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Prefaciando o livro de Max Planck “Para onde vai a ciéncia”, Einstein
ensaiou, ha tempos, uma classificacdo dos homens que se dedicam as
atividades cientificas, dividindo-os em trés grupos. O primeiro grupo é
integrado pelos que entram no Templo da Ciéncia porque nele se oferece
uma oportunidade para o brilho de seus talentos peculiares. Do segundo
grupo, fazem parte aqueles que se dedicam a ciéncia para viver,
trabalhando com afinco para serem bem remunerados. Constituem o
terceiro grupo os homens que foram irresistivelmente atraidos pela ciéncia,
fascinados pela esperanca de nela encontrarem uma satisfacao aos seus
mais intimo anseios — ao anseio humano de obter uma imagem do mundo
circundante que possa responder as atormentantes incognitas de suas
duvidas interiores. Sdo aqueles que fazem ciéncia para investigar, para
conhecer, para compreender e para criar. S0 os verdadeiros homens da
ciéncia, os verdadeiros artistas da ciéncia, desde que os outros dois grupos
sdo simples artifices da ciéncia, levados ao seu templo por motivos apenas
circunstanciais. Se as circunstancias fossem outras, poderiam muito bem

ser aplicados como burocratas ou bons homens de negadcio.

Josué de Castro, em “Trés Personagens”
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RESUMO

O 6leo essencial de Croton zehntneri Pax et Hoffm. (OECZ) contém trans-
anetol e estragol (42 e 46% do peso do dleo essencial, respectivamente). Este estudo
investigou os efeitos cardiovasculares do OECZ e de seus principais constituintes em
ratos acordados e anestesiados assim como o papel das fibras nervosas sensoriais
sensiveis a capsaicina (CAP) na mediacao desses efeitos em ratos anestesiados.

Em ratos acordados, injecdes intravenosas (i.v.) de OECZ (5-20 mg/kg) e de seus
principais constituintes, anetol e estragol (ambos em 5-10 mg/kg) evocaram respostas
rapidas e dose-dependentes de hipotensédo e bradicardia (fase I) que foram seguidas por
um significativo efeito pressor associado com uma bradicardia retardada (fase I1). A
hipotensdo e a bradicardia iniciais (fase 1) induzidas pelo OECZ ndo foram alteradas
pelo pré-tratamento com atenolol (1,5 mg/kg, i.v.) ou com L-NAME (20 mg/kg, i.v.),
mas foram revertidas respectivamente em efeitos pressor e taquicardico pelo pré-
tratamento com metil-atropina (1 mg/kg, i.v.). Os efeitos subsequentes pressor e de
bradicardia retardada (fase Il) ndo foram alteradas pelo pré-tratamento com atenolol,
mas foram abolidos respectivamente pelo pré-tratamento com L-NAME e metil-
atropina. Em preparacbes de aorta de rato com endotélio intacto, a resposta
vasoconstritora da fenilefrina foi potencializadas nas concentracdes menores (1-30
ug/ml) e reduzida nas concentracdes maiores (300-1000 pg/ml) de OECZ. Apenas 0
aumento da contracdo induzida pela fenilefrina foi abolido tanto pela incubagcdo com L-
NAME como pela auséncia do endotélio.

Em ratos anestesiados, a injecdo i.v. em bolus de OECZ (5-20 mg/kg) também evocou
respostas dose-dependentes de hipotensdo e bradicardia, que foram imediatas e
transitdrias. Respostas similares também foram observadas com o anetol e o estragol
ambos na dose de 10 mg/kg (i.v.). Essas duas respostas foram abolidas na dose de 10
mg/kg (i.v.) de OECZ ap06s a vagotomia cervical bilateral ou ap6s o tratamento
perineural de ambos os vagos com capsaicina (250 pg/ml).A semelhanca da capsaicina,
a injecdo intra-arterial retrégrada de OECZ (10 mg/kg) na artéria femoral, através da
artéria epigastrica superficial, induziu uma hipotensdo monofésica. Essa resposta reflexa
foi bloqueada pelo pré-tratamento neonatal com capsaicina (50 mg/kg, s.c.) ou pela

injecdo intratecal de antagonista da substancia P (7.8 nmol de RP 67580 ao nivel
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espinhal L5-L6), sugerindo que ela é mediada exclusivamente pela fibras aferentes
primarias que contém substancia P. As duas respostas cardiovasculares, hipotensdo e
bradicardia, na dose de 10 mg/kg (i.v.) de OECZ foram significativamente reduzidas
apos o pré-tratamento com o antagonista seletivo para o receptor VR1, a capsazepina (1
mg/kg, i.v.).

Tomados em conjunto, esses achados mostram, pela primeira vez, que a administracéo
i.v. de OECZ em ratos acordados e anestesiados evocou um reflexo bradicéardico e
depressor (fase 1) semelhante ao induzido pela capsaicina, que parece ser mediado
através da ativacdo de receptores VR1 localizados nos nervos vagos sensoriais. A
resposta pressora subseqiiente do OECZ (fase Il1) parece ocorrer devido a um efeito
vasoconstritor indireto desse 6leo provavelmente devido a inibicdo da producéo
endotelial de éxido nitrico. Ambos os efeitos cardiovasculares do OECZ parecem ser

atribuidos principalmente as acGes dos seus principais constituintes, anetol e estragol.
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ABSTRACT

Essential oil of Croton zehntneri Pax et Hoffm. (EOCZ) contains trans-anethole and
estragole (42 and 46% of essential oil weight, respectively). This study investigated the
cardiovascular effects of EOCZ and its main constituents in either conscious or
anesthetized rats and the role of capsaicin-sensitive sensory nerve fibers in the
mediation of these effects in anesthetized rats

In conscious rats, intravenous (i.v.) injections of EOCZ (5-20 mg/kg) and its main
constituents anethole and estragole (both at 5-10 mg/kg) elicited brief and dose-
dependent hypotension and bradycardia (phase 1) that were followed by a significant
pressor effect associated with a delayed bradycardia (phase 11). The initial hypotension
and bradycardia (phase 1) of EOCZ were unchanged by atenolol (1.5 mg/kg, i.v.) or L-
NAME (20 mg/kg, i.v.) pretreatment, but were respectively reversed into pressor and
tachycardic effects by methylatropine (1 mg/kg, i.v.) pretreatment. The subsequent
pressor effect and the delayed bradycardia (phase Il) remained unaffected by atenolol,
but were abolished by L-NAME and methylatropine pretreatment, respectively. In rat
endothelium-containing aorta preparations, the vasoconstrictor responses to
phenylephrine were potentiated and reduced, respectively, by the lower (1-30 pg/ml)
and higher (300-1000 pg/ml) concentrations of EOCZ. Only the enhancement of
phenylephrine-induced contraction was abolished by either the incubation with L-
NAME (50 uM) or in the absence of the endothelium.

In anesthetized rats, i.v. bolus injection of EOCZ (5-20 mg/kg) also elicited dose-
dependent hypotension and bradycardia, that were immediate and transient. Similar
responses were also observed with anethole and estragole both at 10 mg/kg. After

bilateral cervical vagotomy or perineural treatment of both cervical vagus nerves with
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capsaicin (250 pg/ml) to block selectively the conduction of sensory C-fibers, both
cardiovascular responses to EOCZ (10 mg/kg) were abolished. Like capsaicin, an
epigastric retrograde intra-arterial injection of EOCZ (10 mg/kg) into the femoral artery
elicited a monophasic hypotensive response. This reflex response was blocked by either
neonatal pretreatment with capsaicin (50 mg/kg, s.c.) or intrathecal injection of
substance P antagonist, RP 67580 (7.8 nmol, at the spinal level of L5-L6), suggesting
that it is exclusively mediated by substance P-containing primary afferent fibers. Both
cardiovascular responses to EOCZ (10 mg/kg, i.v.) were also significantly reduced by
pretreatment with the selective vallinoid VR1 receptor antagonist capsazepine (1 mg/kg,
V).

Taken togheter, these findings show, for the first time, that i.v. administration of EOCZ
in anesthetized or conscious rats elicited a like capsaicin-evoked bradycardic and
depressor reflex (phase 1), which appears mediated through activation of the vallinoid
VR1 receptors located on sensory vagal nerves. The subsequent pressor response of
EOCZ (phase I1) seems to be caused by an indirect vasoconstrictive action of EOCZ
most likely through inhibition of endothelial nitric oxide production. Both
cardiovascular effects of EOCZ appear mainly attributed to the actions of anethole and

estragole, the main constituents of this essential oil.
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1. INTRODUCAO

1.1. GENERALIDADES

O valor intrinseco de uma planta medicinal se encontra no seu efeito terapéutico.
Para a Organizacdo Mundial de Saide (OMS), planta medicinal € qualquer planta que
possua em um ou em varios de seus o6rgdos, substancias usadas com finalidade
terapéutica, ou que estas substancias sejam ponto de partida para a sintese de produtos
quimicos e farmacéuticos. A estas substancias é dado o nome de principios ativos,
responsaveis pelo efeito terapéutico que a planta medicinal possui. As funcdes
fisiolégicas dos principios ativos nas plantas ainda ndo estdo completamente
esclarecidas, mas associa-se a sua producdo a defesa da planta contra agentes externos
como doencas, pragas, radiacdo solar, ou a residuos do metabolismo vegetal. Estes
principios ativos possuem funcdes ecologicas importantes para a sobrevivéncia da
espécie e sdo produzidos (em sua grande maioria) através do metabolismo secundario
das plantas (MONTANARI, 2002).

As plantas tém fornecido um grande nimero de agentes clinicamente Uteis,
possuindo um consideravel potencial como fontes de novas drogas. Ha estimativas de
que existam aproximadamente 200.000 espécies de plantas no mundo, vérias delas
correndo o risco de extingcdo. Aproximadamente 20.000 espécies destas plantas séo
utilizadas na medicina tradicional, entretanto a maioria ndo foi avaliada do ponto de
vista quimico ou farmacoldgico. Postula-se que aproximadamente 25% de todos os
medicamentos modernos sejam derivados das plantas de forma direta ou indireta
(CALIXTO, 2000).

A terapéutica baseada no uso de plantas esteve, ao longo da historia, sob o
dominio popular onde o conhecimento empirico do seu valor medicinal tem prestado
um servigo inestimavel (MENDONCA, 1989). Nos anos recentes a fitoterapia tem
obtido éxito crescente inclusive com aplicacdo na medicina tradicional. Apesar do
Brasil possuir um grande numero de espécies vegetais e recursos naturais em
abundancia para o desenvolvimento das mesmas, o conhecimento cientifico das plantas

medicinais brasileiras é pouco expressivo.



Nesse contexto, o Nordeste do Brasil possui um grande numero de plantas
aromaticas, fontes de 6leos essenciais (OEs), além de energia solar em abundancia para
a producdo das mesmas (CRAVEIRO, 1977, 1981).

1.2. Oleos essenciais

O OE de uma planta constitui o conjunto de substancias volateis,
farmacologicamente ativas, de natureza fluida, que produzem o aroma da mesma. Os
OEs sdo encontrados em vérias plantas, mas sdo especialmente abundantes nas
mirtaceas, coniferas, labiadas, rutaceas, lauraceas e umbeliferas (MATOS &
FERNANDES, 1975-1978; CRAVEIRO et al., 1976).

A maior parte dos OEs € insolGvel em agua e menos denso que a mesma. Por
outro lado dissolvem-se bem em alcool e podem compor misturas com gorduras ou
Oleos vegetais (MATOS & MATOS, 1989).

Os OEs sdo formados em células especiais, glandulas ou ductos localizados em
um Orgdo particular ou distribuidos em vérias partes da planta. Eles tém a funcdo de
proteger as plantas de doencas e parasitas, além de atrair insetos que auxiliam na
polinizacdo. Adicionalmente, catalisam reacGes bioquimicas, agindo como horménios
ou reguladores, e dessa forma desempenham um importante papel na bioquimica da
planta (LAVABRE, 1993). O método mais empregado para a obtencdo desses OEs € a
destilacdo pelo vapor: o OE é evaporado e condensado por resfriamento (CRAVEIRO et
al., 1976, 1981).

Quimicamente, os OEs sdo uma combinacdo de diversos compostos quimicos
(denominados constituintes) como terpenos, sesquiterpenos, aldeidos, fendis, alcoois,
cetonas, compostos sulfurados e nitrogenados (MATOS & FERNANDES, 1978;
LAVABRE, 1993). Esses constituintes podem ser ativos ou inativos do ponto de vista
farmacologico e as acGes dos OEs provavelmente refletem uma a¢do combinada desses
dois tipos de constituintes. Os constituintes ativos podem atuar de forma sinérgica ou
ndo, ao passo que os constituintes inativos podem influenciar a farmacocinética dos
ativos. Além disso, a composicao quimica dos OEs pode variar durante o dia e ao longo
do ano e depender do clima , do solo, da variedade e da parte da planta de onde é
extraido (folha, casca, caule, raiz). Devido a essa complexa composi¢cdo quimica,
postula-se que os OEs apresentam também uma diversidade de acdes farmacoldgicas,



sendo fontes potenciais para o desenvolvimento de novas drogas (CRAVEIRO et al.,
1978, 1980; ALBUQUERQUE, 1982; MAGALHAES, 1997)

A industria utiliza amplamente os OEs, como aromatizantes, para preparacao de
perfumes, sabBes, desinfetantes e cosméticos, e na preparacdo de alimentos como doces
caseiros, licores, bebidas aromaticas, refrescos e aguardentes de cana (JACOBS, 1948;
LE BOURHIS, 1968, 1970; LE MOAN, 1973; CRAVEIRO et al., 1977; ITOKAWA et
al., 1981). Estes OEs, assim como as plantas aromaticas das quais sdo extraidos, sdo
empregados na medicina popular na forma de chas e infusatos no tratamento da rinite
alérgica (BEZERRA, 1994), da c6lica menstrual, da diarréia sanguinolenta, da amebiase
e giardiase, e como sedativos, estomaquicos, anti-espasmodicos, anti-diarréicos
(FREISE, 1935; ITOKAWA et al., 1981; KIUCHI et al., 1992; BEZERRA, 1994), anti-
parasitérios, anti-microbianos, analgésicos, diuréticos (LUZ et al., 1984; MENDONCA,
1989; MENDONCGCA et al., 1991), anti-malaricos (KLAYMAN, 1985), anti-sifiliticos
(MENDONCA, 1989), hipotensores e /ou anti-hipertensivos (LUZ et al., 1984;
MENDONCA, 1989). Estas duas Ultimas aplicacbes chamam a atencdo para 0S
possiveis efeitos cardiovasculares dos OEs. No que concerne ao sistema cardiovascular,
sabe-se que ele utiliza uma complexa série de mecanismos de controle para manter a
homeostase e que os OEs poderiam alterar a PA através de alguns mecanismos ou por

agir em determinados sistemas ou 6rgdos-alvo como esta representado na figura 1:

CORA(;AO SNC REFLEXO

VASOS —_ ~ RINS
PA |~

Figura 1. Sistemas ou érgdos-alvo onde os OEs podem agir alterando a PA.



1.3. Efeitos cardiovasculares dos OEs e seus principais constituintes

O Laboratério de Farmacologia Cardiovascular da UFPE em colaboracdo com o
Laboratorio de Eletrofisiologia da Universidade Estadual do Ceard (UECE) tém
investigado os efeitos farmacoldgicos de varios OEs, dos quais quatro tiveram interesse
especial. Sdo os OEs provenientes de Croton nepetaefolius Baill. (Euphorbiaceae)
(marmeleiro vermelho), Mentha villosa Huds. (Labiatae) (menta rasteira), Alpinia
zerumbet ou speciosa K. Schum (Zingiberaceae) (col6nia) e Ocimum gratissimum L.
(Labiatae) (alfavaca), que sdo plantas medicinais aromaticas com grande uso na
medicina popular e com efeito anti-espasmaddico. O O. gratissimum também é utilizado
como calmante e a Alpinia zerumbet como anti-hipertensivo. Fitoterapicos da Mentha
villosa ja sdo comercializados industrialmente no Nordeste para o tratamento de
giardiase e amebiase. Estudos realizados em roedores mostraram que os OEs dessas
plantas, e seus principais constituintes, apresentam grande eficacia farmacoldgica em
tecidos excitaveis. Em preparacdes de musculo liso possuem um efeito em comum: séo
depressores da motilidade (miorrelaxantes e antiespasmodicos) (MAGALHAES, 1997;
COELHO-DE-SOUZA, 1997; MAGALHAES et. al., 1998a; COELHO-DE-SOUZA et.
al., 1998; SOUSA, 1999; LEAL-CARDOSO e FONTELES, 1999; BEZERRA et. al.,
2000; MAGALHAES, 2002; MAGALHAES et al., 2003, 2004). Um conjunto de
argumentos sugere que esses Oleos agem diretamente sobre a célula muscular lisa,
atuando provavelmente a nivel intracelular e independentemente dos mecanismos
situados na membrana plasmatica (MAGALHAES, 1997; COELHO-DE-SOUZA,
1997; COELHO-DE-SOUZA et. al., 1997, 1998; MAGALHAES et. al., 1998a;
SOUSA, 1999; MAGALHAES, 2002, MAGALHAES et al., 2003, 2004). Os efeitos
desses OEs sobre o musculo liso ndo sdo idénticos, possuindo inclusive aspectos que
implicam mecanismos de acdo diferentes. Entretanto, séo poucos os dados na literatura
que relatam os possiveis efeitos hipotensores e/ou anti-hipertensivos dos OEs (ou de seu
respectivos constituintes), e menos ainda os que analisam o mecanismo de acdo no
sistema cardiovascular. Estes estudos podem vir a corroborar o uso destas plantas
aromaticas, na medicina popular, para o tratamento da hipertensdo arterial, cuja
prevaléncia é alta em nossa sociedade.

