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RESUMO

Petasites hybridus (Asteraceae), popularmente conhecido como butterbur
tem sido usado para tratar dores de cabeca, febre, tosse, asma, feridas na pele e,
mais recentemente, para a profilaxia da migréanea. As hipoteses para explicar o
efeito anti-migranea ainda nao foram estudadas profundamente. Assim, as respostas
nociceptivas faciais induzidas por substancias indutoras de migranea como
histamina, PGE2, agonistas dos receptores TRPV1 (capsaicina), TRPV4 (GSK
1016790A) e TRPA1 (cinamaldeido), nitroglicerina e CGRP, foram usados para
investigar os efeitos antinociceptivos do extrato dos rizomas de Petasites hybridus
(PHE) em camundongos Swiss machos (CEUA-BIO — UFPR n® 1299). Da mesma
forma, foram empregados o modelo de formalina orofacial, teste de contorgdes
abdominais induzidas por acido acético e de inflamagédo induzida pela injegcéo
intraplantar de carragenina. O pré-tratamento oral com PHE 20 e 40 mg/kg inibiu
apenas a nocicepcao facial induzida pelo cinalmaldeido. Entretanto, a alodinia
mecanica periorbital (PMA) induzida por agentes indutores de migranea como
histamina, GSK 1016790A, nitroglicerina, cinamaldeido e CGRP foram
significativamente prevenidas pelo PHE. Além disso, o PHE nas doses de 10, 20 e
40 mg/kg reduziu o comportamento de rubbing facial em ambas as fases
neurogénica e inflamatéria do teste de formalina, diminuiu as contorgoes
abdominais, o extravasamento plasmatico e a migragao total de leucécitos para o
peritdbnio no modelo do acido acético, bem como inibiu a alodinia mecanica e o
edema de pata induzidos pela carragenina. O estudo de toxicidade oral de doses
repetidas por 14 dias com PHE nas doses de 50, 300 e 2000 mg/kg néo revelou
mudancas relacionados ao peso corporal e mortalidade. Contudo, foram observados
aumento do peso do figado, nos niveis plasmaticos de fosfatase alcalina e de ureia,
efeitos que precisam ser melhor investigados. A redugcdo da PMA promovida pelo
PHE poderia explicar o efeito anti-migréanea do PHE, o qual parece envolver a
modulagao da sinalizacdo do 6xido nitrico, do receptor TRPA1 e do CGRP. Além
disso, o PHE promoveu efeitos antinociceptivos e anti-inflamatérios em modelos
agudos, adicionando novas evidéncias e mecanismos para 0 uso de Petasistes
hybridus no manejo da dor.

Palavras-chave: Petasites hybridus; butterbur; migranea; nocicepg¢ao; inflamagéo;
CGRP



ABSTRACT

Petasites hybridus (Asteraceae), commonly known as butterbur has been
used to treat headache, fever, cough, asthma, skin wounds and, most recently, for
migraine prophylaxis. The hypotheses to explain the anti-migraine effect remains
unclear. Thus, nociceptive facial responses induced by histamine, PGE2, TRPV1
(capsaicin), TRPV4 (GSK 1016790A) and TRPA1 (cinnamaldehyde) agonists,
nitroglycerin and CGRP, and orofacial formalin model, acetic acid-induced writhing
test, and intraplantar carrageenan-induced inflammation were used to investigate the
antinociceptive effects of Petasites hybridus rizhome extract (PHE, = 15% of
petasines) in male Swiss mice (CARE/BIO - UFPR, protocol 1299/19). The oral
pretreatment with PHE at 20 and 40 mg/kg prevented only cinnalmaldehyde-induced
facial nociception. However, periorbital mechanical allodynia (PMA) induced by
migraine provoking agents such as histamine, GSK 1016790A, nitroglycerin,
cinnamaldehyde and CGRP were significantly prevented by PHE. Moreover, PHE at
10, 20 and 40 mg/kg reduced the face rubbing behavior in both neurogenic and
inflammatory phases of formalin test, decreased the abdominal constrictions,
plasmatic extravasation and total leukocytes migration in the acetic acid model, and
also inhibited carrageenan-induced hindpaw mechanical allodynia and paw edema.
The 14-day repeated-dose oral toxicity study with PHE at 50, 300 and 2000 mg/kg
reveals unremarkable findings related to body weight and mortality. However,
increased liver weight, plasma levels of alkaline phosphatase and urea were
observed, effects that need to be further investigated. The reduction in PMA
promoted by PHE could explain the anti-migraine effect of PHE, which seems to
involve modulation of nitric oxide signaling, the TRPA1 receptor, and CGRP. The
reduction of PMA promoted by PHE reinforce the anti-migraine action of butterbur
mainly through the modulation of nitric oxide, TRPA1 and CGRP signaling.
Furthermore, our data also demonstrated that PHE display peripheral antinociceptive
and anti-inflammatory effects in acute mice models, adding new evidence and
mechanisms for the use of Petasites hybridus for pain management.

Keywords: Petasites hybridus; butterbur; migraine; nociception, inflammation; CGRP.
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1 INTRODUGAO
1.1 PROCESSAMENTO DA DOR E DA NOCICEPCAO

Ainda que a dor e a nocicepg¢ao tenham defini¢goes distintas, elas ocorrem de
forma coexistentes. A principal diferenca entre as definicbes é que a dor envolve um
componente afetivo negativo (Sneddon, 2018). A percepcado da dor € de extrema
importancia para a manutencédo do bem-estar e, por vezes, da sobrevivéncia. O
processo de detectar estimulos nocivos fornece protecdo adequada frente a
condigbes associadas a uma lesdo tecidual real ou potencial, as quais podem
representar ameaca a vida. Quando os mecanismos de percepcdo de dor séo
alterados, a utilidade como sistema de alerta agudo perde sua funcdo e a
hipersensibilidade leva a dor cronica e debilitante (Basbaum et al., 2009).

A nocicepgao é o processo pelo qual estimulos nocivos térmicos, mecanicos
ou quimicos sao detectados pelas fibras nervosas periféricas (nociceptores).
Anatomicamente, os corpos celulares dos nociceptores sao situados no ganglio da
raiz dorsal (GRD), localizado lateralmente a medula espinhal, enquanto seus
axénios projetam-se nos tecidos periféricos. Na face, o ganglio trigeminal, analogo
ao GRD, é o responsavel pela percepgdao de estimulos faciais. Ao contrario de
outras estruturas neuronais, 0s nocicpetores sao estimulados ao atingir a faixa
nociva, dando a eles a capacidade seletiva de responder especificamente a
estimulos potencialmente prejudiciais. Os nociceptores podem ser divididos entre os
que medeiam a dor aguda e bem localizada e aqueles que transmitem a dor lenta e
nao localizada. A transmissdo da dor lenta se da através de fibras Ad levemente
mielinizadas e de didmetro médio, enquanto a da dor crbnica ocorre por fibras C nao
mielinizadas de pequeno didmetro (Sneddon, 2018). E interessante destacar que as
fibras aferentes primarias possuem uma distingdo morfolégica que as torna aptas a
enviar e receber mensagens de ambas as extremidades, e ndo somente de forma
unidirecional, da periferia para a medula espinhal (Yam et al., 2018).

A sensibilizacdo de nociceptores, decorrente dos processos nociceptivos
(Sneddon, 2018), pode resultar em alodinia, em que estimulos normalmente
indcuos, como um toque sutil ou calor ndo nocivo, passam a ser percebidos como
dolorosos, (Jensen & Finnerup, 2014). A alodinia pode ser mecanica, apresentando-
se resposta de dor a leve toque ou térmica (Cohen & Mao, 2014). A sensibilizagao
pode também resultar em hiperalgesia, em que estimulos percebidos como dor,

passam a apresentar maior intensidade (Jensen & Finnerup, 2014). A hiperalgesia
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pode ser primaria ou secundaria. Na primaria a sensibilizagdo de nociceptores
periféricos € resultado da lesédo tecidual, ao contrario da secundaria em que a
sensibilizagcdo do sistema nervoso central (SNC) ndo esta diretamente relacionada a
les&o tecidual (Cohen & Mao, 2014).

A transmissao dos estimulos nociceptivos se da por geracdo de potenciais
de agdo, em que os canais de sodio, potassio e calcio sdo cruciais, além de
desempenharem um papel fundamental na liberagdo de neurotransmissores dos
terminais dos nociceptores centrais ou periféricos, levando ao processo de geragéo
de dor e de inflamagdo neurogénica. A inflamagao neurogénica refere-se ao
processo pelo qual ocorre a liberagao periférica de neuropeptideos, tais como o
peptideo relacionado ao gene da calcitonina (CGRP) e substancia P (SP), os quais
induzem vasodilatagao e extravasamento de proteinas plasmaticas. Nota-se que o
terminal nociceptor periférico responde a estimulos nocivos ambientas (calor, frio e
estimulacdo mecanica), enquanto o terminal central esta sujeito a uma série de

moléculas enddégenas que regulam a sensibilidade (Basbaum et al., 2009).

1.2 MIGRANEA
A migranea, caracterizada por intensa dor de cabegca acompanhada por
sintomas desagradaveis, € considerada uma doenga neurologica debilitante, com
alto impacto pessoal e socioecondmico, segundo a Classificagdo Internacional de
Desordens de Dor de Cabega, 32 edicdo (ICHD-3) (Andreou & Edvinsson, 2019).
O estudo de Carga Global de Doencas, Lesdes e Fatores de Risco (GBD),
estimou que em 2016, 1,04 bilhdes de pessoas apresentaram migranea, sendo mais
prevalente em mulheres entre 15 e 46 anos (propor¢ado de 3:1 em relagdo aos
homens). Esses dados, colocam a migranea como a enfermidade de 62 maior
prevaléncia dentre 328 doencas estimadas pela GBD. Conforme previamente
mencionado, a migranea promove um quadro debilitante, afetando principalmente
mulheres jovens e de meia-idade, colocando-a no ranking entre as 10 principais
causas de incapacidade (Stovner et al., 2018).
De acordo com a ICHD-3, a migrénea se divide em dois principais tipos: com
e sem aura, sendo que a principal diferenga entre elas é a presenca de sintomas
neurologicos focais e transitérios, comumente precedentes a dor de cabega, nas

migraneas com aura (Olesen, 2018).
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As dores de cabeca da migranea possuem caracteristicas especificas que
as diferem de outros tipos de cefaleia, dentre elas: localizagao unilateral; duragao de
4 a 72 horas; dor de intensidade moderada a grave, dor pulsante; associagdo com
nausea, émese e fonofobia ou fotofobia. A migranea pode também ser precedida por
sintomas de aura (Ha & Gonzalez, 2019), manifestando-se com sintomas visuais
como escotomas (pontos pretos) e cintilagbes (pontos brilhantes), parestesia
(formigamento) ou dorméncia, disartria (transtornos da articulagdo da fala) ou
fraqueza (Rajapakse & Davenport, 2019). As crises podem ser desencadeadas por
gatilhos, que sao especificos para cada paciente. No entanto, alguns desses gatilhos
sao semelhantes entre os pacientes migranosos, como estresse, alcool, odores
particulares, chocolate, vinho tinto e glutamato monossodico (Ha & Gonzalez, 2019).

Os quadros crénicos, cujos pacientes apresentam, no minimo, 15 episédios
em um periodo de 3 meses, sao incomuns, afetando cerca de 1 a 5% dos pacientes
(Ha & Gonzalez, 2019). Criancas e adolescentes de todas as idades também sao
afetadas com migrénea. Estima-se que 3 a 7% dessa populagdo seja afetada com

sintomas e severidade muito variados (Pothmann & Danesch, 2005).

