 11]. There scientific evidence for the effectiveness as an anti-inflammatory [12],
anti-hyperalgesic [13], antimicrobial [14,15] and antihistamine [16].

Recent investigation of our research group showed that essential oil extracted of
fruits of S. terebinthifolius collected in Dourados-MS exhibited a marked anti-
inflammatory activity and analyzed by GC-MS, exhibited predominance of
monoterpenes. In continuation chemical studies of the extract methanolic of the leaves
resulted in isolated and characterization of two derivatives of gallic and five flavonols,
including 1,2,3,4,6-penta-O-galloyl-p-glucopyranoside and robustaflavone. Biological
activity the extract methanolic and methyl gallate, previously isolated, (both at a dose
of 100 and 300 mg/kg) exhibited anti-inflammatory activity in model of carrageenan-
induced paw edema in mice [17] (unpublished results) [18].

The robustaflavone inhibited the replication of hepatite B virus and HIV

virus[19].The  1,2,3,4,6-penta-O-galloyl-pB-glucopyranoside reduced the lipidic
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peroxidation induced by H,O, [20] and inhibited the film formation by Staphylococcus
aureus[21].

The present study aims to evaluate the potential anti-nociceptive, anti-
hyperalgesia, and anti-arthritic effects of methanolic extract (MEST) of S.
terebinthifolius in chronic inflammation and nociception induced by complete Freund's
Adjuvant (CFA) and check antidepressant activity of the extract in the same model. The
compounds 1, 2, 3, 4, 6-pentagaloil-O-B-glucopiranosideo and robustaflavone were
tested on formalin-induced nociception and mechanical hiperalgesia induced by

carrageenan.

MATERIAL AND METHODS

Plant material

Schinus terebinthifolius leaves were collected in Federal University of Grande
Dourados (22° 11° 43.7”S, 54° 56’ 08.5”W e 430 m), Dourados-MS, in November,
2012, and identified by Profa. Dra. Maria do Carmo Vieira of the college of
agronomical Sciences of the UFGD. A voucher specimen (DDMS 4600) was deposited

in the herbarium of the UFGD, MS, Brazil.

Preparation of the methanolic extract and isolation of compounds

Methanolic extract and compounds

Air-dried aerial parts of S. terebinthifolius (620 g) were exhaustively extracted

by maceration with methanol at room temperature. Evaporation of the solvent afforded
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the methanol extract (MEST) (38 g). Part of this extract was dissolved in MeOH-H,0
1:1 and partitioned with n-hexane, chloroform and ethyl acetate. The same procedure
was used for purification of the fraction ethyl acetate, which resulted in isolation of
1,2,3,4,6-penta-O-galloyl-B-glucopyranoside and robustaflavone (Figure 1, unpublished
results) [18].

The MEST and the compounds were dissolved in distilled water with Tween 80 as
vehicle just before administration. The percentage of compounds in the MEST was

approximately 10 %.

Animals

The experiments were conducted using male Swiss mice (25-35g), male C57BI6
mice (25-35 g) and male Wistar rats (160-250 g) provided from Federal University of
Grande Dourados (UFGD) biotherium. The animals were maintained under a 12 h light-
dark cycle, with controlled humidity (60-80 %), and temperature (22 + 1°C). The
animals were acclimatized to the experimentation room for at least 2 h before testing
and were used only once throughout the experiments (n = 5/group). All experimental
procedures were carried out in accordance with U.S. National Institute of Health, and
were approved by the ethics committee for research on laboratory animal of the UFGD
(Nbr. 004/2012).