Dessa forma, essas quatro plantas foram estudadas sob o aspecto dos efeitos
cardiovasculares. Uma das plantas foi o C. nepetaefolius, que é utilizada na medicina
popular como anti-espesmodico. O OE do C. nepetaefolius (OECN) possui como



principais constituintes o 1,8-cineol e o metil-eugenol. Foi ainda mostrado que a
administracdo i.v. do OECN induz quedas dose-dependentes da pressdo arterial média
(PAM) e da frequéncia cardiaca (FC) em ratos normotensos anestesiados ou acordados
(LAHLOU et al., 1996; LAHLOU et al., 1999). Foi mostrado também que a hipotenséo
e a bradicardia induzidas pelo OECN séao independentes. A bradicardia é de origem
vagal, uma vez que foi blogueada pelo pré-tratamento com metil-atropina (MA) ou pela
bivagotomia, e reduzida pelo pré-tratamento com hexametonio. A hipotensdo parece
ndo ser de origem pré-juncional, uma vez que ocorreu mesmo quando a transmissdo
autondmica central para o sistema vascular foi bloqueada pelo hexametonio (LAHLOU
et al., 1999). Postulou-se, portanto, que a atividade hipotensora do OECN pudesse
resultar de seus efeitos vasodilatadores diretos sobre a musculatura lisa vascular
(LAHLOU et al., 1999). Adicionalmente, a estimulagdo dos receptores muscarinicos
vasculares que normalmente induz uma hipotensdo, provavelmente ndo esta envolvida
neste processo, uma vez que o0 pré-tratamento com MA ndo afetou a hipotenséo
induzida pelo OECN. A hipotese em favor de uma acdo direta do OECN sobre a
musculatura lisa vascular induzindo hipotensdo foi posteriormente apoiada pelos
achados em estudos realizados in vivo e in vitro utilizando ratos hipertensos DOCA-sal.
Experimentos in vivo mostraram que a administracdo i.v. do OECN em ratos DOCA-sal
acordados também induzem quedas dose-dependentes tanto da PAM como da FC, mas
os efeitos hipotensores foram significativamente amplificados, tanto na magnitude
(absoluta ou relativa) quanto na duracdo, em relacdo aos ratos controles
uninefrectomizados normotensos (LAHLOU et al., 1996, 2000). O pré-tratamento i.v.
com hexamet6nio reduziu a magnitude da bradicardia sem alterar a amplificacdo da
hipotensdo. Experimentos in vitro, utilizando preparagdes de aorta toracica isolada de
rato, mostraram que os efeitos inibitérios do OECN na contracdo induzida pela
fenilefrina foram significativamente maiores (a 1Cso foi reduzida em 7 vezes) nas
preparacOes de ratos hipertensos DOCA-sal quando comparados com animais controles
(MAGALHAES et al., 1998b; LAHLOU et al., 2000; MAGALHAES, 2002). Esses
resultados sugerem que a amplificacdo do efeito hipotensor induzido pelo OECN em
ratos hipertensos DOCA-sal seria devido principalmente ao aumento da resposta
vascular ao 6leo do que ao aumento da atividade do sistema nervoso simpatico nesse
modelo de hipertensdo (LAHLOU et al., 2000).



Foi mostrado também que o 1,8-cineol, o principal constituinte do OECN, induz
hipotensdo e bradicardia. Este Gltimo efeito parece ser de origem vagal enquanto que a
hipotensdo provavelmente esta relacionada a um relaxamento vascular ativo, uma vez
que esse constituinte reduziu a contragdo induzida pelo potassio (60 mM) de forma
concentracdo-dependente (LAHLOU et al., 2002c).

Tem sido relatado ainda que o tratamento i.v. com o OE da Mentha villosa
(OEMV), em ratos anestesiados, induz hipotensdo e bradicardia que sdo atribuidas as
acOes do principal constituinte desse 6leo, o 6xido de piperitenona (LAHLOU et. al.,
2001). Estes efeitos cardiovasculares provavelmente também sdo independentes, uma
vez que a bradicardia, mas ndo a hipotensdo, induzida pelo OEMYV parece necessitar da
presenca de um fluxo simpético funcional e operacional. 1sso veio a sugerir que a
atividade hipotensora do OEMV poderia ser resultante de um efeito vasodilatador direto
sobre a musculatura lisa vascular (LAHLOU et al., 2001).

Resultados similares também foram recentemente obtidos apds injecéo i.v. do
OE da Alpinia zerumbet (OEAZ) em ratos acordados normotensos (GALINDO et. al.,
2001; LAHLOU et. al., 2002b) e hipertensos DOCA-sal (LAHLOU et. al., 2002c). Os
efeitos hipotensores do OEAZ foram atribuidos ao seu principal constituinte, o terpine-
4-ol (LAHLOU et. al., 2002b).

A espécie O. gratissimum comumente utilizada no tratamento de problemas
digestivos e como anti-séptico bucal, também foi investigada. A administragdo i.v. de
doses crescentes do OE de O. gratissimum (OEOG) induziu bradicardia e hipotenséo
dose-dependentes, tanto em ratos acordados como em anestesiados (LAHLOU et al.,
2004). A analise detalhada mostrou que esses efeitos cardiovasculares parecem ser
mediados pela acdo do principal constituinte, o eugenol, utilizando vias diferentes, uma
vez que apenas a bradicardia foi reduzida pelo pré-tratamento com metil-atropina (MA)
ou pela bivagotomia.

Baseando-se nesses resultados expostos na literatura, consideramos importante
estender estudos desse tipo para outros OEs provenientes de plantas aromaticas do
nordeste do Brasil, como o Croton zehntneri, no intuito de elucidar seu mecanismo de

acao e encontrar uma possivel aplicacéo terapéutica.



1.4. Croton zehntneri

O C. zehntneri Pax. et Hoffm., popularmente conhecido como “canela de cunha”
pertence a familia “Euphorbiaceae” e ao género Croton.

A familia das Euforbidceas € composta de muitas espécies que se encontram
distribuidas em cerca de 290 géneros, sendo abundantes em regides tropicais (ALLEN,
1976; JOLLY, 1977; ALBUQUERQUE, 1982) e temperadas do mundo inteiro
(LAWRENCE, 1951). O género Croton € muito importante na flora do nordeste
brasileiro ndo somente pela sua larga ocorréncia e dispersdo nos cerrados, matas dos
tabuleiros litoraneos, matas pluviais e, principalmente, nas caatingas nordestinas, mas
também pela sua utilidade ao homem do campo (DUCKE, 1959). Seus representantes
nativos do nordeste podem ser agrupados em quatro categorias distintas de acordo com
as denominacdes populares. Trés destas estdo bem caracterizadas e receberam
denominacdes de marmeleiros, canelas silvestres e velames (FERNANDES et al., 1971;
ALBUQUERQUE, 1982). A quarta categoria € constituida pelas outras espécies de
crétons (MATOS & FERNANDES, 1975, 1978). Um grande nimero de espécies desse
género sdo produtoras de OEs (CRAVEIRO et al., 1978).

O C. zehntneri ¢é caracterizado como um tipo nativo da caatinga do nordeste
brasileiro (CRAVEIRO et. al., 1978). Uma de suas principais caracteristicas é o odor
forte e agradavel semelhante a anis (lllicium verum) ou ao cravo-da-india (Eugénia
caryophyllata) ou a mistura de ambos (FERNANDES et. al., 1971) que é desprendido
por toda parte da planta. Suas cascas e folhas sdo utilizadas, no nordeste brasileiro,
como aromatizantes de comidas e bebidas. Na medicina popular é utilizado como
sedativo, estomaquico, antiespasmddico e antidiarreico (CRAVEIRO et. al., 1977;
1978a, 1980).

O C. zehntneri apresenta-se como um arbusto delicado, perene, muito aromatico
e com muitos ramos que sdo revestidos por pélos estrelados. As inflorescéncias
apresentam-se em racemos continuos, desinfloras de 3 a 8 cm de comprimento. O fruto
mostra capsula subglobosa, trilobulada, medindo de 4 a 5 mm de comprimento
(ALBUQUERQUE, 1982).

O C. zehntneri produz uma quantidade razodvel de OE com rendimento de
aproximadamente 2,2% do peso seco de suas folhas (CRAVEIRO et al., 1980). A
constituicdo quimica desse 6leo tem sido determinada pelo Departamento de Fisica e



Quimica da Universidade Estadual do Ceara (UECE) por meio de cromatografia gas-
liquido acoplada a espectrometria de massa. De acordo com essa analise, seus principais
constituintes sdo o anetol (principalmente o trans-anetol), o estragol e o eugenol
(CRAVEIRO et al., 1978b; CRAVEIRO et al., 1981). No OE de algumas localidades do
nordeste encontra-se com abundéncia o anetol (variedade anetol do C. zehntneri;
contendo 86% do peso do Oleo). Naquele de outras localidades ndo ha quantidade
significativa de anetol, predominando o eugenol (68% do peso do Oleo; variedade
eugenol) ou o estragol (80% do peso do Oleo; variedade estragol). Além dessas
substancias estdo presentes, em menos proporg¢ao, outras como o mirceno, o cariofileno,
o 1,8-cineol (CRAVEIRO et al., 1981). O anetol e o estragol sdo derivados
fenilpropanos que ocorrem com bastante freqiiéncia nos OEs de um grande nimero de
plantas (Tabela 1). O estragol pode ser transformado em anetol por tratamento quimico
simples (CRAVEIRO et al., 1980). O anetol, em uma temperatura acima de 23 °C
apresenta-se como um liquido incolor ou levemente amarelado. Possui um odor de anis
e um sabor adocicado. E praticamente insolGvel em &gua, mas solGvel em solventes
organicos (RAUBENHEIMER, 1912; MERCK INDEX, 1968; UNITED STATES
PHARMACOPEIA, 1975). O anetol existe na forma dos isOmeros cis e trans, sendo que
0 isémero trans predomina nos OEs de Anis, Badiana e Fennel, e se transforma no
isbmero cis quando submetido a irradiacdes de comprimento de onda superior a 280 um
(RAUBENHEIMER, 1912; NAVES et al., 1958, 1959; NAVES, 1958a,b ; NAVES,
1960; UNITED STATES PHARMACOPEIA, 1975; CRAVEIRO & LEMOS, 1977).

O estragol (p-alilanisol, metoxi-4-aliloenzeno, metil-éter de chavicol) além de
ocorrer naturalmente no OE de varias plantas também pode ser obtido sinteticamente.
Apresenta-se como um liquido incolor, insolivel em &lcool e cloroférmio, e capaz de
formar misturas azeotropicas com a agua (MERCK INDEX, 1968). E um isdémero de
posicdo do anetol e como este, possui odor aromatico de anis embora ndo apresente seu
sabor adocicado (RAUBENHEIMER, 1912). Sua isomerizacdo em anetol pode ocorrer
por tratamento quimico simples determinando a formacdo dos compostos cis e trans
(NAVES, 1958; NAVES, 1960; FERRONI et al., 1962).

Baseando-se nessas caracteristicas quimicas dos OECz e de seus principais
constituintes, é possivel postular que tais substancias possuem efeitos farmacoldgicos

mensuraveis.



Familia Parte da planta Ocorréncia
Araceae rizoma China
Anacardiaceae folhas Brasil
resina india
Burseraceae
folhas Brasil
erva Asia
Compositae
erva USA
folhas Brasil
Euphorbiaceae
folhas Brasil
folhas Brasil
erva Asia, Europa
Labiatae
erva Africa
- - - - -

Tabela 1. Exemplos de algumas plantas que possuem o anetol (A) e o estragol (E) na
composic¢do quimica de seus OEs ( modificado de DALLMEIER, 1981).



10

1.5. Efeitos farmacoldgicos do 6leo essencial do Croton zehntneri e de seus

principais constituintes

O OE do C. zehntneri (OECz) tem sido estudado em varios sistemas
fisiologicos. Foi mostrado que o OECZ promove um efeito depressor sobre o sistema
nervoso central (SNC) diminuindo a atividade geral em ratos e camundongos
(BATATINHA et al., 1995). Na preparacdo de musculo esquelético, o0 OECZ induz
contracdo, possivelmente através de um efeito de liberagdo de célcio pelo reticulo
sarcoplasméatico (ALBUQUERQUE et al., 1995). Em estudo realizado no ileo isolado
de cobaia foi demonstrado que o OECZ exerce efeitos anti-espasmaodicos (COELHO-
DE-SOUZA et al., 1997; COELHO-DE-SOUZA, 1997). Além disso, 0 OECZ exibiu
efeitos modulatérios em diversas preparacfes isoladas de masculo liso de cobaia,
relaxando seletivamente o musculo liso intestinal (COELHO-DE-SOUZA et al., 1998).
Estes dois ultimos estudos vém corroborar a utilizacdo popular do C. zehntneri como
anti-espasmodico gastrintestinal (COELHO-DE-SOUZA et al., 1998). Recentemente,
foi relatado também um efeito anti-nociceptivo do OECZ em camundongos,
(OLIVEIRA et al., 2001).

Entre os efeitos do anetol podemos citar: inibicdo reversivel da formacdo de
glicogénio (COTE et al., 1951), provavelmente por uma competicio pela glicose
disponivel; agdo estrogénica em ratos (ZONDEX & BERGMANN, 1938); acdo
estimuladora da secre¢do salivar, provavelmente através de um mecanismo colinérgico
(TANIGUCHI, 1988); acdo depressora sobre o SNC (BOISSIER et al., 1967);
propriedades psicolépticas fugazes (somente o trans-anetol em altas doses) no
camundongo (BOISSER et al., 1969; Le BOURHIS & SOENEN, 1973); discreto efeito
analgésico, anticonvulsivante e hipnotico (Le BOURHIS & SOENEN, 1973); e um
certo grau de atividade citotoxica sobre células HeLa (STOJCEV et al., 1967).

Para o estragol (VINCENZI, 2000) tem sido relatada uma acdo depressora,
relativamente fugaz, sobre o SNC, que inclui: diminuicdo dos reflexos comportamentais
como a capacidade exploratéria e de observacdo (Le BOURHIS & SOENEN, 1973);
bloqueio da excitabilidade nervosa de forma dose-dependente (LEAL-CARDOSO et al.,
2004); discreta potencializacdo da indugdo do sono (sleeping-time) pelo pentobarbital
sodico (SETO & KEUP, 1969); efeito anestésico, miorrelaxante e anticonvulsivante
(DALLMEIR & CARLINI, 1981; ALBUQUERQUE et al., 1981).
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Ademais, a observacdo sugere gque existe uma semelhanca quimica estrutural
entre o anetol, o estragol e a capsaicina (Figura 1). A capsaicina € um agente
amplamente utilizado em pesquisa farmacologica, tendo sido atribuido a mesma um
repertdrio de acgdes inclusive sobre o sistema cardiovascular, cujos efeitos podem ser

diretos ou mediados por mecanismos reflexos.
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Figura. 2. Estrutura quimica do anetol, do estragol, e da capsaicina.

1.6. Controle cardiovascular reflexo

A regulacdo da PA em condi¢bes normais € complexa e conta com a
participacdo de multiplos sistemas na manutencéo da estabilidade hemodinamica. Esses
sistemas sdo integrados de tal forma que o debito oriundo dos centros vasomotores
medulares (via final comum) é estritamente regulado em resposta a uma variedade de
estimulos e perturbacdes (CAMPAGNA & CARTER, 2003). A manutencdo dos niveis
pressoricos dentro de uma faixa de normalidade depende de variacBes do débito
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cardiaco, da resisténcia vascular periférica ou de ambos. Diferentes mecanismos de
controle estdo envolvidos ndo s6 na manutencdo como na variagdo momento a momento
da PA, regulando o calibre e a reatividade vascular, a distribuicdo de fluido dentro e
fora dos vasos e o débito cardiaco. Nesse contexto, o estudo dos mecanismos de
controle da PA tem revelado substancias e sistemas fisiol6gicos que interagem de
maneira complexa e redundante para garantir que esse parametro seja mantido em niveis
adequados nas mais variadas situacdes (IRIGOYEN et al., 2001, 2003).

1.6.1. Pressorreceptores arteriais e controle neural da PA

O barorreflexo constitui 0 mais importante mecanismo de controle reflexo da
PA, a curto-prazo (momento a momento). Existem pressorreceptores arteriais, que sdo
mecanorreceptores, dispostos em terminacdes nervosas livres situadas na camada
adventicia de grandes vasos (aorta e car6tida) e que sdo estimulados por deformacdes
nas paredes desses vasos. Essas deformagdes, que sdo vistas durante elevacGes da PA,
promovem ativacdo dos pressorreceptores, que por seu turno geram potenciais de acao.
Esses sinais sdo conduzidos ao SNC, especificamente ao ndcleo do trato solitario
(NTS), via nervo glossofaringeo (fibras carotideas) e nervo vago (fibras adrticas). A
partir dai, neurdnios secundarios do NTS excitam neurdnios pré-ganglionares do
parassimpatico localizados no nucleo dorsal motor do vago e no nucleo ambiguo, que
por sua vez se projetam (eferentes vagais) aos neurdnios pds-ganglionares intramurais
situados no coragédo, determinando aumento da atividade vagal e queda da FC (Figura
2). Em contrapartida, o tdnus simpatico para o coracdo e 0s vasos € reduzido, uma vez
que outros neurdnios do NTS (quando estimulados pelo aumento da PA) excitam a
regido do bulbo ventrolateral caudal que inibe os neurbnios pré-motores simpaticos do
bulbo ventrolateral rostral. Dessa forma, ocorre reducdo da contratilidade cardiaca e da
FC, e diminuicédo da resisténcia vascular periférica que levam a reducdo e normalizagéo
da PA (IRIGOYEN, et al., 2001, 2003).

Sabe-se também que no valor basal da PA, existe uma descarga intermitente dos
pressorreceptores sincronizada com a pressdo sistolica. Dessa forma, o nivel de
atividade das fibras aferentes carotideas a adrticas, mielinizadas ou néo, reflete a funcéo

direta das variacdes instantaneas da deformacdo e da tensdo vasculares induzidas pela
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PA. Esse mecanismo garante, portanto o nivel operante (“set-point”) da PA (AIRES,
1999).

Em uma situacdo de elevacdo sustentada da PA (i.e., hipertensdo arterial), 0s
pressorreceptores passam por um fendmeno de adaptacdo. Essa adaptacdo atua no
sentido de diminuir a sensibilidade dos pressorreceptores e deslocar sua faixa de
funcionamento para um novo nivel de PA (IRIGOYEN et al., 2003).

Adicionalmente € importante frisar que a funcdo do barorreflexo arterial é
marcadamente inibida pela anestesia geral (FLUCKIGER et al., 1985), indicando que a
mensuracdo desse fendmeno no estado acordado exerce um papel importante (SU &
MIAO, 2002).

Além das respostas neurais rapidas, os pressorreceptores controlam também a
liberacdo de varios horménios que participam na manutengdo dos valores basais da PA.
Durante quedas sustentadas da PA, por exemplo, ocorre maior liberagéo de epinefrina e
norepinefrina pela medula adrenal, maior liberacdo de vasopressina (AVP ou hormonio
anti-diurético) pela neuro-hipofise e aumento dos niveis plasmaticos de renina (e
ativacdo do sistema renina-angiotensina-aldosterona). Esses sistemas hormonais atuam
no sentido de prolongar por minutos, ou até mesmo horas, as respostas cardiovasculares
que sdo comandadas pelos pressorreceptores (MICHELINI, 2000; IRIGOYEN et al.,
2001, 2003; LANFRANCHI & SOMERS, 2002). A epinefrina aumenta o débito
cardiaco (por aumento da FC e da contratilidade cardiaca) e melhora o fluxo sanguineo
muscular, coronario e esplancnico em detrimento do renal e do cutaneo, além de
aumentar o metabolismo basal por ativacao da glicogendlise no figado. A norepinefrina,
por sua vez, induz uma elevacdo acentuada na resisténcia periférica total (efeito
vasoconstritor). A queda da PA também determina, a nivel renal, maior liberacdo de
renina que atua clivando o angiotensinogénio em angiotensina | que por sua vez é
convertida em angiotensina Il nos pulmdes por acdo da enzima conversora de
angiotensina (ECA). A angiotensina Il exerce entdo suas agdes como: potencializacdo
dos efeitos da norepinefrina nos vasos de resisténcia; efeito vasoconstritor direto;
potencializacdo da transmissdo ganglionar; aumento na sintese e liberacdo de
aldosterona (horménio importante na regulagcdo da volemia por estimular a reabsorcédo
de sddio pelos tubulos renais). Ja a AVP atua de duas maneiras: 1) ao nivel dos tubulos

coletores renais (receptores V2), aumentando a reabsor¢do de agua e restaurando a
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volemia e 2) no musculo liso vascular (receptores V1), promovendo vasoconstricao

acentuada e conseqiientemente aumentando a resisténcia periférica total (AIRES, 1999).