1.2.1 Fases da Migranea

Os ataques de migranea podem ser divididos em 4 diferentes fases, cada
uma com caracteristicas sintomaticas especificas. Sdo elas: (1) fase premonitdria,
prévia a dor de cabeca. Nesta fase os pacientes apresentam bocejos, sede,
sonoléncia, desejo alimentar, dificuldades cognitivas, mudancas de humor e
alteracdes na frequéncia urinaria; (2) fase com presenca de sintomas neuroldgicos
transitérios, sendo a alteracdo visual o sintoma mais tipico desta fase, também
denominada aura; (3) fase da dor de cabega propriamente dita, cuja maioria dos
pacientes apresenta dor localizada, podendo ser piorada por movimento e
acompanhada por sensibilidade a estimulos sensoriais e nausea; e (4) fase
postdrome, em que os pacientes apresentam problemas de compreensao e
concentragéo, cansaco e rigidez do pescogo. As fases supracitadas estao ilustradas
da figura 1 (Andreou & Edvinsson, 2019; Goadsby & Holland, 2019), sendo as
particularidades de cada uma delas apresentadas na sequéncia.
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Figura 1 - Fases dos ataques de migranea. Fonte: adapatado de Andreou & Edvinsson (2019).

(1) Fase Premonitéria: as manifestacbes sintomaticas dessa fase podem
ocorrer horas, ou até mesmo dias, antes do ataque propriamente dito (Goadsby &
Holland, 2019). A caracteristica ritmica dos ataques sugere o envolvimento das
areas hipotalamicas, que podem ter sua fungdo resumidamente em “organizar os
ritmos circadiano, manter a homeostase e regular a excitagdo” (Andreou &
Edvinsson, 2019).

Como previamente mencionando, os sintomas dessa fase abrangem
alteragcdes de humor, bocejos, fadiga, desejos alimentares e hipersensibilidade a
estimulos externos (Rainero et al.,, 2020). Os sintomas presentes nessa fase,
especialmente os relacionados com o sono e a alimentacido, estido estritamente
associados com fung¢des homeostasicas, sendo o disturbio dessas fun¢des gatilhos
comuns para a migranea. Algumas evidéncias sugerem um possivel envolvimento
da regiao posterior do hipotalamo, em que se encontram circuitos relacionados com
a transicao entre o sono e o despertar, no desencadeamento da migranea (Andreou
& Edvinsson, 2019). Segundo Goadsby & Holland, (2019), o envolvimento
hipotaldamico na migranea esta bem estabelecido, sendo ativado durante a fase
premonitéria. Estudos de neuroimagem por tomografia e ressonancia magnética,
mostraram o envolvimento hipotalamico durante a fase premonitéria do ataque.
Ademais, fungbes autondmicas como nauseas, alteragdes alimentares e

hipersensibilidade a estimulos internos, conectadas pelo hipotalamo a outras areas
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do cérebro, sao significativamente prejudicadas em todas as fases, sendo, portanto,
uma possivel elucidagao para as alteragbes autonémicas (Rainero et al., 2020).

Ainda, considerando a presenga de bocejos na fase premonitéria, a via
dopaminérgica também parece estar relacionada a fisiopatologia da migrénea
(Andreou & Edvinsson, 2019).

(2) Fase de Aura: é comum em cerca de 15 a 20% dos pacientes. Acredita-
se ser resultado da depressao de propagacao cortical (Andreou & Edvinsson, 2019)
caracterizada por depressdo lenta (3 mm/min) que propaga uma onda de
despolarizagdo neuronal, seguida de inibicdo de atividade cortical por até 30
minutos. Associa-se a depressao com efluxo de ions potassio dos neurdnios para os
espacos intersticiais, e influxo de ions sddio e calcio, além da liberagdo de glutamato
(Rainero et al., 2020). No entanto, ainda ndo é claro como a referida depresséo é
ativada nos pacientes com aura (Andreou & Edvinsson, 2019).

(3) Fase da Cefaleia: a caracteristica pulsante da dor nesta fase denota o
envolvimento da ativagdo do sistema trigeminovascular que transmite estimulos
nociceptivos das meninges para as areas centrais do cérebro, como nucleos do
tronco cerebral, hipotalamo, talamo e cortex. A ativagao antidromica leva a liberagao
de peptideos pro-inflamatorios, como o CGRP, um neuropeptidio com 37
aminoacidos codificado pelo mesmo gene que o hormdnio calcitonina, com potencial
vasodilatador pronunciado e potencializador da transmissédo glutamatérgica. O fato
do envolvimento de sensibilizacdo central e periférica podem explicar os sintomas de
exacerbacao da dor com atividade fisica e a alodinia (Rainero et al., 2020).

Quase todos os tecidos cranianos da cabecga e da face, sejam em estruturas
intra ou extracranianas, séo inervados por aferentes do nervo trigémeo provenientes
do interior do ganglio trigeminal. Dentre as 3 divisbes do nervo, mandibular,
oftalmico e maxilar, a oftalmica é considerada a de maior importancia na migranea,
devido a distribuigdo dolorosa ao redor da regidao periorbital (Goadsby & Holland,
2019).

E sabido que a dor de cabeca sentida durante um ataque de migranea é
notada nas estruturas intracranianas, como a dura-mater e 0s vasos sanguineos
cerebrais, e decorre da ativagcdo da via trigeminotalamica ascendente. A ativacao
nociceptiva das fibras dessa via € conhecida como “ativagao trigeminovascular”. As
referidas estruturas intracranianas sao especialmente inervadas por nociceptores,

como fibras C ndo mielinizadas e fibras Ad mielinizadas, cujos corpos celulares
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estdo situados no ganglio do trigémeo (Andreou & Edvinsson, 2019). O CGRP,
substancia P e neurocinina A, sdo alguns dos principais neurotransmissores
expressos pelo nervo do trigémeo (Goadsby & Holland, 2019).

Uma vez que a via € ativada, as fibras trigeminais transmitem informacgdes
sensoriais das estruturas intracranianas aos neurbnios de segunda ordem no
complexo trigeminocervical, que por sua vez retransmitem a neurdnios de terceira
ordem, no talamo contralateral. A partir dai as informagdes sdo processadas nas
areas corticais superiores. Estudos com pacientes com migranea mostraram
alteracbes conectivas entre o talamo e as areas corticais moduladoras da dor
durante ataques espontaneos de migranea. Além disso, o talamo esta associado ao
desenvolvimento de sintomas da migranea, como hipersensibilidade a estimulos
visuais, sensibilidade auditiva e alodinia ndo craniana. No entanto, o meio pelo qual
a disfuncao hipotalamica pode ativar a via trigeminotalamica ascendente é ainda
desconhecido (Andreou & Edvinsson, 2019).

Outro fator amplamente associado a migranea sdo as mudangas vasculares,
que outrora foram consideradas como o principal mecanismo relacionado a dores de
cabega na migranea. Em diversos estudos a dilatagdo intracraniana das artérias
cerebrais pode ser observada durante um ataque, no entanto, a dilatacdo por si so
nao explica a cefaleia, tendo em vista que outras situagdes enfermas, como
hipotensao, provocam a dilatagdo arterial craniana sem provocar ataques de
migranea (Andreou & Edvinsson, 2019). A hipotese de que a origem das dores de
cabeca da migranea era decorrente da dilatagdo dos vasos cerebrais, foi contestada
por um ensaio que avaliou a dilatagdo arterial extracraniana de pacientes durante
ataques espontaneos através de angiografia por ressonéancia magnética. A avaliagao
da ressonancia dos individuos da pesquisa nao revelou dilatagcdo das artérias,
indicando que a vasodilatagdo possa estar associada a ativagao e sensibilizagao do
trigémeo ao invés da inducédo das dores de cabecga diretamente. Em contraponto, a
indugao da migranea pelo peptideo relacionado ao CGRP esta associada a dilatagao
das artérias extra e intracerebrais. A provavel explicacdo para essas discrepancias
pode estar nas diferencas entre os ataques espontaneos e induzidos ou ainda, na
diferenca entre o inicio da migranea e a execugao do exame de ressonancia (Ashina
et al., 2017).

A importancia fundamental do envolvimento do sistema trigeminal na fase de

cefaleia dos ataques de migranea é sustentada por diferentes evidéncias, uma vez
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que as estruturas responsaveis pela transmissao de estimulos dolorosos durante um
ataque de migranea sao altamente inervadas por fibras do trigémeo. Apesar dos
mecanismos precisos envolvidos na dor e no ataque da migranea nao serem
conhecidos, o CGRP, liberado apds a ativacdo de nociceptores peptidérgicos
trigeminais, merece destaque. Um dos eventos marcantes promovido pelo CGRP ¢é a
vasodilatagao das artérias meningeas, tanto de roedores quanto de humanos, dado
que mimetiza parte dos eventos neuroquimicos que ocorrem na migranea
(Edvinsson, 2015; Dux et al., 2016). Alguns modelos de ensaios clinicos de
migranea, que fazem uso do CGRP mostraram dilatacdo extracraniana em
individuos saudaveis. O fato da administracdo prévia de BIBN4096BS74, um
antagonista do receptor do CGRP, evitar a dilatagdo, corrobora com o achado
prévio. O exame de angiografia por ressonéancia magnética, indicou a vasodilatagao
da artéria meningea média, sendo a lateralidade da cefaleia correspondente ao lado
da dilatacao (Ashina et al., 2017). Além disso, sabe-se que durante os ataques os
niveis de CGRP estido elevados e amostras sanguineas de pacientes com migranea
indicam que a origem do neuropeptideo € o nervo do trigémeo. Ademais,
substancias como o CGRP e a histamina, que nao atravessam a barreira
hematoencefalica, podem desencadear um ataque em pacientes migranosos, o que
nao ocorre em pacientes saudaveis, sugerindo a sensibilizagdo do sistema
trigeminal na migranea (Andreou & Edvinsson, 2019).

Com base em estudos em animais, foi observado que receptores de
potencial transitério (TRP), mais especificamente TRPA1, TRPV1 e TRPV4, sao
expressos em neurbnios nociceptivos sensoriais que inervam as meninges
(Veldhuis, et al., 2014). Sendo assim, os TRPs também tém sido relacionados a
migranea, especialmente porque de forma complementar, a ativagdo dos TRPs
promove a liberacdo de CGRP de terminagcdes nervosas sensoriais.

Ensaios clinicos com infusdo de nitroglicerina, mostraram dilatacdo das
artérias extra e intracerebrais em paciente saudaveis, com pico de dilatagcdo da
artéria cerebral em 10 a 15 minutos apds o inicio da infusdo, e maior dilatagao
arterial cerebral em pacientes com migranea comparados a pacientes saudaveis.
Ataques migranosos induzidos por nitroglicerina, tém sido associados a reatividade
cerebrovascular do CO2 de forma similar as migraneas espontaneas com aura
(Ashina et al., 2017).
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Em uma revisdo de Ashina et al.,, (2017), os autores concluiram que “a
vasodilatagao parece estar envolvida na indugdo da migranea, mas a migranea pode
ocorrer sem vasodilatacdo, e vasodilatacdo pode também ocorrem sem induzir
migranea”.

