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RESUMO




Croton cajucara Benth. (sacaca) é uma espécie vegetal da regiao amazdnica
popularmente utilizada bara o tratamento de distirbios do trato digestivo. Foram
investigadas a atividade antiulcerogénica e o mecanismo de acdo dos
constituintes majoritarios obtidos a partir das cascas: o Oleo essencial e a
desidrocrotonina — DHC (uma sesquiterpenolactona presente em grande
quantidade nas cascas). Através de modelos de ulceras agudas, induzidas por
agentes como etanol, HCl/etanol, ligadura do piloro, indometacina e estresse, em
ratos e camundongos, foi possivel constatar que o ¢leo essencial e a DHC
reduziram significativamente as lesbes uicerativas nos diversos modelos
estudados. A partir destes resultados foram investigados os possiveis
mecanismos antiulcerogénicos da DHC e do 6leo essencial. A DHC nao foi capaz
de aumentar a producdo de muco em células glandulares isoladas de estbmago
de ratos, e nem de apresentar atividade antioxidante em mitocOndrias isoladas de .
figado de rato. Por outro lado, & DHC antagonizou, de modo nao-competitivo, 0s
receptores H; de histamina no &trio isolado de cobaia e M; no fundo de estdmago
isolado de rato: adicionalmente, apresentou um aumento na producao/sintese de
PGE, pelas células da mucosa gastrica em ratos. A DHC n&o foi capaz de
cicatrizar as Ulceras pré-estabelecidas em ratos ap6s 14 dias de tratamento. O
éleo essencial alterou a acidez e o volume do suco gastrico quando administrado
por via intraduodenal, o que demonstra uma agao sistémica: aumentou a
producdo de muco pelas céluias glandulares do estdmago de ratos e aumentou a
producdo/sintese de PGE, pelas células da mucosa gastrica em ratos. Em
adicdo, o Oleo essencial fui capaz de cicatrizar {32% de cura) as ulceras pré-

estabelecidas em ratos, apds 14 dias de tratamento, com a mesma poténcia da
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cimetidina. Os resultados obtidos indicam que a utilizacdo popular do infuso de '
sacaca, 0 qual contem DHC e d6leo essencial, em disturbios gastrointestinais, esta

perfeitamente justificado pela atividade de seus constituintes maioritérics.
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Muites trabalhos tem sido propostos na tentativa de elucidar a etiologia
das Ulceras. Atu'almente, acredita-se que a ulcera gastrica dependa ndo somente
da acidez gastrica e duodenal, mas também da presenga de fatores prée-
disponentes os quais: atuariam, coletivamente, reduzindo a defesa das mucosas
(Hirschowitz et al., 1985).

A Uicera, baseada em sua fisiopatologia, tem sido objeto de intensa
pesquisa nas ultimas décadas. Aproximadamente 10% da populacao ocidentzal e
mais de 10% da asidtica, independentemente do sexo e da classe social, @ vitima
desta patolegia (Berstad & Berstad, 1993). Esta doenca traz tremendos custos a
sociedade (Jensen, 1984) e toma a vida do paciente extremamente dificii, além de
ser letal em muitos casos (Mcintosh et al., 1991; Petersen et al., 1995).

E conhecido que existem 5 fatores ambientais para o desenvolvimento da
uicera peptica: (a) a utilizacdo cada vez mais fregliente de drogas
antiinflamatorias n&o-esteroidais (DAINE), (b) a presenca de Helicobacter pylori
na mucosa do trato gastrointestinal (TG!), (c) o habito de fumar, (d) o estresse
ambiental e (e) os habitos alimentares das populagbes (Lam, 1994).

Além disso, verificou-se que o fendmeno das migracbes populacionais e
o estresse a elas associado interferem com a incidéncia da Glcera (Sonnenberg,
1985; 1995) e que existe uma correlag&o importante entre o aumento de idade e

‘a incidéncia de dlcera para ambos os sexos (Ostensen et al, 1985). Outros
fatores tais como a morte de parentes proximos e o aumento crescente da
participacdo da mulher no mercado de trabalho vem sendo considerados também
como fatores pré-disponentes de aumento das lesées gastrointestinais (Petersen

et al., 1993). Tarmawski et al., {1995} citaram inUmeros fatores implicados na
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etiologia das Ulceras gastroducdenais, dentre os gquais destacam-se agueles

genéticos, neurais, humorais, iatrogénicos (como a utilizagdo de DAINE e

esteroidais), emocionais e infecciosos, causados principaimente, pelo

Helicobacter pylori {Taylor & Blaser, 1881).

Para Katsura et al, (1991) e Szabo ef al., (1995) as uiceras pepticas séoc
resultantes de um desequilibrio entre os fatores defensivos da muccsa que
representam forgas de resisténcia ao suco gasirico como as secregdes de muco €
bicarbonato (HCO?) e aqueles agressivos, como por exemplo, a secregdo de
acido, de pepsina e de fator intfrinsece, os quais levam & sua lesao.

Desde que a secrecdo acida foi descrita tornou-se evidente que, de
aiguma forma, a presenga de acido no estdmago é nociva, além de principal
responsavel pela maioria das desordens que afetam este ¢rg&o, bem como do
esotfago e duodeno (Peters & Richardson,1983; Wolfe & Sof, 1988, Sachs et al.,
1994). Atualmente, entretanto, ja se sabe gue a secre¢do acida e sua regulacao,
nao podem ser considerados como os Unicos fatores responsaveis pela ulcera
péptica. O processo ulcerativo € complexo e exibe facetas mdltiplas, as quais
deverﬁ ser, uma a uma, analisadas. Alguns exemplos sao:

» refluxo do conteldo duodenal pode levar as Ulceras gastricas. Apesar de
resistir a um pH préximo de dois, as células epiteliais da mucosa gastrica nao
s&o resistentes aos acidos biliares que rapidamente rompem a barreira
gastrica mucoprotetora (Dayal & Delellis, 1991; Sanioto, 1991, Wallace &
Granger, 1996; Kutchai, 1996);

e esvaziamento gastrico acelerado pode levar as Ulceras duodenais. Apesar de

bastante resistente aos acidos biliares, a mucosa duodenal nao apresenta
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resisténcia ao acido gastrico, o qual n2o teve tempo de ser adequadamente
neutralizado (Dayal & Del eilis. 1991; Sanioto, 1991; Kutchai, 1996);

e se a secrecdo de muco ou MCOs for suprimida, a barreira da mucosa gastrica
fica comprometida e os efeitos de acido cloridricc e da pepsina sobre &
superficie do estdmago podem produzir Ulceras (Baron et al., 1886; Curtis et
al., 1995, Tarmawski et al., 1985; Kutchai, 1996; Wallace & Granger, 1996).

» agonistas ca-adrenérgicos como a noradrenalina, além de produzirem
vasoconstricgdo (impedindo a retirada do acido coletado) e contracdo dos
esfincteres (0 que retem o acido no estdémago), produzem ainda diminuig¢do na
secrecdo de HCOz (Sanioto, 1991; Kutchai, 1986).

E possivel verificar, assim, que apesar do importante papel da secrecac
acida, a alteragdo de fatores protetores da mucosas, tais como producdo de
muceo, HCO3™ e prostaglandinas, também contribui para a instalagdo do processo

ulceroso (Tarnawski et al., 1995).

1.1. Secre¢do Acida Gastrica

| O suco gastrico normal € uma mistura da secrecéo parietal (acido e fator
intrinseco) e secrecdes nao parietais (muco, HCO3, Na+, K e pepsinogénio)
{(Kuichai, 1986}

Os mecanismos moleculares da secrecdo de dcido cloridrico pela célula
parietal iniciam-se atraves do estimulo de proteinas especificas de membrana por
seus respectivos agonistas (acoplamento agonista—receptor}, os quais s&o
responsavels por desencadear uma cascata de alteragbes bioguimicas

intracelulares que ir&o, subseqlentemente, promover a secregdo da ceélula
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parietai (Wolfe & Sci, 1988; Sachs et al., 1994; Hirschowitz et al., 1995).

Trés substancias quimicas endogenas constituem os principais agonistas
responsaveils por estimular a céluia parietal a secretar acido cloridrico:

» Acetilcolina: atuando em receptores muscarinicos, provavelmente Ma, e
liberada por neurdnios eferentes vagais e estimula a secregdo acida da célula
parietal pela elevacdo dos niveis intracelulares de Ca™ A excitabilidade
produzida esta associada a estimulos provenientes do olfato, vis&@o, paladar ou
mastigacao e por neurdnios locais da parede gastrica que sao estimuiados
peia distens&o das paredes do estémago (Hirschowitz et al., 1995; Kuichali,
1996);

+ Gastrina: estimulando os receptores da colecistocinina-B (CCK-B) da célula
parietal, induz o aumento da secrec¢ao acida através do aumento dos niveis

intracelulares de Ca+2, assim come a acetilcolina. Acredita-se que a gastrina

seja secretada pela presenca de proteinas nos alimentos, Ca+2, Mgéz, A[és,
além da estimulagdo vagal e da alcalinizacdo do antro (Dockray et al., 1995;
Konturek et al., 1995, Kutchai, 1996);

e Histamina: atuandc em receptores H,, € liberada através de um mecanismo
paracrino  por células ‘“enterocromafins-like” (ECL), semelhantes aos
mastocitos, existentes na lamina prépria do estdmago, e dispostas em intimo
contato com as células parietais. A histamina promove aumento da secre¢o
acida por elevar os niveis intracelulares de AMPc (Sachs et al., 1984
Hirschowitz et al., 1995, Dockray et al., 1996; Sandor et al., 1996).

Os mecanismos celulares envolvides com a secrecdo &cida iniciam-se

com ©s estimulos proporcionades pelos agonistas acima citados, gue atuam
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sinergicamente conferindo uma elevada eficiéncia a este processo fisiologiceo.
Inicialmente, na célula parietal, ocorre o efluxo do ion CI” e com o intuito
de assegurar a neutralidade elétrica no iumen gastrico, o ion K* ¢ acompanha por

difusdo. O fornecimento de K* & superficie extracelular é etapa imprescindive!

para a secrecdo acida da celula parietal. Varias H K ATPases, locaiizadas em
tubulos ou vesiculas citoplasmaticas, apds o estimulo, fundem-se com a
membrana plasmatica na superficie luminal das céluias parietais. Esta fusdc
aumenta a area de superficie canalicular pela formagdo de microvilos. As H™ / K©
ATPases atuam comc bombas de proions na etapa final da secrecac irocando o
ions H pelo K'. Assim sendo, os ions H' e CI formam uma solugdo
extremamente acida importante para as fungdes fisiologicas do estdmago (Lind et

ai., 1983, Hirschowitz et al., 1995).

1.2. Mecanismos de Prote¢dao da Mucosa Gastrica

Na prote¢do da mucosa gastrica e duodenai contra a agressdo causada
por acido cloridrico, pepsina, bile, enzimas pancredticas e outros fatores
agressivos, varios mecanismos sdo considerados importantes. Entre eles podem

ser destacados:
a) Mucco

E um gel formador de um fino revestimento protetor sobre as células
superficiais da muccsa com multiplas funcoes. Na realidade © muco & composto
de glicoproteinas que, em conjunto, recebem o nome de mucina, possuindo um

aspecto viscoso. A atividade citoprotetora do muco se resume em proteger a
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mucosa conira as forgas mecanicas da digestdo, retendo agua e diminuindo a
difusdo de ions H™ da iuz para @ membrana apical das ceélulas parietais, além de
lubrificar a superiicie gastrica (Forte, 1886). Por sua vez, o HCO5, em aitas
concentragbes, alcaliniza 0 muco que neutraliza o acido luminal (Gamer et al.,
1984; Wallace & Granger, 1996).

Trier et al. (1887), Miller (1983) e Szabo (1987} demonstraram a
importancia da barreira de muco da mucosa gastrica através de experimentos de
Uicera induzida por etano!, o qual romperia esta barreira e, deste modo, entraria

em contato direto com a mucosa.

b) BICARBONATD

A protecdo da mucosa estomacal nao depende somente do controle da
secre¢do acida gastrica; ha necessidade ainda de uma secrec&o adequada de
muco e HCOs™ pelas células mucosas cervicais e superficiais do epitelio (Waliace
& Granger, 1996). Tanto a secrecdc de muco guanto aguela de HCOs sao
estimuladas por diversos fatores e formam a chamada "barreira mucoprotetera”
(Sanioto, 1981, Kutchai, 1998). O papel desta barreira na protecdo da mucosa
contra injurias induzidas por acido ou pepsina, tem sido objeto de intensa
discussdo (Wallace & Granger, 19986).

O HCOs e secretado pelas células superficiais do estdmage e pelas
.glz“andufas de Brinner do duodeno; permanece, em grande parte, abaixo ou na
camada mucosa. Assim, a superficie mucosa fica em contato com o liquido que

contem um alto pH em relagdo & luz do estdmago que, emn condi¢cdes normais, ira

. » + - -
neutralizar os ions H, enquanto difunde-se através da camada de mucao,
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estabelecendo-se um gradiente de pH entre a luz e as células epiteliais (Curtis et

al., 1995; Wallace & Granger, 1896; Kutchai, 1998).
c) PROSTAGLANDINAS (PG's)

Existem véricé estudos sobre o papel das PG's exodgenas sobre ©
estdbmago; enfretanio, o modo pelc qual as PG's endogenas influenciam a
fisiologia do estdmago nao esta totalmente esclarecido.

Prostaglandinas compreendem uma familia muito grande de acidos graxos
oxigenados de cadeia longa saturada (Miller, 1983). Aproximadamente 20 destas
substancias quimicas tem sido identificadas em tecidos e fluidos corporais, e mais
de uma centena destas tem sido sintetizadas como andlogos ou derivados das
PG’s naturais. Altas concentracdes podem ser encontradas no fluido seminal e na

mucosa gastrointestinal.

Dentre os muitos fatores que podem contribuir para a atividade
citoprotetora das PG’s estdo: a) estimulagdo da secregdo de muco e HCO™
(Garner et al, 1979, Garner et al, 1984; Eberhart & Dubois, 1995); b)
manutencdo do fluxo sangiineo géstrico adequado durante exposicac a aigum
tipo de imitante (Guth et al,, 1884; Eberhart & Dubois, 1985), e c) inibigéc da
iberagdo de mediador quimico de mastécitos nas respostas inflamatorias
(Hogaboam et al., 1993; Eberhart & Dubois, 1995).