The extract and compounds were dissolved in a solution of Tween 0.2% with 0.9 %
saline for oral administration. The MEST was tested at 10, 30, and 100 mg/kg by the oral route
in an experimental model of hyperalgesia and nociception (data not shown), and because the

100 mg/kg dose was the most effective, the tests were conducted with this dose in all models of

inflammation.
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CFA-induced hyperalgesia model

Mechanical measurement with von Frey analgesimeter and respective treatment
was made daily in male mice C57BI6 for 20 days after CFA injection. In addition,
response to acetone (sensibility to cold), hot plate, forced swimming (to analysis
depression) and knee edema were also performed. After basal measurements, the mice
were divided into groups (n = 6/group) that were orally dosed (gavage) with a vehicle
(0.9% saline solution), MEST (100 mg/Kg) or dexamethasone (1 mg/Kg). After one
hour (for oral treatment), animals received a solution of 50 pL of CFA
(Freund's Complete Adjuvant) injection subcutaneously in the right hind paw, and each
animal after one day (at 2 p.m.) was housed in the same containment boxes under the
same steel mesh to measure the mechanical hyperalgesia until 20 th day.

One day prior to the experiment, mechanical basal measurement of all male
Swiss mice was performed. Mice were housed in containment boxes (W x D x H - 230
x 200 x 180 mm - Insight ®) under a steel mesh with 1 cm diameter spacing for a period
of 30 minutes. During this time, a digital analgesymeter von Frey (Insight ® - EFF 301 -
Digital analgesymeter) was used to determine the baseline for the mechanical stimulus
in the right hind paw.

Analysis of response to acetone (sensibility to cold) - Cold sensitivity was assessed
after 2 days from CFA injection by the acetone drop test as described by Decosterd and
Woolf (2000) [22]. A blunt needle connected to a syringe was used to drop 30 pl of
acetone on the paw and the duration (in seconds) of the paw withdrawal was recorded.

Minimal and maximal cut-offs were assigned at 0.5 and 20 seconds, respectively.
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Forced Swim test (FST) - The test was conducted using the method previous
described [23]. with modifications. Animals were individually forced to swim in an
open cylindrical container (diameter: 10 cm; height: 25 cm), enclosing 19 cm of water
at 25 = 1°C; the total duration of immobility during a 5 minutes test was observed

Knee Oedema — The knees measurement was made on day 20 post-injection in the
CFA group with a micrometer.

Heat-induced hyperalgesia - The test was conducted using the method of [24].
Animals were placed on an aluminum plate heated at fixed temperature (55 + 0.5°C)
and the response to heat latency time was assessed by measuring the time it took to the
animal to withdraw its hind paw from the hot plate and lick it. Minimal and maximal

cut-offs were assigned at 0.5 and 30 seconds, respectively.

Formalin induced-Licking

The procedure used was similar to that described previously[25,26]. Mice were
pretreated with the MEST (100 mg/Kg), 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside
(10 mg/kg), robustaflavone (10 mg /kg), dexamethasone (1 mg/kg) or vehicle by oral
route, 1 h before injection of the 20 pL of 2.5% formalin (0.92% formaldehyde), in the
right hind paw. The animals were then placed in glass cylinders and the time that the
animal spent licking and/or elevating of the injected paw was recorded in blocks of
5min up to 30 min. The first 5Smin were considered phase I (neurogenic) while the phase
Il (inflammatory) was between 15 and 30 min[26].

Analysis of locomotor activity in open-field
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Mice were pretreated with the MEST (100 mg/Kg), ST 1 (10 mg/kg), ST 2 (10
mg /kg), dexamethasone (1 mg/kg) or vehicle by oral route and after 50 minutes the
open-field test was performed. The open field apparatus was constructed with plywood
and measured 80 x 80cm with 40 cm walls. The walls and floor were both white. Blue
lines were drawn on the floor with a marker and were visible through the clear plexi-
glass floor. The lines divided the floor into sixteen 20x20cm squares. A central square
of equal size was drawn in the middle of the open field (20 x 20cm). The locomotor was
measure until 5 minutes analyzing the times that mice did line crossing - frequency with

which the mice crossed one of the grid lines with all four paws.

Carrageenan-induced hyperalgesia model

After basal mechanical measurements, the mice were divided into groups (n =
5/group) that were orally dosed (gavage) with a vehicle (0.9% saline solution), MEST
(100 mg/Kg) or dexamethasone (1 mg/Kg), another groous received the isolated
compounds direct in the paw by intraplantar injection of a solution containing 10 ug.
After one hour (for oral treatment), animals received a solution of 50 pL (with 300 pg)
Cg injection subcutaneously in the right hind paw, and each animal was housed in the
same containment boxes under the same steel mesh. Mechanical hyperalgesia was
measured 4 hours after Cg injection using the digital analgesymeter previously

described.