O REFLEXO BARORRECEPTOR

%_

Figura 3. O reflexo barorreceptor (CAMPAGNA & CARTER, 2003).

1.6.2. Receptores cardiopulmonares

Sabe-se que existem trés grupos de receptores que s@o ativados por mudangas
pressoricas nas camaras cardiacas: 1) receptores situados no endocardio nas jungdes das
veias cava superior e inferior com o atrio direito e das veias pulmonares com o atrio
esquerdo (juncdes veno-atriais). Sdo conectados ao SNC por fibras vagais mielinizadas;
2) receptores distribuidos de forma difusa através de todas as camaras do coragdo e que
se encontram conectados ao SNC por fibras vagais ndo-mielinizadas; 3) receptores
também difusamente distribuidos por todas as cdmaras cardiacas e conectados a medula
espinhal por fibras mielinizadas e amielinizadas trafegando com os nervos simpaticos
(MICHELINI, 2000; IRIGOYEN et al., 2001, 2003).

O primeiro grupo de receptores, que se localiza nas juncdes veno-atriais, €

ativado pelo enchimento e pela contracdo atriais. A distensdo mecanica dessas jungdes
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evoca um aumento na FC devido a elevacdo da atividade simpatica direcionada para o
nodo sino-atrial, sem que ocorra alteracdo na atividade das fibras eferentes vagais para o
coracdo ou das fibras simpaticas para o miocardio. Dessa forma, o aumento reflexo da
FC ajuda a manter o volume cardiaco relativamente constante durante aumentos no
retorno venoso. A distensdo mecénica do atrio causa um aumento no débito urinério de
agua pelo rim. A diurese € secundaria a inibicao da secre¢do do horménio anti-diurético
e a reducdo da atividade simpatica renal (IRIGOYEN et al., 2001, 2003).

O segundo grupo de receptores cardiopulmonares, cujas aferéncias nao-
mielinizadas trafegam pelo nervo vago, comportam-se, quando ativados, como 0s
mecanorreceptores carotideos e aorticos, reduzindo a atividade simpética e aumentando
a atividade do vago para o cora¢do. A modulacdo na atividade simpatica varia de um
territorio para outro, mas é especialmente importante na regulacdo da resisténcia
vascular renal (IRIGOYEN et al., 2001, 2003).

O ultimo grupo de aferentes cardiopulmonares trafega junto aos aferentes
cardiacos simpaticos até a medula espinhal. Sdo aferentes mielinizados e amielinizados
( em sua maior propor¢do ) e sdo ativados por estimulos mecéanicos ou por substancias
quimicas aplicadas diretamente no epicardio (CINCA & RODRIGUEZ-SINOVAS,
2000; IRIGOYEN et al., 2001, 2003).

1.6.3. Reflexos Atriais

Em 1915, Bainbridge demonstrou que a rapida infusdo i.v. de salina ou sangue
provocava aceleracdo cardiaca em cées anestesiados, além de taquicardia em resposta as
discretas distensdes nas regides entre os atrios e as veias pulmonares ou veia cava.
Entretanto, outros pesquisadores tém mostrado que a infusdo de fluidos pode resultar
tanto em bradicardia como em taquicardia, dependendo do valor inicial da FC (alta ou
baixa, respectivamente) (MEYRELLES et al., 1994).

1.6.4. Reflexos ventriculares

A inervacdo aferente dos ventriculos cardiacos &, principalmente, embora nédo
totalmente, feita por fibras amielinicas do tipo-C, sendo que o ventriculo esquerdo é um
pouco mais inervado do que o direito. Nesse contexto, as vias eferentes envolvem
atividade aumentada do nervo vago para o coracdo e inibicdo do efluxo simpético para
0s vasos periféricos (MEYRELLES et al., 1994; VERBERNE et al., 2003 ).
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Existe ainda muita especulacdo sobre o que, de fato, pode constituir um estimulo
fisioldégico normal para os receptores ventriculares. Contudo, sabe-se que eles podem
ser excitados tanto por estimulos mecénicos como quimicos. Uma variedade de
substancias quimicas estimulam as terminacOes aferentes vagais no cora¢do e nos
pulmdes e produzem profunda resposta depressora (MEYRELLES, 1994; VERBERNE
et al., 2003). O termo terminacBes quimio-sensiveis € utilizado para distinguir estas
terminacdes (fibras-C vagais) dos quimiorreceptores classicos que respondem somente a
mudancas fisioldgicas das concentra¢fes de substancias que ocorrem naturalmente no
sangue, em situacdes como hipercapnia, acidemia ou hipoxia, resultando em aumento da
PA e taquicardia (IRIGOYEN et al., 2001, 2003). Diferentemente do que acontece com
os alcaldides do veratrum, que podem excitar aferéncias vagais tanto mielinicas como
amielinicas, existem algumas substancias que podem atuar de forma relativamente
especifica para as aferéncias vagais ventriculares. Tais substancias incluem bradicinina,
prostaglandinas, 5-hidroxitriptamina (5-HT) (serotonina), fenilbiguanida, e capsaicina
(CAP) (MEYRELLES et al., 1994; VERBERNE et al., 2003). Outras substancias como
adenosina tri-fosfato, e venenos de cobras, insetos e animais marinhos, também podem
estimular os aferentes cardiacos (CAMPAGNA & CARTER, 2003). A resposta de
bradicardia e hipotensdo observada imediatamente apds a administracdo i.v. destes
varios agentes quimicos possui suas vias aferentes trafegando pelos nervos vagos e tem
sido comumente denominada de reflexo Bezold-Jarisch (CAMPAGNA & CARTER,
2003).

O reflexo de Bezold-Jarisch pode ser facilmente evocado experimentalmente por
injecBes intravenosas de 5-HT ou fenilbiguanida. Esses agentes estimulam
seletivamente fibras-C vagais amielinicas existentes na regido cardiopulmonar sem que
ocorra ativacdo antidromica das fibras vagais aferentes (MEYRELLES, 1994), como
acontece na estimulacéo elétrica do tronco vagal seccionado. A fenilbiguanida e a 5-HT
ndo estimulam os receptores atriais do tipo A ou do tipo B e nem sensibilizam os
barorreceptores sino-aorticos (MEYRELLES et al., 1994). Adicionalmente, a
estimulacgdo elétrica dos nervos vagos ativa tanto fibras mielinicas quanto amielinicas,
incluindo aquelas provenientes das visceras abdominais. Utilizando tal abordagem, o
reflexo de Bezold-Jarisch pode ser obtido repetidamente através desses agentes, ao
passo que outras substancias quimicas podem levar ao fendmeno de dessensibilizacéo
ou taquifilaxia (MEYRELLES et al., 1994).
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1.6.5. Papel dos quimiorreceptores no controle cardiovascular

Os quimiorreceptores periféricos sdo constituidos morfo-funcionalmente por
células altamente especializadas, que possuem a habilidade de detectar alteragdes na
pressao parcial de dioxido de carbono (pCOy), pressdo parcial de oxigénio (pO,) e na
concentracdo hidrogeniénica (pH) do sangue. Esses receptores encontram-se
distribuidos em corpusculos carotideos e adrticos, localizados bilateralmente na
bifurcacdo da car6tida comum (quimiorreceptores carotideos) ou em pequenos
corpusculos espalhados entre o arco adrtico e a artéria pulmonar (quimiorreceptores
aorticos). Sao irrigados por sangue arterial atraves de pequenos ramos que se originam a
partir da carétida externa e aorta, respectivamente. Uma importante caracteristica desses
quimiorreceptores refere-se ao fato de estarem intimamente associadas aos capilares
sanguineos, sendo cerca de 25% do volume total do corplsculo carotideo ocupado por
capilares e vénulas (CAMPAGNOLE-SANTOS & HAIBARA, 2001).

A ativacdo dos quimiorreceptores periféricos resulta em ajustes ventilatorios que
se caracterizam por aumento do volume de ar corrente, aumento da freqiéncia
respiratéria e aumento do volume minuto respiratério, exercendo, portanto, um
importante papel no controle reflexo da ventilagio (CAMPAGNOLE-SANTOS &
HAIBARA, 2001).

Além de promover respostas ventilatdrias, a estimulagdo dos quimiorreceptores
periféricos também modifica de forma reflexa os valores de PA. Sugere-se que tais
estruturas possuem uma influéncia ténica sobre o controle cardiovascular, contribuindo
dessa forma para a manutencdo dos niveis basais da PA e de parte da resisténcia
periférica total (CAMPAGNOLE-SANTOS & HAIBARA, 2001). E importante
ressaltar que o incremento da ventilacdo ativa também os mecanorreceptores situados
nos pulmdes, provocando alteracBes circulatorias reflexas que podem se sobrepor
parcialmente as provenientes da estimulacdo isolada dos quimiorreceptores. Dessa
forma, a freqliéncia e o volume pulmonar devem ser controlados para que seja avaliada
a resposta cardiovascular priméaria dos quimiorreceptores. Quando esse controle é
realizado, a PA tende a aumentar, por ativacdo simpatica, como resultado da constricgdo
dos vasos de resisténcia situados nos leitos renal e esplancnico e nos masculos
esqueléticos (CAMPAGNOLE-SANTOS & HAIBARA, 2001; IRIGOYEN et al.,
2003).
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1.7. Capsaicina

A CAP [trans-8-metil-N-vanilil-6-nonenamida], o ingrediente pungente
encontrado nas pimentas vermelhas do género Capsicum, tem sido amplamente
utilizada por sua especificidade na estimulacdo dos aferentes primarios C e A-delta. A
administracdo sisttmica de CAP induz varios efeitos farmacoldgicos tais como
hipotermia, bradicardia, diminuicdo da PA e inibicdo do transito intestinal (BURCK &
BURKS, 1986). Muitos desses efeitos sdo secundarios a liberacdo de neuropeptideos a
partir dos terminais nervosos sensoriais. Os neuropeptideos, como o peptideo
relacionado ao gene da calcitonina (CGRP), a substancia P (SP) e a neuroquinina A
(NKA), liberados pelos nervos sensoriais estimulados, possuem uma funcdo sensorial-
eferente dual: atuam mediando a nocicepcdo (vias da dor) e evocam um conjunto de
alteragdes conhecidas como inflamag&o neurogénica (HOLZER, 1998b; COSTA et. al.,
2001; FAJARDO et al., 2001). Estudos utilizando técnicas de clonagem tém revelado a
expressdo do chamado receptor vanildéide do subtipo 1 (VR-1) nos neurbnios de
pequeno didmetro (sensoriais), indicando a seletividade da CAP pelos nervos sensoriais
amielinizados (CATERINA et al., 1997).

1.7.1. Receptor vanildide do subtipo 1

O receptor VR-1 é um canal catiénico ndo-seletivo com a caracteristica notavel
de possuir uma elevada permeabilidade para fons célcio (Ca™) (CATERINA et. al.,
1997). A partir da determinacdo da seqiéncia de aminoacidos pode-se predizer que 0
receptor VR-1 possui seis dominios trans-membrana e um “estiramento” em forma de
poro, situado entre o quinto e o sexto dominios, que permite o influxo de ions
(TOMINAGA & JULIUS, 2000). A CAP e a resiniferatoxina, um capsindide ultra-
potente, agem sobre o0s neur6nios sensoriais no sentido de induzir influxo de ions,
particularmente célcio e sédio (BEVAN & SZOLCSANYI, 1990; O’NEIL & BROWN,
2003). O influxo, especialmente de ions sodio, despolariza a membrana neuronal e gera
potenciais de acdo na medida que o potencial de membrana ultrapassa um determinado
limiar (SASAMURA & KURAISHI, 1999). O influxo de Ca** para dentro dos terminais
nervosos, induzido pela CAP, através do receptor VR-1 e dos canais de Ca®* voltagem-

dependentes, provoca a liberagcdo exocitica de neuropeptideos, como a SP e 0 CGRP, e
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de aminoédcidos excitatérios, como o glutamato (BEVAN & SZOLCSANYI, 1990;
HOLZER, 1991; UEDA et al., 1993; TOHDA & KURAISHI, 1996).

Grande parte dos neurdnios sensiveis & CAP sdo ativados por prétons (H")
(BEVAN & GEPPETTI, 1994; REEH, 2001). O calor nocivo e as condicdes acidas (pH
abaixo de 5,9; condi¢Bes de acumulo de H") evocam correntes de influxo nos neurdnios
sensoriais (KRESS & ZEIHOFER, 1999; VELLANI et al., 2001), e dessa forma podem
potencializar os efeitos da CAP (BAUMANN & MARTENSON, 2000; RYU et. al.,
2003). O calor e os protons podem agir diretamente sobre o receptor VR-1 uma vez que
0 antagonista deste receptor, a capsazepina (CZP), inibe os efeitos evocados por estes
dois agentes. Dessa forma, tanto o calor como os protons podem ser ativadores
enddgenos e/ou moduladores do receptor VR-1. Postula-se também que derivados
lipidicos do acido araquiddnico, como a anandamida, possam ativar endogenamente o
receptor VR-1 (WOOD, 1997; LIN & LEE, 2002).
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Figura 4. Receptor VR-1, suas correntes de influxo e os possiveis ligantes endégenos
(TOMINAGA & JULIUS, 2000).
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1.7.2. Capsaicina e nocicepcao

Em condi¢Ges normais, a dor estd associada a uma atividade elétrica nas fibras
aferentes primarias de pequeno diametro dos nervos periféricos. Esses nervos possuem
terminacBes sensoriais nos tecidos periféricos e sdo ativados por estimulos de vérios
tipos (mecanicos, térmicos, quimicos) (BLOOM, 1996; MARQUEZ, 2004). Os
registros de atividade em fibras aferentes isoladas mostraram que os estimulos
suficientes para excitar essas pequenas fibras aferentes também produzem uma sensacao
dolorosa. Muitas dessas fibras séo fibras C ndo-mielinizantes com baixas velocidades de
conducdo (menor que 1 m/s); este grupo é conhecido como nociceptores polimodais.
Outras consistem em delicadas fibras mielinizadas, de condugdo mais rapida, mas que
respondem a estimulos periféricos semelhantes (BLOOM, 1996; JULIUS &
BASBAUM, 2001). Apesar da existéncia de algumas diferengas entre espécies, as fibras
C estdo associadas, em sua maioria, a terminagdes nociceptivas polimodais. Os
aferentes dos musculos e das visceras também conduzem a informagéo nociceptiva. Nos
nervos desses tecidos, as pequenas fibras mielinizadas estdo conectadas a
mecanorreceptores de limiar elevado, enquanto as fibras ndo mielinizadas estdo
conectadas a nociceptores polimodais, como ocorre na pele (BLOOM, 1996). O
mecanismo através do qual uma variedade de estimulos diferentes tem a capacidade de
induzir atividade nas terminacGes nervosas nociceptivas estd apenas parcialmente
esclarecido. No caso de vérias condi¢des patoldgicas, a lesdo tecidual constitui a causa
imediata da dor, havendo consequente liberagdo local de uma variedade de mediadores
quimicos que se supde irdo atuar sobre as terminacOes nervosas, ativando-as
diretamente ou potencializando sua sensibilidade a outras formas de estimulacdo
(BLOOM, 1996).

Os corpos celulares das fibras aferentes nociceptivas medulares situam-se nos
ganglios das raizes dorsais, terminando na substancia cinzenta do corno dorsal. As
fibras aferentes nociceptivas terminam, em sua maioria, na regido superficial do corno
dorsal; as fibras C e algumas fibras mielinicas inervam os corpos celulares, enquanto
outras fibras A penetram mais profundamente no interior do corno dorsal (MARQUEZ,
2004) (Figura 5).

Os neurbnios aferentes amielinizados contém diversos neuropeptideos,
particularmente a SP e 0 CGRP (WATSON et al., 2002). Esses neuropeptideos sdo
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liberados como mediadores nas terminacdes centrais ou periféricas e tém importante
atividade na patologia da dor (BLOOM, 1996).

Os nociceptores também sdo sensiveis a CAP (DI MARZO et al., 2002), e sua
exposicdo a esse agente provoca excitacdo desses neurdnios induzindo a liberagdo de
varios mediadores da inflamacdo (TOMINAGA & JULIUS, 2000). A CAP nédo somente
provoca dor, mas também exibe propriedades analgésicas. Esse efeito paradoxal diz
respeito a capacidade da CAP em dessensibilizar os terminais nervosos nociceptivos
(TOMINAGA & JULIUS, 2000).

Receptor A

, Fibras C nociceptoras
Mecanoceptores Aj P

Figura 5. Localizacdo anatémica das fibras nervosas nociceptivas que se dirigem para o
corno posterior da medula espinhal (MARQUEZ, 2004).
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1.7.3 Dessensibilizacéo induzida pela capsaicina

Estudos tém mostrado que se a concentracdo da droga e o tempo de contato
excedem um certo limite, a CAP ou 0s seus analogos exercem uma acao neurotoxica
que resulta na morte de neurdnios do ganglio da raiz dorsal em cultura e no dano a
longo-prazo (semanas a meses) das fungdes neuronais aferentes in vivo (BEVAN &
SZOLCSANYI, 1990; HOLZER, 1991; SZALLASI, 1994; HOLZER, 1998a). Essa
acao citotoxica € provavelmente mediada pelo receptor VR-1 (CATERINA et al., 1997).
O processo neurotoxico, que é iniciado ap0ds ativacdo do receptor VR-1 pela CAP,
resulta em necrose e morte celular (CATERINA et al., 1997), resultante de dois
mecanismos  principais (BEVAN & SZOLCSANYI, 1990; SZALLASI &
BLUMBERG, 1999; HOLZER, 1991; HOLZER, 1998a). Um desses mecanismos
parece estar relacionado com um influxo excessivo de Ca** para dentro da célula,
resultando na ativacdo de enzimas dependentes desse ion e em um dano a longo-prazo
na funcdo mitocondrial. O segundo mecanismo possivelmente envolve o influxo de
sodio através do receptor VR-1 e 0 movimento passivo de cloro para dentro da célula.
Esse influxo de cloro e sodio é seguido por entrada de agua e lise osmética da célula
(HOLZER, 1998a). Esses mecanismos descritos anteriormente podem ser secundarios a
duas abordagens amplamente utilizadas na pesquisa farmacoldgica: a administracéo
sistémica e o tratamento perineural (TPN) com a CAP (HOLZER, 1998a).

A administracdo sistémica de uma dose Unica de 50 mg/kg de CAP por via
subcutanea (s.c.) em ratos recem-nascidos reduz o numero de neurbnios de pequeno
diametro no ganglio nodoso em até 70% (CAROBI, 1996). O tratamento sisttmico com
doses neurotdxicas em ratos adultos provoca também um certo grau de degeneracdo de
neurdnios do ganglio nodoso, que é acompanhada por uma deplecéo de longa duragédo
da SP no génglio e no nervo vago (HOLZER, 1991).