As funcbes vascdilatadoras e protetoras das PG's na mucosa gastrica
tém sido extens.ivamen{e documentadas e estudadas (Whittle & Vane. 1987;

Gislason et al., 1995).

Ao nivel molecuiar, as PG’s do tipo E; inibem a adeniiatociclase ativada
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pela histamina nas células parietais (Major & Scholes, 1978; Eberhart & Dubois,
1993). Portanto, a PGE; inibe as respostas fisiolégicas que seriam ocasionadas
pela secrecdo de histamina, dentre elas, a mais importante, é a secregdo acida
gastrica pelas células parietais.

Alguns estudos demonstraram, adicionalmente. gue a sintese de PG's
eleva-se significativamente quando o pH do iUmen gastrico forna-se acido (Aly et
al., 1985; Curtis et al., 1985) ou quando a secreg&o acida é estimufada (Whittle &
Vane, 1987). Além disso, existem evidéncias de que a sintese de PG’s também
eleva-se guando a mucosa gastrica permanece exposta a algum tipo de irritante
(Robert et al., 1983).

A sintese de PG’s tem sido sugerida ainda como moduladora frente a
outros fatores como situagtes de estresse ( Wailace & Cohen, 1984) e ativacio
de nervos colinérgicos aferentes, como por exemplo, utilizando altas doses de
capsaicina (Goneda & Tachg, 1993).

Portanto, as prostaglandinas, além de exercerem um importante papel na
manutengdo da integridade da mucosa gastrica, também séo capazes de modular
a secrecaoc acida gastrica (Soll, 1988; Curtis et ai | 1985).

As PG's dos tipos E, F e | s&o encontradas nas mucosas gastrica e
intestinal, sendo responsaveis pela secrecdo de muco e HCO5 e pelo aumento do
fluxo sanguineo da mucosa. As PG’s da mucosa do duodeno parecem estimular
ainda a secrecdo basal de HCO»" duodenal e sus resposta ao acido luminal, além
de propriedades citoprotetoras que auxiliam na regulagao dos mecanismos de

defesa da mucosa (Cho & Ogle, 1992; Eberhart & Dubois, 1995; Tabata et al,

1996).
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Berglindh & Hansen (1984), utilizando culturas de células parietais isoladas
de caes. observaram que a indometacina acentuava a resposta secretora das
céiulas parietais & histamina. Posteriormente, Waldum et al. (1891) demonstraram
que a utilizagdo de indometacina induz danos a mucosa gastrica que levam a
liberag&o de histamina pelas céluias ECL. Este dados, aliados a caracieristica das
DAINE de bloquear a sintese de PG'’s, s&o fatores importantes na caracterizagao
dos fatores ulcerogénicos bem como definem a importancia fisiologica na
manutenc&o da integridade da mucosa estomacal (Gisiason et al., 1995; Curtis et
al., 1995)

Mas, 0s mecanismos citoprotetores pelos quais as PG's atuam scbre a

mucosa gastrica, ainda permanecem pouco compreendidos (Curtis et al., 1985).

d) FLUXO SANGUINEO

As mucosas gastrica e intestinal sdo supridas por capilares ramificados
que atravessam & area glandular do estdmago e do duodeno. Um grande plexc
de artérias e veias, localizado na camada submucosa, reguia O suprimento
sangGinec para as celulas epiteliais superficiais, o qual & importanie na
manutencado da integridade da mucosa (Merimoto et al., 1984; Tabata et al., 1996;

Waillace & Granger, 1996; Kalia et al,, 1997).

e) SOMATOSTATINA

Armazenada nas células D localizadas na mucosa do fundo e do antro
gastrico, a somatostatina constitui-se em outro agenie importante relacionado a
protecdo da mucosa, sendo responsavel pela inibicgo das fungbes das células

ECL e G (Sachs et al., 1984).

10
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Desta forma, sugere-se que a reguiagdo da secrecdo acida pelas céluias
endocrinas gastricas envolve um controie de retroalimentacéo positiva e negativa
relacicnada a triade das células G, ECL e D, além da sintese de PG's na mucosa

gastrica (Sachs et al.,. 1994; Hirschowitz et al., 1995).

1.3. Terapéutica das Ulceras Pépticas

As drogas antiulcerogénicas sdo tdo importantes do pontc de vista de
utilizagc@o e, consequentemente, mercadolégico que elas representaram, sO no
ano de 1952 nos Estados Unidos, um voiume de vendas de US$ 4 bilhdes (Alper,
1993).

As solugbes terapéuticas, durante seéculos. foram sempre dietas
alimentares controladas, repousc absoluto, além da neutralizacdo do conteldo
gastrico de acido cloridrico wutilizando antidcidos, ou em Ultimo caso, z
intervencéo cirurgica (Jensen, 1984; Weir, 1988).

Nos anos 70 este panorama foi modificado com o trabatho de Biack et al.,

(1972), onde 0s receptores H, da histamina foram definidos através da utilizacdo

de antagonistas seletivos do tipo da cimetidina e ranitidina. Estas drogas
causaram um impacto t&o grande, a nivel mundial, que houve uma modificacdo
significativa no panorama do tratamento de Ulcera péptica (Kurata,1983). Algum
‘tempo depois, devido ac papel desempenhado pelas PG’'s no estdbmago,
principalmente as PG's E,e 12, que inibem a secregdo acida gastrica e estimulam
os fatores de protecéo da mucosa como ¢ muco e HCO5™ foram desenvolvidas as

drogas denominadas citoprotetoras. O misoprostol, um anaiogo da PGE., foi a
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droga desenvolvida e extensas revisGes sobre a droga tem sido escritas (Monk &
Clissold, 1987).

Mais tarde, foi a vez dos inibidores da bomba protdnica ou H+, K ATPase,
responsavel pela secre¢fo acida gastrica. A substancia padréo deste grupo de drogas
foi 0 omeprazol, 0 qual ¢ capaz de inibir a secregao &cida por inativacdo da bomba
através da formacdo de ligagcbes dissulfelo entre as molécuias reagentes do
omeprazot ¢om a enzima (Lindberg et al., 1987; Sachs et al . 1588).

Uma outra substancia desenvoivida concomitantemente ac omeprazol foi a

pirenzepina, um anticolinérgico muscarinico M, seletivo, que também contribuiu

para o tratamento da Ulcera péptica nesta década (Texter & Reylly, 1882).

Assim, a evolugdo do tratamento das dispepsias em geral foi satisfatoria até
o final da década de 80 quando antiacidos, anticolinérgicos M,, anti-histaminicos
Hz, citoprotetores e inibidores da bomba proténica, usados individualmente ou em
associacgoes, alternaram-se como solucdes terapéuticas para a doenca uicerosa
peptica. Apos este tempo, nenhuma nova droga surgiu para fazer parte do
arseﬁal terapéutico; entretanto, novos usos foram encontrados para velhas
drogas como os compostos de bismuto (Baron et al., 1986) ¢ a carbenoxolona
obtida a partir de um extrato da Glycyrrhiza glabra ou alcacuz (Barrowman &
Pfeiffer, 1982}
| Além disso, Hornick {1987) com um trabalho importante, levaniou &
possibiiidade de que & Ullcera péptica fosse o resultado de uma infecgaoc
bacteriana, induzida por Helicobacter pylori (Barbosa et al., 1988; Queiroz et al.,

1688). Assim, ¢ modo como a mucosa gastrica se protege dos danos a ela

Introducio



impestos  sugeriu mudangas na conduta terapéutica da doenga ulcerosa,
utilizando, por exemplo, coldides ou compostos de bismuto, assim como &
antibioticoterapia (Tailey & Ormand, 1989; Berstad & Berstad, 1993).

Como ainda ndo existe no mercado uma droga que produza 100% de
remiss@o nas Ulceras gastroduodenais (Alper, 1993) e por existir, s6 no Brasil,
centenas de milhares de casos envolvendo este tipo de morbidade, O que
significa um problema de saude publica enorme, estudar substancias com
potencial atividade antiuicerogénica €, ndo so importante, Como vital.

Dados recentes na literatura demonstram a grande variedade de
substancias quimicas iscladas de plantas que apresentaram experimentalmente
atividade antiulcerogénica (Lewis & Hanson, 1991). 0 gque por si so, favorece 2
opcado de se trabalhar com esta classe terapéutica em especial. Por outro iado,
das 250 mil espécies vegetais existentes no planeta, 100 mil estdo no Brasil, ©

gque representa uma infinita fonte de recursos da biodiversidade a serem

investigados.

1.4. Plantas Medicinais como Alternativas Terapéuticas

A recente “redescoberta’ de plantas Gteis do ponto de vista medicinal €
decorrente, em parte, da crise na medicina ocidental - uma desvantagem imposta
pelos dos altos custos alcangados pelas drogas produzidas sinteticamente e pelo
limitado efeito em varias doencas cronicas. A Organizagao Mundiai de Saude
estima que 80% dos paises em desenvolvimento confiam na medicina tradicional
e destes, 85% fazem uso das plantas ou de seus extraios como substancias

ativas (Sheldon et al., 1997). Quando se considera © uso de drogas derivadas de

Introdugio



planta o nUmero aumenta ainda mais. Entre 1930 e 1973 as plantas ou seus
extratos foram usados para a descoberta de mais de 40 prescrigdes de drogas;
este numerc dobrou em 1980 e coniinua a aumentar, apesar do curto espagoe de
tempo {(Miiner Jr, 1887).

A pesquisa envolvendo plantas medicinais é complexa, cara e apresenta
um carater interdisciplinar. Estes aspectos sdo importantes quando o objetivo da
pesquisa € o de encontrar substancias potencialmente Uteis para a terapéutica.

Varios probiemas tem sido detectados nas diversas etapas envolvidas
neste tipo de pesquisa e muito tem sido discutido sobre como sojuciona-los.

Na década de 70 as preccupacdes estavam restritas as metodoiogias
empregadas para a triagem farmacologica dos extratos e a necessidade de
equipes multidisciplinares para realizar a selecao da espécie e o isolamento da
substancia farmacologicamente ativa (Farnsworth & Bingel, 1977; Malone, 1977 ).

Mais tarde, na década de 80, acreditou-se gue a solugdo de todos 0S
problemas envolvidos com a pesquisa de plantas medicinais passavam,
necessariamente, pelo suporte oferecido pela etnofarmacoiogia/estudo da
etﬁoboténica (Posey, 1986) aplicado as plantas medicinais (Zethelius & Balick,
1982: Malone, 1983; Elisabetsky & Posey, 1986, Elisabeisky & Gely, 1987,
Elisabetsky & Moraes, 1988).

Recentemente, novas abordagens envolvendo técnicas de monitoramento
quimico da substancia farmacologicamente ativa, tem sido propostas na tentativa
de objetivar a pesguisa com plantas medicinais (McChesney, 1996), sem
esquecer 0s papéis da etnofarmacoiogia (Elisabetsky & Wannmacher, 1993) e da

fitoquimica (Nakanishi, 1989), tdo discutidos em passado recente.
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A farmacologia pré-clinica envoivendo plantas medicinais, do mesmo
modo, apresenta inimeros obstaculos, os quais dificultam e tornam pouco
objetivo este tipo de trabalho. Estas dificuldades s3o tanto maiores se este tipo de
trabalho for realizado em paises em desenvolvimento, onde ndo ha politica de
medicamentos definida; ndo existe protecao de direitos intefectuais e, por isto, o
investimento em pesquisa por parte das industrias farmacéuticas nacicnais
inexiste, o que significa um atraso tecnologico intransponivel {Souza Brito, 19986);
alem disso, até bem pouco tempo, o Brasil ndo possuia uma legislagéo para os
medicamentos fabricados utilizando plantas como matéria prima e varios problemas
decorriam deste fato (Souza Brito, 1995 aeb).

A experiéncia na pesquisa farmacolégica envolvendo plantas medicinais
indica que, no presente, para selecionar uma dada espécie para estudo, ndo
basta apenas haver uma indicagdo popular de uso medicinal, um botanico para
identificar a espécie, um quimico disponivel para isolar e determinar a substancia
ativa, ou um farmacélogo experiente para realizar os ensaios. E necessario a
conjungéo de todos os profissionais, num trabalho multidisciptinar e interativo, na
busca de substancias farmacologicamente ativas com potencial terapéutico
(Souza Brito, 1996; Souza Brito & Nunes, 1997).

Além disso, um ponto importante a ser analisado quando se decide pelo
trabalho aplicado, com uma dada classe terapéutica, em particular, é 2 incidéncia da
morbidade na populagio; este tipo de dado reflete o bindmic importancia em salde
publica e mercado ilocal & mundial para a substéncia potenciaimente il na

patologia (Mcintosh et al., 1991: Petersen et al., 1995).

Lh
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1.5. Espécie Utilizada

A espécie Crofon cajucara Benth. pertencente & familia Euphorbiaceae, vem
sendo popularmente comercializada no "Ver o Peso’, de Relém do Parg sob a
denominacdo popular de sacaca. Esta espécie é conhecida e utilizada pelos indigenas
da regido amazdnica e seu nome significa “feitico” (Simdes et al, 1579).

A sacaca & um arbusto grande que pode aslcancar de 4 a & metros de altura
com folhas pecioladas, biglandulosas, estipuladas, lanceocladas, longo-agudissimo-
acuminadas, perinervadas, verdes ou pardacentas, com até 14 cm de comprimento
(figura 1). As flores s&o reunidas em inflorecéncias dispostas em racemos lerminais de
& a 9 cm de comprimento & os frutos s&o tri-ioculares (Pio Corréa, 1984). Estaplanta &
endémica da regidc amazdnica com centro de dispersdo no Estado do Para (Simdes,
1979). Em Belém sua utilizacdo esta relacionada a problemas hepaticos tais como
ictericia, hepatite, malédria e diabetes. Alem disso, existem tambeém varias
indicacdes na regido amazdnica do uso do cha das cascas e folhas para dores
estoracais, gastrites e diceras gasiricas (Simdes, et al., 1979, Di Stas), 1988,
Van den Berg, 1882) (figura 2).