(4) Fase Postdrome: essa é a fase menos compreendida da migranea, talvez
por ser a menos estuda, apesar de aproximadamente 80% dos pacientes relatarem
ao menos um sintoma incapacitante apos a fase de cefaleia (Andreou & Edvinsson,
2019). Imagens funcionais revelaram redug&o generalizada do fluxo sanguineo
nessa fase, podendo ser uma explicagdao para os diversos sintomas presentes,
sendo os mais habituais: cansaco, fraqueza, dificuldades cognitivas, sintomas

gastrointestinais e alteragdes de humor (Rainero et al., 2020).

1.2.2 Tratamentos Farmacoldgicos para a Migranea

No tratamento da migranea, os objetivos primarios incluem o alivio das dores
e a redugao da frequéncia dos ataques. Comumente, os protocolos indicam o uso de
analgésicos, de triptanos e de medicagdes profilaticas, como anticonvulsivantes,
antidepressivos, medicamentos cardiovasculares (Daniel & Mauskop, 2016) e mais
recentemente, anticorpos monoclonais anti-CGRP, uma vez que ensaios clinicos
demonstraram sua eficacia e segurangca. Um dos medicamentos desta classe,
Erenumab, foi aprovado em 2018 pela Food and Drug Administration (FDA) como
tratamento preventivo da migranea. Além dos anticorpos, ha novos tratamentos com
antagonistas do receptor CGRP (Schwedt, 2018). Grande parte dos pacientes nao
tém resposta adequada ao tratamento ou ndo cumprem as terapias farmacoldgicas
preventivas (Daniel & Mauskop, 2016).

Segundo as Diretrizes da European Federation of Neurological Societies
(EFNS), recomenda-se alguns tratamentos medicamentosos para o tratamento da
migranea, tais como analgésicos, antieméticos, alcaloides do ergot e triptanos. Os
analgésicos sao as drogas de primeira escolha para os ataques brandos a
moderados. Recomenda-se, a fim de prevenir o uso excessivo de drogas, a restricao
do uso de analgésico isolados por 15 dias e em combinacgao por 10 dias ao més. O
uso de antieméticos € indicado na presenca potencial de nauseas e de émese. As
evidéncias para o uso dos alcaloides do ergot (tartarato de ergotamina e di-
hidroergotamina) s&o limitadas, e deve ser restrita a pacientes com ataques

prolongados ou recorréncia frequente. Os triptanos sado eficazes para uso nos
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ataques de migranea (por no maximo 9 dias em um més), contudo, ndo sao eficazes
na fase de aura (Evers et al., 2009).

Aconselha-se o tratamento profilatico nos casos em que ha prejuizo na
qualidade de vida do paciente; ocorréncia de quatro ou mais ataques por més;
resposta ineficaz aos farmacos de tratamento agudo; e subtipos especificos de
migranea (hemiplégica, com auras frequentes, muito longas ou desconfortaveis; e
pacientes com histérico de infarto migratorio) (Evers et al., 2009; Ha & Gonzalez,
2019); De acordo com os guias da American Headache Society e American
Academy of Neurology, as classes com evidéncias de eficacia para esse tratamento
sdo: betabloqueadores, anticonvulsivantes e antidepressivos (Ha & Gonzalez, 2019)
Como observado, a maioria dos medicamentos empregados no tratamento
preventivo, foram desenvolvidos para outros propédsitos, sendo os anticorpos
monoclonais anti-CGRP desenvolvidos especificamente para a prevencédo da
migranea (Schwedt, 2018). Em sua maioria, o tratamento profilatico pode levar até 6
meses para atingir o efeito maximo, podendo haver melhora entre 6 a 8 semanas. O
tratamento é considerado bem-sucedido quando o paciente apresenta redugcao de
50% dos ataques, reducdo significativa na duragdo dos ataques ou ainda uma
resposta melhor ao tratamento agudo (Ha & Gonzalez, 2019). A tabela 1 resume os

farmacos orais indicados para o tratamento da migranea.

Tabela 1 - Tratamentos farmacoldgicos empregados na migranea

CLASSE SUBSTANCIA

Acido  acetilsalicilico (ASS), ibuprofeno,

Anti-inflamatoérios nao esteroidais . . . .
diclofenaco, acido tolfenamico

Analgésicos Paracetamol, dipirona, fenazona
Sumatriptano, Zolmitriptano, Naratriptano,
Triptanos Rizatriptano, Eletriptano, Almotriptano,
Frovatriptano

Metoprolol, Propranolol, Timolol, Nadolol,

Anti-hipertensivos L. . .
P Atenolol, candesartana, linisopril, verapamil

Antidepressivos Amitriptilina, venlafaxina
Anticonvulsivante Valproato, gabapentina, topiramato
Toxina botulinica OnabotulinumtoxinA (Botox®)
Anticorpo Monoclonal CGRP Erenumab

Terapia Complementar* Petasites hybridus (rizomas)

*recomendagdo como terapia complementar por ser classificado como suplemento alimentar
(nutracéutico) nos Estados Unidos da América
Fonte: Evers et al. (2009); Schwedt (2018); Ha & Gonzalez (2019)
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E importante mencionar que existem evidéncias clinicas favoraveis a
profilaxia da migranea com o uso de extrato das partes subterraneas (raizes e
rizomas) de Petasites hybridus (butterbur), sendo inclusive recomendado como
tratamento de primeira linha por alguns especialistas, como consta no relatorio do
subcomité de padrdes de qualidade da American Academy of Neurology e American
Headache Society, que classifica as evidéncias de butterbur como nivel A (Holland

et al., 2012) e também no artigo elaborado por Ha & Gonzalez (2019).

1.3 PLANTA MEDICINAL: Petasites hybridus

A espécie Petasites hybridus (L.) P. Gaertn., B. Mey. & Scherb, conhecida
popularmente como butterbur, € uma planta herbacea perene, pertencente a familia
Asteraceae, nativa da Europa, partes da Asia e América do Norte, que floresce em
solo umido e pantanoso (Danesch & Rittinghausen, 2003; Diener, Rahlfs & Danesch,
2004; Benemei et al., 2017). A planta possui rizoma horizontal rastejante, flores lilas
e folhas felpudas largas que podem atingir quase um metro de diametro. A
caracteristica do tamanho das folhas deu origem ao seu nome botéanico. Petasites é
uma palavra derivada do grego “petasos” que faz alusao a chapéu de abas largas. O
nome comum butterbur, também rememora as caracteristicas das folhas, pois eram
usadas para embrulhar manteiga em dias quentes. Outros nomes comuns, menos
usuais, podem ser utilizados para referenciar Petasites hybridus: pestwurz (em

alemao), blatterdock, bog rhubarb (ruibarbo do pantano), butter-dock (Sutherland &

Sweet, 2010), exwort, flapperdock, langwort, Petasites e umbrela plant (planta
guarda-chuva) (Utterback et al., 2014).

Figura 2 — Da esquerda para a direita: folhas, flores e partes subterraneas da espécie Petasites
hybridus. Fonte:Haratym & Weryszko-Chmielewska, (2012); Soleimani et al., (2015); Rajapakse &
Davenport, (2019).
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O Petasites hybridus tem sido utilizado, por centenas de anos, para fins
medicinais variados. Aparentemente, o médico, farmacologista e botanico grego
Dioscorides foi o primeiro a descrever o uso medicinal em 65 a.C. Relatos da idade
média descrevem seu uso para o tratamento de febre e da peste bubdnica. No
século 17, foi empregado por via oral para o tratamento da tosse e da asma e
topicamente para o tratamento de lesdes cutaneas. Publicagbes posteriores
reportam o uso terapéutico em doengas pulmonares, espasmos do trato urogenital e
disturbios gastrointestinais. Depois que Karl Bucher demostrou a atividade
antiespasmaodica de um extrato de Petasites hybridus em cobaias, em 1951, o uso
da planta passou a ser ainda mais difundido. Atualmente os extratos sao utilizados,
principalmente, para a profilaxia da migranea, rinite alérgica e asma (Sutherland &
Sweet, 2010).

Estudos néo clinicos demonstraram a atividade anti-inflamatéria do Petasites
hybridus. Modelos in vitro revelaram que extratos etandlicos da raiz e das folhas
inibiram a producao de leucotrienos, com eficacia semelhante ao inibidor oralmente
ativo da lipoxigenase (zileuton), utilizado no tratamento da asma (Thomet et al.,
2001). Foi também evidenciado a redugao da ativacdo de mastdcitos, resultando,
consequentemente, na diminuicdo de leucotrienos e de histamina, promovida pela
petasina e seus analogos. A inibicdo da ciclo-oxigenase 2 (COX-2) foi observada
com extrato de rizomas de Petasites hybridus, independente do conteudo de
petasina, indicando possivel presenga de outro(s) constituinte(s) potencialmente
ativo(s) (Fiebich et al., 2005) .

Em um ensaio in vitro, foi observado que o extrato metandlico isolado das
folhas de Petasites hybridus inibiu a atividade da fosfolipase A2a em plaquetas
isoladas de suinos. Os autores sugeriram que este mecanismo de agao pode ser
benéfico em condigdes dolorosas e inflamatérias, como no caso da artrite (Arnold et
al., 2015).

Recentemente, Mihajilov-Krstev et al. (2020) investigaram os efeitos de
Oleos essenciais das folhas e dos rizomas de Petasites hybridus subsp. ochroleucus,
planta nativa da peninsula balcanica. Os autores observaram que ambos
apresentaram efeito antioxidante (DPPH) e atividade anticolinesterasica (plasma
humano) em ensaios in vitro. Além disso, o 6leo essencial do rizoma, aplicado

topicamente nas concentragdes de 10 e 20%, foi mais potente que o das folhas em
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reduzir o edema de pata induzido pela carragenina em ratos (Mihajilov-Krstev et al.,
2020).

Além do extrato de Petasites hybridus, os compostos isolados petasina,
neopetasina, isopetasina, S-petasina, e iso-S-petasina foram capazes de bloquear
canais de calcio do tipo Cav2.1 in vitro. Os autores atribuiram que este efeito
farmacolégico foi mediado pela combinagao de isoformas das petasinas. O bloqueio
de canais de calcio voltagem-dependentes pré-sinapticos e consequente diminuigdo
da liberacdo de neurotransmissores € uma das hipoteses para explicar a redugao da
migranea do extrato de Petasites hybridus (Horak et al., 2009).

Empregando metodologias in vitro e in vivo, Benemei e colaboradores (2017)
adicionaram um novo e importante mecanismo de acdo para explicar o efeito
antimigranoso do Petasites hybridus. Sabe-se que os neurdnios sensoriais primarios
que expressam o TRPA1 estdo envolvidos na sinalizagdo do estimulo doloroso ao
cérebro, bem como liberagdo neuropeptidios (SP e CGRP) que medeiam a
inflamagéo neurogénica vascular. Utilizando isopetasina comercial, os autores
observaram que a contragdo da musculatura lisa da bexiga, o comportamento
nociceptivo de rubbing facial e o aumento do fluxo sanguineo da dura-mater
estimulados com agonistas TRPA1 (acroleina ou alil isotiocianato) foram
significativamente reduzidos. Os autores sugeriram que o sesquiterpeno isopetasina,
isbmero conjugado da petasina, atua como um agonista parcial dos receptores
TRPA1, promovendo a dessensibilizacdo e consequente reducdo da liberacido do
CGRP, considerado o principal mediador da migranea (Benemei et al., 2017).