No que se refere ao TPN com CAP em ratos, tem sido mostrado que esse
procedimento resulta em excitacdo neuronal seguida por inibi¢cdo da conducdo nervosa
na maioria das fibras C, em algumas fibras A-delta e A-alfa-beta (SUCH & JANCSO,
1986; WADDELL & LAWSON, 1989, SCHELEGLE et al., 2000). Enquanto que o
bloqueio da fibra A-alfa-beta é revertido no periodo de uma hora, o bloqueio da fibra C
ocorre por um tempo maior que 90 min (WADDELL & LAWSON, 1989). Embora as
consequiéncias a longo-prazo do tratamento perivagal com CAP ndo tenham sido
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estudadas detalhadamente a nivel celular, as informacGes disponiveis sugerem que

ocorre degeneracdo de um numero significativo de aferentes vagais (HOLZER, 1998a).
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Figura. 6. Agédo dose-dependente da capsaicina sobre o receptor VR1 (HOLZER, 1998a)

1.7.4. Efeitos cardiovasculares da capsaicina
Os efeitos cardiovasculares da CAP tém sido extensivamente estudados em

experimentos in vivo e in vitro. Os nervos aferentes sensiveis a CAP estdo amplamente
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distribuidos no sistema cardiovascular, sendo encontrados no coracao e na adventicia de
muitos vasos sanguineos (BARJA et al., 1983; WHARTON et al., 1986). Esses nervos
liberam certos neurotransmissores (mais comumente a SP e 0 CGRP) a partir dos seus
terminais centrais ou periféricos quando ativados por uma variedade de substancias
quimicas, incluindo a CAP que age sobre o receptor VR1 (GAMSE et al., 1981;
MAGGI & MELI, 1988; WANG, 2005). Através de suas terminacGes aferentes, 0s
nervos sensiveis a CAP podem enviar informacdes para 0 SNC no sentido de iniciar
reflexos autondbmicos. Em varios 6rgaos, os neurotransmissores liberados a partir das
terminacOes eferentes podem evocar respostas como vasodilatacdo e extravasamento de
proteinas plasmaticas (MAGGI & MELLI, 1988; HOLZER, 1992; LUNDBERG, 1996).

Tem sido relatado que a injecdo i.v. em bolus de CAP ou de seu analogo,
nonivamida, em ratos anestesiados, induz uma resposta trifasica na PA: uma ligeira
queda inicial associada com uma bradicardia rapida (efeito f ; “fast”), um retorno
intermediario ao nivel normal (ou um pouco maior que o normal) e uma subseqtente
hipotensdo retardada associada com um segundo efeito de bradicardia lenta (efeito s ;
“slow”) (DONNERER & LEMBECK, 1982; YANG et al., 1993; LO et al., 1994). Foi
visto que a hipotensao inicial (efeito A) e a bradicardia rapida (efeito f), em resposta a
CAP, estavam ausentes ap0s a vagotomia cervical bilateral (DONNERER &
LEMBECK, 1982; YEH et al., 1993; LO et al., 1994) e reduzidas pelo pré-tratamento
com CAP e com atropina (DONNERER & LEMBECK, 1983; LO et al., 1994). Isso
tem indicado que o efeito A é mediado por um mecanismo colinérgico associado a um
reflexo vagal a terminacdes nervosas sensiveis a CAP. O aumento intermediario (efeito
B) ndo se mostra alterado pela bivagotomia, mas esta aumentado em ratos tratados no
periodo neonatal com CAP e tem sido associado como um efeito vasoconstritor direto
da CAP (DONNERER & LEMBECK, 1982; YEH et al., 1993; LO et al, 1994). A
queda secundaria e mais gradual da PA (efeito C) néo € alterada pela bivagotomia, mas
estd ausente em ratos tratados no periodo neonatal. Propde-se que da mesma forma que
o efeito A, o efeito C seja atribuido a estimulacdo de fibras aferentes de pequeno
didmetro sensiveis &8 CAP (DONNERER & LEMBECK, 1982; YEH et al., 1993; LO et
al, 1994).

A injecdo i.a. retrograda de CAP na artéria femoral, acessada através da artéria
epigastrica superficial, estimula os receptores perivasculares para dor (SZOLCSANYI,
1977) levando a uma hipotensdo monoféasica em ratos (DONNERER & LEMBECK,
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1982). Esse efeito ndo foi afetado pela descerebracdo intercolicular, mas foi
completamente bloqueado apds a seccgéo ipsilateral dos nervos ciatico e safeno, apos a
injecdo i.t. de um antagonista especifico para SP ao nivel L5-L6 da medula espinhal, ou
em ratos espinais (DONNERER & LEMBECK, 1982; YANG et al., 1993). Portanto,
essa hipotensdo induzida pela CAP foi designada como uma resposta reflexa, que é
mediada exclusivamente por fibras aferentes primarias que contém SP (DONNERER &
LEMBECK, 1983). Essa conclusdo € suportada pelos achados que mostram que o
reflexo depressor ap06s a injecdo i.a. de CAP foi convertido a um reflexo pressor em
ratos tratados com CAP no periodo neonatal (DONNERER & LEMBECK, 1982), ou
seja, apos degeneracdo dos aferentes primarios de pequeno didmetro (JANCSO et al.,
1977) resultando em deplecdo da SP dessas estruturas nervosas (GAMSE et al., 1981).

Foi mostrado também que a CAP possui potentes efeitos cronotropicos e
inotrépicos positivos quando aplicada no atrio isolado da cobaia, sendo sugerido que
essa acdo inotropica positiva é decorrente da liberacdo de CGRP dos neurdnios
sensoriais intra-cardiacos (FRANCO-CERECEDA et. al., 1988). Além disso, 0 CGRP e
a CAP também prolongam a duragdo do potencial de a¢do no atrio isolado do cobaia (
FRANCO-CERECEDA et. al., 1988).

Também foram relatados outros efeitos cardiovasculares da CAP tais como:
papel facilitador na atividade do barorreceptor isolado (ZHANG et al., 2004);
vasodilatacdo nas artérias coronarias (ZHANG et al., 2004); aumento na PAM e na FC
secundarias a microinjecdo desse agente na area postrema (ZHANG et al., 2004);
aumento na sensibilidade da PA ao sal e remodelamento vascular apés tratamento
neonatal (ZENG et al.,, 2004); bradicardia e hipotensdo ap6s microinjecdo em
determinadas areas do NTS do rato (LUKOVIC et al., 1987).
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2. OBJETIVOS

2.1. Objetivo geral

Estudar os efeitos cardiovasculares do dleo essencial do Croéton zehntneri
(OEC2) e de seus principais constituintes em ratos normotensos.

2.2. Objetivos especificos

- Estabelecer a curva dose-efeito da acdo do OECz e seus principais constituintes sobre

a PAM e a FC em ratos acordados e anestesiados.

- Investigar, em ratos acordados, o papel do sistema nervoso autbnomo e do Oxido

nitrico na mediacéo dos efeitos cardiovasculares do OECz.

- Estudar, em ratos anestesiados, o envolvimento das fibras nervosas sensoriais na

mediacéo dos efeitos cardiovasculares do OECz.

- Avaliar os efeitos vasorrelaxantes do OECz em preparacdes de aorta isolada.
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Abstract

Cardiovascular effects of the essential oil of Croton zehntneri (EOCZ) were investigated in conscious rats. In these preparations, intravenous
(i.v.) injections of EOCZ (1-20 mg kg~ ") and its main constituents anethole and estragole (both at 1—10 mg kg™ ') elicited brief and dose-
dependent hypotension and bradycardia (phase I) that were followed by a significant pressor effect associated with a delayed bradycardia (phase
II). The initial hypotension and bradycardia (phase I) of EOCZ were unchanged by atenolol (1.5 mg kg™', i.v.) or L-NAME (20 mg kg™, i.v.)
pretreatment, but were respectively reversed into pressor and tachycardic effects by methylatropine (1 mg kg™, i.v.) pretreatment. The subsequent
pressor effect and the delayed bradycardia (phase II) remained unaffected by atenolol, but were abolished by L-NAME and methylatropine
pretreatment, respectively. In rat endothelium-containing aorta preparations, the vasoconstrictor responses to phenylephrine were enhanced and
reduced, respectively, by the lower (1-30 pg mL™') and higher (300—1000 pg mL™") concentrations of EOCZ. Only the enhancement of
phenylephrine-induced contraction was abolished by either the incubation with L-NAME (50 uM) or in the absence of the endothelium. These
data show, for the first time, that i.v. administration EOCZ induces an initial hypotension followed by a pressor response, two effects that appear
mainly attributed to the actions of anethole and estragole. The EOCZ-induced hypotension (phase I) is mediated by a cholinergic mechanism and
seems to result mainly from the concomitant bradycardia. The pressor response of EOCZ (phase II) seems to be caused by an indirect
vasoconstrictive action of EOCZ most likely through inhibition of endothelial nitric oxide production.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Anethole; Cardiovascular effects; Croton zehntneri; Essential oil; Estragole; Isolated thoracic aorta

Introduction

Croton zehntneri Pax et Hoffm. (Euphorbiaceae) is an
abundant aromatic plant in northeastern Brazil, where it is
commonly known as “canela de cunha”. In folk medicine,
infusions or decoctions of leaves from C. zehntneri are
commonly used to treat anxiety, anorexia, and for the relief
of gastrointestinal disturbances (Craveiro et al., 1977; Bata-
tinha et al., 1995; Leal-Cardoso and Fonteles, 1999). Further-
more, because C. zehntneri is characterized by a strong and
pleasant odor reminiscent of anise and clove, extracts of its

* Corresponding author. Tel.: +55 81 2126 8530; fax: +55 81 2126 8976.
E-mail address: lahlou@ufpe.br (S. Lahlou).

0024-3205/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/.1f5.2005.09.042

bark and leaves are used in perfumes and as sweeteners in
foods and in drinks (Craveiro et al., 1977, 1978).

Leaves of C. zehntneri have an essential oil content of
approximately 2% of the plant dry weight, comprised
principally of mono- and sesquiterpenes (Craveiro et al.,
1977, 1978). Notwithstanding, little is known about the
biological actions of the essential oil of C. zehntneri (EOCZ).
Previously, the EOCZ and its main constituents, estragole and
trans-anethole, have been reported to exert antispasmodic
effects on guinea-pig isolated ileum (Coelho-de-Souza et al.,
1997, 1998), justifying the use of the plant in folk medicine
for the treatment of gastrointestinal disorders. Recently, it has
been reported that EOCZ induces an antinociceptive effect in
mice, probably through a central nervous system mechanism
or by an indirect mechanism such as an anti-inflammatory
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effect (Oliveira et al., 2001). However, there have been no
systematic studies of the cardiovascular effects of EOCZ in
rats.

The present investigation was undertaken to address this
issue and comprises two parts. The first part was performed in
conscious rats in order to assess the cardiovascular effects of
EOCZ and its main constituents, estragole and anethole, and
the role of cholinergic mechanism as well as the endothelial L-
arginine/nitric oxide (NO) pathway in the mediation of these
effects. The second part was performed in vitro, using rat
isolated thoracic aorta, to assess the potential vascular effects of
the EOCZ and the influence of either nitric oxide synthase
(NOS) inhibition or mechanical removal of endothelium on
these effects.

Materials and methods
Plant material

Aerial parts of C. zehntneri were collected on May 2003,
near the city of Vigosa, State of Ceara, Brazil. The identifica-
tion of the plants was confirmed by Dr. FJ Abreu Matos
(Laboratory of Natural Products, Federal University of Ceara).
A voucher specimen (No. 277477) is deposited in the
herbarium of Prisco Viana, Federal University of Ceara.

Extraction and chemical analysis

The EOCZ was prepared from freshly chopped leaves by
steam distillation and analyzed chemically as previously
described (Craveiro et al.,, 1976). Briefly, analytical condi-
tions were as follows: EOCZ analysis was performed by gas
chromatography and mass spectrometry (GC/MS; model
6971; Hewlett-Packard, USA). The column was a dimethyl-
polysiloxane DB-1 fused silica capillary column (20 m x 0.25
mm; 0.1 pm), the carrier gas: helium (1 mL min~'), the
injector temperature was 250 °C, the detector temperature
was 280 °C and the column temperature was 50—180 °C at 4
°C min~' then 180-250 °C at 20 °C min~'. The mass
spectrum was an electronic impact at 70 eV. The composition
of EOCZ and the retention indices of their various
constituents are given in Table 1. These compounds were
identified using a mass spectral library search and ['*C]-
nuclear magnetic resonance spectroscopy (Alencar et al.,
1984).

Solutions and drugs

For in vivo experiments, anethole and estragole (Sigma
Chemical Co., St Louis, MO) and EOCZ were dissolved in
Tween 80 (2%), brought to the chosen volume with sterile
isotonic saline and sonicated just before use. Previous studies
showed that this vehicle had no significant effects on either
baseline mean aortic pressure (MAP) or heart rate (HR) over a
period of 20 min (Lahlou et al., 2002, 2004a,b). Sodium
pentobarbital (Sanofi, Libourne, France) and heparin (Labor-
atoires Léo SA, Montigny-le-Bretonneux, France) were used as

Table 1

Chemical composition and retention indices of the constituents of the essential
oil of Croton zehntneri (data bank of the Department of Physics and Chemistry
of the State University of Ceara, Brazil)

Compounds Composition (% of total weight) ~ Retention indices
a-Pinene 0.38 939
Sabinene 0.29 975
p-Myrcene 0.94 991
1,8-Cineole 1.22 1031
Estragole 45.95 1196
Z-anethole 0.49 1253
E-anethole 42.09 1285
p-Elemene 0.43 1391
trans-Caryophyllene 1.52 1419
v-Cadinene 1.04 1514
Germacrene-B 4.84 1561
Espatulenol 0.47 1593
Total identified 99.66

commercially available injectable solutions. Methylatropine
bromide, atenolol hydrochloride and L-NAME were purchased
from Sigma Chemical, dissolved in saline just before use and
administered in volumes of 1 mL kg~' body weight. For in
vitro experiments, EOCZ was prepared directly in Tyrode’s
solution and sonicated just before use while phenylephrine
hydrochloride (Sigma), acetylcholine chloride (Sigma) and
verapamil hydrochloride (Sigma) were first dissolved in
distilled water and were brought to volume with Tyrode’s
solution. The perfusion medium used was fresh modified
Tyrode solution (pH 7.4) of the following composition (mM):
NaCl 136, KC1 5, MgCl, 0.98, CaCl, 2, NaH,PO, 0.36,
NaHCO; 11.9, and glucose 5.5.

Animals

Male Wistar rats (280—340 g) were obtained from our local
colonies maintained at the Department of Physiology and
Pharmacology, Federal University of Pernambuco, Recife,
Brazil. They were kept under conditions of constant temper-
ature (22+2 °C) with a 12 h light/12 h dark cycle and free
access to food and water. All animals were cared for in
compliance with the Guide for the Care and Use of Laboratory
Animals, published by the US National Institutes of Health
(NIH Publication 85-23, revised 1996).

In vivo experiments

Rats were anesthetized with intraperitoneally injected
sodium pentobarbital (50 mg kg '; supplemented by an
additional 15 mg kg~' when necessary) and catheters (PE-10
fused to PE-50) were implanted in the abdominal aorta (for the
recording of arterial blood pressure) and in the inferior vena
cava (for drug administration) through the left femoral artery
and vein, respectively. These catheters, filled with heparin-
saline solution (125 TU mL™"), were exteriorized at the dorsal
neck level. Postoperatively, the rats were housed individually
in plastic cages (40 x 32 x 16 cm) and allowed to recover for
24—48 h before any circulatory experiments. At the time of an
experiment (10.00 am—1.00 pm), the arterial catheter was
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connected to a blood pressure transducer (Statham P23ID)
coupled to a polygraph recorder; HR was obtained from a
cardiotachometer triggered by the pressure pulses. Both signals
were recorded on a Gilson model 5/6H polygraph (Medical
Electronics Inc., Middletown, WIS, USA). The MAP was
calculated as diastolic+[(systolic — diastolic)/3]. Cardiovascu-
lar responses were performed 1 h after the rats were transported
to an isolated and quiet room. Rats remained in their resident
cage but the top grid was removed and they had no more access
to the food and water during the whole recording period. Only
one compound alone or associated with an antagonist was
administered to any individual animal per day. All the
following experiments were performed in conscious, freely
moving rats.

Series 1 This series of experiments was carried out to establish
a dose—effect relationship. After stable MAP and HR
were obtained, each rat received a series of increasing
bolus (100 uL) doses of EOCZ (1-20 mg kg™ ', n=9),
anethole (1—10 mg kg~', n=8) or estragole (1—10 mg
kg~', n=6) via the i.v. catheter, and the time-course of
the changes in MAP and HR was recorded. When
subsequent doses of EOCZ, anethole or estragole were
administered, MAP and HR were first allowed to
return to respective baseline levels.

Series 2 The time-course of changes in MAP and HR elicited
by i.v. injections of EOCZ (1-20 mg kg~ ') were
determined in rats which had been pretreated intrave-
nously 10 min earlier with one of the following
pretreatments: vehicle (I mL kgfl, n=9), or methyla-
tropine (1 mg kg~ ', n=6) (Vasquez and Krieger,
1997), atenolol (1.5 mg kg™', n=5) or L-NAME (20
mg kg~', n=7) (Boussairi and Sassard, 1994). Each
rat received increasing bolus doses as described
above. Doses of antagonists were chosen according
to those recommended in the literature.

In vitro experiments

Rats were stunned and then exsanguinated. Thoracic aortae
were removed and immersed in perfusion medium at room
temperature. After removing adhering fat and connective
tissue, the aorta was cut into cylindrical strips (1 x5 mm),
which were suspended in a 10-mL organ baths containing
continuously aerated (95% O, and 5% CO,) perfusion medium
at 37 °C (pH 7.4). Strips were stretched with a passive tension
of 0.5 g and tension was recorded using an isometric transducer
(Grass Model FT03, Quincy, MA, USA) connected to a PC-
based Dataq acquisition system (PM-100, CWE Inc., Akron,
OH, USA). After an equilibration period of 60 min, control
contractions were induced by adding 60 mM potassium
chloride to the bath. When two successive control contractions
showed similar amplitude, preparations were considered to be
equilibrated. In order to assess the effects of EOCZ on
phenylephrine-induced contraction, preparations were exposed
to increasing concentrations (1-1000 pg mL~", n=6) of
EOCZ during 5-min period once a sustained contraction

elicited by a submaximal concentration (3 pM) of phenyleph-
rine was established.

In order to examine whether the vascular responses to
EOCZ is an endothelium/NO dependent effect, the vascular
effects of EOCZ (1-1000 pg mL™') were determined in
preparations without endothelium (2=7) or in endothelium-
containing preparations incubated with L-NAME (50 puM,
n=6) 10 min prior to addition of phenylephrine. The
endothelium was removed immediately after dissection by
gentle rubbing of the aortic lumen with a stainless steel wire.
Each endothelium-containing or endothelium-denuded prepa-
ration was challenged at the beginning of the experiment with 1
UM of acetylcholine. The absence of acetylcholine-induced
vasorelaxant effects was taken as evidence that the preparation
was effectively stripped of endothelium. Contractions data
were expressed as a percentage of the phenylephrine-induced
contraction.

Statistical analysis

All the results are expressed as mean=SEM. Maximal
changes (expressed as a percentage of baseline values) in MAP
and HR after each dose of the EOCZ, anethole or estragole,
were used to construct a dose—response curve. The ICs, value,
defined as the EOCZ concentration (ug mL™") required to
produce half maximum reduction of phenylephrine-induced
contraction, was used to evaluate vascular sensitivity to EOCZ.
It was calculated by interpolation from semi-logarithmic plots,
and expressed as geometric means [95% confidence interval].
The significance (P <0.05) of the results was assessed by
means of paired and unpaired Student’s #-tests, and one- or
two-way analysis of variance (ANOVA), followed by Dun-
nett’s multiple comparison tests when appropriate.