Uma revis&o bibliografica do género Crofon mostrou que de outra
espécie, a C. subfyratus, foram iscladas diterpenciactonas dengminadas de
plaunol A, B, C, D e E (Kitazawa et al, 1880}, muito semeihantes 2 DHC isolada
de Croton cajucara, as quais foram patenteadas como drogas antidiceras. O
oroblema relativo & ndo utifizagdo das substancias descritas e patenteadas pelo
grupo de Kitezawa e colaboradores, foi de que o rendimento oblido era muito

baixo: para a obtengdoc de 1,5 - 4.5 g das substancias ativas puras era necessario

sartir de 85 kg de material vegetal seco. Ja na espécie em estudo, sdo cbtidas
i g g & ;
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entre 5 & 6 g de DHC para cada quilo de cascas do caule de C. cajucars, o que
caracteriza um rendimento satisfatério para uma subténcia isclada e purificada. O
dlec essencial obfidos de suas cascas também apresentou um bom rendimento
(1%} e & formado por compostos sesquiterpénicos de constfituicao variada (Nunes

et al., 1988;.

Figura 1 - Crofon cajucara em seu habitat.
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Figura 2- As cascas do caule Crolon cajucara.

1.8. Modelos Experimentais

Existern diferentes modelos experimentais para o estudo de Ulcera péptica
em animais. Esies atuam por mecanismos gue resumem, basicamente, 0 modo
pelc gual as lesdes gasiricas aparecem na vida cotidiana do homem. Alguns
modeios empregados serao rapidamente revisados.

s As Ulceras causadas por agentes irritantes como ¢ etanol 2 a solucdo de acido
cloridrico/etanc! surgem devido & sua aclo necrolizante na mucosa gasirica
(Lewis & Hanson, 1981, Mizui & Doteuchi, 1883, Evans, 1996}

» A ligadura do piloro induz leses gastricas por sstimulo & acumulo da
secrecdo dcida no lGmen do estémago (Shay et al., 1945, Lewis & Hanson,
1991, Raflatullah st al., 1864

s As DAINE tais como a indomelacina, causam lesdes hemorragicas na

. 5 14
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mucosa gaslrica decorrentes da inibicdo da sintese de prostaglandinas (PG's)
€, consequeniemente. diminuinde os mecanismos de citoprotecdo da mucosa
gastrica mediados por estas substancias. Além dests fator, podem tambem ser
agregados o aumento da motilidade gastrica e a ativagac de neutréfilos que
conjuntamente atuam na indugdo da ulcerogénese (Morimoto ef al., 1994
Takeuchi et al., 1984; Trevethick ot al., 1995 Evans, 1996).
Agentes parassimpatomiméticos como o betanecol atuam sensibilizando a
mucosa gastrica atraveés do estimulo da secrecao 4cida e pepsina facilitando,
assim, a irmitagdo gastrica causada pelas DAINE (Rainsford, 1887
Na ulcera induzida por estresse, as alteracdes no fluxo sanglliinec da mucosa
gastrica e o estimule para a secregdo acida, t&m side apontados como 0s
principais fatores responsdveis pelo aparecimento das lesées (Yano ef al,
1978; Raffatullah et al., 19590; Sato st al., 1995; Evans, 1986).

De um modo geral, os resultados obtidos nestes tipos de ensaios
experimeniais fornecem evidéncias, ainda que indiretas, de como drogas
poderiam exercer seu efeito anfiticera. Estes experimentos podem  ser

direcionados ainda para o desenvolvimento de estudos dos mecanismos de acio

gnvelvidos com atividade detectads,
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Como a ulcera gastrica @ uma patclogia importante com alta incidencia e,

portanto. com um mercado significativo, foram objetivos deste trabalho investigar

na especie selecionada:

s a atividade antiulcerogénica aguda do dleo essencial e da
desidrocrotonina (DHC) de Croton cajucara frente a diversos modeios de Ulceras

gastricas induzidas experimentalmente em ratos e camundongos.

e a atividade antiulcerogénica crénica ou atividade curativa do dleo

essencial e da DHC em lesdes gastricas previamente induzidas por acido acético
em ratos.

e 08 mecanismos de acao envolvidos com as acdes antiulcerogénicas
da substancia isolada DHC e do dleo essencial em modelos experimentais

diversos.
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Abstract: trans-Debydrocrotonin {DHC), the major dilerpenc
‘isolated from Croten cojucara Benth, was assayed for antivleero-
genic acitivity in four induced gastric ulcer mndels in the rat. At
an oral dose of 100 mg/kg DHC showed a significant antivleero-
genic cffect on ulcers induced by hypothenmnic rostraint stress,
ethanol, and pylorus ligature. No significant changes in indo-
methacin-induced gastric lesions or modifications in gastric
parameters such as wall mucus. seeretion rete, pH. and total
acid content were found after DHC treatment, The acute toxi-
cological effects of DHC were assessed in mice. The LDy values
were 876 mg/kg and 47.2 mgfky for oral and intraperitoneal ad-
ministrations, respectively. The cytotoxicily of BHC was also
studied. A dose-dependent inhibition of eclf viability was ab-
served in V-79 fibroblast cell cultures with an ICsy of 240 ;M.
The high yields of DHC obtasined from dried C. cojucara barics as
well as its good antiulcerogenic activity and low toxicity sup-
port the pharmacological study of this cempound as a potential

new antiulcerogenic drug.

Key words: Crotan cajucora, Euphorbiaceae, irans-dehydrocro-
tonin, antivlcerogenic activity, in vive and in vitro laxicological

effects.

Introduction

Bark and leaves of Croton cajucara Benth {Luphorbiaceae), an
Amazonian medicinal plant commoniy calied “"sacaca”. are
used -traditionaily to treat a wide range of gastrointestinal
symptoms (1), Cur cthoopharmacojogical ficld research on
this species indicated an antivlcerogenic offect of the bark tea.

The nor-clerodane diterpene frans-dehydrocrotonin {DHT) i3
present in sacaca bark as the major sccondary metabolite,
suggesting an important role for this compound in the
traditional preparation. Recent studies using classical models
{2} have revealed that DHC exhibits some biclogical activitics
such as appetite-suppression (3) Cleradane derivatives with
antivicerogenic propertics and structural similarity to [315C
have been previously isolated from the Thai medicinal plant

Csublyratus {4),

Planta Medica G4 (1998) 126- 120
© Georg Thicme Verlag Stutigart - New York

We anaiyze here the anusiceragenic activity of BHC in four
different models of experimentally induced gastiic ulcer in
rafs. Ethanol-. stress-, and indoimcthacin-induced gasiric
fesion models weie used because they represent the maost
common causes of gastric uleer in oman, Morcover, we
analyzed the effects of IC on pylorus lizature which induces
gastric lestons, The fnovive and i vitre avute toxicological
cticcts of the compound woere also determingd.

Materials and Methods

Animals

Fasted male Wistar rats frem the Central Animal House of the
Universidade Estadual de Campinas {CEMIBJUNICAMP) weigh-
ing 150-250g were used. Fasting was used prior o ihe
ulcerogenic assays hecause standard drugs or DHC were
always administered orally. Male Swiss albine mice weighing
3¢ & 3g were used o determine the acule toxicological
effects of the compound. The animals received a cortified
Nuvilab CR-a® {(Nuvilal) dict and water ad lihitum under
standard conditions of 12 h dark-light period, humidity. and

{craperatinre.

Orugs

The following drugs were used: cimetidine {Tagamet® Smith-
Kline), omeprazole {Loscc®, Merrelt Lepetit), Tween 80%, and
indomcthacin (Sigma Chemical Co, US.AL).

Isolation of trans-dehydrocrotonin

Barks of Ccgjucara were collected in our cxperimiental
plantation in Benfica, near Belémy, Pard, Birazil. A voucher
specinien number 247 has been identified by Nelsen Al Rosa
and deposited in the herbarium of Museu DMaracnse Emilio
Goeldi. Powdered plant material {20 kg dry bark) was extract-
cd with hexane in a Soxhlet apparatus, and the crude erystals
formed in a cancentrated hexane solution were recovered afler
a few days {146 ¢). A pure compound (111 £} was ebtained
after repeaed erystallizations from isopropanol, showing
physico-chemical properties in perfect accordance with re-
ported data for the structure of trans-dehydrocrotonin, as
depicted in Figure 1{2).
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Fig.1 Chemical structure of trans-dehydrocrotonin,

In vivo toxicity

Acute oral toxicity of DHC was tested on 12§ fasted male
Swiss alhino mice, Increasing doscs of DHC wore administer
ed orally to groups of 10 animals for cach dose level (125, 250,
560, 750. and 1000 mg/kg). Animals receiving the vehicle
(12% Tween 80, 10 mifkg) served as control. for the determi-
nation ol intraperitoneal (L.p.) acute toxicity DHC was admini-
stered to groups of 10 animals at doses to 3125, 62.5. 125,
250, and 500 mglkg. The groups were observed at 0. 30, 60,
120, 180, and 240 min after DIC admministration and thon
twice a day over the next 14 days and the number of survivors
was recorded at the end of this period, The acute toxicological
cffect was inferred on the basis of mortality, cxpressed as
LDsg. The oral or ip. LDgy values were abiained using a
software based on the method of Litchiield and Wilcoxon {5).

In vitro toxicity

The cytotoxic cffect of DHC expressed ay <ol viability
(proliferate ability}, was assessed on a permanent Jupg
fibroblastic cell fine derived from Chinese hamsters (V-79),
commonly used for cytotoxicity studies (G). V279 fibroblasts
were grown as maonoclayers in Dulbecco’s modified Eagic's
MEM medium (DMEM). DMEM was supplemented with 10%
heat-tnactivated fetal call serum. 100 1Ufmi peniciliin and
100 pg/ml streptomycin in a humidificd incubator with 5%
Oy in air at 37 °C. Cells were plated at 3 = 10° per well onto
24-well plates. The medium was removed 48 hours alier cell
secding and replaced with medium containing DHC at
concentrations ranging {rom 80 (o 460 uM. The substance was
dissolved first in methanol and then in DMEM. The final
concentration of methano! in the test medium and control
was 1 %. Celis were exposed for 24 hours to test medium with
or without DHC (control}. Each drug concentration was tested
in quadruplicate, with three replications. Al the end of
incubation the cell number in control and treaied wells was
estimated from total nucleic acid content according 1o Cingi
et al. (5] Celis were washed iwice with cold phosphate
buffered saline sofution (PBS) and the soluble nudicotide pool
was cxtracted with cold cthanol. The coll monslayers were
then dissolved in 0.5 M NaOH overnight at room temperature,
Absorbance at 260 nm of the NaOH fraction was used as an
index of celi number (6}, Results are expressed as percent mean
absorbance at 260 nm in treated wells compared o conteols,

Acute gastric lesions

The antiulcerogenic activity of acute oral adminisitation of
DHC 100 mg/kg was assessed on b diffesent experimentadiy
induced gastric ulcer models.

{a) Shay wlcer: A total of 21 animals were randomidy dividod
into three groups and fasted for 24 houss, with {ree access (o
water. Thirty minutes after oral administration of DHC
(100 mgfky), cimetidine {100 mgfkg) as positive control or
vehicie, a 127% solution of Tween 80 {10mdfkg), o pylorus
ligature was peeformed as described by Shay et al {7). The
animals were kilied 48 fates, the abdomen was opencd and
anothier ligalure was placed arcund the ecsophagus close 1o
the diaphragm. The stomach was removed and inspeciod
externafly, and its content drained into 3 graduated centrifuge
tube and centrifuged at 2000 rpm for 10 min, The supernatant
volume and pH were recorded. The total acid coatent of
gastric seerclion was also determined by titration o pti 7.0
with 0.05 N NaOH. Gasttiv lestans were evaluatod hy exanun

ing the inncr gastre surface with o dissecting linocuias
micrascope. Mugusal fesions were counted and the alcerative
mcdex (V1) was determined aceording to the method of Sertié

etal. (8),

() ndomethacn wicer: A total of 21 ananals were raadomnly
divided into 3 groups and fasted for 24 hours, with [ice acgess
te water prior to the experiment. Thirty minutes after oal
administration of DHC (100 mpfke) cimetidine (108me/ke
ar 1275 Tween SO {10 mdfke), 30 me/ke of indomethaon were
subcutancously adiinistered to nnanesthetized rats of cach
group accarding to the method of Hayden et al {9 Ammals
were killed 4 b laier, the stomachs removed and opencd and
gastric fesions determined as described proviousiy.

{c} Ethanol-tmduced uicer: A total of 21 animals were randomiy
divided inte 3 groups and fasted for 24 hours, with free acgess
Lo water prior to the experanent. The cthanol-indoced lesion
assay was carricd out according to the methad of Movimioto o1
al. {10}, One milliliter of 99.5 % cthanol was arally adminsier-
ed to the animals which had been previously {1 ) treated
with DHC (106 mg/ks). omeprazole (20 mygfky ) or 1272 Tween
80 {(10mifke). One hour after cthanol adminisiration the
animals were killed, the stomachs were removed and openced
and the ulcerative index was determined as described before.

{d} Restraint-fivpoathermic stress uleer: A total of 19 animals
were randomly divided into 3 groups and fasted for 48 hours,
with [ree access to waler prior Lo the cxperiment. Stress ulcer
was induced as described Dy Levine {11). The gasiric stress
lesions were induced by placing the animals in a restraint
tage at47C The rats were orally treated twice (18 hvand L5 1)
prior to the restraint-hypothermic-induced stress withh DHC
{100 mgfke), cimetidine {100 mgfkg), and 12% Tween 30
{10 mifks), respectively, Alter 3 1 the animals were killed, the
stomachs removed and opened and the ulcerative imdex was

determined.