A atividade farmacologica dos extratos de Petasites hybridus tem sido
atribuida aos sesquiterpenos (terpenos com 15 carbonos) presentes nas folhas e
nas partes subterraneas do butterbur (Sutherland & Sweet, 2010), em especial as

petasinas (petasina e seus isbmeros isopetasina e neopetasina).
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Figura 3 - Sesquiterpenos e respectivos metabdlitos da espécie Petasites hybridus. (1) petasina; (2)
isopetasina e (3) neopetasina, sendo (1) e (2) comumente selecionadas como marcadores analiticos
e seus principais metabdlitos: (4) petasol, (5) isopetasol e (6) neopetasol. Fonte: Disch et al., (2018).

Além disso, foram encontrados outros constituintes em menor proporgao,
como Oleos volateis, flavonoides (isoquercetina, astragalina e quercetina),
mucilagem, taninos e alcaloides pirrolizidinicos (Disch et al., 2018).

Evidéncias clinicas favoraveis a profilaxia da migranea tém sido obtidas com
0 uso de preparagdes equivalentes a, no minimo, 15% de petasinas (Grossmann &
Schmidramsl, 2001; Lipton et al., 2004; Pothmann & Danesch, 2005; Sangermani &
Boncimino, 2017). A petasina e a isopetasina, entre os muitos compostos contidos
no P. hybridus, sdo apontadas como principais responsaveis pelo acdo do extrato
(Benemei et al., 2017).

Em um estudo randomizado, duplo cego, controlado por placebo, 60
pacientes, homens e mulheres, de 18 a 60 anos, receberam uma dose diaria de 100
mg de extrato das partes subterraneas (rizomas e raizes) de Petasites hybridus
(Petadolex®, Weber & Weber) ou placebo, por 12 semanas. No grupo tratado, houve
reducdo estatisticamente significativa na frequéncia média mensal dos ataques de
migranea e na taxa de resposta (melhoria na frequéncia da migranea) quando
comparado com placebo, indicando a eficacia do butterbur na profilaxia da migranea
(Diener, Rahlfs & Danesch, 2004)

De acordo com o levantamento de Ha & Gonzalez (2019), o extrato de
Petasites hybridus, € efetivo para o tratamento da profilaxia da migranea, nas doses
diarias de 100 a 150 mg (50 a 75 mg, duas vezes ao dia).

O artigo intitulado “Petasites hybridus root (butterbur) is an effective
preventive treatment for migraine” descreve ensaio randomizado, duplo-cego,
comparando 2 doses de extrato das partes subterraneas de Petasites hybridus, com

minimo de 15% de petasinas, e placebo. Ao todo, foram recrutados 245 pacientes
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com migranea, com idade entre 18 e 65 anos. Os grupos tratados receberam
capsulas de 50 e 75 mg de extrato, duas vezes ao dia, ou seja, tratamento diario
com 100 e 150 mg, durante 4 meses. A dose de 150 mg ao dia mostrou-se mais
efetiva na reducdo da frequéncia de ataques quando comparado com o grupo
placebo, dando suporte para a eficacia do extrato (Lipton et al., 2004). Apesar de
nao ter sido observada diferenca significativa entre os grupos tratados com 100
mg/dia e placebo, os autores destacaram que um estudo prévio contradiz estes
achados (Grossmann & Schmidramsl, 2001; Diener, Rahlfs & Danesch, 2004; Lipton
et al., 2004)

Em outro ensaio clinico realizado com 108 criangas e adolescentes, de 6 a
17 anos, empregando doses diarias entre 50 a 150 mg de extrato de rizomas de
Petasites hybridus (Petadolex®), sendo a dosagem diaria definida conforme a idade,
foi reforcada a eficacia do tratamento profilatico com o extrato na reducdo da
migranea em criancas e adolescentes (Pothmann & Danesch, 2005).

Existem varios estudos indicando o potencial de extratos de Petasites
hybridus para o tratamento da migranea e de doengas como a asma, contudo, até o
momento poucos sao os estudos explorando outros efeitos da planta.

O conjunto dos efeitos biolégicos apresentados por diferentes estudos
empregando extratos de Petasites hybridus ainda nao permitem sugerir um possivel
efeito na dor inflamatéria, visto que até o momento, somente estudos in vitro ou

avaliando o efeito in vivo na inibigado de leucotrienos foram avaliados.

1.3.1 Toxicidade Relacionada aos Alcaloides Pirrolizidinicos

O Petasites hybridus é conhecida por conter um grupo de constituintes, os
alcaloides pirrolizidinicos, que possuem propriedades hepatotdxicas. No mercado
estadunidense, o butterbur € comercializado também como suplemento alimentar,
cujo processo de registro, frente a Food and Drug Administration (FDA), € menos
rigoroso, ocasionando possibilidade de circulagcdo de produtos com quantidades
desconhecidas de alcaloides pirrolizidinicos (Danesch & Rittinghausen, 2003).

A presenga de alcaloides pirrolizidinicos em extratos ndo processados de
butterbur, especialmente senecionina e integerimina, € um ponto de preocupagao
em relagcdo a sua seguranca. Em humanos foi demonstrado potencial hepatotdxico
desses alcaloides e em animais foi evidenciado atividade carcinogénica.

Comercialmente, com destaque para o Petadolex®, existem apresentagbes com
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preparagao especial do extrato com remogao dos alcaloides pirrolizidinicos a niveis
inferiores de 0,08 ppm (Danesch & Rittinghausen, 2003; Sutherland & Sweet, 2010).
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Figura 4 - Alcaloides pirrolizidinicos senecionina e integerimina. Fonte: (Wildi et al., 1998).
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Danesch & Rittinghausen (2003) avaliaram os resultados de estudos nao
clinicos (toxicidade aguda, subcronica, crénica e mutagenicidade), de estudos
clinicos, de estudos de vigilancia pds-comercializagao e de farmacovigilancia, do
extrato especial do rizoma de Petasites hybridus, padronizado em, no minimo, 15%
de petasinas, com teor abaixo de 0,08 ppm de alcaloides pirrolizidinicos. Os autores
concluiram que o extrato € seguro para o tratamento em humanos. No entanto,
assim como qualquer tratamento farmacoldgico, os pacientes dos estudos clinicos
reportaram a presenga de eventos adversos, sendo portanto, passiveis de
observacao durante o uso com Petasites. Os eventos adversos relatados com maior
frequéncia foram disturbios gastrointestinais, dentre eles eructagdo, gosto amargo,
nauseas e dor abdominal. Também foram reportadas reacdes de hipersensibilidade,
dor de cabeca e leve elevagao transitoria de enzimas hepaticas, essa sem
significancia clinica. Os eventos reportados foram todos leves e autolimitados
(Grossmann & Schmidramsl, 2001; Lipton et al., 2004; Pothmann & Danesch, 2005).

2 JUSTIFICATIVA DO TRABALHO

No Brasil, a Politica Nacional de Plantas Medicinais e Fitoterapicos foi criada
em 2006 pelo Decreto 5.813. O objetivo do Programa é “garantir a populagéo
brasileira 0 acesso seguro e o uso racional de plantas medicinais e fitoterapicos,
promovendo o uso sustentavel da biodiversidade, o desenvolvimento da cadeia
produtiva e da industria nacional”. Uma das propostas do Programa Nacional de
Plantas Medicinais e Fitoterapicos, que detalha as ag¢des da Politica, por meio da

Portaria Interministerial n°® 2.960/2008, € a inser¢cao de fitoterapicos seguros,
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eficazes e de qualidade como opgdes de terapia a populacgao brasileira (Brasil, 2006;
Brasil, 2008).

Além disso, o tratamento profilatico da migrédnea n&o é administrado na
maior parte dos pacientes que se enquadram nos critérios para o referido tratamento
(Kumar & Kadian, 2020). Desta forma, o uso do extrato de Petasites hybridus,
poderia representar uma alternativa fitoterapica ao tratamento antimigranoso em
consonancia com a Politica Nacional de Plantas Medicinais e Fitoterapicos. Para tal,
a compreensado dos efeitos do extrato em questdo, ainda ndo completamente
elucidado, torna-se relevante para abarcar pacientes que nao respondem as terapias

classicas, denotando a relevancia do trabalho realizado.

3 OBJETIVOS
3.1 OBJETIVO GERAL

Avaliar o efeito do extrato dos rizomas de Petasites hybridus (PHE)
administrado por via oral em modelos utilizando substancias indutoras de migrénea
aplicadas na regido periorbital e em modelos de nocicepgdo inflamatoria em

camundongos, explorando os possiveis mecanismos de agao envolvidos.

3.2 OBJETIVOS ESPECIFICOS (ARTIGO CIENTIFICO)

1. Avaliar o efeito do pré-tratamento oral com PHE na nocicepgéao (rubbing) e na
alodinia mecanica induzidas pela administracdo periorbital, ou Vvia
intraperitoneal no caso da nitroglicerina, dos seguintes mediadores:

i. Histamina

ii. Prostaglandina E2
iii. Capsaicina

iv. GSK 1016790A
v. Nitroglicerina

vi. Cinamaldeido
vii. CGRP

2. Avaliar o efeito promovido pelo pré-tratamento oral com PHE no teste de
formalina orofacial,

3. Avaliar o efeito promovido pelo pré-tratamento oral com PHE no modelo de
nocicepgao visceral induzida pelo acido acético, avaliando as contorgdes

abdominais, o extravasamento plasmatico e a infiltracao de leucdcitos;
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4. Avaliar o efeito promovido pelo pré-tratamento oral com PHE na hiperalgesia
mecanica e no edema de pata induzidos pela administragdo intraplantar de
carragenina;

5. Avaliar a toxicidade aguda ap6s a administracdo oral com PHE durante 14

dias.

4 MATERIAIS
4.1 ANIMAIS

Os experimentos foram conduzidos com camundongos Swiss machos (25-35
g) provenientes do Biotério do Setor de Ciéncias Bioldgicas da Universidade Federal
do Parana. Uma vez retirados do biotério, os animais foram mantidos em salas de
aclimatacdo do Laboratério de Farmacologia do Trato Gastrointestinal e Dor, no
Departamento de Farmacologia da Universidade Federal do Parana, em temperatura
(22 £ 2 °C) e umidade controlada (60-80%), ciclo claro/escuro de 12 h, com livre
acesso a ragao e a agua. Ressalta-se que os animais foram utilizados somente uma
vez em cada experimento.

As atividades envolvendo animais do presente estudo, foram realizadas em
conformidade com as orientagbes para os cuidados com animais de laboratério
(National Research Council, 2011) e consideragdes éticas com os protocolos
experimentais aprovados pela Comissdo de Etica para o Uso de Animais da
Universidade Federal do Parana (Certificado CEUA-BIO — UFPR n° 1299).