Results
In vivo experiments

In conscious rats, average baseline values of MAP and HR
before any treatment were 119+2 mm Hg and 364+5 beats/
min, respectively (pooled data from 50 rats). There was no
significant change in either MAP or HR after the i.v.
administration of vehicle as well as EOCZ, anethole and
estragole at the dose of 1 mg kg~' (Fig. 1). However,
increasing i.v. bolus doses of EOCZ (5, 10 and 20 mg kg™ "),
anethole (5 and 10 mg kg™ ") or estragole (5 and 10 mg kg™ ")
evoked immediate and dose-dependent decreases in MAP and
HR (Fig. 1). These effects occurred within about 4—8 s after
the injection of EOCZ, anethole and estragole and became
significant at the dose of 5 mg kg~' (Fig. 1).

At the higher doses (5 and 10 mg kg™ ') of anethole and
estragole and the higher ones (10 and 20 mg kg~ ') of EOCZ,
the initial pronounced hypotension and bradycardia (phase I)
were followed by a significant pressor response associated with
a second period of bradycardia (phase II), which peaked at 15—
30 s after injection. For both EOCZ and anethole, the pressor
component and the delayed bradycardia lasted for about 3—5
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Fig. 1. Maximal decreases in mean aortic pressure (AMAP max, A) and heart
rate (AHR max, B) elicited by intravenous (i.v.) injections of increasing bolus
doses of essential oil of Croton zehntneri (EOCZ; 1-20 mg kg™ ') (group 1),
anethole (1—10 mg kg™ ") (group 2) and estragole (1" 0 mg kg™ ") (group 3) in
conscious, freely moving rats. Values are means of changes expressed as a
percentage of baseline values. Vertical bars indicate SEM (6—9 rats per group).
Baseline MAP (mm Hg) and heart rate (beats min~ ') were 120+3 and 362+ 12,
respectively in group 1, 120+4 and 368+18, respectively in group 2, and
118+3 and 374£21, respectively in group 3. The initial hypotension and
bradycardia responses (phase I) are correlated to the dose of EOCZ, anethole
and estragole. ANOVA P<0.001 among absolute values and *P<0.05 by
Dunnett’s a posteriori test with respect to basal values.

and 5—10 min, respectively. However, at both 5 and 10 mg
kg ™!, the estragole-evoked pressor component lasted only for
about 15 s, while the second period of bradycardia was
observed only for the highest dose (10 mg kg™') of estragole
and remained statistically significant during a 5-min recording
period. Fig. 2 shows the time-course of the pressor component
and the delayed bradycardia (phase II) elicited by EOCZ,
anethole and estragole, all administered at 10 mg kg~ of body
weight.

The dose-dependent initial decreases in MAP and HR
(phase I) elicited by EOCZ were not only abolished (Fig. 3) by
methylatropine pretreatment (1 mg kg~ ', i.v.), but reversed into
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a significant and dose-dependent (Fig. 3) pressor and tachy-
cardiac effects, respectively. The same pattern of responses was
observed for anethole and estragole in rats pretreated with
methylatropine. Thus, in the latter animals, maximal percent
increases in MAP and HR elicited by anethole (10 mg kg ',
1.v.) (n=5) were 49.1£7.9% and 15.7+4.5%, respectively, and
34.1+9.1% and 16.1.1£8.1% for those elicited by estragole
(10 mg kg ', i.v.) (n=4).

However, neither hypotensive nor bradycardic response
induced by EOCZ during phase I was significantly affected by
atenolol (1.5 mg kg ', i.v.) or L-NAME (20 mg kg ', i.v.)
pretreatment (Fig. 3). While the subsequent pressor effect
associated with the delayed bradycardia (phase II) evoked by
EOCZ (10 and 20 mg kg ') remained unaffected by atenolol
pretreatment, both were completely and respectively abolished
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Fig. 2. Time-course of the increase in MAP (A) and the decrease in heart rate
(HR) (B) (phase 11, subsequent to the phase I) elicited by i.v. administration of a
bolus dose (10 mg kg ") of essential oil of Croton zehntneri (EOCZ) (group 1),
anethole (10 mg kg™ ') (group 2) and estragole (10 mg kg™") (group 3) in
conscious, freely moving rats. Values are means of changes expressed as a
percentage of baseline values. Vertical bars indicate SEM (6—9 rats per group).
For baseline parameter values see details in Fig. 1. ANOVA P<0.001 among
absolute values and *P <0.05 by Dunnett’s a posteriori test with respect to basal
values.
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Fig. 3. Maximal decreases in mean aortic pressure (AMAP max, A) and heart
rate (HR max, B) elicited by increasing bolus doses (1-20 mg kg™, i.v.) of
essential oil of Croton zehntneri (EOCZ) in conscious rats subjected to i.v.
pretreatment with vehicle (1 mL kg~") (group 1), atenolol (1.5 mg kg~ ") (group
2), L-NAME (20 mg kg~ ") (group 3) or methylatropine (1 mg kg~ ") (group 4).
Values are means of changes expressed as a percentage of baseline values.
Vertical bars indicate SEM (5—9 rats per group). Baseline MAP (mm Hg) and
HR (beats min~ ") were 120+3 and 362+ 12, respectively in group 1, 116+6
and 320+ 15", respectively in group 2, 162+5% and 260+ 17", respectively in
group 3, and, 123+4 and 433+ 10", respectively in group 4. ANOVA P<0.001
among absolute values and *P <0.05 by Dunnett’s a posteriori test with respect
to basal values. P <0.05 by paired Student’s -test with respect to pre-injection
values.

by L-NAME and methylatropine pretreatment (Fig. 4).
Interestingly, in L-NAME-pretreated rats, the pressor compo-
nent of EOCZ (10 and 20 mg kg ') during phase II was
actually reverted into a fall in blood pressure, which was
statistically significant only at 3 and 5 min after giving the
highest dose of EOCZ (20 mg kg™ ') (Fig. 4).

In vitro experiments
In rat endothelium-containing isolated aorta preparations,

the vasoconstrictor responses to phenylephrine were enhanced
by the lower concentrations (1, 3, 10 and 30 pg mL™') of

EOCZ. However, this enhancement was statistically significant
only at 10 and 30 pg mL~' of EOCZ (Fig. 5). By contrast, at
the higher concentrations (300—1000 pg mL™'), EOCZ
inhibited the phenylephrine-induced contractions in a concen-
tration-dependent manner (Fig. 5).

The enhancement of phenylephrine-induced contraction by
EOCZ was completely abolished by the mechanical removal
of endothelium or the incubation of endothelium-containing
aorta preparations with L-NAME (50 pM) (Fig. 5). However,
the ICsy (geometric mean+95% confidence interval) values
for EOCZ-induced reduction of phenylephrine-induced con-
tractions in preparations with intact endothelium (185.6
[123.1-273.9] pg mL™') were not statistically (P>0.05)
different from those in endothelium-denuded preparations
(165.3 [96.9-282] pg mL ") or in preparations with intact

A 40 || Vehicle+EOCZ BR L-NaME +EOCZ
E] Atenolol + EOCZ Il Methyatropine + EOCZ
——
30
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S
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<
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0
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B 20

AHR (%)
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Fig. 4. Time-course of the changes in MAP (A) and heart rate (HR) (B) (phase
11, subsequent to the phase I) elicited by i.v. administration of a bolus dose (20
mg kg ') of essential oil of Croton zehntneri (EOCZ) in conscious rats
subjected to i.v. pretreatment with vehicle (1 mL kg~ ") (group 1), atenolol (1.5
mg kg ") (group 2), L-NAME (20 mg kg ") (group 3) or methylatropine (1 mg
kg™ ") (group 4). Values are means of changes expressed as a percentage of
baseline values. Vertical bars indicate SEM (6—9 rats per group). For baseline
parameter values see details in Fig. 3. ANOVA P<0.001 among absolute
values and *P <0.05 by Dunnett’s a posteriori test with respect to basal values.
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Fig. 5. Effects of increasing concentrations (1 ' 000 pg mL™") of the essential
oil of Croton zehntneri (EOCZ) on the contraction induced by phenylephrine
(PHE) in rat isolated thoracic aortaec with (open circles, n=6) or without
functional endothelium (solid circles, n=7) or in endothelium-containing aortae
pre-incubated with L-NAME (50 pM) (open triangles, n=6). Vertical bars
indicate SEM. ANOVA P<0.001 among absolute values and *P <0.05 by
Dunnett’s a posteriori test with respect to basal values.

endothelium incubated with L-NAME (149.6 [120.8—185.2]
pug mL™h).

Discussion

Baseline MAP and HR values of conscious normotensive
rats were of the same order of magnitude as those previously
reported in the same preparation (Lahlou et al., 2002, 2004a,b).
In this study, i.v. administration of EOCZ and its main
constituents anethole and estragole induced biphasic changes
in blood pressure and two periods of bradycardia. Initially a
rapid bradycardia (onset time of 4—8 s) occurred coincidentally
with an arterial hypotension (phase I) and then, an increase in
blood pressure was associated with a second, more lasting
bradycardia (phase II). To the best of our knowledge, this is the
first time that such cardiovascular effects of EOCZ, anethole
and estragole have been reported in normotensive, conscious
rats.

Cardiovascular effects of EOCZ can be attributed in part to
the actions of anethole (42% of essential oil weight) and in part
to the actions of estragole (46% of essential oil weight), which
are the two main constituents of EOCZ (Table 1). The
following lines of evidence support such a conclusion. First,
the magnitude and time-course of the changes in MAP and HR
elicited by both anethole and estragole (5 and 10 mg kg™ ') are
very close to those observed with the same doses of EOCZ.
Second, in methylatropine-pretreated rats, the maximal hypo-
tensive and bradycardic effects (phase I) evoked by these
constituents were also abolished and reversed into pressor and
tachycardic effects, respectively, as was observed with EOCZ.
Such a partial contribution of these constituents has been
previously advanced for the antispasmodic (Coelho-de-Souza
et al., 1997), antinociceptive (Oliveira et al., 2001) and skeletal

muscle (Albuquerque et al., 1995) effects of EOCZ. However,
a possible participation of other minor constituents, besides
anethole and estragole, in the mediation of cardiovascular
effects of EOCZ cannot be excluded. Furthermore, it seems
unlikely that the latter effects could be related to a toxic effect
of this essential oil. In fact, the value for oral acute toxicity
LDs, of EOCZ was found greater than 2500 mg kg~ ' (Coelho-
de-Souza et al., 1998; Oliveira et al., 2001).

The initial hypotensive and bradycardic responses (phase I)
to EOCZ were not only abolished by the peripheral muscarinic
receptor antagonist, methylatropine, but reversed into signifi-
cant pressor and tachycardiac effects, respectively. This may
indicate that a peripheral cholinergic mechanism is involved in
the mediation of these effects. The initial bradycardia elicited
by EOCZ appears independent of an operational sympathetic
nerve drive to the heart since it remained unaffected by
pretreatment with the selective P;-adrenoceptor antagonist
atenolol. However, this response seems to result from cardiac
M,-muscarinic receptor stimulation. This stimulation could
result from a direct effect of EOCZ on (i) the cardiac M,-
muscarinic receptors, (ii) the intracardiac ganglia, known to
modulate the activity of the pacemaker cells of the sinoatrial
node (Gray et al., 2004), and/or (iii) the brainstem (given its
high liposolubility, EOCZ can easily cross the blood—brain
barrier) leading to activation of vagal cholinergic efferents. It is
well known that acetylcholine causes generalized vasodilata-
tion, which is an indirect effect mediated by released NO from
vascular endothelial cells (Furchgott and Zawadzki, 1980;
Vanhoutte et al., 1995). The muscarinic receptor mediating
relaxation of vascular smooth muscle, through released NO, is
the M5 subtype (Eglen et al., 1991). It might have suggested
that the initial hypotension elicited by EOCZ have been related
to vasodilatation mediated by an endothelial L-arginine/NO
pathway through peripheral muscarinic receptor activation.
However, such a possibility seems unlikely since (i) the present
in vitro findings show that vasorelaxant effects of EOCZ (at
higher concentrations) are mediated by an endothelium-
independent mechanism, as they were unaffected after the
blockade of endothelial function by removal of endothelium or
pretreatment with L-NAME, and (ii) the initial hypotensive
response to EOCZ remained unchanged by i.v. pretreatment
with L-NAME.

It is noteworthy that the initial cardiovascular responses to
EOCZ showed rapid and similar time of latency, and were
simultaneously blocked by methylatropine. This may raise the
possibility that EOCZ can also stimulate primary sensory vagal
afferents from the heart or the lungs to elicit vago-vagal reflex
decreases in HR and blood pressure (McQueen et al., 1998).
Experiments using several pretreatments are presently under-
way to assess the precise mechanism of the phase I
cardiovascular responses to EOCZ. At the present moment,
we did not find any clue for the origin of the tachycardia
response to EOCZ after blocking the cardiac M,-muscarinic
receptors. This tachycardia could be related to the actions of
other constituents present in the essential oil. However, this
explanation is less plausible since anethole and estragole
(which represent 88% of essential oil weight) also evoked a
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tachycardia response in methylatropine-pretreated rats, the
magnitude of which was similar to that evoked by EOCZ.
The precise origin for such an effect of the EOCZ also requires
further investigation.

An attempt was made to determine the mechanism
underlying the second phase of the EOCZ-induced cardiovas-
cular responses. We found that the latter responses remained
unaffected by atenolol pretreatment indicating that they are
unrelated to mechanisms involving cardiac (3;-adrenoceptors.
The delayed bradycardia was fully prevented by methylatro-
pine pretreatment, an effect suggestive of cardiac M,-musca-
rinic receptor stimulation. It remains, however, to determine
whether the initial and the second bradycardia responses (phase
I and I, respectively) of EOCZ are mediated through the same
mechanism. Interestingly, the increase in MAP evoked by
EOCZ was completely abolished and even reversed into a
hypotension by L-NAME pretreatment. It seems unlikely that
such an abolition in L-NAME-pretreated rats is due to the
higher baseline MAP in these animals since i.v. injection of
EOCZ also induces significant increases in MAP (phase II) in
conscious DOCA-salt hypertensive rats treated with EOCZ
(personal data). Therefore, it was postulated that EOCZ is
likely to inhibit NO production and/or release through an action
upon vascular endothelium, leading to an increase in blood
pressure (phase II).

To corroborate this hypothesis we examined the vascular
effects of the EOCZ and the influence of either NOS inhibition
or mechanical removal of endothelium on these effects. We
found that EOCZ caused different effects on vascular smooth
muscle function depending on the concentration investigated,
as was observed for the intestinal smooth muscle effects of
EOCZ (Coelho-de-Souza et al., 1997). In rat endothelium-
containing aorta preparations, the vasoconstrictor responses to
phenylephrine were significantly enhanced by EOCZ at 10 and
30 pg mL~'. This potentiation is abolished either in the
endothelium-denuded rings or in the presence of L-NAME,
suggesting that endothelium is likely a target for EOCZ-
induced vasoconstrictor action. These observations support our
hypothesis that EOCZ may latterly inhibit endothelial NO
production and/or release (phase II). Whether EOCZ is directly
interacting with the endothelial NOS (e-NOS) or with other
factors, which may inhibit the e-NOS activity remains to be
further investigated.

At the higher concentrations (300—1000 pg mL™"), EOCZ
induced significant and dose-dependent reduction of the
phenylephrine-induced contractions, an effect that was unaf-
fected by the endothelium removal or L-NAME pretreatment. It
is possible that this direct endothelium-independent vasorelax-
ant effect counteracts with the potentiation of phenylephrine
vasoconstriction. When injected intravenously at higher doses,
EOCZ may induce a delayed hypotension due to its direct
vasorelaxant effects. However, this delayed hypotension seems
to be buffered by the pressor effect of EOCZ (phase II). This
suggestion is supported by the finding that i.v. pretreatment
with L-NAME did not only abolish the pressor response (phase
1) elicited by the highest dose of EOCZ (20 mg/kg, i.v.), but
reverted it into a significant hypotensive response (Fig. 4). It

has been previously shown that EOCZ (at concentrations >10
pg mL~") exerts an antispasmodic effect on isolated ileum of
the guinea-pig (Coelho-de-Souza et al., 1997), possibly
explaining the use of this plant in the treatment of gastroin-
testinal disorders (Craveiro et al., 1977). This effect is not
related to a modulation of neuronal activity but likely to a
direct action on smooth muscle, probably through a blockade
of calcium influx or release from storage sites, a decrease in
sensitivity to intracellular calcium of the contractile mechanism
and/or a direct interference with the contractile proteins
(Coelho-de-Souza et al., 1997). It could be possible to have
such effect on vascular smooth muscle, although whether
higher concentrations EOCZ could induce such intracellular
events still requires further investigation.

We cannot totally exclude any contribution of baroreceptor
reflex in the mediation of the delayed cholinergic bradycardia
elicited by EOCZ and its main constituents, which is usually
correlated with an increase in MAP (phase II) subsequent to the
blockade of e-NOS. However, the following arguments make
this possibility less plausible. First, it has been reported that in
mice lacking the e-NOS gene, NOS inhibitors such as L-
NAME no longer elicit an increase in blood pressure but still
cause profound bradycardia (Kojda et al., 1999). Secondly, in
the present study, pretreatment with i.v. L-NAME fully
abolished the increase in MAP evoked by EOCZ without
affecting the delayed bradycardia. Finally, although the
increase in MAP elicited by estragole (5 and 10 mg kg™ ')
was very transient, the second bradycardia was observed only
for the highest dose (10 mg kg™ ') of estragole and remained
statistically significant during a 5-min recording period. These
findings point to independent mechanisms for EOCZ-induced
pressor effect and delayed bradycardia (phase II) and preclude
any possibility that the EOCZ-induced delayed bradycardia
resulted from the concomitant increase in MAP through an
activation of the baroreflex.

In conclusion, the present study demonstrated that i.v.
treatment of normotensive conscious rats with EOCZ induces
an initial fall in blood pressure followed by a pressor response,
two effects that appear mainly attributable to the actions of
anethole and estragole, the main constituents of EOCZ. The
initial EOCZ-induced hypotension (phase I) is mediated by a
cholinergic mechanism and seems to result reflexly from the
concomitant pronounced bradycardia. The subsequent pressor
response of EOCZ (phase II) seems to result from an indirect
vasoconstriction action of EOCZ most likely through inhibition
of endothelial NO production. The latter hypothesis is
supported by the in vitro findings that phenylephrine-induced
contractions on rat aorta were enhanced by lower concentrations
of EOCZ, an effect that was abolished in the endothelium-
denuded rings or under blockade of NOS with L-NAME. The
present in vivo and in vitro findings are the first reported
pharmacological effects of EOCZ on the cardiovascular system.
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SUMMARY

1. The essential oil of Croton zehntneri Pax et Hoffm. (EOCZ)
contains anethole (42%) and estragole (46%), two isomers that
share some chemical structural similarities with capsaicin. The
present study investigated the cardiovascular effects of EOCZ
and the role of capsaicin-sensitive sensory nerve fibres in the
mediation of these effects in anaesthetized rats.