Determination of gastric wall mucus

Gastric wall imucus was determined according to Ralatullah et
al. {12). Atotal of 21 rats were randomly divided into 3 groups
and fasted Tor 48 h, with Iree access to waton Each prous was
orally treated with DHC {100 s/ ke ), casbenoloxone (200 pagf
kgl and 127% Tween 80 (10 mlfkg) respectively, Alter 151,
aniinals were subnsitted to stress as described previously, The
animats wore sacificed, the stomach was removed and
apeacd dlong the larger cwrvature, Clandular sepments from
the stomach were removed amd weighed. Lach segment was
immersed for 2 1y in 10 md of 0.1 % wiv Alcian blue disselved in
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C.316 M sucrose solution, buffercd with 0.05 M sediurm acelate,
pi 5. Excess of dyc was removed by washing the scgments
twice with .25 M sucrase solution during 1 pevied of 15 and
45 min, respectively, Mucus-dye comples was extdsactcd by
placing the gastvic walls in Wml of 05M magnesium
chloride and shaking fntermittientdy for Tmin at 30 11110 intor-
vals for 2h. Four miliiliters of Blue estract were mixed with
an caqual volume of dicthyl ether andd shaken vigorously for
2min. The omulsion obtained was centrifuged for 10 min at
3600 vpm and the absorbance of the aqueous layer was
recarded at 580 nm. Aldan blue extracted per gram of not
glandular tissue was calalated, -

Statistical analysis

Resulis are expressed as the mean = SEM. Statistical signifi-
cance was determined by onc-way analysis of variance
followed by Duncan's test, with the level of significance set at

p < 0.05

Results

The - values obtained by probic analysis for oralb and
intrapcritencal drug administration were 876 mgfhg (v = 0.79
+ 022, n=10.p = 005)and 472 mgfkg (r= 0078 £ O.07. 1 =

10, p = 0.05), respectively,

The cytotoxicity assay showed a dose-dependent reduction of
V=79 celtl viability (Fig. 2). The 1C,,; value obtained mathemati-
caily from the concentration-response curves was 240 M.
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Fig. 2 &flcet of 240 BHC treatmient on V.79 coll viabifity, fach
point represents the mcan & 5D of three experiments in prsachiv-
plicate. Sge Malerials and Methods for details,

The cffects of BHC on the four assayed methods of induced
gastric [esions are shown in Figure 3, A single oral administra-
tion of DHC at the dose of 100 mg/kyg inhibited the appearance
of gastric lesions induced by hypethermic-restrain $Lrpess,
ethanot, and pylorus ligature. The best inhibitory effect ont the
ulcerative index was ebserved in the hypothermic restraing-
stress- and cthanol-induced gastric uleer models (64.8 and
54%, respectively). The clfect of DHC (100mg/lg) o the
uicerative index in the indomethacin-induced ulcer was not
significant. In pylorus-ligated rats treated with DHC the
ulcerative index decreascd with DHC pre-treatment. However,
no significant modifications in gastric vohume, stastyic pi or
total gasiric acid content were observed {data not shown .
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indomethacin  Ligalure Ethanot Siross

Caslric Ulcer Modeils

Fig. 3 flfects of DHEC an gastrc vleer induced i cats by indo-

methacin {pestive control cinetidine), pylorus ligature {positive
contral; cimelidine}, cthanot {positive control: omeprazole). and
hypothermicstiess {pasitive contrel dmetidine). Resulls are ox-
pressed sy means £ SD. Asterisks indicate significant diflerence
from corresponding  contenl (ANOVA followed by Duncan's Lest

whete " P - 005 7" P 001,

I hypothermic restraing stressed rats, the gastric wall mucus
conteit was increased by carbenoxolone but remained un-
changed after DHC treatiment {data not shown).

Discussion

Our lindings showed that acute oral administration of DHE to
s had toxicological effects comparable (o those of drugs
conmmonly used as therapeutics (13), The oral LDsg value is in
good agrecment with the theoretically expected LD calculai-
ed from the V.79 culture iCy value using the Halle and
Spielmann (13} relationship. Acute oral toxicity (LDsp) was
induced by a dose eight times kigher than the active antivicer
dose. The present results cleardy indicate that the acute oral
administration of DHC at 2 dose of 100 mgficg had a signifi-
cant antivicer property, with no evident toxicological effects.
The moderate toxicity observed in both in vivo and in vitro
experiments support further study of this natural compound
a8 a potential new drug,

In order to cstabiish a general profile of the anitulcerogenic
activity of DHC that would permit us ro characterize its
mechanism of action in 4 sccand step, we selected a fixed oral
dose of 100mgfkg. This dose was chosen because it is e
samic as eur standard drog, cimetidise, thus sllewing us Lo
comparc the polencics of the two compounds. The study was
hased on different experimenial modeis of peptic ulcer
discase which operate by distinct mechanisms of ulcerogene-
sis {14). Uypothermic-restraing stress uleers have been widely
used experimentally for the evaluation ef anti-uicer activity
i rats hecavse of data reproducibility {15). At the sclecied
dose, DHC significantly protected the gastric mucosa against
hypathermic-restraint stress-induced uleers in rats as effecti-
vely as cimetidine (100 mgfke ), Disturbances of gastric inuco-
sal microcirculation, alteration of gastric seoretion, and abuot-
mal motifity have becn considered o be the pathogenic
mechanisms responsible for stress-induced gastric mucasal
fesions and sastric mucus depiction (16). However, the most
important factor in the aenesis of stress uleer is the increase
in gastric acid secreton, which is often termed as the
taggressive factor™ (173 The antisccreiory activity of DIHC as
observed in our Shay rat medel might Hhe important in
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protecting the gastric mucesa against stress-induced vlcera-

tion.

DHC aisa significantly protected the gastric mucesa against
ethanol, a well known necrotizing agent, thanol-induced
gastric mucosal lesions are causcd by the direct action of
ethanol op the mucosa and gastric ackd participates littie in
the formation of this lesion (18], Morcover, it is well known
that ethanol-induced ulcers are not inhibited by aati-secreto-
ry agents ke cimeticine, but are inhibited by agents whicls
enhance muceosal defensive factors {19). In the present study,
DHC and omcprazole showed inhibitory effects i this model.
These results further indicate that DHC may enhance gastric
mucosal delensive factors, such as nucus and prostaglandins.

indomcthacin is a potent prostaglandin blosyntiiesis inhibitor
and there is mounting cvidence that an increase of certain
endogenous prostagianding can cohance gastric mucosal
resistance against ulcesogenic agents (20). BHC was unabic to
produce a significan:t reducton of the gastric mucosal damage
induced by indomcethacin,
SWe then examined thie effects of DHC and catbienoxolone on
gastric mucus amount. which is considered 10 be dosely
related to the mucosal defensive mechanizim. Although this i
only onc more factor. it has been reported that the reduction
of gastric mucus is a possibie cause of the lesion formation
induced by cthanol (21), The bicchemistry and pharmacology
of carbenoxolone have heen extensively investigated., showing
that, like many plants drugs, its efficacy is based on its ability
to stimulate mucus synthesis (22}, among other activities.

Since a reduced gasiric wall mucus conten! is observed in
animals submitted to stress, we studied the elfects of DHC
and carbenoxolone o mucus production by [he strosss
induced gastric lesions, While carbonexclone produced a
significant increase, DHC did not change the amount of mucus
i the glandular portion of the stomach of rats submitied to
hypothermic-restraint stress, when bath were erally admini-
stered. Therefore, we presumc that the anliuicerogenic offects
of DHC on cthanol- and stress-induced ulcers do not involve
an increase in mucus synthesis and/or an increase 1y mucus

retention.

In conclusion, the oral administration of BHC had a stgnificant
antivfcer activity with no apparent taxicological effects. This
anti-ulcerogenic effect was not related o an increase in
mizcus synthesis andfor mucus reiention and was probably
due lo an increase in mucosal defensive mechanisms, such as
prostaglandin production. New cxperimenis are currently
underway Lo determine the antivleer mechanism of DHC
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ANTIULCEROGENIC MECHANISMS OF DEHYDROCROTONIN, A DITERPENELACTONE OBTAINED
' FROM Croton cajucara BENTH.

Clehia A Hinuma-Tima 7. Regine C. Spadari-Brattisch'. Dora M. Grassi Kassisse'. Alba R.M. Sowa Brito!
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Abstract

The bark of Croron cafecara Benth, 1s used in Bravilian folk
medicme as ant infusion to treat gastromtestinal disorders.
The aim of the present study was o assess the mechanisms
wvolved i the antivleerogenic activity of dehvdrocrolonin
(DHCY o diterpene wolated from O cafucara bark. We
studied the eliects of DHC on pylorus Ligature (Shay)
mice reated with the drug (100 mg/ke) by the intraduedenal
route. DHC did not mnduce any alteration in gastric volume
in Shay mice bul modified the pll and total acid
concenlration of gastnc juice. Incubation of gastric juice
with DHC did nol reduce gastic acidity compared to
control, We also wmvestipated the effcots of DHC on the
responsc to histamine of right atria iselated from guinea pigs
and on the response to carbachol of stomach fundus strips
from rats. The conceniration-response curves  for the
chronetropic cffect of histamine in guinca pigs right atna
were shifted to the night, with a significant decreasc in
maximun response, in the presence of IMIC. Similar results
were oblained with DHC (30 uM) tor the concentmtion-
response curves 1o carbachol in the isolated rat stomach. The
ability of DHC to morease PGE; release from rat stomach
mucous cells was alse studied We observed that DHC
induced a significant increase in PGE, production (60%
compared to control}. In addition, the cfleets of DHC on the
healing of acetic acid-induced gastric uicer in rats were
cvalualed 14 davs after acid injection. COral administration of
DHC (100 mgfkg per dav) for 14 consceutive davs had no
effect on gasiric ulcer healing in rats. Thus, the protective
effect of DHC on induced gastric lesions could be due to
sviergistic elloets, cg., an increase in PGHE; release and
non-competitive  antagonism  of [ receptors and  of
muscarinic receplors. Whereas the fonmer result represents
an increase in the profective factors. the latter one shows a

decrease in the aggressive taclors against e gastric mucosa.

Kev  Words:  Croton Fuphorbicca,

Delisdrocrotonin,

cajucaiy.,

cvtoprofective  olteet.  antiulecrogenic

activity. anti-secretony ellect,

introduction
It 15 generally accepled that peptic ulcers are caused by g
failure in the bulance between gasinic agaressive lugtors and
mucosal detensive factors (1), Robert et al. (2) seported that
prostaglondins (PG, even at non-seeretory doses, prevented
gastric necrosis produced by necroliving agents such as
cthanol, 0.6 N HCL 0.2 N NaGl 25% NaCl and boiling
water.  and  named  this  unique  property of PG
“eyloprotection”. Many cyvtoprotective antialeer drugs which
intenstfy the gastnic defensive factors such as gastric mucosa
blood fiow {3), ghycoprotein (4), and the barrier system in
mucosal tssuc (5), have been apphicd to the ghinical
treatment of peptic ulcers. Acid and pepsin components
arc the main “aggressive factors” and for scveral decadcs.
the dogma “no acid, no uleer”™ has dominated the view of
peptic uleer discase treatment (6) by the use of antacids, Hy-
receptor antagonists and proton pump inhibitors.

The bark and

(Euphorblaceae), an Amazonian medicinal plant called

leaves of Crotonm cojuecara  Benth
“sacaca”, are commonly used as an infusion in the powdered
or dricd pifl form to treat a wide range of gastrointestinal
svinptoms (7}, Our research on the ethnopharmacological
aspects ol this species led us to determnine the possible
antivleerogenic effect of the bark tea (8). The nor-clerodane
diterpene frans-dehydrocrotonin (DHC) 5 present in the
“savaca” bark as the major secondary metabolite, indicating
a possible important role for this compound in the traditional
infusion preparation (9). Some previous studies have
established the antinflammatory and hypoglyvcemic ellects
of DHC (18 11). The similar antivleerogenic clerodanc

represemtatives, plavnol AL B. €, D and I were previously
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isotated from the Thar medicinal plant Croress sublvrams
(12).

We previously assaved DHC for antidcerogenic activity en
four induced gastric uleer modeis in rats. DHC presented a
strong antulcerogemic aclivity on ethanol-, hapothermic
restraint-stress- and pylorus Hgature-induced gastric {csious.
The inhibition of indomethacin-induced gastric lesions was
weak and nonsignificant. In h:xpmhcnnic restraint-stressed
rats. the gastric wall mucus content was increased by
carbenoxelone but remained wnchanged afler oral treatment
with DHC (9). Gur group has already speculated that the
aniivlcerogenic property of DIC should be due to an
ncrease in mucosal defensive factors such as PG, mainly
because DHC alwavs showed an effect on gastric lesions
induced by cthanol (Y)Y

These previous results showed that DIC has antiulcerogenic
activity as well as refatively low oral toxicity when
administered for shert periods of time. Thus, the data Justify
the phanmacological study of the mechanisms inrvoived in
the antiulcerogenic property of this compound as 2 potential
new antitileerogenic drug.

The objective of the present study was to assess the possible
mechanisms invelved in these pharmacological properties
by investigating the effects of DHC on both the mechanism
of gastric acid secretion and on the protection factors. We
compared the antiuleer activity of DIIC to  that of
cimetidine, an agent known to inhibit histamine-stimulated
gastric acid seerction in the Shay medel in mice, and we
determuned the cwrative effect of chronic oral admirdstmtion
of DHC and the ctlects of DHC on Hy- and on muscarinic
reecplors involved in gastric scid seerction using Isolated
preparations. We alse investigated if the antiuleer effect of
DHC could be mediated by prosugiandins as  factors

enhancing mucosal defense.

Methods

Animals

Male and female Wistar rats weighing 156-250 g and Swiss
rice {25-35 g) from the Centro de Biolerismo of the
Untversidade  Tistadual de Campinas (UNICAMIPY were
used. Male guinea pigs (250-330g3 from (he Luboratério de
Reprodugiio Animal of the Minisiério du Agricuilura were
also wsed. The wimals were fasted prier lo all assavs
involving the stomach because standard drups or DHC were
alwavs administered orally (by gavage -10 mlAkg) using a

12% solution of Tween 80 as vehicle, Antmals received a

certificd Nuvilab CR-a® (Nuvital) dict and water ad fibitum
under standard conditions of 12 h dark-12 h light, humidity
{35%) and temperature (22 % [°C). The protocols were
approved by the UNICAMP [nstitutional Animal Care and
Use Commuittee which follows the recommendations of the

Canadian Council on Animal Care (13).

Drugs and Chemicals

The following drugs were used: cimetidine (SmithKline,
Brazil), omeprazole (Meorrell Lepetit, Brazdl). Tween 80%
(Symth,  Bmazl), cosbamyiocholine  chloride.  histamine
divdrochlonide, prepranolol  hydrochioride, isoprenaline
hvdrochloride and indomethacin (Sigma Chem. Co, 1S A
The chemicals used in the nutritive sclwjons were all of

gnalylical grade.

Isolation of trans-deliydrocrotonin

The bark of C. cajueara was collected from an experimental
plantation n Benfica, near Belém. Pars, Brazil, and
identified by Nelson A. Rosa. A voucher herbarium
specimen has been deposited in the herbarivm of Musen
Paracnse Emilic Geeldi under number 247. DHC was
obtained as previously described by Souza Brito et al. (9).
The physicochemical propertics of the pure DHC were in
perfect accordance with reported data (14) for Lhe structure

of trans-dchydrocrotonin depicted in Figure 1.

Figure 1. Chemical structure of trans-dehvdrocrotonin.