Statistical analysis
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The results were presented as mean * standard error of the mean (SEM). Data
were compared by one and two-way analysis of variance (ANOVA), followed by
Student-Newman Keuls or Bonferroni test. P values lower than 0.05 (P <0.05) were

considered as indicative of significance.

RESULTS
Effects of MEST on Mechanical hyperalgesia, thermic sensitivity, depression and knee
oedema induced by CFA

A single intraplantar injection of CFA was able to induce persistent mechanical
hyperalgesia, cold sensibility, heat sensibility, and depression as well as knee 0 edema.
The mechanical hyperalgesia was observed from the 1st day after application of CFA
and persisted for at least 20 days (Figure 2).

The oral treatment with the METS (100 mg/kg) and the dexamethasone dose (1
mg/kg) reduced the mechanical hyperagesia induced by CFA when compared with
control group. The maximal inhibition was detected at the 5th, 10° and 20° day after
application of the CFA (Figure 2).

The development of cold sensitivity was evaluated on the second day, after
administration of CFA. Figure 3A shows that after administration of the METS, the cold
sensitivity was decreased significantly in about twice in animals that were treated with
METS (7.71 seconds) (71%) and dexamethasone (7.85 seconds) (60%) when compared
to the control group.

The animals who receive the METS demonstrated an significantly increase in
latency on the hot plate of 33.6 (83%) seconds, when compared to the control group
which presented a lag time of 20.7 seconds (Figure 3B). The analyses were carried out

in 15 day of the experiment.
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There was a significant decrease of edema in tibiofibular articulation in group
treated with METS (0.23 mm) (71%) and dexamethasone (90%) (0.07 mm) when
compared to the control group (0.38mm) (Figure 3D).

There was no significant difference between the groups who received METS and
the control group in Forced Swim test. The extract or pure compounds did not

exhibited any antidepressant effect (data were not presented).

Effects of MEST, 1,2,3,4,6-penta-O-galloyl-s-glucopyranoside, and robustaflavone on

formalin-induced nociception and measured motor activity in the open field test

The oral treatment with METS (100 mg/kg) or with the 1 ST, 2 ST compounds
(10 mg/kg) significantly reduced the formalin-induced nociception in neurogenic phase
(0 to 5 min), and in the inflammatory phase (15 to 30 min) (Figure 4).

The average length of time licking in the first phase (0-5 min) was 103.5 seconds
and in the second phase (15-30 min) was 219.5 seconds for control group. After 60
minutes of treatment with the METS, the doses of 30 and 100 mg/kg inhibited
significantly the neurogenic phase around (70%) at 59.6 and (56%) 53.3 seconds and
the second phase in (87%)71.4 and (92%) 42.6 seconds respectively. Dexamethasone in
dose of 1 mg/kg also presented significant effect in both phases. These data were
demonstrated in Fig. 4A, 4B, 4C and 4D. In the open field, the treatment was not able to

change the locomotor activity (results not shown).

Effects of MEST, 1,2,3,4,6-penta-O-galloyl-s-glucopyranoside, and robustaflavone on

carrageenan-induced mechanical hyperalgesia
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The intraplantar injection of Cg was able to induce mechanical hyperalgesia in
mice after 4 hours, with a reduction of 50 % from basal values (Figure 5).

The treatment of animals with the METS 100 mg/kg prevented significantly the
carrageenan induced-mechanical hyperalgesia cerca de 73% (880 mg) when compared
to the control group (533 mg), while the application of dexamethasone inhibited
completely the mechanical hyperalgesia.

The administration in the paw of the compounds ST-1 and ST-2 (10 p g/paw)
were able to inhibit the mechanical hyperalgesia four hours after administration of
carrageenan. The inhibition was of 84% of the compound ST-1 and 70% in the
compound ST-2, indicating that the local administration has produced a significant
effect when compared to oral administration.