2. Intravenous bolus injection of EOCZ (1-20 mg/kg) elicited
dose-dependent hypotension and bradycardia that were imme-
diate and transient. Similar responses were also observed
with anethole and estragole (both at 10 mg/kg). After cervical
bivagotomy or perineural treatment of both cervical vagus
nerves with capsaicin (250 pg/mL) to selectively block the
conduction of sensory C-fibres, both cardiovascular responses
to EOCZ (10 mg/kg) were abolished.

3. Like capsaicin, an epigastric retrograde intra-arterial
injection of EOCZ (10 mg/kg, i.a.) into the femoral artery
elicited a monophasic hypotensive response. This reflex response
was blocked by either neonatal pretreatment with capsaicin
(50 mg/kg, s.c.) or intrathecal injection of the substance P
receptor antagonist RP 67580 (7.8 nmol, at the spinal level
L5-L6), suggesting that it is mediated exclusively by substance
P-containing primary afferent fibres.

4. The cardiovascular responses to EOCZ (10 mg/kg, i.v.)
were also significantly reduced by the selective vallinoid TPRV1
receptor antagonist capsazepine (1 mg/kg, i.v.).

5. It is concluded that i.v. administration of EOCZ in anaes-
thetized rats elicits a capsaicin-like bradycardic and depressor
reflex, which appears to be mediated by the activation of val-
linoid TPRV1 receptors located on vagal sensory nerves. Like
capsaicin, i.a. injection of EOCZ induces a spinally mediated
sensory reflex.
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spinal reflexes, vallinoid receptors.
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INTRODUCTION

Croton zehntneri Pax et Hoffm. (Euphorbiaceae) is an aromatic plant
abundant in north-eastern Brazil, where it is commonly known as
canella de cunhd. In folk medicine, infusions or decoctions of leaves
from C. zehntneri are commonly used to treat anxiety, anorexia and
for the relief of gastrointestinal disturbances.'” Furthermore,
because C. zehntneri is characterized by a strong and pleasant odour
reminiscent of anise and cloves, extracts of its bark and leaves are
used in perfumes and as sweeteners in foods and drinks.'*

Leaves of C. zehntneri have an essential oil content of approxi-
mately 2% of the plant dry weight, comprised principally of mono-
and sesquiterpenes.’* Little is known about the biological actions
of the essential oil of C. zehntneri (EOCZ). Previously, EOCZ and
its main constituents, estragole and anethole, have been reported to
exert antispasmodic effects on guinea-pig isolated ileum,® justify-
ing the use of the plant in folk medicine for the treatment of gas-
trointestinal disorders. Recently, it has been reported that EOCZ
induces an antinociceptive effect in mice, probably through a central
nervous system (CNS) mechanism or by an indirect mechanism that
could be an anti-inflammatory effect.”

Capsaicin, the pungent ingredient present in a variety of red
peppers of the genus Capsicum, is known to activate primary sensory
C-fibres,* but results in their destruction when administered sys-
temically to neonatal rats.'’"'> Capsaicin-sensitive sensory nerves are
widely distributed in the cardiovascular system, being found in the
heart and in the adventitia of many blood vessels.'*'* Capsaicin-
sensitive sensory nerves, both central and peripheral, release a number
of neurotransmitters, mostly substance P and calcitonin gene-related
peptide (CGRP), when activated by a variety of chemical substances,
including capsaicin, that act on vallinoid TPRV1 receptors.*>™? By
their afferent endings, capsaicin-sensitive sensory nerves relay the
information to the CNS to initiate an autonomic reflex. At various
end organs, neurotransmitters released from their efferent endings
evoke neurogenic inflammatory responses, including arterial vasodi-
lation and plasma protein extravasation.®'®!”

The two main constituents of the sample EOCZ used in the present
study, estragole (46% of essential oil weight) and frans-anethole
(42% of essential oil weight), share some structural similarities with
capsaicin and, thus, may evoke a reflex fall in blood pressure similar
to that elicited by capsaicin administered intravenously (i.v.) or intra-
arterially (i.a.) into the hindlimb in rats.*~** Therefore, the aim of
the present study was to investigate the cardiovascular responses
following i.v. administration of EOCZ, anethole and estragole in
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anaesthetized rats and to assess the role of capsaicin-sensitive sensory
nerves in the mediation of EOCZ-induced cardiovascular changes.
Furthermore, cardiovascular responses to an epigastric retrograde
i.a. injection of EOCZ into the femoral artery were determined.

METHODS
Plant material

Aerial parts of C. zehnteneri were collected in May 2003, near the city of
Vigosa, Ceara, Brazil. Plant identification was confirmed by Dr FJ Abreu
Matos (Laboratory of Natural Products, Federal University of Ceard).
A voucher specimen (No. 277477) is deposited in the herbarium of Prisco
Viana, Federal University of Ceara.

Extraction and chemical analysis

The EOCZ was prepared from freshly chopped leaves by steam distillation
and was analysed chemically as described previously.” Briefly, the analytical
conditions were as follows: EOCZ analysis was performed by gas chroma-
tography and mass spectrometry (GC/MS; model 6971; Hewlett-Packard,
Palo Alto, CA, USA). The column was a dimethylpolysiloxane DB-1 fused
silica capillary column (20 m x 0.25 mm; 0.1 wm), the carrier gas was
helium (1 mL/min), the injector temperature was 250°C, the detector
temperature was 280°C and the column temperature was 50-180°C
at 4°C/min then 180-250°C at 20°C/min. The mass spectra was an
electronic impact at 70 eV. The composition of EOCZ and the Kovats indices
of its various constituents are given in Table 1. These compounds were
identified using a mass spectral library search and ['*C]-nuclear magnetic
resonance spectroscopy.”®

Solutions and drugs

Anethole, estragole (Sigma Chemical, St Louis, MO, USA) and EOCZ were
dissolved in Tween 80 (2%), brought to the chosen volume with sterile iso-
tonic saline and sonicated just before use. Previous studies have shown that
i.v. injection of this vehicle has no significant effect on either mean arterial
pressure (MAP) or heart rate (HR) over a period of 20 min.*”* Sodium
pentobarbital (Sanofi, Libourne, France) and heparin (Laboratoires Léo SA,
Montigny-le-Bretonneux, France) were used as commercially available
injectable solutions. Capsaicin (Sigma) was used for the perineural treatment
of the vagus at a concentration of 250 pwg/mL and was prepared in 1% Tween
80, 1% ethanol and 98% saline. For i.v. injection, a solution of capsaicin at
the desired concentration was prepared daily by dilution with saline on the

Table 1 Chemical composition and Kovats indices of the constituents of
the essential oil of Croton zehntneri (data bank of the Department of Physics
and Chemistry of the State University of Ceara, Brazil)

Compound Composition (% total weight) ~ Retention indices
a-Pinene 0.38 939
Sabinene 0.29 975
B-Myrcene 0.94 991
1,8-Cineole 1.22 1031
Estragole 45.95 1196
Z-anethole 0.49 1253
E-anethole 42.09 1285
B-Elemene 0.43 1391
trans-Caryophyllene 1.52 1419
v-Cadinene 1.04 1514
Germacrene-B 4.84 1561
Espatulenol 0.47 1593
Total identified 99.66

basis of an animal’s bodyweight. Capsazepine (Tocris, Ballwin, MO, USA)
was first diluted in dimethyl sulphoxide (DMSO; Sigma) to 0.1 mol/L and
further diluted with saline containing 10% Tween 80 and 10% ethanol to a
final concentration of 1 mg/mL. RP 67580 (Tocris) was first diluted in
DMSO and further diluted in saline to the desired concentration. For intrath-
ecal (i.t.) administration, drug or vehicle was given in a volume of 10 pL
and the catheter was flushed using a Hamilton microsyringe with 10 wL
(catheter volume) saline to ensure complete delivery of the dose.

Animals

Male Wistar rats (280-350 g) were kept under conditions of constant
temperature (22 + 2°C) with a 12 h light—dark cycle and free access to food and
water. All animals were cared for in compliance with the Guide for the Care
and Use of Laboratory Animals published by the US National Institutes
of Health (NIH Publication 85-23, revised 1996; http://www.nap.edu/
readingroom/books/labrats/index.html). All procedures described herein were
reviewed by and had prior approval from the local animal ethics committee.

Neonatal capsaicin pretreatment

Neonatal male Wistar rats weighing 7—10 g were pretreated subcutaneously
at the back of the neck on the second day of life with a single dose of capsaicin
(50 mg/kg; n=5) or the corresponding volume (40 p.L) of its vehicle (10%
ethanol and 10% Tween in saline; # = 5) under ether anaesthesia.'” Circula-
tory experiments were performed 90 days after neonatal capsaicin or vehicle
pretreatment. Success of capsaicin treatment was confirmed by a significant
reduction in the number of wiping movements following topical application
of capsaicin (1% in 50 pL) to the conjunctiva of neonatally pretreated rats
(10.0 £ 0.4) compared with their age-matched controls that received vehicle
only during the neonatal period (23.0 £ 1.1). As an additional positive control
for the depletion of capsaicin-sensitive sensory nerves, three neonatally
capsaicin-pretreated rats received an implantar injection of formalin (0.9%
formaldehyde in saline; 100 pL/paw) and the licking behaviour during the first
10 min (early phase) was assessed and compared with their age-matched
controls. It is well known that formalin-induced licking is partially dependent
on tachykinin NK, receptor-acting neuropeptides from sensory nerves. The
early (0—10 min) licking response to formalin injection was significantly
reduced by 70% in capsaicin-pretreated compared with vehicle-pretreated
rats (composite licking time 73 + 7 vs 244 + 13 s, respectively).

Catheterization procedure

Rats were anaesthetized with sodium pentobarbital (50 mg/kg, i.p.) and this
dose of anaesthesia was supplemented with an additional 15 mg/kg whenever
necessary to maintain abolition of the pain reflex evoked by pinching the
skin of the hindlimbs. Catheters (PE-10 fused to PE-50), filled with heparin—
saline solution (125 IU/mL), were implanted in the abdominal aorta (for the
recording of arterial blood pressure) and in the inferior vena cava (for drug
administration) through the left femoral artery and vein, respectively. In some
animals (see Series 3 below), one (n = 10) or two (n = 10) additional catheters
(PE 10) were implanted as follows. One catheter, filled with heparin—saline
solution (125 IU/mL), was inserted into the right superficial epigastric artery
for retrograde i.a. injections into the femoral artery. The second catheter
allowed lumbar i.t. administration of drugs. This catheter was filled with iso-
tonic saline and inserted into the spinal subarachnoid space through an inci-
sion made at T13 and its tip was advanced caudally to reach the L5—-L6 spinal
cord level (afferent input from the sciatic and saphenous nerve). A short
tracheal cannula was inserted via a tracheotomy, through which rats breathed
spontaneously in the supine position. Body temperature was maintained by
an electric heating pad.

At the end of the experiments, rats were killed with an overdose of i.v.
pentobarbital and their lumbar cords were examined by dye injection
(bromophenol blue) to assess the correct positioning of the tip of the i.t.
catheter as well as the absence of catheter-induced spinal lesions. Individual
results were discarded if these criteria were not met.
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Recordings of MAP and HR

At the time of the experiments, the arterial catheter was connected to a blood
pressure transducer coupled to a polygraph recorder; HR was obtained using
a cardiotachometer triggered by the pressure pulses. Both signals were
recorded on a Gilson model 5/6H polygraph (Gilson Medical Electronics,
Middletown, WI, USA). Mean arterial pressure was calculated as
diastolic + ((systolic blood pressure — diastolic blood pressure)/3).

Experimental design and protocols

In order to explore the cardiovascular responses to EOCZ, the following pro-
tocol was used. Before each experiment, a period of 15-20 min was allowed
to obtain a stable MAP and HR tracing. Baseline values of these variables
were determined and their changes were measured during a 10 min post-
injection period. The EOCZ, its main constituents or capsaicin were injected
manually as a bolus in a volume of 0.1 mL, followed by a 0.2 mL flush with
physiological saline. The drug reaches the general circulation 2—4 s after the
beginning of the injection. Doses of agonists and antagonists were chosen
according to those recommended in the literature. Four series of experiments
were performed as described below.

Series 1

This series of experiments was performed to establish a dose—effect rela-
tionship. Each animal received a series of increasing bolus doses of EOCZ
(1, 5, 10 and 20 mg/kg) via the i.v. catheter and the time-course of changes
in MAP and HR was recorded. These experiments were performed in both
intact rats (n = 8) and in rats (n = 7) that had been subjected to a bilateral
vagotomy performed at the cervical level 15 min earlier. Cardiovascular
responses to i.v. administration of anethole and estragole (both at 10 mg/kg)
were also determined in either intact (n =7 and 6, respectively) or biva-
gotomized (n =5 and 4, respectively) rats.

Series 2

A series of experiments was performed to assess the role of vagal sensory
C-fibres in the mediation of cardiovascular responses to EOCZ. This was
achieved using the well-known method of bilateral perineural treatment with
capsaicin, which produces a selective blockade of neural conduction of vagal
sensory C-fibres.***' Briefly, cotton strips soaked in capsaicin solution
(250 pg/mL) were wrapped around a 2—3 mm segment of the isolated cer-
vical vagus nerve for 20 min and then removed. Maximal changes in MAP
and HR elicited by EOCZ (10 mg/kg, i.v.) were assessed before and after
perineural treatment with capsaicin (n=7) or its vehicle (»=3). Similar
changes elicited by anethole (n» = 5) and estragole (n = 5), both at 10 mg/kg,
were also determined after perineural treatment with capsaicin. Abolition of
the immediate hypotension and bradycardic reflex (vagal reflex) responses
to capsaicin (1 pg/kg, i.v.) in the same animal was taken as an indication
of successful perineural treatment with capsaicin.

Series 3

The aim of this series of experiments was to provide direct evidence for the
involvement of substance P-containing primary afferent fibres in the medi-
ation of depressor response to i.a. injection of EOCZ, as shown previously
for i.a.-administered capsaicin.?' > Therefore, each animal received an injec-
tion of EOCZ (10 mg/kg, i.a.) and the maximal MAP and HR changes were
determined. Three minutes later, and 7 min before the second injection of
EOCZ (10 mg/kg, i.a.), the NK,-selective antagonist RP 67580 (7.8 nmol;
at the L5-L6 level;*> n=7) or its vehicle (n = 3) was administered i.t. and
the maximal MAP and HR changes were again determined. The cardio-
vascular changes elicited by an i.a. injection of capsaicin (1 pg/kg) or EOCZ
(10 mg/kg) were also determined in neonatally capsaicin-pretreated rats
(n = 5) and were compared with those obtained in their age-matched controls
(n=>75).

Series 4

This series of experiments was performed to determine the putative involve-
ment of vallinoid TPRV1 receptor activation in the mediation of EOCZ-
induced cardiovascular changes. Therefore, each animal (n = 6) received an
injection of EOCZ (10 mg/kg, i.v.) and the maximal MAP and HR changes
were determined. Eight minutes later, and 2 min before the second injection
of EOCZ (10 mg/kg, i.v.), the competitive TPRV1 receptor antagonist
capsazepine (1 mg/kg, i.v.)*** or its vehicle (n = 4) was administered and
the maximal MAP and HR changes were determined. As a positive control
experiment, the effects of capsazepine (1 mg/kg, i.v.) were determined on
the initial hypotensive and bradycardic responses to i.v. capsaicin (1 pg/kg;
n =4) according to the same protocol as described above.

Statistical analysis

All results are expressed as the meantSEM. Maximal changes (expressed
as a percentage of baseline values) in MAP and HR after each dose of the
EOCZ were used to construct a dose—response curve. Paired Student’s #-test
was used to determine statistical significance in cardiovascular changes
following: (i) i.t., i.v. or i.a. administration of various drugs or their vehicles
alone; and (ii) perineural treatment with capsaicin or bilateral vagotomy.
Paired Student’s #-test was also used to assess the statistical significance of
the effects of perineural treatment with capsaicin as well as pretreatment
(i.t. or i.v.) with antagonist/vehicle on the MAP and HR responses to EOCZ
or capsaicin. Comparisons between neonatally capsaicin-pretreated rats and
their age-matched controls were performed using unpaired Student’s
t-test. Multiple comparisons used a one-way (doses) or two-way (treatment
X doses) analysis of variance (ANova), followed by Dunnett’s test when
appropriate. Differences were considered statistically significant at
P <0.05.

RESULTS

Mean values of baseline MAP and HR recorded in anaesthetized rats
before any treatment were 114 +2 mmHg and 367+ 4 b.p.m.,
respectively (pooled data from 91 rats).

Effects of bilateral vagotomy on the cardiovascular
responses to increasing bolus intravenous doses of
EOCZ (Series 1)

As shown in Fig. 1, i.v. bolus injection of the vallinoid receptor ago-
nist capsaicin (10 pg/kg) led to the typical triphasic changes in blood
pressure (termed as effects A, B and C; Fig. 1a) and biphasic brady-
cardia (termed as effects F and s; Fig. 1c), as found previously by
others.?”%% Increasing bolus i.v. injections of EOCZ (1-20 mg/kg)
induced immediate and dose-dependent (P < 0.001) decreases in
MAP (Figs 1b,2a) and HR (Figs 1d,2b). Both effects became sig-
nificant at a dose of 5 mg/kg EOCZ (Fig. 2; P <0.05) and were
maximal within the first 4—8 s after EOCZ treatment. The vehicle,
injected in the same volume, did not induce any significant changes
in either MAP or HR. At the higher doses of EOCZ, the initial
hypotension and bradycardia were often followed by a pressor
response (Fig. 1b) associated with a second period of bradycardia
(Fig. 1d). All changes in MAP and HR elicited by i.v. EOCZ lasted
for a period of 6—8 min. Bilateral cervical vagotomy did not affect
MAP, but induced a significant (P < 0.05) increase in HR
(Table 2). However, this treatment abolished the immediate and
dose-dependent hypotensive and bradycardic responses to EOCZ
(Fig. 2; P <0.001).

Intravenous treatment of intact rats with anethole or estragole
(both at 10 mg/kg; n =7 and 6, respectively) also evoked an
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Table 2  Effects of various pretreatments on mean arterial pressure and heart rate in anaesthetized rats in which the effects of the essential oil of Croron

zehntneri were investigated

MAP (mmHg) HR (b.p.m.)
Pretreatment n Basal After pretreatment Basal After pretreatment
Bivagotomy 7 1083 £ 6.2 1094+ 59 377+ 11 410 £ 7*
Perineural treatment with capsaicin 7 116.1+3.9 1135+ 5.6 3609 378+ 14
RP 67580 7 114.6£3.8 113.8+4.2 354+ 16 368+ 16
Capsazepine 6 112.1£3.0 110.6£34 370+ 24 367+ 16
Neonatal capsaicin 5 - 108.5+£2.3 - 351+£22
Neonatal vehicle for capsaicin 5 - 1143+29 - 351+ 19

Data are the meantSEM. *P < 0.05 compared with respective basal values.

immediate and significant hypotension (—34.6 + 3.4 and —45.6 £ 5.1%,
respectively) and bradycardia (—72.2+2.5 and -68.5+5.2%,
respectively; P <0.001), which also peaked within 4—8 s after
injection. Baseline MAP and HR before anethole and estragole
injection were 112.8 + 3.9 mmHg and 345 + 14 b.p.m., respectively,
and 110.0 £ 2.7 mmHg and 354 £ 9 b.p.m., respectively. In another
set of rats, bilateral vagotomy also abolished (P < 0.001) the max-
imal hypotensive and bradycardic responses to anethole (3.3 = 3.3
and —2.6 + 1.1%, respectively; n =5) and estragole (2.3 + 5.4
and —1.1 £ 2.0%, respectively; n =4).