Tucubation of gastric juice

The abdomens of six male rats per groap were opened under
light ether anawsthesz, and the pylorus of cach animai was
ligated. The stomachs were semoved 6 4 luer, the gastric
Juice obtained from cach one was incubated with DIC (190
mg/kg) at 37 °C for 4 hin vivo. and the acid content was
deternnined (15).

Determination af gastric secretion
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solution (vehicle), indomethacin (20 mgdke, 5.0.) used as 5
posiive  control, and DIIC (100 mg/kg, po) The
combination of DHC and indomethacin was assaved when
DIC  admmistration was followed 30 nun later by
Indomethacin treatinent. Indomethacin was dissolved in 5%
sodium bicarbonate solution. We intreduced sham animals
to observe the PGE; level in animals without treatment.
Thirty minutes atter treatment. all the animals were killed by
cervical dislocation and the ahdomen was opened. A sample
of the corpus (full thickness) was excised, weighed, and
suspended in 1 ml of 10 mM sodium phosphate butfer, pH
74. The tssue was finely minced witk a seissor and then
incubated at 37°C for 20 min, PGE; in the buifer was
measured by enzyvme immunoassay (ELA: RPN222 -
Armersham). The absorbance was read at 450 nm as
previously described by Curtis et al. (21).

Statistical analysis
Results were expressed as mean + SIM or SI2. Statistical

significance was determined by Student’s t test when wo
groups swere compared  Onc-way analysis of vanance
followed by Fishers test or Dunnett's test with the level of
significance sel at P < (.05 were used in the other
experiments. All statistical analyses were performed using

the Statistica 5.1 soflware (StatSof, Inc.).

Results

The incubation of gasirc juice with DHC did not produce
any significant difference in gastric acidily when compared
with the controf group (data not shown).

The effects of DHC on biochemical parameters of the gastric
Juice obtained after submitting the animals to intraduodenal
drug administration immediately afler pylorus ligature are
shown in Table 1. This tablc shows the antinlcer effect of
the drug under study and of cimelidine used as z positive
“control. Both substances proveked a marked decrease n
total gastric acid together with an inerease in pil values. The
volume of gastric juice was increased only in animals treated
with cimetidine since the increase in this parameter observed
in ammals reated with DHC was not statistically signi{icant,
The fact that these effects were obtaiged only when DHC
was administered intraduodenally scems 1o indicate that
DHIC has a systemic aclion.

The oral administration of cimetidine (100 mg/kg) for 14
comseculive days aceelerated the healing of gastric ulcers i

rais, producing a 32 % cure rate compared with the conirol

4

group, However, DHC at the same dose, showed no
significant effects (6 %) on the ulcer index in mis (Table 2.

The histamine Hy-receptor antagonist property of the test
compound was determined by the inhibition of the
chronotropie effect of histamine in isolated guinea pig atria,

Spontanceusly beating atrial basal rate was decreased in the
presence of 30 uM DHC. Concentration-response curves 1o
histammine in the presence of DHC were shified to the nght
with decrcases in the histanzine pD, value (Table 3). The
doses of 10 and 30 uM DHC also induced a decrease in the
maximum response lo histamine {Figure 2A). In order to
verify the specificity of this DHC effect, concentration-
response curves to isoprenaline in the presence of the
highest DHC concentration were alse obiained. Although, a
decrcase in the maximum response was chserved, the
isoprenaline pD); value was not altered in the presence of

DHC (Table 3. Figure 2B
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Figure 2. Cumulative dose-response curves 1o histamine (A}
and isoprenaline (B) in the absence and presence of different
concentration of DIC. Fach point is the mean for 6-8
experiments.

DHC at the doses of 3 and 30 uM alse shifted 10 the right
the cumulstive concentration-response carves Lo carbachol

i rat fundes strips (Figure 3), with 2 decrease in the
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A total of 19 miuee were randomly divided into three groups.
Animals were fasted for 24 hours with free aceess to water,
The assav was performed by the method of Shav, with some
modilications {16). The pvlorus was higated immediatelv
atter the ntraduodenal administration of DEC {100 mg/ka).
cimetidine (10 mg/kg) as positive conlrol. or vehicle (10
mifkg) The animals were killed 3 hours later and the
abdomen was opened and a'nothcr hgature was placed
around the ocsophagus, close to just below the diaphrugm.
The stomach was removed and mternally inspected, and its
content was measured and drained into g graduated tube
which was centrifuged at 2000 mm for 10 min, The pH was
recorded wilh a digial pHmeter (PA 200, Marconi S.A.
Bricaily and the ol acid content of gaslric secretion was
alse determined by tigration 1o pl 7.0 with 0.01 N NaQl]

using o digital burette (EM., Hirschmann Technicolor.

Gemanv ).

Acetic acid-induced gastric ulcers

The expertments were performed according {0 the method of

Tukagi et al. (17). Male Wistar rats (200-250 g) werg
anausthetised with cther and the abdomen was incised. The
antennor wall of the slomach was exposed and 0.G3 ml of
30% acclic acid (v/v) was injected into (he submucosal laver
at the junclion of the fundus with the antrum, about § ¢m
preximal to e pylerus. DHC (100 mg/kg). cimetidine (100
mgfkg) or vehicle (10 mlikg) was adminisiercd orally for 14
consccutive «days, once a day, beginning 2 davs afler
surgery. On the day following the last drug admindstmtion,
the animals were sacrificed. The stomach wids removed,
fixed with formalin and incised along the greater curvature,
Subsequently the uicer area (mm®) and the curative ratio (%)

were measured as described by Takegictal (17}

Fffect of DIIC on guinea-pig isolated airial sensitivity to
histamine ared isoprenaline

This experiment was conducted as previousty described by
Kriclaurt et al. (18). Male guinea pigs were kilied by
cervical dislocation. The heart was quickly dissected and the
right atrium was isolated and mounted under 0.5 g of resting
lension in a waler jacketed organ bath containing Krebs-
Henselent solution of the tollowing composHion (tunol/l):
NaCL 11500 KCL 460 CaCla21L,0, 2.5 KILPO,. 12
Mgs0, 7 Ha0, 2.5 NalICO;, 25: glucose, 110, gassed with
YR 0L - 5% CO al 36.5 £ 0.1°C. The increase in heart rate

(hpm) induced by histammne in g cumulative dose scheduic

3

was recorded with an isometric transducer {Narco, Bio-
System) coupled to @ polveraph (Narco Bio-System). The B-
adrenoceplors blocked
previously added to the Krebs-lenscleit solution. After

were with | uM  propranolot
obtaining the cumulative concentralion-response curve o
hustamine. the preparations were washed for 45 min with 4
changes of bathing solution. The atra were pre-equilibrated
with one o 3 different concentradions (3. 10 and 30 uM) of
DHC for 30 min prior to the determination of another
concentration-response curve for e same agonist. The
same procedure was used when the agonist was isoprenaling.
in s lost experiment e cumuhiive CORCCTHTILbGN.
response curves lor isoprenaline were obtained i the
presence of T pM cimetidine also added to the nuiriive

solution.

Muscarinic-receptor antagonism it rat isolated stomach

Sundus

Male and femade albino Wistar rats were deprived of food §
hoprior o the experiment as previeusiy deseribed by

Karolkiewicz et al. (19). Animals were killed by cervical

dislocation. The abdomen was opencd with a midline

incision, the stomach excised, the fundus dissected out and

longitudinal strips were cut off according (o the method

deseribed by Vane (20). The strips were placed into the

as described for the atnal

Krebs-tlenseleit  solution
experiment. One end of the stip was attached lo 2 fived
support and the other one, fo a lever connected o an
isometric transducer coupled o a pobvgraph (Narco Bio-
System). The contractions induced by carbamyicholine
chloride (varbachol) were measured zs the tension developed
by the tisste. The H, histaminergic receptor was blocked
with 1 pM cimetidine present in the Krebs-Henseleit
solution. Tissues were allowed to cquilibrate tor 60 min
before the beginning of the experiment. The nutritive
solution was changed everv 10 min, except for the ime of
contact with DHC, which lasted up 1o 30 min. Cumulative
concentration-response curves for carbachol in the absence

and presence of different concentration (3 and 30 wMy of

DHC were obtained.

Prastaglandin synthesis determination

All rats were depraived o food for 24 b prior to the
experiment and all experiments were perforimed  belween
0948 and 1100 am. Groups consisting of al least 3 rats

received one of the foliowing selutions: 12 % Tween 80
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maxunun eilect of the agonist in the presence of 30 uM
DHC (Tabie 4.

Figure 3. Cumulatve dose-response curves to carbachol in

2
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the absence and presence of different concentration of DHC,
Fach pomt is the mean for 3-9 experiments.

The data obtamed for detection of PGE, production using
EIA by gastric lissue are shown in Figure 4. The trestiment
with [N IC mnduced an meresse on PG, production which
was significantly higher than the basal and control lovels
The pre-treatment of these animals with indomethacin
mhibiter of cyclooxigenase crzvme, was cflicient to inhibit
this increase on PGE; production induced by 13HC. These
resuits show that DIC causes increase in PG, production

by activalion of cvclooxigenase cnzyme,

PCE. mynthesripgimg)

Yeatments (p o)

Figure 4 [Clfects of oral administration of DHC and
mdomethacin (INDOY on gastnic PG, production in rats.
Fach group is the mwan + SEM for 5-8 animais. ANOVA:
Py = 1300 P< 6,05, followed by Fisher's test, ™ Pc
(a0t

Discussion
We have previeusly  demonstrated  (he  antiulecrogenic
propertics ol trans-dehvdrocrotonin isolated from  raron

cagueary bark. DIC inhibited the gastric lesions mducad in

rats by cthanol hipothermic-restraint stress and pylorus
ligature. but not the uleers induced by indomethacin (9).

In the presat studv we anahvsed the possible mechantsms
invoived in the antulcerogenic activity of DHC. The
meubation of gastric juice [rom control rats with DHC ruded
out the hypothests that DC exhibits a direet neutralization
effect (153 Another possthility previoushy reported would be
a local action of the compowxd. The present resudts have
shown that both DHC and cimetdine administered by the
indraduadenal route proveke a marked reduction i totad
gaslﬁc jice avidity. An incresse of total gastne juice
volume wus observed just with vimetidine afthough this
parameicr tended lo increase moanimals treated with DHC.
We previousiy reported that DIC (po) decreases the
uleerative index i Shay ammals but docs not aller the
gaslric Juice parameters (9. So, these resulis contimm that
both drugs exhibil a systomic action rather than a locud
effect.

It 1s well known that anbiscorctory drugs such as 1 and/or
muscarinic antagonist and profon punip inhibitors blocked
the ulcerative lesions i the Shay model (22). We carmied oul
a series of functionsl studies in which we analvsed the
responsce o different agonists wsing isolated preparations.
We have decided o quantitate the offects of Hy-anlagonists
using spontancously beating right atria from guinea pigs as a
model for the He-receptor-mediated responses to histumine.
A reason o choose the airmum model is that the system is
hardly desensitized during the experiment and no  time
dependency of the agonist response was observed over
periods of up to 300 min (18).

OQur daia have shown that in spontancously beating right
atria from guinea pigs, doscresponse curves to histamine
are shifted to the right in (he presence of DHC, suggesting
that DHC may act as an Hy-histamine receptors antagonist.
The decrease in the maximum response to histamine induced
by DIIC also suggests that DHC may act as a non-
competitive antagonis! of Hpreceptors (23). On the other
hand, it has been previously reported that the main drawback
of all IT,-antagonists is that they cause a suppression of the
maximally attainable biological effect at high concentrations
(24 25 26). Krieelurt o al (18) showed that curves for
histamine oblained in the presence of antagonists such as
cimetdine. ranitidine or lamotine show a concentralion-

dependent decrease in the maximally induceable frequency.
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Table 1. Effects of DHC on the blochemical parameters of gastric juice obtained from pvlorus-figated mice.

Treatment Gastric Juice Total
(p.o.) Daose it PH Volume Gastric Acid
(mg/kg) (ml) {mEg/hour)
Control - ) 3.66 £0.52 $.36 £0.03 602 +1.58
Cimetidine 100 & | &13£0.73%% | 0.65+023" 1B7 +£0.62%*
DHC 130 T 1 604x076* | 0561022 2214 1.24%*

Exproessed as mean £ 8D. Fisher's test. * P< 0.05 ** P< 0.001.

The combination  of
concentration-response  curves with depression of the
maximal etfect could e explained by impairment of the
intracelludar stimulus-transfer process by the antagonist (27).
The decrease in the maximum effect observed in the
concentration-response curves (o histamine obtained in the
presence of DHC, was not abolished by isoprenaline as
opposed to what occurs when the antagonists are those cited
above (18). Moreover, since DHC also affected the hasal
rate of guinea pig atria, our data seem to indicate that these
effects could be probably due to impairment of the second
messenger system or calcium-entry blockade (28). On the
other hand, dose-response curves for histzmine were
displaced to the right in a dose-dependent manner whereas
pD, values of isoprenaline were not affected by the higher
concentration of DHC. Thus, the effect of DHC on the
response to histamine seems to include an antagonism at the
receptor level.

We obtained some preliminary data on the effects of DHC in
the isolated rat stomach fundus response to carbachol.
Concentration-response curves to carbachol were shified to
the right together with a decrease in maximum response
caused by the highest dose of DHC. These data provide
additional suppori for our hypothesis that the main effect of
DHC is on the intracellular mechanisms that follows
reccptor activation rather than at the receptor level,

The role played by H; or muscarinic receptor stimulating
gastric acid secretion is well documented (29). The
antaponism of Hiy-receptor not only blocked histamine-
induced acid secretion, but also gestrin-induced acid
secretion and blocked much, but not all, of the vagally-
mediated acid scerction (39).

Our functional studies revealed thal there is & similar

nonspecific pattern of the DHC effect on the response of

rightward  disptacement of

different tissues to agonists of the gastric acid secretion.
Although our data are not sufficient to speculate about the
kind of interactions that may occur, there is no doubt that
DHC interferes with gastric acid secretion since ail the
responses analysed were related to gastric acid secretion.,
Among the many factors that may contnibute to the
protective actions of PG in the stomach are the stimulation
of phospholipid, mucus and bicarbonate secretion,
maintenance of gastric blood flow during exposure to an
irritant, and inhibitien of inflammatory mediator release
from mast cells and of free radicals production (31). We
previcusly reported that DHC did not increase mucus
production (%), Still looking for other possible mechanisms
that increase the mucosal protective factors, we investigated
the effect of DHC on PGE; production Our data
demonstrated that DHC increases PGE, production, an effect
which is completely abolished by pre-treatment with
indemethacin. Therefore, DHC has an antiulcerogenic effect
by increasing gastric juice volume with a low acidity plus
enhancing PGE, synthesis. These two effects are observed
when DHC is administered before lesion mduction, which
means that the compound has a preventive anti-ulcerogenic
effect. However, we demonstrated that DHC has nio healing
effect on already installed lesions.