There was a reduction of paw edema of mice treated with METS to
approximately 53% (0.116 mm) and dexamethasone to 89% (0.02 mm) when compared

to the control group (Fig. 5A).

DISCUSSION

The results of this study demonstrate that oral treatment with the extract
obtained from S. terebinthifolius (METS) significantly reduced the CFA- and
carrageenan-induced persistent mechanical hyperalgesia, and also formalin-induced
nociception. The MEST also reduced significantly CFA- induced knee oedema, cold-
and hot-hipersensitivity, but not the depression, without chance in locomotor activity
(open field test). In addition, compounds 1, 2, 3, 4, 6-pentagaloil-O-B-glucopiranosideo
and robustaflavone were effective in significantly inhibit the formalin-induced

nociception showing to relation of MEST activity in spontaneous pain. All this data

44



conviced us that S. terebinthifolius, used in popular medicine as analgesic [9], exhibited
an anti-hiperalgesic and anti-nociceptive action.

One single injection of CFA was enough to produce hyperalgesia, knee oedema,
myeloperoxidase activity [27], depression [28], cold- and hot-hypersensitivity [29] in
mice. Frequently, dexamethasone is used as positive control, known as steroidal anti-
inflammatory, this substance is able to reduce hyperalgesia, knee o edema,
myeloperoxidase activity [27]. The treatment with dexamethasone inhibited also the
carrageenan induced hyperalgesia, similar results was obtained by Ferreira et al.
therefore the dose are different [30]. Our experimental model is in line to produce same
results observed in scientific reports with CFA because this complex is a powerful
inductor of inflammation and immunogenic response and also for carrageenan. The
extract obtained from S. terebinthifolius inhibited four parameters (mechanical
hyperalgesia, knee oedema, cold- and hot-hipersensitivity), but not the depression-
induced by unilateral paw injection of CFA injection. In carrageenan induced
mechanical hyperalgesia, the MEST also had anti-hyperalgesic effect. The first
hiperalgecic and depression study with this plant showed a anti-hiperalgesic and
antidepressive action in neuropathic pain model (spared nerve injured - SNI) [24].
Therefore the plant is the same, the essential oil is totally different from chemical
composition of extract and also the effect in relation to depression. The extended
treatment with METS promoted the reduction of sensitivity to cold and heat, showing
that there are composed in the extract that alter the threshold of fiber responsive to
mechanical stimulus, thermal (hot and cold). The results of present work suggested that
MEST presents not only an anti-hyperalgesic, but also anti-arthritic action without anti-

depressive effect.
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Several anti-inflammatory substances classics, like indomethacin, naproxen, and
hydrocortisone induce significant inhibition of the second phase of the formalin-induced
nociception [26]. In addition, the METS significantly inhibited the neurogenic and
inflammatory phase of the formalin, indicating that MEST has anti-nociceptive effect
against inflammatory and pain mediators. Thus, the antinociceptive property of S.
terebinthifolius extract, on the model of formalin-induced nociception, seems to be
related directly to the fact that extract inhibit nociceptors and also the inflammatory
process.

Phytochemical studies of the extract of s. terebinthifolius led to the identification
and isolation of 1,2,3,4,6--penta-O-galloyl-B-glucopyranoside the leaves of this plant
and the robustaflavone of S. terebinthifolius. As few studies have tested these
compounds on pain and how METS had a good efficacy and potency as analgesic,
decided to test the two compounds on nociception. In this way, both the ST-1 and the
ST-2 at a dose of 10 mg/kg orally demonstrated ability to inhibit nociception induced by
formalin and ST 2 presented most significant effect. In this way, demonstrates that the
ST 1 can contribute, at least in part, by the antinociceptive action of the extract of S.
terebinthifolius.

In summary, the results of this study show that the extract and compounds,
especially the 1, 2, 3, 4, 6-pentagaloil-O-B-glucopiranosideo present in the leaves of s.
terebinthifolius feature Antinociceptive actions in experimental models of short duration
such as formalin and carrageenan. In addition, demonstrates that the METS has anti-
inflammatory action in the paw edema induced by carrageenan, edema of knee and
Antinociceptive also both in experimental models of short duration as long lasting as in

CFA, inhibiting hyperalgesia to mechanical, thermal stimulus in the cold and heat.
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These results suggest that the extracts from s. terebinthifolius have compound (s) of

importance for analgesia.