Effects of perineural treatment of both vagi with capsaicin
on maximal hypotensive and bradycardic responses to
intravenous EOCZ (Series 2)

Perineural capsaicin treatment of both vagi failed to evoke signifi-
cant changes in MAP and HR (Table 2). In all animals, the imme-
diate hypotensive and bradycardic responses to capsaicin (1 pg/kg,
i.v.) were completely abolished 20 min after perineural treatment
with capsaicin, justifying its effectiveness in blocking the vagal
sensory C-fibre-mediated reflex responses. In the same animals,
maximal hypotensive (Fig. 3a) and bradycardic (Fig. 3b) responses
elicited by EOCZ (10 mg/kg, i.v.) were similarly abolished after
perineural treatment with capsaicin (P < 0.001). In contrast, these
responses remained unchanged after perineural treatment with
capsaicin’s vehicle (Fig. 3; P> 0.05). It is of note that the magnitude
of the hypotension remained statistically (P > 0.05) unchanged after

two subsequent injections of EOCZ (n = 6) separated by a 10 min
interval (=35.3+3.6 vs —33.3 +2.1% for the first and second
injections, respectively). The same was true for the bradycardia
response (—73.5+ 1.4 vs —71.1 £ 8.3% for the first and second
injections, respectively). Furthermore, perineural treatment with
capsaicin abolished the hypotensive and bradycardic responses to
i.v. injection of 10 mg/kg anethole (6.58 = 7.28 and 8.66 = 4.72%,
respectively; n=15) and 10 mg/kg estragole (0.46+4.76 and
3.97 £ 3.30%, respectively; n =5). Baseline MAP and HR
before anethole and estragole injection were 111.6 +4.7 mmHg
and 386 = 14 b.p.m., respectively, and 115.1 £ 1.9 mmHg and
390 £ 14 b.p.m., respectively.

Effect of i.t. pretreatment with a substance P antagonist
or neonatal pretreatment with capsaicin on the
hypotensive response to i.a. EOCZ (Series 3)

Typical recordings of MAP and HR changes after retrograde
epigastric injection of capsaicin (1 pg/kg, i.a.) or EOCZ (10 mg/
kg, i.a.) into the femoral artery are shown in Fig. 4. Both capsaicin
and EOCZ induced a monophasic hypotensive effect (Fig. 4a,b)
without any significant changes in HR (Figs 4¢,d,5b). The EOCZ-
induced reflex hypotension was statistically significant (Fig. Sa;
P <0.001) and its magnitude remained unchanged after two subse-
quent injections of EOCZ separated by a 10 min interval (—27.7 £ 5.4
vs —22.8 £3.6% for the first and second injections, respectively;
n =3). Neither MAP nor HR was changed by Tween 80/saline
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Fig. 2 Maximal decreases in (a) mean arterial pressure (AMAP) and
(b) heart rate (AHR) elicited by intravenous (i.v.) injections of increasing
bolus doses (1-20 mg/kg) of essential oil of Croton zehntneri (EOCZ) in
pentobarbital-anaesthetized rats with (ll) or without ([J) bilateral vagotomy.
Data are the meantSEM expressed as a percentage of baseline (n = 7-8
rats per group). Baseline MAP and HR before EOCZ injection were
116.6 £ 1.8 mmHg and 366 £ 15 b.p.m., respectively in intact rats and
109.4 £ 5.9 mmHg and 410 =7 b.p.m., respectively, in bivagotomized
rats. P <0.001 among absolute values (ANOvA) and *P < 0.05 compared
with corresponding baseline values (Dunnett’s test); 7P < 0.05 compared
with intact rats (two-way ANOVA).

vehicle when injected i.a. Pretreatment with i.t. injection of the NK,
receptor antagonist RP 67580 (7.8 nmol at the L5—-L6 level) did not
significantly alter MAP and HR (Table 2). However, RP 67580, but
not its vehicle, almost completely abolished the hypotension elicited
by i.a.-injected EOCZ (Fig. 5a; P <0.01). The remaining hypoten-
sion after i.t. RP 67580 pretreatment was not statistically significant
with respect to baseline values (Fig. 5a; P > 0.05).

Neonatal pretreatment with capsaicin did not significantly alter
MAP and HR values (Table 2). However, the depressor response to
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Fig.3 Maximal decreases in (a) mean arterial pressure (AMAP) and (b)
heart rate (AHR) elicited by intravenous (i.v.) administration of the essential
oil of Croton zehntneri (EOCZ; 10 mg/kg) in pentobarbital-anaesthetized
rats before (LJ) or 20 min after (M) perineural treatment (PNT) of both
cervical vagi with capsaicin (CAP, 250 pg/mL) or its vehicle. Data are the
meantSEM expressed as a percentage of baseline (n = 3—7 rats per group).
Baseline MAP and HR were 114.4 +6.5 mmHg and 370 £ 18 b.p.m.,
respectively, before and 113.8+58 mmHg and 358+22bp.m,
respectively, after PNT with the vehicle for capsaicin and 118.3 £ 2.1 mmHg
and 366 % 11 b.p.m., respectively, before and 113.5+ 5.6 mmHg and
378 £ 14 b.p.m., respectively, after PNT with capsaicin. *P < 0.05 compared
with corresponding baseline values; P < 0.001 compared with corresponding
responses before PNT with capsaicin.

both capsaicin (1 pg/kg, i.a.) and EOCZ (10 mg/kg, i.a.) occurring
in neonatally vehicle-pretreated rats was converted to a significant
pressor effect in neonatally capsaicin-pretreated rats (Fig. 6;
P <0.001). It is of note that the depressor effect evoked by EOCZ
(10 mg/kg, i.a.) in neonatally vehicle-pretreated rats is not statisti-
cally different from that obtained by the same dose of EOCZ (i.a.)
in intact rats.
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Fig.5 Maximal decreases in (a) mean arterial pressure (AMAP) and (b)
heart rate (AHR) elicited by intra-arterial administration of the essential oil
of Croton zehntneri (EOCZ; 10 mg/kg) in pentobarbital-anaesthetized rats
before ([J) or 7 min after (M) intrathecal pretreatment with selective the NK,
receptor antagonist RP 67580 (7.8 nmol at the L5—L6 level) or its vehicle.
Data are the meantSEM expressed as a percentage of baseline (n = 3—7 rats
per group). Baseline MAP and HR were 116.6 + 1.0 mmHg and 375 +
22 b.p.m., respectively, before and 118.0 £ 2.5 mmHg and 377 + 22 b.p.m.,
respectively, after vehicle pretreatment and 115.0 = 3.0 mmHg and 355 £ 16
b.p.m., respectively, before and 113.8 +4.2 mmHg and 368 + 16 b.p.m.,
respectively, after RP 67580 pretreatment. *P <0.05 compared with
corresponding baseline values; P < 0.001 compared with corresponding
responses before RP 67580 pretreatment.

Effects of i.v. pretreatment with capsazepine on the
hypotensive and bradycardic responses to i.v. EOCZ
(Series 4)

The selective vallinoid receptor antagonist capsazepine (1 mg/kg,
1.v.) given alone had no effect on MAP and HR (Table 2). However,
it significantly reduced the maximal hypotensive and bradycardic
responses to EOCZ (10 mg/kg, i.v.; Fig. 7; P <0.001). This dose of
capsazepine produced a reduction of approximately 60% of the max-
imal EOCZ-induced cardiovascular effects. In contrast, these effects
remained statistically unchanged by i.v. pretreatment with the
vehicle of capsazepine (Fig. 7). The same dose of capsazepine also
significantly (P < 0.01) reduced, by nearly 60-68%, the initial
hypotensive (—11.8 3.3 vs —30.1 £2.3% for capsazepine- and
vehicle-pretreated rats, respectively) and bradycardic (-24.5 £ 7.7 vs
—77.2 £ 5.4% for capsazepine- and vehicle-pretreated rats, respec-
tively) responses to i.v. capsaicin (1 pg/kg; n = 4). In this experiment
with capsaicin, MAP and heart rate were 110.0 £ 3.0 mmHg and
341 £ 19 b.p.m., respectively, before and 109.2 + 4.8 mmHg and
370 £ 22 b.p.m., respectively, after capsazepine pretreatment.

DISCUSSION

To the best of our knowledge, the present study is the first to inves-
tigate the cardiovascular effects of i.v. EOCZ in anaesthetized rats.
The immediate decreases in MAP and HR evoked by i.v. EOCZ can
be attributed, in part, to the actions of anethole and estragole, the
two main constituents of EOCZ. The following lines of evidence
support such a conclusion. First, the time-course of the cardio-
vascular changes elicited by both anethole and estragole was very
close to that observed with EOCZ. Second, the hypotensive and
bradycardic responses to both constituents and EOCZ were abol-
ished by cervical bilateral vagotomy or perineural treatment with
capsaicin. A partial contribution of these constituents was suggested
for the antispasmodic,’ antinociceptive’ and skeletal muscle® effects
of EOCZ. However, we cannot exclude the possible participation of
other minor constituents, in addition to anethole and estragole, in
the mediation of the cardiovascular effects of EOCZ. Furthermore,
it seems unlikely that the cardiovascular effects are related to a toxic
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Fig. 6 Maximal decreases in (a) mean arterial pressure (AMAP) and (b)
heart rate (AHR) elicited by intra-arterial administration of capsaicin
(1 pg/kg) or the essential oil of Croton zehntneri (EOCZ; 10 mg/kg) in
pentobarbital-anaesthetized rats that were pretreated as neonates with
capsaicin (50 mg/kg, s.c.; W) or its vehicle (40 nL, s.c.; OJ). Data are the
meantSEM expressed as a percentage of baseline (n = 3—7 rats per group).
Baseline MAP and HR before EOCZ injection were 112.0 = 3.8 mmHg
and 374 £ 16 b.p.m., respectively, in neonatally vehicle-pretreated rats
and 109.1 £3.8 mmHg and 350 £ 19 b.p.m., respectively, in neonatally
capsaicin-pretreated rats. For MAP and HR values before capsaicin injection,
refer to Table 2. *P < 0.05 compared with corresponding baseline values;
TP <0.001 compared with corresponding responses in rats pretreated
neonatally with the vehicle for capsaicin.

effect of this essential oil because acute toxicity (LDs,) with EOCZ
was found at a dose larger than 2 500 mg/kg given orally.”
Anethole and estragole share some structural similarities with
capsaicin, the pungent ingredient in hot peppers. This compound is
most commonly used as a tool to investigate the function of primary
sensory neurons because of its specificity and potency to stimulate
non-myelinated C-afferent fibres.*****! Therefore, we investigated
the possibility that EOCZ could induce a capsaicin-like bradycardic
and depressor reflex.”* % Previous studies have shown that i.v. injec-
tion of capsaicin or its analogue nonivamide in anaesthetized rats
induces a triphasic change in blood pressure: (i) an initial short fall
associated with a fast bradycardia; (ii) an intermediate return to
normal (or slightly higher than normal) levels; and (iii) a subsequent
delayed hypotensive response associated with a secondary slow
bradycardia.**** It was found that the initial hypotension (effect A)
and fast bradycardiac (effect F) responses to capsaicin were absent
after cervical bilateral vagotomy*****® and reduced by either atropine
or capsaicin pretreatment,”>*® suggesting that this cardiovascular
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Fig.7 Maximal decreases in (a) mean arterial pressure (AMAP) and (b)
heart rate (AHR) elicited by the essential oil of Croton zehntneri (EOCZ;
10 mg/kg, i.v.) in pentobarbital-anaesthetized rats before ([J) or 2 min after
(M) i.v. pretreatment with capsazepine (1 mg/kg) or its vehicle. Data are the
meantSEM expressed as a percentage of baseline (n = 4—6 rats per group).
Baseline MAP and HR were 116.6 £ 1.8 mmHg and 378 £20 b.p.m.,
respectively, before and 115.0 3.9 mmHg and 377 20 b.p.m., respectively,
after vehicle pretreatment and 112.8 +£3.3 mmHg and 380 % 16 b.p.m.,
respectively, before and 110.6 + 3.4 mmHg and 367 + 16 b.p.m., respectively,
after capsazepine pretreatment. *P < 0.05 compared with corresponding
baseline values; P < 0.001 compared with corresponding responses before
capsazepine pretreatment.

effect is mediated by a vagal reflex involving capsaicin-sensitive
fibres. The intermediate slight increase in blood pressure (effect B),
which was unaffected by bivagotomy but was enhanced in rats
treated neonatally by capsaicin, was identified as a result of a direct
short vasoconstriction by capsaicin.”**** The delayed hypotensive
response (effect C) remained unaltered by bivagotomy, but was absent
in neonatal rats treated with capsaicin, suggesting that this latter

response is also mediated by capsaicin-sensitive sensory C-fibres, 3
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The present study shows that i.v. EOCZ induces a biphasic blood
pressure response, which is different from the triphasic blood pres-
sure changes evoked by capsaicin. The reason for this difference is
unclear at the present time. However, the following possibilities
could be considered. First, it is possible that this difference could
be related to the doses of EOCZ used in the present study. In this
regard, Yeh et al. showed that the triphasic blood pressure response
to i.v. capsaicin in Wistar rats is not observed at doses lower than
10 pg/kg.? Second, it is also possible that the delayed depressor
effect (effect C) is not completely absent, but is masked by an
enhanced pressor response (effect B) to EOCZ. As a corollary to
this, Malinowska et al. showed, in Wistar rats, that i.v. treatment with
anandamide, but not capsaicin (3 pg/kg), induced a more prolonged
decrease in MAP, yet the capsaicin-induced increase in blood pres-
sure lasted more (150 s) than that evoked by anandamide (30 s).*

The present study focused on the initial bradycardia that occurred
concomitantly with the initial hypotension. Identification of the
mechanism by which higher doses of EOCZ evoke the subsequent
pressor effect associated with the delayed bradycardia requires fur-
ther investigation. The EOCZ-induced initial hypotension and
bradycardia occurred with a short time of onset (4—8 s) and were
abolished after bilateral cervical vagotomy. Both cardiovascular
effects were also shown to be fully abolished, and even converted
to a pressor and tachycardic response, following i.v. pretreatment
with methylatropine, a non-selective muscarinic receptor antagonist
that does not cross the brain-blood barrier.”’ This indicates that
EOCZ-induced maximal hypotensive and bradycardic responses are
mediated by a vagal reflex and an efferent cholinergic mechanism.
Furthermore, perineural treatment with capsaicin of both cervical
vagi, which has been demonstrated to selectively block the conduc-
tion of C-fibre afferents,’*' fully prevented the reflex bradycardia
and hypotension evoked by EOCZ. Taken together, these findings
suggest that i.v. treatment with EOCZ stimulates vagal sensory C-
fibres to elicit vagovagal reflex decreases in HR and blood pressure.
In keeping with this finding, it was reported previously that acute
or chronic treatment with anethole trithione (Sulfarlem S25), which
is known to have beneficial effects in treating drug-induced xeros-
tomia, increased the concentration of substance P and a-CGRP in
the saliva.”®* These two peptides coexist in a subpopulation of pri-
mary sensory C-fibres*’ and significantly enhance blood flow in sal-
ivary glands in rats*' and humans.*?

The nucleus tractus solitarius (NTS) plays a major role in the reg-
ulation of blood pressure. It receives direct input, via the vagus and
glossopharyngeal nerves, from baroreceptors in the carotid sinus and
aortic arch, activation of which leads to a decrease in blood pres-
sure.® It was proposed that substance P released from the afferent
sensory neurons in the NTS results in the initial hypotension and
bradycardia evoked by i.v. capsaicin (i.e. the classic vagus reflex).”
It is possible that the vagovagal reflex evoked by i.v. EOCZ is relayed
through the same mechanism. Our results suggest that the i.v. EOCZ-
induced vagus reflex is due, at least in large part, to activation of
vallinoid TPRV 1 receptors, as was reported for capsaicin.”® This is
corroborated by the findings that i.v. pretreatment with the TPRV1
receptor antagonist capsazepine® significantly reduced the EOCZ-
induced reflex responses. The dose of capsazepine used in the
present study achieved the same inhibition (by approximately 60%)
of the initial decreases in MAP and HR elicited by i.v. capsaicin, as
shown in a previous study.®> According to a previous report, the
incomplete inhibition induced by capsazepine may be due to the

moderate potency of this drug.*” One may suggest that EOCZ acti-
vates vallinoid receptors indirectly via its metabolites. However, this
hypothesis seems unlikely because the latency of the EOCZ-induced
reflex response is too short to be the result of a metabolic pathway
and/or a secondary effect of the release of other substances by
EOCZ.

It has been reported that retrograde epigastric i.a. injection of cap-
saicin stimulates perivascular pain receptors*® leading to a monopha-
sic hypotension in rats.”** This was unaffected by intercollicular
decerebration, but it was completely blocked after section of the ispi-
lateral saphenous and sciatic nerves, i.t. injection (at the L5-L6
level) of a specific substance P receptor antagonist or in decerebrated
rats with intact spinal cord.”** Thus, it was suggested that the
capsaicin-induced hypotension is a reflex response mediated by sub-
stance P-containing primary afferent fibres.”'* This conclusion is
supported by the present findings and a previous study® showing
that the depressor reflex after i.a. injection of capsaicin is converted
to a pressor response in neonatally capsaicin-pretreated rats (i.e. after
degeneration of small diameter primary afferents'® resulting in a
depletion of substance P from these nerve structures'®). Different
theories have been advanced to explain the reflex hypotensive
response to i.a. capsaicin and its analogues. Studies using decere-
brated rats with intact spinal cords suggested that the reflex centre
is located in the brainstem and the efferent pathway consists of a
loss of the sympathetic vasoconstrictor tone.”'** However, other
studies support the hypothesis that this reflex response is most likely
spinally mediated or, alternatively, could involve the peripheral
release of substance P as a consequence of the antidromic stim-
ulation of primary sensory fibres.”? An i.a. injection of EOCZ also
induced a monophasic hypotensive response that was suppressed by
i.t. injection of the NK, receptor antagonist RP 67580 and converted
into a pressor effect in neonatally capsaicin-pretreated rats. This find-
ing indicates that EOCZ, like capsaicin and its analogues, is able to
induce not only a vagal sensory reflex, but also a spinally mediated
sensory reflex. Whereas the complete blockade of the spinal hypo-
tensive reflex with RP 67580 supports a primary role for substance
P, the possibility that other sensory neurotransmitters (e.g. CGRP)
are also involved in this phenomenon cannot be completely ruled out.