4.2 MATERIAL BOTANICO: EXTRATO DE Petasites hybridus

O extrato das partes subterraneas de Petasites hybridus foi utilizado para os
ensaios. Trata-se de um extrato lipofilico, extraido com solvente supercritico diéxido
de carbono empregado para eliminar os alcaloides pirrolizidinicos, padronizado em,
no minimo, 15% de petasinas (petasina e isopetasina). Conforme previamente
mencionado, o extrato passa por um processo de remocado de alcaloides
pirrolizidinicos, chegando a niveis inferiores de 0,01 ppm, sendo este o limite de
detecgcdo, podendo desta forma, ser considerado “PA free” (Anderson & Borlak,
2019). O material foi fornecido através de parceria com a industria farmacéutica

Herbarium Laboratério Botanico Ltda, situada em Colombo-Parana.
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4.2.1 Justificativa da Dose Utilizada
Para extrapolacdo da dose em animais, foram utilizadas referéncias de

estudos clinicos do extrato das partes subterrdneas de Petasites hybridus,
padronizado em, no minimo, 15% de petasinas (isopetasina e petasina), conforme
elucidado no item 1.2 MATERIAL BOTANICO: Petasites hybridus. Em suma, a
posologia indicada na prevencao da migranea nos ensaios clinicos € de 50 a 75 mg,
duas vezes ao dia. Para o uso pediatrico, recomenda-se a dose inicial de 50 mg por
dia, devendo a dose ser adequada conforme a idade. Desta forma, a dose diaria
estaria entre 50 a 150 mg (Grossmann & Schmidramsl, 2001; Lipton et al., 2004;
Pothmann & Danesch, 2005).

Para conversdo das doses usadas em humanos para camundongos, utilizou-
se a abordagem de escala alométrica de acordo com Nair & Jacob (2016),
considerando a dose média de 100 mg/dia e o peso médio de um adulto pesando 60
kg. Assim, a dose diaria por quilo seria de 1,67 mg.

A escala alométrica baseia-se na area da superficie corporal, considerando que
ha caracteristicas anatbmicas, fisiolégicas e bioquimicas especificas em cada
espécie. Assim, a escala fornece uma abordagem empirica para transacao de doses
de animais para humanos, e vice-versa, considerando as possiveis diferengas
farmacocinéticas associadas a especificidade das espécies (Nair & Jacob, 2016). A
referida escala orienta que a dose em humanos (1,67 mg/kg/dia) seja multiplicada
por 12,3, obtendo-se assim uma dose de aproximadamente 20 mg/kg. Com base
nesta dose, as doses foram extrapoladas para menos e para mais. Portanto, as

doses utilizadas neste estudo em camundongos foram de 10, 20 e 40 mg/kg.
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Graphical abstract
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Abstract

Petasites hybridus (“butterbur”), has been used to treat headache, cough, asthma,
skin wounds and for migraine prophylaxis. The hypotheses to explain the anti-
migraine effect remains unclear. Thus, nociceptive facial responses induced by
histamine, PGE2, TRPV1 (capsaicin), TRPV4 (GSK 1016790A) and TRPA1
(cinnamaldehyde) agonists, nitroglycerin and CGRP, and orofacial formalin model,
acetic acid-induced writhing test, and intraplantar carrageenan-induced inflammation
were used to investigate the antinociceptive effects of Petasites hybridus rizhome
extract (PHE, ™~ 15% of petasines). The oral pretreatment with PHE 20 and 40 mg/kg
prevented only cinnalmaldehyde-induced nociception. However, periorbital
mechanical allodynia (PMA) induced by migraine provoking agents such as
histamine, GSK 1016790A, nitroglycerin, cinnamaldehyde and CGRP were
significantly prevented by PHE. Moreover, PHE at 10, 20 and 40 mg/kg reduced the
face rubbing behavior in both neurogenic and inflammatory phases of formalin test,
decreased the abdominal constrictions, plasmatic extravasation and total leukocytes
migration in the acetic acid model, and also inhibited carrageenan-induced
mechanical allodynia and paw edema. The 14-day repeated-dose oral toxicity study
with PHE (50, 300 and 2000 mg/kg) reveals unremarkable findings related to body
weight, mortality, organ weight and serum biochemistry, except for a slight increase
of liver weight and alkaline phosphatase and urea levels. The reduction of PMA
promoted by PHE reinforce the anti-migraine action of butterbur mainly through the
modulation of nitric oxide, TRPA1 and CGRP signaling. Furthermore, our data also
demonstrated that PHE display peripheral antinociceptive and anti-inflammatory
effects in acute mice models, adding new evidence and mechanisms for use of

Petasites hybridus in pain management.

Keywords: Petasites hybridus; butterbur; migraine; nociception, inflammation;
CGRP.
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1 introduction

According to the International Classification of Headache Disorders, 3rd
edition (ICHD-3), migraine is considering a disabling neurological disorder, feature by
unilateral intense headache associated with other unpleasant symptoms, such as
nausea, vomiting, photophobia, phonophobia, allodynia and pain on movement,
among others (Olesen, 2018; Andreou and Edvinsson, 2019). The Global Burden of
Diseases, Injuries, and Risk Factors Study 2016 pointed out that migraine and other
headache disorders are in the midst of the most prevalent disorders worldwide.
Migraine is the sixth most prevalent disease/injury and one of the main causes of
disability. It is estimated that 1.04 billion individuals have migraine, being a public
health problem in both sexes and all ages (Stovner et al., 2018).

The exact mechanism involving a migraine attack is unclear. It is well
established the involvement of nociceptive transmission of trigeminovascular system.
When the nociceptive transmission achieves trigeminovascular neurons in the
thalamus and, successively, in the somatosensory cortex and other cortical areas,
results in the pain perception. Furthermore, the activation of trigeminovascular
system results in antridomic release of vasoactive signaling molecules, with
emphasis on calcitonin gene-related peptide (CGRP) (Ashina, 2020), a strong
vasodilator found in sensory nerve endings around cranial blood vessels (Olesen and
Ashina, 2019). These brain areas control autonomic, affective, cognitive, and
sensorial functions, that together could explain the complexity of the symptoms
associated with migraine (Ashina, 2020).

The American Headache Society (AHS) propose different pharmacological
protocols for acute and prophylactic migraine treatment. The acute treatment
includes ergot alkaloids, triptans (5-HT1s/1p receptor agonists), gepants (CGRP
receptor antagonists)), CGRP monoclonal antibodies, ditans (5-HT1 receptor
agonists), and nonsteroidal anti-inflammatory drugs (NSAIDs). For preventive
treatment, the first-line medications options include anticonvulsants, antidepressants,
beta blockers, onabotulinumtoxinA and CGRP antibodies and/or receptor antagonists
(American Headache Society, 2019). Among several purposes, the pharmacological
migraine preventive therapy aims reduce migraine frequency, severity, duration, and
disability, improving quality of life of life of patients and preventing the chronic
migraine progression (American Headache Society, 2019). Despite the recent Food

and Drug Administration approval of agents targeting CGRP, most prophylactic
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treatments present limited long-term effectiveness and adverse effects, explaining
why few patients with migraine ("13%) take preventive treatments. Thus, it is
remarkable that medicinal plants, such as Petasites hybridus could be considered a
valuable natural option for the development of a complementary and effective
migraine preventive treatment (Ha and Gonzalez, 2019).

Petasites hybridus is a perennial shrub, member of Asteraceae family, that is
found throughout Europe and in parts of North America and Asia, usually in wet sites.
Commonly known as butterbur, it has been used for several medicinal purposes,
including headache and migraines, fever, bronchitis, asthma, allergic rhinitis, skin
wounds, dysmenorrhea, gastrointestinal diseases, among others (Sutherland and
Sweet, 2010). The plant rhizome extract is commercially available and marketed in
the United States as a dietary supplement due to the clinical interest in the
prophylactic migraine treatment as well as to the allergic rhinitis and asthma.
Petasites hybridus rhizome extract effects are strongly related to the presence of
sesquiterpenes petasin and isopetasin, defined as the mainly active compounds
(U.S. Departament of Health and Human Services, 2009).

Several studies demonstrated that Petasites hybridus rhizome extract, or
isolated petasin and isopetasin are able to inhibit cytosolic phospholipase AZ2aq,
leukotrienes and PGE2 synthesis in vitro and reduced the leukotriene and histamine
levels in nasal fluids of patients with allergic rhinitis, indicating their anti-inflammatory
effects (Thomet et al., 2001; Thomet and Simon, 2002; Fiebich et al., 2005; Arnold et
al., 2015). Regarding the anti-migraine effect, Petasites hybridus rhizome extract
(containing at least 15% of petasins) or isopetasin have been considered responsible
for the beneficial effect on migraine prevention in clinical studies (Grossmann and
Schmidramsl, 2001; Lipton et al., 2004; Pothmann and Danesch, 2005).
Nevertheless, there are few studies explaining by which mechanisms of action the
anti-migraine effect is achieved. Petasites hybridus extract blocked voltage-gated
calcium channels (Cav2.1) in vitro, inhibiting neurotransmitter release and
trigeminovascular signaling (Horak et al., 2009), whereas isopetasine seems to act
as an agonist of TRPA1 cation channel, promoting desensitization of peptidergic
trigeminal nociceptors, reducing the release of CGRP and painful signaling (Benemei
et al., 2017). Thus, the present study sought to investigate the effects of oral
administration of Petasites hybridus rhizome extract standardized with minimum of

15% petasins in nociceptive facial responses induced by migraine-provoking



39

substances and in acute pain models in mice, to better understand the mechanisms

of action behind the analgesic effects of the Petasites hybridus.

2 Experimental procedure
2.1 Drugs and reagents

The following reagents were used: capsaicin, cinnamaldehyde, Evan’s Blue
dye, GSK 1016790A, histamine, ketotifen, L-NAME and PGE:2 were obtained from
Sigma-Aldrich (St Louis, MO, USA). CGRP and olcegepant were from Tocris
Bioscience (Bristol, UK) and all other chemicals used were of analytical grade, and

obtained from standard commercial suppliers.

2.2 Animals

Experiments were conducted using male Swiss mice (25-35 g), housed at 22
t+ 2 °C under a 12/12 h light/dark cycle and with free access to food and water. All
experiments were performed after approval of the respective protocols by the
Committee of Animal Experimentation of Federal University of Parana (CARE/BIO -
UFPR, protocol 1299/19) and were carried out in strict compliance with the ethical
guidelines for investigations of experimental pain in conscious animals (National
Research Council, 2011). The animals were divided into groups of 5-8 mice. Each

mouse was used only once in the experiment.

2.3 Petasites hybridus rhizome extract and dose conversion between humans and
mice

The Petasites hybridus rhizome extract (PHE), extracted in a special way with
supercritical CO2 as solvent, was obtained through a partnership with Herbarium, a
national pharmaceutical industry, located in Colombo, Parana, Brazil. The extract
contains a minimum of 15% petasins and toxic pyrrolizidine alkaloids were removed
by the extraction method adopted by the extract manufacturer. Based on clinical trials
(Lipton et al., 2004; Pothmann and Danesch, 2005; Sutherland and Sweet, 2010; Ha
and Gonzalez, 2019), the average dosage used for migraine prevention treatment is
100 mg/day, extrapolated to the ingestion of 1.67/mg/kg/day for adults with a mean
weight of 60 kg. Then, based on allometric scaling approach, the normalization of
human dose (1.67/mg/kg/day) was performed according to body surface area,
providing the equivalent dose of 20 mg/kg for mice. From this dose, were
extrapolated the doses of 10 and 40 mg/kg/mice (Nair and Jacob, 2016).
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2.4 Facial nociceptive responses and periorbital mechanical allodynia

Measurements of behaviors associated to periorbital nociception and
periorbital mechanical allodynia (PMA) were carried out as described by De Logu et
al., (2019). Briefly, mice were injected subcutaneously in the periorbital area (p.orb.,
10 uL/site) with the following algogenic substances: histamine (1.5 nmol/10 pL),
PGE2 (1.5 nmol/10 pL), capsaicin (1 nmol/10 pL), GSK 1016790A (15 nmol/10 pL),
nitroglycerin (10 mg/kg, intraperitoneal route - exceptionally), cinnamaldehyde (100
nmol/10 pL) and CGRP (1.5 nmol/10 uL). The subcutaneous injection was performed
unilaterally on the right side of the periorbital area. Then, groups of animals were
treated with PHE (20 and 40 mg/kg, p.0.), vehicle (0.2%; Tween 20, 0.01% alcohol in
water, 10 mL/kg, p.o.) or with the respective drugs: ketotifen (H1 receptor antagonist
and mast cell stabilizer, 5 mg/kg, i.p.); capsazepine (TRPV1 antagonist channel, 10
nmol/10 ul, p.orb.); HC 067047 (TRPV4 antagonist channel, 100 nmol/10 uL, p.orb.);
L-NAME (NO synthase inhibitor, 40 mg/kg, i.p.); HC 030031 (TRPA1 antagonist, 100
mg/kg, i.p.) and olcegepant (CGRP antagonist 4 nmol/10 pL, p.orb.). The oral
pretreatments were performed 60 min before the subcutaneous mediators injection,
while the intraperitoneal and local (p.orb.) pretreatments were given 30 min previous
the mediators injection. A Naive group was also used as control.