ACKNOWLEDGEMENT
The authors are thankful do CAPES, CNPq, FUNDECT, and FAPESP for the

financial support.

REFERENCES

1.Thakur, M., A.H. Dickenson, R. Baron. 2014. Osteoarthritis pain: nociceptive or
neuropathic? Nature Reviews Rheumatology 10: 374-80.

2.Nourshargh, S., P.L. Hordijk, M. Sixt. 2010. Breaching multiple barriers: leukocyte
motility through venular walls and the interstitium. Nature Reviews Molecular Cell
Biology 11: 366-78.

3.Schestatsky, P. 2008. Definicdo, diagndstico e tratamento da dor neuropatica. Revista
do Hospital das Clinicas de Porto Alegre 28(3): 177-87.

4. Loeser, J.D., R.D. Treede. 2008. The Kyoto protocol of IASP Basic Pain
Terminology. Pain 137: 473-7.

5. Eisenberg, D.M., R.B. Davis, S.L. Ettner, S. Appel, S. Wilkey, M. Van Rompay, R.C.
KESSLER. 1998. Trends in alternative medicine use in the United States, 1990-1997:
results of a follow-up national survey. Journal of American Medical Association
280(18): 1569-75.

6. Lam, F.F., E.S. Ng. 2010. Substance P and glutamate receptor antagonists improve
the anti-arthritic actions of dexamethasone in rats. British Journal of Pharmacology
159(4): 958-69.

7. Portenoy, R.K., N.A. Hagen. 1990. Breakthrough pain: definition, prevalence and
characteristics. Pain 41(3) :273-81.

8. Corréa, M.P. 1974. Dicionario de Plantas Uteis do Brasil e das Exéticas Cultivadas.

47



9. Carvalho, M.G., A.G.N. Melo, C.F.S. Aragdo, F.N. Raffin, T.F.A.L. Moura. 2013.
Schinus terebinthifolius Raddi: chemical composition, biological properties and
toxicity. Revista Brasileira de Plantas Medicinais 15: 158-169.

10. Matos, F.J.A. 1998. Farmécias vivas: sistema de utilizacdo de plantas medicinais
projetados para pequenas comunidades. Revista Fortaleza 3: 200.

11.0Oliveira, J.L.F.G., R.B. Santos, F.O. Reis, S.T. Matsumoto, W.M.S.Bispo, L.P.
Machado, L.F.M. Oliveira. 2013. Efeito fungitoxico do 6leo essencial de aroeira da
praia Schinus terebinthifolius Raddi sobre Colletotrichum gloeosporioides. Revista
Brasileira de Plantas Medicinais 15(1):150-157.

12.Medeiros, K.C.P., J.C.Monteiro, |.A.Medeiros, B.A. Silva, M.R. Piuvezam. 2007.
Effect of the activity of the Brazilian polyherbal formulation: Eucalyptus globules
Labill, Peltodon Radicans Pohl and Schinus terebinthifolius Radd in inflammatory
models. Revista Brasileira de Farmacognosia 17(1): 23-28.

13. Piccinelli, A.C., J.A. Santos, E.C. Konkiewitz, S.A. Oesterreich, A.S. Formagio, J.
Croda, E.B. Ziff, C.A.L. Kassuya. 2014. Antihyperalgesic and antidepressive actions of
(R)-(+)-limonene, a-phellandrene, and essential oil from Schinus terebinthifolius fruits
in a neuropathic pain model. Nutritional Neuroscience 18(5): 217-24.

14. Cole, E.R., R.B. Santos, J.V. Lacerda, J.D.Martins, S.J.Greco, N.A. Cunha.
2014.Chemical composition of essential oil from ripe fruit of Schinus terebinthifolius
Raddi and evaluation of its activity against wild strains of hospital orgin. Brazilian
Journal of Microbiology 45(3): 821-8.