In conclusion, these results, taken together, suggest that
DHC has an excellent preventive effect on gastric ulcers,
mainly by suppressing acid secretion through a non-
compelitive antagonism with receptors involved in gastric
acid secretion and by protecting the gastic mucosa by an
inerease of PGE;. The curative effect of DHC on acetic acid-
induced gastric ulcers was not observed under our
expertmentai conditions. Further studies will be carried out

to dctermine whether the laiter data can be confirmed

histologically,

Metodologia ¢ Resultados



7

Table 2. Effcct of DIIC on the healing process of ulcers produced by the injection of 30% acetic acid solution into the rat

stomach. The ulecration was observed on the 14th davs aller surgeny.

Treatment Dase Lesion arca Curative ratio
(p.v} N {mg/ke} (mm%) %o
Control g - 2.2 £1.33 -
Cimetidine 3 100 1375 1.87* 322
DHC 7 100 196427 6.27

Expressed as mean & SEM. Fisher's test. * P< (0,03

Table 3 pl)y valucs. basal rate (BR) and maximum response (MR ) to Histamine and Isoprenaline in the absence and presence
of DHC in isolated guinea pig atrium.

Agonist Histamine® Isoprenaline®
Antagenist-DHC{(M) { 3 16 30 { 0
pih 377£004 1 353420067 | 5.334005% | S47£0.06% | 817011 | 827£0.03
BR (bpm) 929113 ] 16174135 | 1680G£13Y | 8402103 | 2046251 | 133.3£3.33%
MR {bpm) M14 2260 ) 1200£116 § W80 £139% | 106.7+76% | 173.04£7.9 | 90.0£6.83%

* Expressed as moan £ SEM. ANOVA: Fiia0, = 16.1(pIa ) 10.7(BR); 3.36 (MR); P< 0.03, followed by Dunnatl’s (est,
e P<0.05** P<0.001. "Expressed as mean + SEM. Student T test * < 0.05.

Table 4: pDD, Values and Maximum Response (MR} to Carbachol and DIIC in isolated rat gastric fundus.

Agonist Carbachol

Antagonist+

DHC (uM) 0 3 3
pD; 539+ 0.16 610 0.1 551 24639
MR () 215+0.18 1844 1.58 LiS+037*

Expressed as mean = SEM, ANOVA: Fi,; =6.68(pD,) and 2.62(MR)} for P< 0.03, followed by Fisher's test. *P< (103,
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Abstract

The anti-ulccrogenic actevily of dehvdrocrotonin o nor

cleredane diterpene isolated from  Croron cafucare Benth
(Luphorbiaceae) and ns subchranic (35 daysy toxicolagical
ellects were studied in mice and s, respectively. In the HCY
cthanol-induced gastric uicer modyd in mice, ai oral doses of

200 mp/fkg, (G

< 0.001) the formation of gastric

trans-dehydrocrolonin

10 and

significantly reduced (p
lesions compared 1o the controls, Furthermore. ulcers induced

by liypodhenmic restraing stress i mice were also rixducwd 28

oral dosc of 100 mgikg (p < 00017 as well as cimetidine used

as a positive control al the same dosc, However, DHC was

unable lo remove free mdicals in rat Liver mitochondrias I

subciironic toxicity CXpErinent, rals were oraily treated with

DUHC for 5 weeks at doses of 235, 50 and {00 mg/kg. At the

end of treatment no diflerences were observed m body weight

gain, water or foed intake, urie/exerement  oulput or

haemalolegical  and srinary  paramclers. Nevertheless. a

significant  dose-dependent increase in liver weiph! ' was
observed in both male and female rats, whereas a signilicant
reduction in plasma alkading phosphatase and  cholesterol

levels and an ingrease in gamma ghrtamyl transpeptidase were
observed only at high descs (100 mg/key in female rats,
DHC

e liver noted as turbid

Subchronic  administmation  of also  induced

histopathological alterations of

twmelaction,  microvacuolale degeneration  and nucicur

allerations. Despite the observed anti-ulcerogenic activity, oty

resulls suggest that the Jong-tenn usc of DHC induces liver

damage.

Kevwords: ¢ roron cijucara;  Dchydrocrolonin: — ani.
ulcerogenic  aclivity,  subchronic loxicity, ner  clerodme
dilerpene.

Introduction

Croton cajueara Tienh, (Huphorbiacese) is o well-known

muedicimal plant used i Amazoning otk medicine o treat

several  dinesses such gy diarrhoca,  diabetes  ud Iiver

Biofisica, Inst, Je Biologia, Universidade Fostaduad

ampinas, Campings, S3o Paulo. Brasil,
de Campings, Campinas, $io Paulo, Brusil,
‘ecantins, Porto Nocional, Tecantins, Brasil,

Eadaduat de C

respondence.

mllanunation, and W condrol ugh cholesterol levels (1.2, 3)
Bark and Jeaves from O cofueara are conunonly used as
inlision in the powdered or dricd pill form (3),

Several  compounds occur in Crofom specics including
essential oils (1) and dilferent diterpenes (5, &) Trans-
dchivdrocrotonin (DHC) is 3 {9-norcicrodane diterpeny
isolated (rons (7 ceficara bark. In previeus studies DIIC was
found (o be an insecl growlh uthibiting, anti-inflammatory and
adi-nociceptive compound (1), Our cthnephanmacological
fickl vescarch on s species Jod us (o dutennine the possibie
antiuleerogenic effect of the bark tea (73,

We previousty assayed DI for antiulecrogenic aclivity on
fonr induced gastric uleer mededs in rats, 130 IC presented o
streng andinlecrogenic activity on hypethermic-restraint stress-
» ethaitol- and pylorus ligatare-induced Iosions. The inhibition
of indomethacin-mduced gastric uleers was weak and non
significanl. We also observed that in hypolthenmnic-restraint
stressed rats, the gastric wall mucus conlen! wag increased by
carhenoxolone bt remained unchanged afler oral treatment
with IMIC (8).
Considering these data, in the present sludy we anahvsed the
antiuleeragenic efiect of DIC in other uiverogenic models
and the possible toxic offects of its prolonged use, First, we
investigated the clleets of DIC on gastiie {esions induced by
anether nitand, 9.3 M HCH 60% cthanol. and by lypothennic
restrant stress, botl in nyige. In the former wodel, we studied
whether the effect of 1IHC is dose-dependent and compared it
with that of lanzeprazole used g5 a posilive control. [n the
latler model, the antivteerogenic effect of PDHC was compared
with that of cimetidine, both used at the same dose and by the
same ronte. Sceond, we investipated any possible clect of
DHC in removing Tree radicals in rat Gver mitochondria. It is
well known that antioxidanis can prevent some gasiric lesions
such as ethanol-induced gasiric injury (9). We observed that
PHE presenied a low acule toxigity (D] = 876 mg/ky) when
adimnesicred b the oral route (8). In view of (hig Fruding we
also studied the subchronic (35 davs) oral toxicity of DHC in

rils o nalyse the offects of its lonp-tern use,
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Material and Ricthods

Plamt material

The bark of Croton cajucara was collected in Belém, state of

Pard. Brazl, and identificd by Nelson A, Rosa, A voucher
herbarfum specinien los baen deposited al the Museu Parpense
Emilio Goeldt under the number 247, DIC was oblmincd as
previously deseribed by Souza Drito of al, {$). Powdered drv
bark was extracted with hesanc in a Soxhiet apparatus and (e
crude crystals formed weore recovered in g voncenirated
Alter

isopropanol, pure DIC with its characteristic physicachemical

hexane  solution. repeated  erystallization ustig
properties was obtained (2). The yicld in termns of dey starting

materiol was 155 %.

Aninaly

Male mnd female Wistar rats from the Central Animal THouse
of the Universidade Ustadual de Campinas (IINICAMI™) were
used te evaluate the subchronic toxicotogicaf cileots of DC.
Male Swiss albino mice weighing 30 3.0 g were used for the
anti-ulcerogenic aclivity assavs. The animals were fed @
certificd Nuvilab CR-a™ {Nuvitaly diet with frec access Lo
waler under stapdard conditions of lighting(12 h durk-light
period), hunidity (60 2 10%) and fempernture (21,5 £ 1.0 °C
The protecals were approved by the Unicamp Instilutionai
Animal Use

recommendations of the Canadian Council on Animial Care

(10).

Carc  andd Committce  hat  follows  (he

Anti-ulcerogenic activity

(a) HCEethanaol-induced wlcer: The anti-uluerogenie activity
of DHC in HCWethanol-induced gastric uleer was assessed in
mice as deseribed by Mizui and Dotewchi (1) Mice were
dividul inle groups of 7-8 mniwals and fasted 24 I prior lo
recciving an oral dosc of the vehicle, 12% Tween 80 (Jo
mi/kg), knsoprazole (20 mplke} or IHIC (30, 100 and 200
mglkg). Aller 56 min all groups were amilly treated with 0.2
ml of a 0.3 M HCYG0% cthanol selution {iC ethanoly for
gastric uleer induction. Animals were snerificed with cther Th
alter the adminstraton o HCWethanol, and the stomachs were
excised and dnflated by hijection of saline (2 mh. the
stomachs were lised in 5% formalin for 30 min and opened
slong the greater curvature. Gastric damage visible o the
saked eve was observed in the gastric mucosy as clongated
black-red Lines (1-10 mm fong and 0.5-1.5 mm wide) paraliel
w the long axis of the stomach similar (o the HCHethanel-

induced lesions inorals, The extension of the lestons was

measwred, and the kesion index was expressed as the sum

of all Iesions. Results are expressed as an ulcerative ing.ir:x
(U1 as described by Sertiéctal. (12),

b Hypothermic stress-imduced wlcer: The anti-uleerogenic
activity of THIC in the hapothermic siress-induced gastric
wleer medel was assessed in mice ageording to Levine (13}
Mice were divided inte groups of 7 antmals, Afler 24 b of
slarvation. the animals received an oral adnnnistration of NIC
00 ). cimactidine (10 mpfkg or 12% Tween 80 (1D
mifkg} One howr afler freatment, vleeration was induced by
immobilizng the ammaks inside a2 dosed cviindricnl cage
malained at 4°C. Aler 3 & the aninsls were sacnficed with
etirer. and the stomachs removed and examined for uleers as

described above,

{solated rat fiver mitochandria

Liver mutochondria were obtained from 12 I fasted female
Wistar rats waghing 200-250 g as previously deseribed ¢14),
The mitochondria pellel was resuspend in isosmotic huller
cortainmg 120 mM KCTand 29 mM HEPES. pl 7.2, (0 give n
fieal protein concentralion of %0-100 mg. The 0ozl protein
concentration was defermined by the modificd binret methad
with the addition of cholate (15}, Lipid peroxidation of liver
miochondria  was  determined by the  formation  of
thiobarbituric acid reactive substances (TBARS) as described
by Nepomucene of al (36} The DIC eflect on THARS
formalion was asscssed al 100, 200 and 300 M. Tubes
containing 1 mi of seaction medium (120 mM KCL 5 mM
succinate, 2 1M rotenone and 20 mM 1EPES, Pl 743, 1 mg
al prolein (mitochondria suspeasion). 1% of methanol and 50
pMoof FeS(y were incubated at 37 70 for 20 min in the
abscnee {control) o presence of DHC, 2 the selecled
concentrations. DC was dissolved in methanol and then
added (o the resction mediwn (o reach a fingl concentration of
1% methanel. Afler this incebation time. 4.1 mi of 50 M
butylhydroxyloluene  was  added  to prevent  [urther
hpoperoxidation. Samples were Greated with 3 m! of 0.04 M
H2850, and 2 mi ol 0.8% thioharbituric acid (MBAYIn 0.1 M
Naltt and then biled Tor 40 min. at 160 “C. Afier rapid
cooling, 4 ml of n-butanol were added and the mixfure was
centiifuged at f600 xg for 10 min. THARS formalion wvas
detertimed in the erganic layer with a spectropholomeler (1
G, Beckman, USAY at 535 am. TBARS cordent  was
slandard  curve o 1, 17, 3, 1.

cafcubiicd  from g

telractonypropane. Al expeniments were carmed  owd in

Iriplicale.
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Subchronic oral toxicity

A tolal of 30 adult Wislar rals (40 male and <40 femule) were
randomly allotied to the conirol (12% Tween 80) and to 3
different DIC-treated groups. The animals were placed in
plastic cages (5 anim:lis/caé;c}. The selected doses were 25, 50
and 100 mig/Rg body weighl, The animals wore treated daily
by gavage with the drup, dissolved in (2% Tween 80, for 35
days always at (he sume time and Rllowing the samc
procedare. The loxicological effects wore assessed as [ollows,
Bady weight, water and fved istake, and exeretion ottt
{urincfexcrement) were recorded daily. Al the end of the
experiment the animals were fasted for 12 h and n wine
sampic was oblained {rom cach animal Urine sainples were
analysed f{or prolein, glucose, kelone bodics, pHL specific
gravity and red blood cells using a sci-quantitative kit
(Ames™ type D At the same time, blood samples were
withdrawn by punciure of the retroorbital piexus as described
by Kraus (7). Hacmatological values such as red biood cells
{RBC), hacmoglobin (116, hacmatocril, memn corpuscular
volume, and while blood colls (Wi3C) were determined in
heparinized blood samples using an automated cell mcter (CC-
310, CELM. Brawil). Tns addition, non-heparinized blood was
aliowed {o coagulale and centrifuged. Scrumn biochemical
parameters such as glucose, wic acid, albumin, globulin, lotal
proteins, alkaline phosphatase, y-glutamyi transpeptidase (y-
GTy, (AsAT),
aminotransferase (ALAT), triglycerides, cholesterol amd total

asparfale  amunotranslerase alanine
lipids were determined immediately using an  audomaied
bicchemical analyser (S3A-200, CELM, Brazil). Afier blood
sampling, animals were killed and liver, Kidueys, hugs,
spleen, heart, adrenal glands, stomach and seminal vesicles or
ovary/uterus were removed, blotled free of blood and weighed
immedislely on a digital scale.