Following the injection of migraine-provoking agents, animals were placed into
inverted glass funnels and the time that each animal spent rubbing the injected area
with the forepaws was measured using a stopwatch during 10 min, and was
considered as time of nociception (in seconds, s).

For PMA measurements, mice were allocated in an apparatus (3H x 3W x 9L
cm) designed for the evaluation of periorbital mechanical thresholds. The apparatus
consists in a box with two openings, one for the head and other for the tail, allowing
the operator to achieve the periorbital area of mice. The box enables forepaw mouse
movements but prevents turning around inside. The allodynia response was
measured by mechanical threshold with von Frey filaments (0.02, 0.04, 0.07, 0.16,
0.4, 1.0 and 1.4 g) using the up-down paradigm as previously described (Chaplan et
al., 1994), registered at basal (0) and at 1, 2, 4 and 6 h following the above
mentioned mediators injection. Previously to the PMA measurements, adaptation
inside the chamber was performed. During von Frey's filament applications, were

considered positive responses the following behaviors: when mouse vigorously
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stroked its face with the forepaw, head withdrawal from the stimulus, or head

shaking.

2.5 Peripheral inflammatory pain models
2.5.1 Nociception induced by orofacial formalin

First, the animals were orally treated with vehicle (Tween 20 0.2%; alcohol
0.01% in water, 10 mL/kg), PHE (10, 20 and 40 mg/kg) or intraperitoneally with
diclofenac (10 mg/kg, i.p.). Then, 20 pl of a 2.5% formalin was injected into the right
upper lip in on each animal (for the groups vehicle and PHE, the injection was done
60 min after the oral treatment, and for the diclofenac group, 30 min after the
intraperitoneal treatment). Animals were placed into an inverted glass funnel and the
time that each animal spent rubbing the injected area with the forepaws was
recorded, in seconds (s), with a chronometer for both the early neurogenic phase (0—
5 min) and late inflammatory phase (15—40 min), and was considered as time of

nociception (Nomura et al., 2013).

2.5.2 Abdominal constriction, peritoneal capillary permeability and leukocyte
infiltration induced by acetic acid

For peritoneal capillary permeability measurement, mice were intravenously
pretreated, one day before the experiment, with 2.5% Evans blue dye solution (10
mL/kg). The animals are divided into groups and orally treated with vehicle (Tween
20 0.2%; alcohol 0.01% in water, 10 mL/kg) or PHE (10, 20 and 40 mg/kg). After 60
min, the animals were intraperitoneally treated with 0.6% acetic acid solution (0.45
mL/mouse) and positioned in inverted glass funnel for abdominal constrictions
observation, that were counted cumulatively over a period of 30 min. Then, mice
were euthanized and their peritoneal cavity washed with 1 mL of cold sterile saline
plus heparin (25 IU/mL). A Neubauer chamber was used for performed the total
leukocyte cell counts. The peritoneal capillary permeability was expressed in terms of
dye (ug/ml), which leaked into the peritoneal cavity according to the standard curve
of Evans blue dye (620 nm) (Rodrigues et al., 2012).

2.5.3 Carrageenan-induced mechanical allodynia and paw edema

Sixty minutes before the 20 uL of carrageenan injection subcutaneously in the
right paw (300 pg/paw), mice were treated with vehicle (V, Tween 20 0.2%; alcohol
0.01% in water, 10 mL/kg, p.o.) or PHE (20 and 40 mg/kg, p.o.). Another animal
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group was treated with dexamethasone (1 mg/kg, i.p.), 30 min prior to the
carrageenan paw injection (Dallazen et al., 2020). The allodynia response was
measured by mechanical threshold with von Frey filaments using the up-down
paradigm as previously described (Chaplan et al., 1994), registered at basal (0) and
at 1, 2, 3 and 4 h later carrageenan paw injection. The paw edema was measured
using a digital micrometer (Digimess, Sao Paulo, SP, BR) at the same times used to
measure the mechanical threshold (0, 1, 2, 3 and 4 h) (Carlotto et al., 2016). Naive
mice were employed as control. The percentage antiallodynic and anti-edematogenic
effect were calculated at each time point, using the following equation (Dallazen et
al., 2020):

100 x (N — PHE gmup}}
N-V

Y Antiallodynic or Anti — edematogenic effect = 100 — {

2.6 Fourteen-day repeated-dose toxicity study
Acute oral toxicity was carried out based on OECD (2002), with some
modifications. Briefly, for the 14-day repeat-dose toxicity study, mice were randomly
distributed into 4 groups: vehicle control group vehicle (2% Tween 20; 2% alcohol in
water, 10 mL/kg); PHE 50 mg/kg group, PHE 300 mg/kg group and PHE 2000 mg/kg
group. Animals were orally treated, weighed and observed for clinical signs daily for
14 days. On the 14" day, the animals were euthanized and blood samples were
obtained from the abdominal aorta for biochemical analysis of liver (alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP)) and kidney (creatinine and urea) functions at UFPR Veterinary Hospital. The
parameters were analyzed by an automated system (Mindray BS-200) according to
the kit manufacturer’s instructions (Labtest Diagnostica, Brazil). Organs including
adrenal glands, spleen, heart, testicle, kidney and liver were removed, weighed, and
examined macroscopically. Relative organ weights (%) were calculated using the

following formula: (organ weight/body weight) x 100%.

2.7 Statistical analysis

All data were expressed as mean * standard error of the mean (S.E.M).
Statistical analysis were performed using one-way ANOVA for single factor
experiments and two-way ANOVA for behavioral experiments with repeated
measures. In both cases, Bonferroni's multi-comparison post hoc test was employed

criterion to maintain the experiment-wise error rate at 5%. P values less than 0.05
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were considered as indicative of significance. All analyzes were performed using the
GraphPad Prism® version 6.0 (GraphPad Software, San Diego, USA).

3 Results
3.1 Acute facial nociceptive test and periorbital mechanical allodynia

Only local (p. orb., 10 pL) administration of PGE:2 (Fig. 1C), capsaicin (Fig. 2A)
and cinnamaldehyde (Fig. 4A) were able to produce measurable rubbing nociceptive
responses. Oral treatment with PHE (20 and 40 mg/kg) prevented only
cinnalmaldehyde-induced ongoing nociception (Fig. 4A), when compared to the
vehicle group (V: 22 £ 2 s).

When compared to the vehicle group, oral treatment with PHE (20 and 40
mg/kg), given 60 min previously the periorbital application, prevented the
development of PMA induced by histamine (1.5 nmol/10 pl, p. orb.) (Fig. 1B), where
the highest PHE dose showed similar behavior than pretreatment with the histamine
H1 receptor antagonist (ketotifen 5 mg/kg, i.p.). However, the same PHE doses were
unable to prevent the PMA induced by PGE2 (1.5 nmol/10 pl, p. orb.) (Fig. 1D).

In the same way, the PHE doses were unable to prevent the PMA induced by
capsaicin (1 nmol/10 pl, p.orb.) (Fig. 2B), but was able to prevent the development of
PMA induced by GSK 1016790A (15 nmol/10 pl, p. orb.) (Fig.2D).

The PMA prevention could be observed when induced by nitroglycerin (10
mg/kg, i.p.) (Fig. 3), in which PHE 40 mg/kg present similar behavior than nitric oxide
synthase inhibitor (L-NAME 40 mg/kg, p.o.) (Fig. 3).

Oral treatment with PHE (20 and 40 mg/kg) prevented the development of
PMA induced by cinnamaldehyde (100 nmol/10 pl, p. orb.) (Fig. 4B) and CGRP (1.5
nmol/10 uL, p. orb.) (Fig. 4D). In both cases, the PHE highest dose (40 mg/kg)
showed similar behavior that the respective antagonist selective of TRPA1 receptor
(HCO 030031, 100 mg/kg, i.p.) (Fig. 7B) and calcitonin gene-related peptide receptor
antagonist (olcegepant, 4 nmol/10 pL, p. orb.) (Fig. 4D).
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Fig. 1. Effect of PHE oral administration on the spontaneous nociceptive behavior (A and C) and
periorbital mechanical allodynia (PMA) (B and D) evoked by periorbital (p.orb., 10 pl/site) injection of
histamine (A and B) or PGE2 (C and D). The animals were treated with vehicle (10 mL/kg, p.o.), PHE
(20 and 40 mg/kg, p.o.) or ketotifen (Keto: 5 mg/kg. i.p.). Data are expressed as mean + S.E.M. (n=6).
#P < 0.05 compared to Naive group. *P < 0.05 compared to control (vehicle) group (one-way ANOVA
followed by post-hoc Bonferroni test for spontaneous nociceptive behavior and two-way ANOVA
followed by post-hoc Bonferroni test for PMA).
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Fig. 2. Effect of PHE oral administration on the spontaneous nociceptive behavior (A and C) and
periorbital mechanical allodynia (PMA) (B and D) evoked by periorbital (p.orb., 10 pl/site) injection of
capsaicin (A and B) or GSK 1016790A (C and D). The animals were treated with vehicle (10 mL/kg,
p.o.), PHE (20 and 40 mg/kg, p.o.), capsazepine (CPZ: 10 nmol/10 pL, p. orb.) or HC 067047 (HC:
100 nmol/10 pL, p. orb.). Data are expressed as mean + S.E.M. (n=6). #*P < 0.05 compared to Naive
group. *P < 0.05 compared to control (vehicle) group (one-way ANOVA followed by post-hoc
Bonferroni test for spontaneous nociceptive behavior and two-way ANOVA followed by post-hoc

Bonferroni test for PMA).
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Fig. 3. Effect of PHE oral administration on the periorbital mechanical allodynia (PMA) evoked by
nitroglycerin (10 mg/kg, i.p.) injection. Mice were treated with vehicle (10 mL/kg, p.o.), PHE (20 and 40
mg/kg, p.o.) or L-name (40 mg/kg, p.o.). Data are expressed as mean = S.E.M. (n=6). *P < 0.05
compared to Naive group. *P < 0.05 compared to control (vehicle) group (two-way ANOVA followed by
post-hoc Bonferroni test for PMA).
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Fig. 4. Effect of PHE oral administration on the spontaneous nociceptive behavior (A and C) and
periorbital mechanical allodynia (PMA) (B and D) evoked by periorbital (p.orb., 10 yL/site) injection of
cinamaldehyde (A and B) or CGRP (C and D). The animals were treated with vehicle (10 mL/kg, p.o.),
PHE (20 and 40 mg/kg, p.o.), HC 030031 (HC: 100 mg/kg, i.p.) or olcegepant, 4 nmol//10 uL, p.orb.
(OLC: 10 nmol/10 yL, p. orb.). Data are expressed as mean = S.E.M. (n=6). #P < 0.05 compared to
Naive group. *P < 0.05 compared to control (vehicle) group (one-way ANOVA followed by post-hoc
Bonferroni test for spontaneous nociceptive behavior and two-way ANOVA followed by post-hoc
Bonferroni test for PMA).
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3.2 Nociception induced by orofacial formalin