15.Vieira, D.R., F.M. Amaral, M.C. Maciel, F.R. Nascimento, S.A.Libério,
V.P.Rodrigues. 2014. Plant species used in dental diseases: ethnopharmacology aspects
and antimicrobial activity evaluation. Journal Ethnopharmacol 155(3): 1441-9
16.Cavalher-Machado, S.C., E.C. Rosas, F.A. Brito, A.P. Heringe, R.R. Oliveira, M.A.
Kaplan, M.R. Figueiredo, M. Henriques. 2008. The anti-allergic activity of the acetate
fraction of Schinus terebinthifolius leaves in IgE induced mice paw edema and pleurisy.
International Immunopharmacology 8(11): 1552-60.

17. Iriguchi, E., A.S.N. Formagio, L.M. Roveda, M.C.Vieira, C.A.L. Cardoso, N.A.H.
Zarate, L.A. Tabaldi, C.A.L. Kassuya. 2011. Chemical Composition and Anti-
Inflammatory Activity of the Essential oil of Schinus terebinthifolius Raddi

(Anacardiaceae) fruits. Acta Farmaceutica Bonaer. 30: 1555-1559.

48


http://www.sciencedirect.com/science/journal/15675769

18, Formagio, A.S.N., M.Da. Silva, E. Iriguchi, M.C.Vieira, M.A. Foglio, J.De.
Carvalho, A.L. Ruiz, K. Souza, C.A.L. Kassuya. 2015. Chemical composition and in
vitro antioxidant, antiproliferative, acetylcholinesterase and in vivo antiinflammatory
activities of Schinus terebinthifolius Raddi [dissertation]. Federal University of Grande
Dourados.

19. Lin, Y.M., D.E. Zembower, M.T.Flavin, R.M. Schure, H.M. Anderson, B.E.Korba.
1997. Robustaflavone, a naturally occurring biflavanoid, is a potent non-nucleoside
inhibitor of hepatitis B virus replication in vitro. Bioorganic & Medicinal Chemistry
Letters 7(17): 2325-2328.

20. Lin, Y.M., M.T. Flavin, R. Schure, F.C.Chen, R.Sidwell, D.L. Barnard. 1999.
Antiviral activities of biflavonoids. Planta Medica 65(2): 120-5.

21. Lin, M.H., F.R.Chang, M.Y. Hua, Y.C.Wu, S.T.Liu. 2011. Inhibitory effects of
1,2,3,4,6-penta-O-galloyl-beta-D-glucopyranose ~ on biofilm  formation by
Staphylococcus aureus. Antimicrobial Agents Chemotherapy 55(3): 1021-7.

22. Decosterd, 1., C.J.Woolf. 2000. Spared nerve injury: an animal model of persistent
peripheral neuropathic pain. Pain 87(2): 149-58.

23. Porsolt, R.D., A. Bertin, M. Jalfre. 1977. Behavioral despair in mice: a primary
screening test for antidepressants. Archives Internationales Pharmacodynamie Therapie
229(2): 327-36.

24. Eddy, N.B., D.Leimbach.1953.Synthetic analgesics Il. Dithienylbutenyl- and
dithienylbutylamines. Journal of Pharmacology Experimental Therapeutica 107(3):385-
93.

25.Hunskaar,S., O.B. Fasmer, K. Hole. 1985. Formalin test in mice, a useful technique
for evaluating mild analgesics. Journal of Neuroscience Methods 14(1): 69-76.

26. Hunskaar, S., K. Hole. 1987. The formalin test in mice: dissociation between
inflammatory and non-inflammatory pain. Pain 30(1): 103-14.

27. Shi, M., A.Wang, D.Prescott, C.C.Waterhouse, S.Zhang, J.J. McDougall. 2011.
Infection with an intestinal helminth parasite reduces Freund's complete adjuvant-
induced monoarthritis in mice. Arthritis Rheumatology 63(2): 434-44.

28. Maciel, 1.S., R.B. Silva, F.B. Morrone, J.B. Calixto, M.M. Campos. 2013.
Synergistic effects of celecoxib and bupropion in a model of chronic inflammation-
related depression in mice. PLoS One 8(9): e77227.