Since significant difTerences were observed at the end of the
experiment in the liver weights of the treated  animals
compared {o the controls, four animals per groap {control, and
DHC 50 and 100 mgfkg) were sclected randomly and a
portion of the modian lobe of the liver was withdrwn {or

histopathological analysis as deseribed by Yoshilake (18).

Liver cell altcrations obscrved zs  induclion of turbid
lumeclaction,  microvacuolale  degencration  amd  nuclear

alterations were graded as follows: (- 0. 20%, (+) 20- 4%, (++)
40 G0, () G0- B, (1) 80 100%,

DPrups

The lollowing drugs were used: gimetidine {Tagamet™

SmmthKline), lanzoprazole (Hlzate” Bochringer ingelhein),

Tween 807 Syaih, DBrazily and HEPES. Al the other
chemicals were purchased from Sipma Chemical Co,
UBA or simtlar. The kils used for hacinatelogical and

biochemical analyvses were [rom CELM, Brazil

Statistical analysis

The siatistical sipgnificance was assessed by one way analvsis
of variance (ANGVA). When the T value was signiticant, post
hoc differeances were determined by the Dunnett or Fisher test,
Dillerences were considered significant i P < 0.05. Al
statistical malvses were performed using the Statistica 5.1

seltware (StatSefl, Inc. ).

Results
Oral admintstration of the HClethano! solulion to the control

group clearly produced e cxpected characteristic zonal
necrotizing mucosal lesions. As shown in Figure 1, the
uleerative index wus sipmficantly lower in the DIIC-reated
group (100 and 200 mgfkg) compared to the control, DHC at
the dose of 100 mp/kg po. excried about 48% of prolective
cllect in ihis pharmacological madel, Interestingly, no
significant differences were observed  belween Lhe Lroups
treated with DUHC 100 mg/kg and 200 mgfke or between the
DIHC 50 wmgkg group and the coutrols. In  addition,
lanzoprazole presented 2 protective eflect of ahout 65% with a

dosc of 20 mg/kp or {ive limes less,

0 | M Corot
- C LT LAN 20 mgrikg
: | EEE DHC 50 mokg
i £77) DHE 100 mokg
ol | T3 DHC 200 mghig
£
£
g 70§
z
]
=
z
- sl S
[+

treatments (p o }

Figure 1 Effects of lanseprazole (LAN) and DIIC on
HCl/cthanol-induced  gastric ulcers in mice. Results are
cxpressed as mam £ 8D (n=7-8) Asterisks indicate a
significand dilference from controls {(ANOVA followed by
Fishers tesl). * P < 0,001,

The oral administration of DIC (100 mg/kg) effectively
inbibited gastric fesions induced by cobd-restraint slress,
showing an cilicacy simifar to that of cimetiding at the sang
dose. The anti-ulecrogenic effeet of IHC and cimetidine is

presealed  mo Figere 20 These results confinmed  Lhose

previously oblatued with ras ¢8).
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fable 1. 3ody waight gam (g) of rats afler oral Greatmen! with DHC lor 35 davs.

Treatmoent Males Females
Dose
{(mp/kg;
N initint final N initial final
Control 10 127.7 £ 104 2800 % 147 9 105.3 £ 8.1 194.3 £9.6
bHc 25 Hs: 1239 +£83 28234137 8 1044 £8.3 1856+ 10.3
@ .1 1201 +14.7 266.4 % 102 g 102.0£10.3 178.6 £ 155
100 10 1216272 2600 £17.7 10 H04.8+73 185.84+12.4

Values are expressed as mean + 8D, ANOVA Male (x4 for initial values= 0.99 [ > (.05 for [nal values = 1,71 P> 0.05
ANOVA Female T ;3 for initial values = 0.27 P > 0.05; for final values = 2.50 1> 0,05

50 g i S C ontrol
| EZJ o 100mgng
- DB OHC 100mgig
[

40

lagion index (mm})

treatmenis {p o)

Figure 2. Effects of cimetidine (CIM) and DIC on
hypelhermic restraml stress-induced gastric ulcers in mice.
Results are expressed as mean & 8P {u=8). Asterisks indicnte
a significant difference from controls (ANOVA (ollowed by
Dunnct's test). * P<0.061,

Any possible effect of DHC (100, 200 and 300 pM) in
removing free radicals in rat liver mitochondrias was also
studicd. The TBARS formation determined in the organic
layer by a spectrophotometric method was nol modified by
DHC addition to the resction medium. This resudl indicated
that DI1IC was unable o remove the frec radicals formed in the
medimm {data not shown),

No amimal mortality duc to toxicily and no significant
-differences in body weight pain were observed al the end of
the 35 day subchronic oral toxstcity experiment (Tabie 11 Tood
and waler mtake and urine/excrement oulput did nol differ
between (realed animals and control during the period of
treatment (Jata not shown). Furthermore, the average weights
of most vilal organs and visceral conditions were nomal and

comparable lo the contrals, except for a significant and dose-

dependent incrense in liver weight detected in both male and
female rats (Figure 3). Al the end of the 35 day Ureatment with
oral DBIC, no diflerences in urinary values were observed
(results not shown).

Concerning the hacmatological paramcters (Table 2),
we found a reduction of RBC in male animais at the
dosc of 100 mg/kg. Although the 35 dav DHC treatment
did not clicit changes in most of the ¢ovaluated serum
a significant reduction in

biochcmicai  paramcicrs,

scrun: alkaline

: T} e
i D ey Y Smang
; £ s mann

55 van mgma -

Lever weaight {37100 3)

Mate Female

Figare 3, Iiffects of subchironic (35 days) oml treatment with DHC
an il fiver welght. Rewults are expressed 23 memm £ 8D (n=80),
Asicrisks indicale a sigmificant difference  from  conlrols
{ANOVA followed by Fisher'siest), * P <05, ** P < (0.01.

phosphatase and choelesterel, as well as an inerease in -GT

levels were observed in fomale rats. These resulls arc
presented in Table 3

Finalty, histopathelogical examinalion of the livers showed a
marked dose- and sex-dependent damsage characierized by

turbid fumicfaction, microvacuelate degeneration and nuclear
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Table 2. Hacmatological parameters of rats afler oral treatment with DUC for 35 days,

Mlales Females
Dose
Treatinent " N waC RBC Hb N WBC RBC Hb
(me/ko) (x 107 (x 10%) (& %) (e 0Y (x 107 (2 %)
] |
Contro 0 115£25  84£04  168#H.9 9 11.0+29  7S£08 149415
DI 25 0 112820 83£07 161409 8 114#30 79407 1554009
50 W 120527 81£07 059210 9 (18234 79404 15707
100 W 114£23 0 77207% 1532150 100 10317 75407 148416

Values are expressed as mean + S ANOVA Male F e for WBC =023 P> 005 for RBC = 316 P <005 for b= 318 P <
0.05 ANOVA Fomale I i35y for WBC =0.51 P> 0.05: for RBC = 1.26 ' > 00.05: for i#h = .31 "> (.05 Fisher's test (in relation

to control) * P < 0.005.

morphological alterations such as cmply nucici, nuciear
p

membrane  thickening,  hyperchromatisin, pycnosis,

karyolysis and kariorrhexis (Table 4),

Discussion

Since there have been no reports of Ue anti ulcer activity of
DHC, these possible effeels are currently being examined
using various ulcer modeis 1o obtain the anti-uleer profile
of thesc compounds. Recently, we reporicd a potent
inhibilory aclivity of DIHC against cthanol-, stress. and
pylorus  ligaturc-induced  ulccrogenesis  in  rats.  We
speculated that the antivloer effect DHC was not rekaled (o
an increase in mucus sinthesis and/or mucus relention, bug
was probably duc te an increase in mucosal defensive
mechanisims such as prostaglandin production ¢ 8).

In the present study, (wo new gastric ulcer models were
used to examine the weer-preventive offcet of DHC in
mice, Gastric lesion induced by cold restraint was used

because it closely resembies lhe pastritis  induced by

psvehological stress obscrved in man (1), Another
common cause of gastric damage is excessive aleohol
conswnplion {20). Thus, the cyloprotective property of
DHC was also investigated in this last ulcer model.

There is an importan! discussion abowd (he antiulcer
compounds and their “truly” antiulecrogenic propertics.
One drug can be considered a5 a true antiulcer agent if the
pre-exposure lo “weak™ gastric imitants such as low
concentrations of cthanol (213, NaCl (22) er [ICI £23)
would alse prevent the hemorrhagic injury induced, for
example, by high concentration of intragastric ethanol (24).
The fact thal mild imitants prevent gastric necrost is called
adaptive cyloprotection (25) amd scems to be mediated by
prostaglanding (26, 27). But this is not the case Jor DIC,
IAIC can not to b considered as a “weak™ frmitant because
s drug has shown antiulccrogenic actions on gastric
lesions induced by severe irilants such as hypethicrmic-

restiint stress, HK% cthanol and pylorus ligature.

Table 3. Scrum levels of atkaline phosphatase, Y-glutamyl transpeptidase and cholesterol in fomale rats afler oral treatment with

DHC for 35 days.

Treatment : ]
Dose Alkaline Phosphatasc y-GT Cholesterol
N N
(mgfkg) (1) (1M (mg/dl.)
Control
9 225209 022+04 % 1640 £37.8
25 8 753 £2%.1 012+£03 - -
DHC
50 Y 7137 I3 GS5 - -
HG 114 6994 12,1 == Loe17e b 1039 £237 *

Values are cxpressed as mean + S, ANOVA Feaag for alkal

ine phosphutase = 576 P < 0.05: for glutamyt transpeptidase =

475 P < 0.05; Iy for cholestersl = 5.61 1P < 0.035: Fisher's test (in relation to control) * P <0005, * * P < .01
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Lhe ulceralve mdex was signiflcanddy fower in the DIHC-
reated group {100 and 200 mp/kg) comparced to the
control in the HCVethanol induced pastric lesions in
mice, DFIC al the dose of 100 mg/kg p.o. prosented a
prodection of about 50% in this phammacological modcl.
“Interestingly, no significanl dillerences were observed
between the groaps treated with DUC 100 mgfkg and 200
mg/kp or between e DIC 50 mg/kg group and the
controis. In addition, lanzoprazole presented about 2 65%
protective cfleet with a dosc of 20 mg/kg or five times
less. The cytoprotective aclion of some antiulcer drugs
and the action ol mild iritants are mediated by the action
of endogenous prostaglandins known o play importan
role in maintaining mucosa! inteprity and o protect the
gaslric Mucesa against various damaging agents (9, 23,
24, 27). The potent action of lanzoprazole on this mode]
was not only duc to a strong inhibition of gastric acid
scerclion. It was also reported tal proton pump inhibitors
have cytoprotective propertics in addition o their
antisceretory activity (28), Deside, effect of lanwoprazele
is better {han that of omeprazole becanse the latler drug
has a longer plasma climination halfli% (29}

The oral adiministration of DIC clicetively  inhibited
ulcer formation in the vpothennic-restraint stress madcl,
showing a similar ¢fficacy to cimetidine at the sane dosc,
The results oblained with this model in mice confitmed
those previeusly obtained with rats (8). Disturbances of
gaslac mucosal microcirculation, alleruion of gaslric
sccretion and abtiormal motifity have been considered o
be the pathogeaic muchanisms responsible for stress-
induced pastric mucosal lcsions and gastnic  mucus
depletion (30). However, the most importast Tactor in the
genesis ol stress ulcer is the increase in pastric acid
scerction, which is oflen termed as the "aggressive
factor” (31). The effects of DIIC and cimetidine on this
medel arc certaindy dug to their antiseerelory propertics.

It is well known that antioxidants can prevent some
gastric fesions such as cthanol-induced gustric injury (9).
We previously detenmined that IMIC inhibils cthaol
indtieed gastdc injury in rls (8) aml cthanol/! 101 gastne
lestons i awice. Thus, we now mvestigated any possible effect
of DHC i removing free radicals, .o, its oxygen radical
scavenger properly mrat liver mitochondria,

Severat antivleerogenic compounds occurring i plants
such as {flavonoids are antioxidants and therefore may

also act as scavengers of superoxide and other active

oxveen specics whick have been shown to be destructive
agents i inflammalory processes (32). The TDARS
formation  determined in the organic layer by a
spectrophotometric method wos not modilied by DIIC
addition (100, 200 and 300 uM)} te the reaction medium.
The ebsence of significant effects in the et liver
mitochondriad fipid peroxidation assay suggests thal the
antinleerogenic mechanisin of DHC is not due lo
prolection against free radical formation m the pastric
INLCORI.

Thus, all results obtamed with DUC suggest both
inhibition of gastric acid secretion and an increased
prostaglandin seerction,

We knew that DYHC has @ low acule toxicitv m niice
(M = 870 mp/hgy when adminsstered by the oral route
(8). In view of this lnding, we aise stslicd the
subchronte (35 Jays) oral oxicity of DIIC m rals,
Subehronic oral treatnient with DHC did nel jnduce any
obvious alicration i body weight gain or m other gross
metabolic parnmcters such  as water and  tood
consumplion  or  excretion o rented  annmls,
Nevestheless, a marked dose-dependent liver hypertrophy
avcompanicd by severe histopatholegieal chanpes that e
recogrized markers of liver loxicity was found The
biochemical dilferences between the control and treated
groups eonlinned (he suggested hepatoloxicily. Although
the statistical significance was nol reached in the male
antarals, an obvious tendency similar o that found in the
lemale rals, was also observed. It is well known that
some Jiver disorders such as cirrhosis and toxic hepatitis
could be accompanied by decreases in ervihrocyvic count,
hacmoglobin and hematocrit (33).

Our findings of a reduction in RBC and b i male rats
aller subchronic treatment (Table 23 are in agreament
with  the  hepatic  alterations  tiluced by DIHC
administration. We have no explanation for the marked
differences in hepatotoxicity between males and femalces,
but we suggesl that they arc rclated o the lonic
mochamism of DIC, In addition, some studies have
showsa sex-<dependent exprassion of sotie cvlochrme P-430
isotomis mynlved i drug mctabolisi that could modify the
texicHy in & sex-dependent mammer such as furino
diterpenoids (34, 15), Several compotnids ocenrring m
plants have been shown o possess anti-uleer properiics
(36), Diterpenelastones (rom . sublvramns, another

Crofon species, were proved o he antiufcerogenic
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compounds although with a reduced vield and a lower

anti-ulcer poteney compared to DIIC (1, 37).

Table 4. Hepatic histepathological changes induced in rats by oral treatmend with DIC for 35 days.