PHE (10, 20 and 40 mg/kg) given orally 60 min before the orofacial 2.5%
formalin injection, inhibited the rubbing in the neurogenic phase in 38 £ 2%, 44 + 2%
and 57 = 3%, respectively, when compared to the vehicle group (V: 95 * 6 s) (Fig
5A). All the three PHE doses were also able to inhibit the nociceptive behavior in the
inflammatory phase in 19 £ 2, 64 £+ 5% and 79 £ 5%, respectively, when compared to
the control group (V: 137 + 17 s). As expected, diclofenac (10 mg/kg, p.o.) inhibited
the inflammatory phase by 85 + 9% (Fig. 5B).
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Fig. 5. Antinociceptive effect of oral administration of PHE in the orofacial formalin test. Mice were
pretreated with vehicle (V), diclofenac (Diclo: 10 mg/kg, i.p.) or PHE (10, 20 and 40 mg/kg, p.o.) 1h
before the 2.5% formalin-induced nociception (20 uL/i.pl.). Rubbing behavior was recorded in both first
(neurogenic phase, Panel A) and second (inflammatory phase, Panel B) phases and expressed as
time of nociception (s). Data are expressed as mean + S.E.M. (n=6). *P < 0.05 compared to control
(vehicle) group (one-way ANOVA followed by post-hoc Bonferroni test).
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3.3 Abdominal constriction, peritoneal capillary permeability and leukocyte infiltration
induced by acetic acid

Oral administration with PHE (10, 20 and 40 mg/kg) decreased the abdominal
constrictions induced by acetic acid in 62 + 3, 50 £ 2 and 46 + 5%, respectively, when
compared to the vehicle group (V: 34 £ 3 s), as show in Fig. 6A. Only the highest
PHE dose (40 mg/kg) inhibited significantly the plasmatic extravasation by 55 t 4%,
when compared to the vehicle group (V: 16 £ 0.9 yg/mL) (Fig. 6B). However, total
leukocytes were reduced with the lowest doses of PHE (10 and 20 mg/kg), by 73 +
7% and 64 + 4%, when compared to the vehicle group (V: 5 + 0.6 x10° cells) (Fig.
6C).
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Fig. 6. Effect of oral administration of PHE on abdominal constriction (A), Evans blue leakage (B) and
leukocyte infiltration (C) induced by acetic acid. Mice were pretreated with vehicle (V) or PHE (10, 20
and 40 mg/kg, p.o.) 1 h before the intraperitoneal injection of 0.6% acetic acid (0.45 mL/mice). Data
are expressed as mean *S.E.M. (n=6). *P < 0.05 compared to control (vehicle) group (one-way
ANOVA followed by post-hoc Bonferroni test).
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3.4 Carrageenan-induced allodynia response and edema in the mouse paw
Intraplantar injection of carrageenan induced mechanical allodynia and edema
in mouse paw. Mechanical threshold decreased from 1.1 £ 0 g (basal value) to 0.5
09,02+09g,02+£0gand0.1+£0 g, attimes of 1, 2, 3 and 4 h, respectively (Fig.
7A). The results depicted in the Fig. 7A show that PHE 20 mg/kg significantly
inhibited carrageenan-induced mechanical allodynia by 52% (1 h), 61% (2 h), 62% (3
h), and 71% (4 h) whereas the inhibitions achieved with the PHE 40 mg/kg were 97%
(1 h), 103% (2 h), 100% (3 h) and 107% (4 h), when compared to the vehicle group.
In the same way, carrageenan-induced paw edema formation startingat 1 h (3.0 £ 0
mm) until 4 h (4.0 £ 0 mm). Oral treatment with PHE 20 mg/kg reduced the paw
edema by 73.1, 71.4, 71.9 and 61.1% from 1 to 4 h, respectively, whereas PHE 40
mg/kg reduced the paw edema by 98, 88, 86 and 86 (from 1 to 4 h, respectively),

when compared to the vehicle group (Fig. 7B).

O Naive 1} PHE 20 mghg
@ Vehidce - PHE 40 mghg
A T Deamethasone10 mghg

1.5+

0 1 2z 3 4
T
B me {(h)
1200
-— ¥ &
[ ]
§ 900 .
gm
& 300
=]
o-
[} 1 2 3 4
Tima (h)

Fig. 7. Effect of PHE oral administration on mechanical allodynia (A) and paw edema (B) induced by
carrageenan. Mice were pretreated with vehicle (V), dexamethasone (10 mg/kg, i.p.) or PHE (20 and
40 mg/kg, p.o.), 30 or 60 min, respectively, before intraplantar injection of carrageenan (300 ug/20 pL).
Mechanical allodynia (g) and paw edema (A mm) were evaluated before (basal value) and after
carrageenan injection at 1, 2, 3, and 4 h. The results are expressed as mean + SEM (n = 6). #P < 0.05
compared to Naive group. *P < 0.05 compared to control (vehicle) group (two-way ANOVA followed by
post-hoc Bonferroni test).
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3.5 Acute oral toxicity of repeated doses

No weighing significant differences were observed between animals of the
same group over or between groups (Fig. 8A). Regarding the relative weights of the
organs, a statistically significant difference was observed only in the testicle of the
group treated with 50 mg/kg and in the liver of the group treated with 2000 mg/kg
(Fig. 8B). Increase of alkaline phosphatase was observed in the group treated with
PHE 2000 mg/kg and urea in all the groups treated with the different doses of PHE
(50, 300 and 2000 mg/kg) (Fig. 8C).
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Fig. 8. Toxicological parameters of mice after administration of PHE daily for 14 days. Effect of PHE at
50, 300 and 2000 mg/kg on on body weight (A), organs relative weights (B) and serum biochemistry
data (C). The animals were treated with vehicle (10 mL/kg, p.o.) or PHE (50, 300 and 2000 mg/kg,
p.o.). Data are expressed as means +S.E.M. (n=3-6). *P < 0.05 compared to control (vehicle) group
(one-way ANOVA followed by post-hoc Bonferroni test).
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4 Discussion

Through periorbital mechanical allodynia and nociceptive experiments, this
study assessed the efficacy and pharmacological activity of the Petasitis hybridus
rhizome extract. The results confirm previous findings about analgesic and anti-
inflammatory butterbur properties and plays a role in pharmacological knowledge
about migraine mechanisms properties of the Petasites rhizome extract. Moreover, it
demonstrates the toxicological findings of the extract.

One of the explanations for the generation of a headache in a migraine
episode is the activation of nociceptors innervating the cranial meninges. However
the specific mechanism that cause meninges nociceptor activation is unclear
(Benemei and Dussor, 2019). It is well established the involvement of the
trigeminovascular system in the migraine headache. The nociceptive transmission
begins at first-order trigeminovascular neurons, which has cell bodies in the
trigeminal ganglion and afferent fibers innervating meninges and its vessels,
activation and sensitization. In sequence, the transmission ascending to second-
order trigeminovascular neurons (in brainstem) (Ashina, 2020). Besides, transmit
pain signal to secondary neurons, the nociceptors of trigeminal anatomy, when
mechanical or chemical stimulated, release neuropeptides, as CGRP, SP and
pituitary adenylate cyclase-activating polypeptide, from their peptidergic secretory
vesicles located in cell bodies, synapses and nonsynaptic varicosities. The release of
this neuropeptides interact with surrounding structures (blood vessels, neurons, and
immunocytes) (Yuan and Silberstein, 2018). Hence, third-order trigeminovascular
neurons in the thalamus are activated and sensitized and finally the nociceptive
transmission reaches the somatosensory cortex and other cortical areas follow-on in
the perception of migraine pain (Ashina, 2020).

Our methodology was based on that described by De Logu et al. (2019), that
shows correspondence between migraine-provoking mediators and periorbital
allodynia in mice. Besides mechanical allodynia is not able to run through pain
migraine-like attacks, mechanical allodynia evoked by mediators in mice could help
the understanding of the mechanisms in migraine in patients (De Logu et al., 2019).
Therefore, the present data provides pharmacological information about Petasistis
hybridus rhizome extract related with migraine.

The oral treatment with PHE prevented the development of PMA induced by

histamine, and the highest PHE dose showed similar results when compared to the
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pretreatment with the histamine H1 receptor antagonist (ketotifen). One of the
migraine theories is that there is a connection between peripheral and central pain
sensitization and meninges neurogenic inflammation. The peptides released from
trigeminal nerves, including CGRP, interact with vessels, neurons and immunocytes,
resulting in neurogenic inflammation. As a consequence, occurs mast cell
degranulation, releasing histamine, among other mediators such as serotonin and
prostaglandins. Like other inflammatory mediators, histamine is capable of reduce
the nociceptive threshold, sensitizing neurons that promotes more neuropeptide
releasing. Histamine acts through 4 metabotropics receptors (H1, H2, Hs and H4) and
the linking with Hi-receptor is responsible for excitation of the neurons in most brain
areas. The Hi-receptor pathway results in intracellular Ca?* increase, that in turn
active specific PKC isoforms, smooth muscle contraction, nitric oxide (NO) synthase,
inducing vasodilatation, and production of arachidonic acid by phospholipase A2
stimulus. However, it is important to emphasize that the antihistaminic effect
demonstrated prospective for pain control in preclinical studies, but not in clinical
studies for migraine control, especially regarding H1 and H2 antagonists (Yuan and
Silberstein, 2018). Although the results found could implicate in a possible effect of
PHE in histamine liberation and/or signaling, the clinical importance for this
antimigraine mechanism is uncertain.

Regarding the involvement of transient receptor potential (TRP) channels
family in pain signaling, we analyze the PHE capacity to prevent the development of
PMA induced by TRPV1 (capsaicin), TRPV4 (GSK 1016790A) and TRPA1 agonists
(cinnalmaldehyde). TRP channels is divided into 6 subfamilies, named Canonical
(TRPC), Vanilloid (TRPV), Melastatin (TRPM), Ankyrin (TRPA), Mucolipin (TRPML)
and Polycystic (TRPP). They are found in different types of cells, being expressed by
nociceptors (Samanta, Hughes and Moiseenkova-Bell, 2018), reinforcing theories
that links TRP channels with migraine, through meningeal nociceptors activation
(Benemei and Dussor, 2019).

TRPV1 channels are expressed in sensorial neurons including those who
innervate the meninges, can be activated by capsaicin, protons and higher
temperature, being important for mechanical, chemical and thermal nociception
(Samanta, Hughes and Moiseenkova-Bell, 2018). It is known that chronic migraine
patients displayed higher TRPV1 expression, suggesting the involvement of TRPV1

channel with headache phase of migraine by meningeal and vascular function
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(Benemei and Dussor, 2019). Similarly to the TRPV1 channels, TRPV4 s
responsible for the mechanosensation, thermosensation and osmoregulation, and
importantly, is also expressed on meningeal nociceptors (Samanta, Hughes and
Moiseenkova-Bell, 2018). In preclinical experiments with rats, the TRPV4 activation
in dura provoked headache behavioral responses; however, there is few publications
about the mechanisms of this channel in headache episodes (Benemei and Dussor,
2019).