49



29.Montrucchio, D.P., M.M. Cdrdova, A.R.Santos. 2013. Plant derived aporphinic
alkaloid S-(+)-dicentrine induces antinociceptive effect in both acute and chronic
inflammatory pain models: evidence for a role of TRPA1 channels. PLoS One 8 (7):
e67730.

30. Ferreira, S.H., F.Q.Cunha, B.B.Lorenzetti, M.A. Michelin, M. Perretti, R.J.Flower,
S. Poole. 1997. Role of lipocortin-1 in the anti-hyperalgesic actions of dexamethasone.
British Journal of Pharmacology 121(5): 883-8.

Legends to Figures

1,2,3,4,6-penta-0O-galloyl-B-glucopyranoside robustaflavone

Figure 1 Chemical structure of the 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside and
robustaflavone .
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Figura 2 Effects of oral administration of the MEST at 100 mg/kg on mechanical
hyperalgesia induced by Complete Freund’s Adjuvant (CFA). Mechanical hyperalgesia

was assessed using von Frey filaments before (baseline) and 20 days after CFA

injection. The MEST significantly prevented reduction in the mechanical threshold of

sensitivity at all time points. The results are presented as the mean + SEM. *P<0.05,
**pP<0.01, ***P<0.001 compared with the vehicle group (CFA). Differences between

groups were analyzed by analysis of variance (two-way ANOVA) followed by

Bonferroni test.
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Figura 3 Effects of oral administration of the MEST at 100 mg/kg on cold
sensitivity (A), hot plate test (B), and knee oedema induced by Complete Freund’s
Adjuvant (CFA) (A) Assessment of cold sensitive through the hot plate model on the
2" day after CFA injection, where the MEST treatment increased the resistance of the
animals. (B) Assessment of heat response through the hot plate model on the 15 day
after CFA injection, where the MEST treatment increased the resistance of the animals.
(C) Effect of administration of the MEST on inhibition of knee edema on the 20" day
after CFA injection. The results are presented as the mean £ SEM. *P<0.05, **P<0.01,
***pP<0.001 compared with the vehicle group (CFA). Differences between groups were
analyzed by one-way ANOVA followed by the Newman—Keuls test.
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Figure 4 Effect of the MEST at 30 and 100 mg/kg, 1,2,3,4,6-penta-O-galloyl-f3-
glucopyranoside (ST-1) at 10 mg/kg and and robustaflavone (ST-2) at 1 mg/kg on pain-
related behaviors in the formalin-induced nociception model. (A) Administration of the
MEST decreased pain in phase | (neurogenic origin pain). (B) Administration of the
MEST significantly decreased pain in phase Il (inflammatory response), (C)
Administration of the 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside (ST-1), and
robustaflavone (ST-2) decreased pain in phase | (neurogenic origin pain). (D)
Administration of the 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside (ST-1), and

54



robustaflavone (ST-2) significantly decreased pain in phase Il (inflammatory response)..
The results are presented as the mean £ SEM. *P<0.05, **P<0.01, ***P<0.001

compared with the control group (vehicle). Differences between groups were analyzed
by analysis of variance (one-way ANOVA) followed by the Newman—Keuls test.
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Figure 5 Effect of the MEST at 100 mg/kg, 1,2,3,4,6-penta-O-galloyl-p-
glucopyranoside (ST-1) by intraplantar route (10 ug/paw), and robustaflavone (ST-2) at
10 mg/kg on carrageenan-induced mechanical hyperalgesia in mice (A) Administration
of the MEST significantly decreased carrageenan-induced mechanical hyperalgesia (B)
Administration of the 1,2,3,4,6-penta-O-galloyl-B-glucopyranoside (ST-1) at 10 mg/kg
and and robustaflavone (ST-2) significantly decreased carrageenan-induced mechanical
hyperalgesia. The results are presented as the mean + SEM. *P<0.05, **P<0.01,
***pP<0.001 compared with the control group (vehicle). Differences between groups
were analyzed by analysis of variance (one-way ANOVA) followed by the Newman—
Keuls test.
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