The possibility that EOCZ may directly activate NK, receptors
within the NTS or the spinal cord to decrease blood pressure seems
less plausible because, if this was the case, then the depressor
responses to i.v. or i.a. EOCZ should remain unaltered following
bilateral vagotomy or prenatal pretreatment with capsaicin, respec-
tively. However, this was not the case. The findings that the EOCZ
depressor effects are completely abolished by the above pretreat-
ments suggest that these effects are mediated reflexly through the
activation of substance P-containing afferent fibres. Finally, it is also
unlikely that the blockade of EOCZ responses by perineural treat-
ment with capsaicin, RP 67580 or capsazepine is due to tachyphy-
laxis because no tolerance was observed in the cardiovascular effects
of i.v. or i.a. EOCZ when injected at 10 min intervals.

In conclusion, the present results show that i.v. administration of
EOCZ in anaesthetized rats elicits a capsaicin-like bradycardic and
depressor reflex (i.e. vagus reflex), which appears to be mediated
through activation of the vallinoid TPRV1 receptors located on sensory
vagal nerves. This reflex appears to be attributed, in part, to the actions
of anethole and estragole, the two main constituents of EOCZ. Like
capsaicin, i.a. injection of EOCZ induces a hypotensive spinal reflex
mediated by substance P-containing primary afferent fibres.

© 2006 Blackwell Publishing Asia Pty Ltd
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5. ANEXO - MATERIAIS E METODOS

5.1. Amostra vegetal

As partes aéreas do C. zehntneri foram coletadas em Maio de 2003 nas
proximidades da cidade de Vigosa, no Estado do Ceara, Brasil. A identificacdo das
plantas foi confirmada pelo Dr. Abreu Matos (Laboratério de Produtos Naturais,
Universidade Federal do Ceard).

5.2. Extracdo e analise quimica

O OECZ foi preparado a partir de folhas frescas por destilacdo a vapor e
analisado quimicamente conforme previamente descrito (Craveiro et al., 1976). A
analise do OECZ foi realizada por cromatografia gasosa e espectrometria de massa
(GC/MS; modelo 6971; Hewlett-Packard, USA). Os componentes desse processo
foram: uma coluna de dimetilpolisiloxano DB-1 acoplada a uma coluna capilar de silica
(20 m x 0.25 mm; 0.1 um); hélio como gas carreador (1 ml/min); temperatura injetora
de 250 °C; detector de temperatura em 280 °C; e a temperatura da coluna foi 50-180 °C
em 4 °C/min e 180-250 °C em 20 °C/min. A composicéo foi identificada utilizando uma
pesquisa em uma livraria de massa espectral e com espectroscopia por ressonancia
nuclear magnética [“*C] (ALENCAR et al., 1984).

5.3. SolucgGes e drogas

O pentobarbital sodico (Sanofi, Libourne, Franca) e a heparina (Laboratérios
Léo AS, Montigny-le-Bretonneux, Franca) foram utilizados em solugdes injetaveis
comercialmente disponiveis.

Para os experimentos in vivo, anetol, estragol (Sigma Chemical Co., St Louis,
MO) e OECZ foram dissolvidos em Tween 80 (2%), diluidos até o volume desejado
com solucdo salina isotbnica e agitados, imediatamente antes do uso. Estudos prévios
tém mostrado que esse veiculo ndo tem efeitos significativos sobre a PAM e a FC basais
durante um periodo de 20 minutos (LAHLOU et al., 2002a, 2004). O brometo de metil-

atropina, o atenolol hidrocloridrico e 0 L-NAME foram adquiridos da Sigma Chemical,
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dissolvidos em salina isotonica imediatamente antes do uso, e administrados em
volumes de 1 mL/kg de peso corporal do animal.

Nos experimentos in vitro, o OECZ foi preparado diretamente em solucéo
Tyrode e agitado imediatamente antes do uso, enquanto que a fenilefrina hidrocloridrica
(Sigma), a acetilcolina hidrocloridrica (Sigma) e o verapamil hidrocloridrico (Sigma)
foram inicialmente dissolvidos em agua destilada e depois com solucdo Tyrode até a
concentracdo desejada.

A capsaicina (Sigma) que foi utilizada no tratamento perineural do vago foi
preparada em 1% de Tween 80, 1% de etanol e 98% de salina. Para a injegéo i.v., a
solucdo de CAP na concentracdo desejada, foi preparada no dia do experimento pela
diluicdo de uma solucdo-mae (1% Tween; 1% etanol; 98% salina) com salina isotdnica
de acordo com o peso do animal. A capsazepina (Tocris, Ballwin, MO, USA) foi
primeiro diluida em dimetil-sulféxido (Sigma), em uma concentracdo de 0,1 M, e
diluida adicionalmente com salina contendo 10% de Tween 80 e 10% de etanol até uma
concentracdo final de 1 mg/ml. O RP 67580 (Tocris) foi inicialmente diluido em
dimetil-sulféxido e diluido adicionalmente com salina até obter a concentracdo
desejada.. Para a administracdo intra-tecal (i.t) a droga ou o seu veiculo foram
administrados em um volume de 10 pl e o cateter foi preenchido, utilizando uma micro-
seringa Hamilton, com 10 pl (volume do cateter) de salina para assegurar a

administragcdo completa da dose.

5.4. Animais

Foram utilizados ratos da linhagem Wistar machos com peso entre 280 e 340g,
mantidos sob condi¢des de temperatura constante (22 + 2 °C) com ciclo claro-escuro
padrédo (12h claro/ 12h escuro), e com agua e alimento ad libitum. Os cuidados com o0s
animais estavam de acordo com o Guia para Cuidado e Utilizacdo de Animais de
Laboratoério, publicado pelo Instituto Nacional de Saude dos Estados Unidos (NIH
Publicagbes 85-23, revisado em 1996).

5.5. Implantagé&o dos cateteres

Os animais foram anestesiados com pentobarbital sédico (50 mg/Kg), por via

intra-peritoneal (i.p.), e dois cateteres (PE-10 conectado PE-50) heparinizados (125



46

Ul/ml em salina isoténica) foram implantados na aorta abdominal (para o registro da PA
e da FC) e na veia cava inferior (para administracdo de drogas), ambos 1 cm abaixo da
artéria renal, conforme descrito previamente (LAHLOU et al., 1999). Apos fixacdo com
amarras locais nos vasos e nos tecidos adjacentes, as canulas foram levadas por via s.c.
até a regido cervical onde foram exteriorizadas e fixadas em posicao inacessivel para o
animal. Em seguida, as feridas cirargicas foram suturadas e 0s animais receberam uma
injecdo intramuscular de penicilina (24000 Ul). Esses animais foram mantidos em
gaiolas individuais e foi guardado um periodo de 24 horas antes da realizagdo de
qualquer experimento circulatério, tanto em ratos acordados como em ratos
anestesiados.

Em um outro grupo de animais, foram realizados dois procedimentos adicionais
de cateterizagdo, sob anestesia com pentobarbital sédico (50 mg/Kg de anestesia inicial
e 15 mg/Kg de suplementacdo quando necessario):

- Um outro cateter (PE 10), preenchido com solucéo salina heparinizada (125
Ul/ml), foi inserido na artéria epigastrica superficial direita para permitir a injecdo
retrograda i.a. dentro da artéria femoral (Figura 7).

- Um segundo cateter permitiu a administracdo i.t. de drogas a nivel lombar. Ele
foi preenchido com salina isotonica, inserido no espago sub-aracnoideo através de uma
incisdo feita em T13 e sua extremidade foi avancada no sentido caudal até o nivel
medular L5-L6 (local do “input” aferente proveniente dos nervos ciatico e safeno).

Adicionalmente, uma curta canula traqueal foi inserida nos animais por meio de
uma traqueostomia permitindo a respiracdo espontanea em posic¢do supina. No final dos
experimentos, os animais foram sacrificados com uma overdose de Tiopental, por via
I.v., e tiveram suas colunas lombares examinadas com a injecdo de azul de bromofenol
para avaliar o posicionamento correto do cateter i.t assim como a auséncia de lesdes
espinhais induzidas pelo cateter. Os resultados individuais foram descartados caso néo

fossem atingidos esses critérios.
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AES

\4

Figura. 7. Localizacdo da artéria epigastrica superficial (AES)

5.6. Sistema de Registro

No momento do experimento, o cateter adrtico foi conectado a um transdutor de
pressdo (Statham P23 DI) acoplado a um poligrafo Gilson modelo 5/6H (Gilson
Medical Eletronics, Middletown, USA). Esta unidade forneceu as pressdes arteriais
sistdlica (PAS) e diastolica (PAD). A PAM foi calculada através da formula: PAM =
PAD + [(PAS - PAD) / 3]. A FC foi obtida por derivacéo do sinal da PA através de um

cardiotacOmetro.

5.7. Protocolo experimental
5.7.1. Experimentos in vivo:

A administracdo i.v. do OECZ (ou de seus principais constituintes) foi sempre
efetuada apds um periodo de estabilizacdo da PAM e da FC. Tais pardmetros foram
registrados durante 10 a 20 minutos, de acordo com a duragdo dos efeitos. Quando
foram administradas injecdes subseqilientes do OECZ (ou de seus principais
constituintes) os valores da PAM e da FC foram acompanhados até que retornassem aos

seus respectivos niveis de controle (base). As doses do OE (ou seus principais
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constituintes) ou dos antagonistas foram escolhidas de acordo com as recomendadas na

literatura e com base em experimentos previamente realizados em nosso laboratorio.

a) Série 1

- Esta série de experimentos foi realizada no intuito de estabelecer a relacdo
dose-efeito. Para isso, doses crescentes, em bolus, do OECZ (1, 5, 10, 20 mg/kg) e de
seus principais constituintes, anetol (1, 5, 10 mg/kg) e estragol (1, 5, 10 mg/kg) foram
administradas por via i.v. em ratos acordados (n = 9, 8, e 6, respectivamente) e
anestesiados (n = 6, 7, e 6, respectivamente). O curso temporal das variagdes da PAM e
da FC foi registrado apds a administracdo desses agentes.

b) Série 2

- Nessa série, 0 papel do sistema nervoso autbnomo (SNA) e do 6xido nitrico
(ON) foi investigado em ratos acordados. Dessa forma, a curva dose-resposta para 0s
efeitos do OECZ sobre a PAM e a FC foi determinado em animais pré-tratados, 10

minutos antes por via i.v., com um dos seguintes agentes:

e salina: 1ml/Kg

e L-NAME: 20 mg/Kg (BOUSSAIRI & SASSARD, 1994)
e metil-atropina: 1 mg/Kg (VASQUEZ & KRIEGER, 1997)
e atenolol: 1.5 mg/Kg (VASQUEZ & KRIEGER, 1997)

c) Série 3

Nesta série experimental o objetivo foi investigar a participacdo das fibras
sensoriais na mediacdo do efeito hipotensor do OECZ. Para isso foram realizados, em
ratos anestesiados e traqueostomizados, 0s seguintes experimentos:

I) Pré-tratamento neonatal com capsaicina

Ratos Wistar machos recéem-nascidos (7-10g), sob anestesia com éter, foram pré-
tratados por via subcutdnea (s.c.) no segundo dia de vida com uma dose Unica de
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capsaicina (50 mg/kg) (n = 5) ou com 0 mesmo volume (40 pL) de veiculo (10% de
etanol, e 10% de Tween 80 em salina) (n = 5). (JANCSO et al, 1977). Os experimentos
circulatérios foram realizados 90 dias ap6s 0 pré-tratamento com capsaicina ou com 0
seu veiculo. O sucesso do tratamento com capsaicina foi confirmado por uma
significativa redugdo no nimero de movimentos de esquiva (“wiping test”) (LOREZ et
al., 1983) apds a aplicacdo topica desse agente (1% em 50 pL) na conjuntiva de ratos
tratados no periodo neonatal que receberam a capsaicina (10.0 £ 0.4) quando comparado

com os respectivos controles que receberam veiculo (23.0 £ 1.1).

I1) Vagotomia cervical bilateral

O curso temporal da acdo do OECZ (1-20 mg/Kg) e seus principais
constituintes, anetol (ANT) e estragol (EST) (1-10 mg/Kg), sobre a PAM e a FC, foi
estudado 15 minutos apds bivagotomia cervical.

BIVAGOTOMIA
CERVICAL

EOCZ (1-20 mg/kg, i.v.)

A 4

15 min

ANT (1-10 mg/kg, i.v.)

A\ 4

EST (1-10 mg/kg, i.v.)

A 4

Figura 8. Figura ilustrativa do protocolo experimental da injecdo i.v de OECZ e
seus principais constituintes em ratos bivagotomizados.

I11) Tratamento perineural com capsaicina

Esses experimentos foram realizados para avaliar o papel das fibras aferentes
vagais tipo-C na mediacdo das respostas cardiovasculares ao OECZ. Para este
propdsito, nds utilizamos o TPN bilateral com CAP, que é um método bem conhecido

para induzir um bloqueio seletivo da conducdo neural dos aferentes vagais tipo-C
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(JANCSO & SUCH, 1983; SCHELEGLE et al., 2000). Dessa forma, pedacos de
algoddo embebidos em uma solucdo da CAP (250 pg/ml) foram colocados ao redor de
um segmento de 2-3 mm do nervo vago isolado bilateralmente por 20 minutos e depois
removidos.

As alteragcbes méximas na PAM e na FC evocadas pelo OECZ (10 mg/kg, i.v.)
foram avaliadas antes e apds o TPN com CAP (n = 7) ou seu veiculo (n = 3) (Figura 8).
A abolicdo do reflexo hipotensor e bradicartizante em resposta a CAP (1 ug/kg, i.v.) foi

tomado como critério de éxito do TPN com CAP.

A 20 MIN
A l ’ b
A3
OECZ TPN: CAP (250 pg/ml) OECZ
(10 mg/kg, i.v.) ou VEICULO (10 mg/kg, i.v.)

Figura 9. Esquema ilustrando o protocolo experimental de TPN com CAP e injecdo i.v.
de OECZ.

V) Avaliagéo do reflexo espinhal

O objetivo desses experimentos foi fornecer evidéncia direta do envolvimento
das fibras aferentes priméarias que contém SP na mediacdo da resposta depressora
secundaria a injecdo i.a. de OECZ (reflexo espinhal), conforme tem sido demonstrado
para a administracdo i.a. de CAP (DONNERER & LEMBECK, 1982; YEH ET AL.,
1993, YANG et al., 1993). Portanto, cada animal (n = 6) recebeu uma injecédo de OECZ
(10 mg/kg, i.a.) e as alteracbes maximas da PAM e da FC foram determinadas. Trés
minutos apds a primeira e sete minutos antes da segunda injecdo de OECZ (10 mg/kg,
i.a.), 0 antagonista seletivo para NK1 (RP 67580; 7,8 nmol i.t. ao nivel de L5-L6)
(POULAT et al., 1996) ou o seu veiculo foram administrados e as alteracdes maximas

da PAM e da FC foram novamente determinadas (Figura 9).
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»

OECZ RP 67580 OU OECZ
(10 mg/kg, i.a.) VEICULO (10 mg/kg, i.a.)

Figura 10. Protocolo experimental de tratamento i.t. com antagonista de SP.

V) Pré-tratamento com antagonista para capsaicina

Esses experimentos foram realizados na intencdo de determinar o possivel
envolvimento da ativacdo do receptor VR1 na mediacdo das alteracfes cardiovasculares
induzidas pelo OECZ. Portanto, cada animal (n = 6) recebeu uma injecdo de OECz (10
mg/kg, i.v.) e as alteracbes maximas da PAM e da FC foram determinadas. Oito
minutos apds a primeira e dois minutos antes da segunda injecdo de OECz (10 mg/kg,
i.v.), 0 antagonista competitivo do receptor VR1, CZP (1 mg/kg, i.v.) (MALINOWSKA
et al., 2001; BEVAN et al., 1992) ou o seu veiculo (n = 4) foram administrados e mais
uma vez foram determinadas as alteracdes maximas da PAM e da FC (Figura 10).

OECZ (10 mg/kg, i.v.) OECZ (10 mg/kg, i.v.)

CAPSAZEPINA

\ 4 l \ 4
®

o <
<«

A
v

8 min 2 min

Figura 11. Esquema ilustrativo do protocolo de pré-tratamento i.v. com

capsazepina.
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5.7.2. Experimentos in vitro

Os animais foram sacrificados, a aorta tordcica removida e imersa em meio de
perfusdo a temperatura ambiente. Apds remocdo do tecido adiposo e do tecido
conectivo aderidos, a aorta foi cortada em tiras cilindricas (1 mm x 5 mm), dispostas em
anéis, que foram suspensas em banhos para 6rgdo isolado (10 ml) contendo o meio de
perfusdo a 37 °C, com pH = 7,4 e aerado continuamente. Os anéis de aorta foram
estiradas com uma tensdo passiva de 0,5 g que foi registrada através de um transdutor de
forca isométrico (Grass Model FTO3, Quincy, Mass., USA) conectado a um transdutor
isométrico (Modelo Grass FT03, Quincy, Mas., USA) conectado a um sistema
computadorizado de aquisi¢cdo de dados (Datag, Akron, OH, USA).Apo6s um periodo de
equilibrio da preparacdo (cerca de 60 minutos), foi induzida uma contracdo controle
pela adi¢cdo de 60 mM de KCI ao banho. Quando duas contragfes controles sucessivas
mostraram amplitudes similares, a preparacdo foi considerada como equilibrada. Para
avaliar os efeitos do OECZ sobre a contracdo induzida pela fenilefrina, as preparacoes
foram expostas a concentracdes crescentes do 6leo (1-1000 pg/mL, n = 6) durante 5
minutos uma vez que uma contracdo sustentada em resposta a uma concentracdo sub-
maxima (3 uM) de fenilefrina (PHE) foi estabelecida.

Para avaliar se as respostas vasculares do EOCZ eram dependentes do endotélio
/ ON, os efeitos vasculares do 6leo (1-1000 pug/mL) foram determinados em preparac6es
sem endotélio (n = 7) ou em preparacGes com endotélio incubadas com L-NAME (50
UM, n = 6) 10 minutos antes da adicdo de PHE. O endotélio foi removido
imediatamente apds a dissecacdo através de movimentos suaves na luz do vaso com um
dispositivo apropriado. Toda preparacdo, com ou sem endotélio, foi testada no inicio do
experimento com 1 pM de acetilcolina (ACh). A auséncia de efeito vasorrelaxante
induzido pela ACh foi tomada como evidéncia de que a preparacgdo estava efetivamente
desprovida de endotélio. Os dados do relaxamento foram expressos como porcentagens

da contragdo induzida pela PHE.

5.8. Analise estatistica

Todos os resultados foram expressos como média £ SEM.
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Nos experimentos in vivo as alteracBes maximas (expressas como porcentagem
dos valores basais) na PAM e na FC ap0s cada dose de OECz, anetol e estragol, foram
usadas para construir uma curva dose-resposta.

Nos experimentos in vitro o valor da 1C50, definido como a concentracdo do
OECZ (em pg/mL) necessaria para produzir uma reducéo de 50% da contracdo maxima
induzida pela fenilefrina, foi utilizado para avaliar a sensibilidade vascular ao OECZ.
Ela foi calculada a partir da interpolacdo de plotagens semi-logaritmicas, e expressa
como média geométrica [intervalo de confianca de 95%].

A significancia (P < 0.05) dos resultados foi avaliada por meio do teste t de
Student pareado e ndo-pareado, e pela analise de variancia (ANOVA) a uma e a duas
vias, seguida pelos testes de comparacGes multiplas de Dunnett ou de Bonferroni

guando apropriados.
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