TRPA1 is expressed in peptidergic and non-peptidergic neurons, acting as a
chemo-nociceptor activated for many endogenous and exogenous compounds, such
as cinnamaldehyde, nitric oxide (NO) and prostaglandins (Samanta, Hughes and
Moiseenkova-Bell, 2018). In sharp contrast to the other TRP family members, TRPA1
role in migraine has been widely investigated. Preclinical studies demonstrated that
the activation of TRPA1 by umbellulone and mustard oil causes headache like
responses in rats. On the other hand, compounds as parthenolide (from feverfew)
and isopetasin act as TRPA1 agonists, resulting in the TRPA1-desensitizing,
explaining an important mechanism of these herbs against migraine attacks.
Interestingly, NO is recognized for provoking headache through the TRPA1
activation, since the combination of NO with hydrogen sulfide (H2S), forming nitroxyl
(HNO), activates TRPA1 and releases CGPR, increasing meningeal blood flow
(Benemei and Dussor, 2019).

Our results indicate the PHE ability to prevent the development of periorbital
mechanical allodynia induced by GSK 1016790A, a potent TRPV4 agonist, and
cinnalmaldehyde, responsible to activates TRPA1 channel, but not prevent PMA
induced by capsaicin (TRPV1 agonist). The PMA prevention induced by
cinnalmaldehyde, are consistent with earlier finding (Benemei et al.,, 2017) that
attributed the anti-migraine effect of Petasites extract to isopetasin, which promotes
excitation of nociceptors, followed by marked peptidergic nociceptors desensitization
due to the TRPA1 channel activation. Horak et al. (2009) demonstrate that S-petasin
and iso-S-petasin, isolated from a CO:2 extract of Petasites hybridus, are voltage-
gated calcium channel inhibitors, preferentially acting as use-dependent channel
blockers. Considering this, it is reasonable suggest that PHE effects could be also
associated with calcium regulation in TRPA1 and TRPV4 channels.

PHE was also able to prevent PMA induced by nitroglycerin, which has been

characterized as a provoking headache substance in experimental models of
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migraine in humans. Nitroglycerin stimulates the basal activity of endothelial nitric
oxide synthase (eNOS), releasing NO, which is responsible for promote vasodilation.
Despite vasodilation, that is considered as one of the main causes of migraine
(Ashina et al., 2017), the TRPA1 activation by NO, as above mentioned (Benemei
and Dussor, 2019), appears to be intrinsically related to the preventive antiallodynic
effects of the PHE.

Furthermore, it is well know that TRP activation releases CGRP in sensorial
nerve endings, such as the trigeminal system that presents a solid perivascular
innervation, that is related to CGRP releasing during migraine (Russell et al., 2014).
CGRP acts via receptor constituted by the calcitonin receptor-like receptor (CLR),
receptor activity-modifying protein 1 (RAMP1) and a receptor component protein
(RCP) (Edvinsson et al., 2018). Clinical evidence support that CGRP plays a role in
migraine mechanisms, since intravenous infusion of CGRP can induce migraine-like
attacks in patients and CGRP levels are increased during a migraine attack. In
chronic patients, this increase appears in the pain-free interval too, returning to
normal levels after pharmacological headache treatment. In addition, treatments with
CGRP antagonists and anti-CGRP antibodies revealed the efficacy to treat or
prevent migraine (Benemei and Dussor, 2019). In our experimental conditions, PHE
was able to prevent the development of PMA induced by CGRP, similarly to the
CGRP antagonist (olcegepant), suggesting that in addition to the TRPA1 modulation,
PHE could acts as an CGRP receptor antagonist. Altogether, our data strengthens
the concept that a decrease in TRPA1 channel-mediated release of CGRP, or the
release by itself, may contribute to the efficacy of Petasites as a pharmacological
agent for migraine treatment.

To complement the analgesic properties of PHE, we conducted experiments
with nociceptive inflammatory models. Starting with the orofacial formalin injection,
animals displayed nociceptive behaviors related to the neurogenic phase (nociceptor
activation and SP and glutamate release) and to the inflammatory phase
(inflammatory mediators release) (Nomura et al., 2013). Our results demonstrated
that PHE inhibited both phases. The pain behavior evoked by formalin is CGRP
dependent, once was demonstrated that formalin activates directly both TRPA1 and
TRPV1 in dorsal root ganglion neurons, releasing CGRP at central and peripheral
levels similar to that caused by capsaicin (White et al., 2014). Therefore, PHE could

promotes antinociceptive effects due to its action on TRPA1 channels, corroborating
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with our previous findings, but also through the modulation of inflammatory
mediators.

Previous studies indicated anti-inflammatory activity of Petasites extracts and
isopetasin, by the inhibition of leukotriene synthesis (Johnston, 2001) (Bickel et al.,
1994) and by the inhibition of COX-2-mediated PGE: release (Fiebich et al., 2005). It
is well established that intraperitoneal injection of acetic acid provoke a visceral
inflammatory response, promoting abdominal constrictions, increase of vascular
permeability and of leukocyte infiltration due to the releasing of local inflammatory
mediators (Rodrigues et al., 2012). Here, PHE standardized with minimum of 15%
petasins, also presented antinociceptive and anti-inflammatory effects. Similarly, the
carrageenan has been used to test anti-inflammatory agents, for its ability to induced
hindpaw sensitization and edema. The edema formation is one of the initial acute
inflammatory signs, triggered by plasma exudation into injury site and leukocyte
infiltration (Carlotto et al., 2016). With these tests, our results shows that Petasites
hybridus extract displayed both antinociceptive and anti-inflammatory effects in mice.
Altogether, these findings indicated that PHE reduce the inflammatory process,
suggesting that its effects could be associated with different antinociceptive
mechanisms.

In order to analyze any possible toxic effect, we also investigated PHE acute
toxicity in mice. Through toxicological animal data, it is possible to access potential
hazard and risk to humans. However, it is important to highlight that the data
represents only an approximation of the potential biological effect on humans (Lewis
et al., 2002).

The results for acute oral toxicity reveled some few alterations: weight
augmentation of the testicle of the group treated with PHE 50 mg/kg and in the liver
of the group treated with PHE 2000 mg/kg and increase of alkaline phosphatase
(highest PHE dose) and urea in all the groups treated with the different doses of
PHE. In our experiment conditions, no deaths or clinical signs of toxicity related to the
treatment were observed, similarly, there was no change in body weight of the
animals or in food consumption during the 14 days of treatment. The variations in the
relative weight in some organs, reduction in the relative weight of the spleen at the
lowest treatment dose and relative increase of the liver at the highest dose were
statistically significant, but small in relation to the vehicle group. Such alterations did

not present a dose-effect relation, and could characterize an effect not related to the
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PHE treatment (Lewis et al., 2002). Blood urea concentration can be a parameter to
detect kidney changes, analyzed together to the creatinine plasmatic levels
(Widyastuti, Ristianti and Sari, 2019). The creatinine concentration results showed no
change comparing the treated PHE groups with the vehicle group. Furthermore, this
alterations was not associated with an increase in the relative weight of the kidneys,
so it may indicate non-adverse effects (Lewis et al., 2002). In the same way, the
biochemical analyses for hepatic evaluation showed an increase of alkaline
phosphatase only in the group treated with PHE 2000 mg/kg, with no observation of
alterations in other hepatic enzymes. Pyrrolizidine alkaloids, as senecionine and
integerrimine, considered toxic for the liver, are found naturally in Petasites hybridus.
These alkaloids are able to promote sinusoidal obstruction syndrome in animals and
humans. However, extracts processed to eliminate any traces of pyrrolizidine
alkaloids (CO2 extraction), as the PHE, do not appear to cause liver injury, either by
serum enzyme increase or clinical symptoms (LiverTox, 2019). It is important to
mention that previous non-clinical studies showed a non-toxicological profile for
butterbur rhizome extracts free of pyrrolizidine alkaloids. In Wistar rats, were found a
LDso of 2.5 g/kg and 1 g/kg body weight, obtained from the oral and intraperitoneal
single dose administration, respectively. These values represented an interval
between 333 and 1250 times the recommended dose for humans. A chronic toxicity
study conducted with 200 Wistar rats during 26 weeks, based on OECD guidelines,
showed a NOAEL that guarantees a safe range of the recommended dose in
humans (Danesch and Rittinghausen, 2003). Considering that no deaths related to
the PHE treatment were observed, it is plausible to consider a LDso higher than 2000
mg/kg in Swiss mice.

In summary, the present study confirms and extends the results from literature
about the antinociceptive and anti-inflammatory effects of Petasites hybridus. The
antiallodynic property suggest that PHE could prevent migraine trough the
modulation of TRPV4 channel, NO-TRPA1 and TRPA1-CGRP trigeminal signaling.
Moreover, apart from the decrement of CGRP release, we could propose that
Petasites hybridus can act directly as a CGRP receptor antagonist, providing new
insights for a better understanding of the mechanisms underlying the prophylactic
migraine effect. To our knowledge, this mice study is the first study that provide
convincing evidence that the Petasites hybridus rhizome extract standardized with

minimum of 15% petasins presents potential to treat inflammatory pain conditions,
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indicating new properties in addition to those already studied, and associated with

the no-observed-adverse-effect-level of the extract.
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6 CONCLUSAO

Os resultados do presente trabalho, através de modelos experimentais de
alodinia mecanica periorbital evocada por mediadores capazes de provocar
migranea em humanos, e modelos agudos de nocicepgdo e inflamacgao,
complementa os achados prévios da literatura sobre os efeitos de Petasites
hybridus. Nossos dados fornecem elucidacdo complementar aos mecanismos
subjacentes ao seu efeito profilatico na migréanea. Sugere-se que o efeito
antialodinico do extrato dos rizomas de butterbur na profilaxia da migranea pode
estar associado a modulagédo dos canais TRP, especificamente os canais TPRV4 e
TRPA1, esse ultimo via modulagdo de NO e redugao da liberacdo de CGRP na
sinalizacdo trigeminal. Além dos dados prévios da literatura que sugerem a
capacidade da isopetasina em reduzir a liberacdo de CGRP, nossos dados nos
permitem aventar a possibilidade de que o extrato de Petasites hybridus atue como
antagonista do receptor de CGRP. Este estudo fornece evidéncias convincentes de
que o extrato dos rizomas de Petasites hybridus (padronizado com minimo de 15%
de petasinas) apresenta potencial para tratar dores de origem inflamatéria, indicando
novas propriedades além das ja estudadas, e associadas a auséncia de efeitos
adversos significantes do extrato.

Considerando os relatos bibliograficos sobre o efeito hepatotoxico de
extratos ndo tratados para a remogao de alcaloides pirrolizidinicos, a investigagéo de
toxicidade de doses repetidas de 14 dias forneceu dados que mostram que o extrato
estudado nao apresentou um perfil toxico em camundongos. Contudo, foram
observados aumento do peso do figado, nos niveis plasmaticos de fosfatase alcalina
e de ureia, efeitos que precisam ser melhor investigados. Considerando ainda a
auséncia de mortes em virtude do tratamento oral com o extrato dos rizomas de
Petasites hybridus, é possivel correlacionar uma DLso > 2000 mg/kg, sugerindo um

baixo potencial de toxicidade ou letalidade.
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