Animals Dase Turbid Tumefaction Microvacuolate Degencration Nuclear Herations
{mg/ke)
- 5 —t R L S Y SR 3 ERS bbb Aot R R
- 4 4
Mualcs 50 4 ’ i 3 4
104 < 4 4
— 4 4
Femades 50 4 1 3 4
100 4 o 4

In conclusion, DHC presents both protective  and
anlisccretory aclivities. OQur previous resulls {8) and those
presented hiere clearly supported this statement. Although
BHC i1s a compound with anti-ulecrogenic properties. its
long-term  usc  could induce heputoloxicity, The
mechanism of the antiulcer activity of DIIC was not
demonstrated by the present dala. Further studies will be
carricd out to cstablish the mechanism of (he antiutcer
activity of DIIC as well as to detcrmine the cellular
cndpoint of its toxicity, Changes in the chemical structure
of DHC have been made while maintaining its
pharmacoiogical propertics and abolishing is toxic liver

cifeets {unpublished data).
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Abstract

Croton cajucara Benth. (Euphorbizceae) is widely used in Amazonian folk medicine for
the treatment of a wide range of gastrointestinal symptoms. The essential oil from its bark
was investigated for acute toxicity in mice and for its ability to prevent the formation of
ulceration of the gastric mucosa in different models of cxperimentally induced gastric ulcer
m mice and rats.

When previously administered orally at a dose of 100 mgkg™', the essential oil
significantly reduced (P < 0-01) the gastric injury induced by hypothenmic restraint stress
(48%), indomethacin (47%), cthanol (86%) and pylorus ligature models (87%) in rats. In
the HCi/cthanol-induced gastric ulcer model in mice, at oral doses of 100 and
200mg kg™, the essential oil from C. cafucara significantly reduced (P <0-01) the
formation of gastric lesions by 52% and 76%, respectively, when compared with the
control group. In rats submitted to pylorus ligature, the cssential oil given orally increascd
the volume of gastric juice when compared with the control group (P < 0-01). In previous
studies, when the essential oil (100 mg kg ™*) was administered intraduodenally to mice, no
significant modifications were found in gastric parameters such as pH and total acid content
after oil treatment. However, systemic alterations were observed. Here we observed
significant changes (P < 0-01) in gastric juice parameters such as an increase in volume
and a decrease in gastric acidity (pH and total acid content). The acute toxicologic effects
of the essential oil from C. cqjucara were assessed in mice. The LDSO values were
9-3gkg™" by the oral route and 680 mgkg™! by the intraperitoneal route.

The good yicld of essential oil obtained from dried C. cajucara bark (1%) as well as its
anti-ulcerogenic activity and low toxicity suggest that pharmacological studies of this

substance as 2 potential new anti-ulcerogenic drug are warranted.

An aromatic bitter tea made from the bark and
leaves of Croton cajucara Benth. (Euphorbiaceae),
commonly known as sacaca, is widcly used in
Amazonian folk medicine for the treatment of a
wide range of gastrointestinal symptoms (Di Stasi
ct al 1989). We recently reported the anti-ulcero-
genic activity of rrans-dehydroerotonin (DHQ), the
principal furanc diterpene isolated from C. caju-
cara bark, in different ulcerogenic models in mice
and rats (Rodriguez ct al 1998; Souza Brito ot al

Correspondence; A, Ro M. Souza Brito, Departamiento
Fisiologia ¢ Biofisica, Inviiio de Biologin, UNICAMP
aixa Postal 6109 — CEP 13084-970, Campinas, $P, Brasii,
E-mail: abrito@aleph.conm.br

1998} and later described the possible anti-ulcero-
genic mechanisms involved in the action of DHC
(Hiruma-Lima et al 1998). The acutc and sub-
chronic toxicity of this compound was alse studied
by our group in in-vive and in-vitro assays that
showed it to possess relatively low oral toxicity
when administered for a short period of time (33
days).

In addition to DHC, the bark also contains 1% of
a very plcasant essence composcd principally of
scsquiterpencs. Thus, in the present pharmacolo-
gical studics we analysed the anti-ulcerogenic
activily of this essentiul oil in indomcthacin-,
hypothermic restraint stress-, cthanol- and pylorus
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ligature~induced gastric uleer in mice and rats. In
the HCi/cthanol medel in mice, we studied whether
the cffect of the esseatial oil was dose-dependent
and compared it with that of lanzoprazole and
omeprazole. Parmmelers of gastric acid sceretion
such as gastric acidity and gastric juice volume
werc analysed in animals submitted to the Shay
mcethod, which were treated with essential oil by
the oral and intraduodenal route. Moreover, the in-
vive acute toxicological effect of the essential oil
from the bark of C. cqjucara was also determined.

Material and Methods

Animals
Male Wistar rats (250-300g) and male albino

Swiss micc {25-35g) from the Central Animal
House of the Universidade Estadual de Campinas
{CEMIB /UNICAMP) were used. The animals were
fed a certified Nuvilab CR-a (Nuvital) diet and had
frec access to water under standard conditions
of iflumination (i12h dark—i2h light), humidity
(60 1-0%) and temperature (21-54 1-0%). Fasting
was used before all assays because standard drugs
or essential oil were administered orally (by
gavage) or intrapceritoneally using as vehicle a 12%
solution of Tween 80 (10wl kg™"). All the proto-
cols were approved by the Ethics Committee of
UNICAMP (registered in the Brazilian National
Council of Health — Res. 196/96). All the experi-
ments were conducted in agreement with the
recommendations of the Canadian Council on
Animal Carc {Olfert et al 1993).

Dirugs
The following drugs were used: cimetidine, lanzo-

prazole, Tween 80 and indomecthacin. All reagents
were of a high grade of purity. The substances and
reagents were prepared immediately before use.

Preparation and analysis of the essential oil

The stem bark of Croton cajucara Benth. was
collected at our experimental plantation in Benfica,
near Belém, Pard, Brazil. A voucher specimen
(number 247) has been identified by Nelson A.
Rosa and deposited in the IAN Herbarium in
Belém, Brozil, The air-dried and milled bark
(20 kg) was subjected to steam distiliation for 6 b, a
first fraction of 163 mL (F1) was collected after 3 h
and a sccond fraction of 42mL (F2) at the end of
the precess. Preliminary GC-FID and GC-MS
analyses performed with an Hewlet Packard system

using a HP-5 capillary column showed very similar
patterns for both Fi and F2 fractions, which were
composed mainly of C,sH.; sesquiterpencs. a-
Copacne (20-9%) and cyperene {29-0%) were the
main components of F1, as confirmed by °C NMR
spectra measured in a Varian spectrometcr operat-
ing at 75-4 MHz and using benzene-d,, as solvent.
Complete analyses of the samplcs arc in progress.
The F1 fraction was used for the pharmacological
tests. F1 was emulsificd in 12% Tween 80 before
administration to the animals.

{n-vivo taxicity

The acute oral toxicity of essential oil from C
cajucara bark was determined in male albino Swiss
mice which had becn fasted for 12h. Increasing
doscs of csscntial oil were administered orally by
gavage to groups of 10 animals for cach dose level
(I, 25, 5 and 7-5gkg™"). Animals rcceiving the
vehicle (12% Tween 80) served as control. The
groups were observed at 0, 30, 60, 120, 180 and
240 min after oil administration and then twice a
day for the next 14 days. At the end of this period
the number of survivors was recorded and the acute
toxicologic effcct was determined on the basis of
mortality, expressed as LID50. The oral LD50 value
was obtaincd using a software based on the method
of Litchficld & Wilcoxon (1949).

Anti-ulcerogenic activity

HCl/ethanol-induced ulcer. The anti-ulcerogenic
activity of essential oil in HCl/ethanol-induced
gastric ulcer was assessed in mice as described by
Mizui & Doteuchi {1983). Mice were divided into
groups of 6—12 animals and fasted for 24 h before
recelving an oral dose of either the vehicle,
12% Tween 80 (I0mLkg™"), lansoprazole
(20mgkg™h), omeprazole at the same dose or
essential oil (50, 100 or 200 mg kg~ "), After 50 min

all groups were orally treated with 0-ZmL of a

0-3 M HCI60% ethano! solution (HCl/ethanol) for
gastric ulcer induction. Animals were killed with
ether 1h after the administration of HCi/ethanol,
and the stomachs were exciscd and inflated by
injection of saline {2 mL). The stomachs were fixed
in 5% formalin for 30min and opened along the
greater curvatare. The extension of the lesions was
measured, and the ulcerative index is cxpressed as
the sum of all lesions.

Indomethacin ulcer. A total of 17 rats were ran-
domly divided into 3 groups and fasted for 245,
with free access to water before the experiment.
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Thirty minutes after oral administration of cssential
oil (100mgkg™"), cimetidine (100 mgke™") or 12
% Tween 80 (10mL kg™"), 30mgkg™" of indo-
mcthacin  was subcutancously administered to
unanaesthetized rats from cach group according to
the method of Havden et al (1978). Indomethacin
was dissolved in 5% sodium bicarbonale. The
animals were killed 4 h later, the stomachs removed
and opencd and the gastric lesions were determined

as described above.

Hypothermic restraint  stress ulcer. The anti-
ulcerogenic activity of C. cajucara essential oil was
assessed in the hypothermic restraint stress-induced
gastric ulcer model in rats according to the method
cof Levine {1971), with some modifications. Rats
were divided into groups of 7 animals cach. After
24 h of starvation, thc animals received an oral
dose of essential oil (100mgke™"), cimetidine
(100mgkg™") or 12% Tween 80 (I0mL kg™ H.
One hour after the treatment, gastric ulceration was
induced by immobilising the animals inside 2z
closed cylindrical cage maintained at 4°C. After 3 h
the animals were killed with ether and the stomachs
removed and examined for ulcers as described

previously.

Ethanol-induced ulcer.  The ethanol-induced ulcer
assay was carried out in rats according to the
method of Mormoto ¢t al (1991). A total of 17
animals were randomly divided into 3 groups and
fasted for 24 h, with free access 1o water before the
experiment. One millilitre of 99-5% ethanol was
orally administercd to the animals which lh
previously had been treated with essential oil
(100mgkg ™), omcprazole (20mg kg™'y or 12%
Tween 80 (10mL kg"’"}. One hour after ethanol
administration the animals were killed, the sto-
machs were removed and opened and the ulcerative

index was detcrmined.

Table 1. Effects of omeprazale, lanzoprazole and dilferent
doses of essential oif from Creton cafucara on HCl/ethanol-

induced gastric ulcor in mice.

Treaiments Dusc N Ulcerative  Inhibition
(p.c.} {mgkeg™ '} Index {mny) {%)
Control - 12 3254837 -
Omeprazole 20 8§ 175£762% 46
Lansoprazole 20 7 95T£310% 71
C. cajucara ol 200 71061282 67
C. cajucara oil 103G 6 1574 2.88* 52
C. cajucara oil 50 70301102 7

Results are exprossed as mean=s.d. Analysis of variance:
F(5-41)=37-1 " < {05, Dunnctl's test *F < (.01,

3

Shay wleer. A 1otal of I8 rats were randomiy
divided into three groups and fasted for 24 h, with
frec access to water. Thirty min after oral admin-
istration of essential oil (100 mgkg™"), cimetidine
(100mgkg™") as positive control or vehicle (12%
solution of Tween 80, 10mLkg™"), a pylorus
ligature was performed as described by Shay et al
(1945). The animals were killed 4h later, the
abdomen was opened and another ligature was
placed around the oesophagus close to the dia-
phragm. The stomach was removed, inspected
internally, and its contents drained into a graduated
centrifuge tube and centrifuged at 2000 rev min™'
for 10min. The supernatant voiume and pH werc
recorded with a digital pH meter. The total acid
content of gastric scerction was also determined by
titration to pH 7.0 with 0-05 N NaOH using a digital
burette. Gastric lesions were evaluated by examin-
ing the inner gestric surface with a dissecting
binocular microscope and the mucosal Icsions were
counted and scored as described above.

Determination of gastric secretion. A total of 18
micc were randomly divided into three groups
and fasted for 24 h with free access to water. The
assay was performed by the method of Shay with
some modifications {Shay ct al 1945). Immediately
after pylorus ligature, C. cajucara essential oil
(100mg kg™ "), cimetidine {100mgke™") as posi-
tive control or vehicle, a 12 % solution of Tween 80
(10mLkg™"), was administered intraduodenally.
The animals were killed 3h later and the same
procedures as described for Shay uleer were fol-

lowed.

Statistical analysis
Results arc expressed as the mean s.d. Statistical

significance was determined by one-way analysis
of variance followed by Dunnett’s test, with the
level of significance set at P < 0-05.

Results

The LD30 value obtained by probit analysis for oral
administration of €. cajucara cssential oil was
926gks™ (r=099%024, n= 10, P>0035).
These data are not shown.

The cffects of cssentin]l C. cajucara oil on
induced gastric ulcer were first investigated in mice
and the results arc shown in Table 1. Qral admin-
istration of HCl/zethano! solution to the control
group clearly produced the expected characteristic
zonal nccrolizing mucosal lesions. Esseatial oil was
given orally at doses of 30, 100 and 200 mgkg ™'

Tibtattabrggiin o Bemul beadbess
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while omeprazole and lanzoprazole (positive con-
trols) were administered orally at a dose of
20mgkg™ ' The lesion index for the control group
of thc HCl/ethanol-induced gastric ulcers was
32-5£8-37mm. The anti-ulcer drugs lanzoprazole
and omeprazoic and essential oil (200 and
100mgkg™") significantly inhibited ulcer forma-
tion by 71, 46, 67 and 32%, respectively. Interest-
ingly, n¢ significant differences were observed
between the groups treated with 100 or
200mgkg™" of essential oil or between the group
treated with 50mg lng"l of essential oil and the
negative control.

The effects of essential oil on the four assayed
methods of induced gastric lesions are shown in
“ Table 2. Oral administration of C cagjucara
essential oil at a dose of 100mgkg ™" inhibited the
appearancc of gastric lesions induced by hypo-
thermic restraint stress, indomethacin, ethanol and
pyiorus ligature. The best inhibitory effect on the
ulcerative index was observed in the model of
pylorus ligature (87%) followed by the cthanol
model (86%). The same rclative potency (47%

inhibition} was obscrved for indomethacin- and
hypothermic restraint stress-induced gastric lesions.

In the pylorus Hgature method, the administration
of the essential oil by different routes produced a
significant modification in gastric volume, pH and
gastric acid content (Table 3). The pylorus-ligated
rats treated with essential oil (100mgkg™’, p.c.)
only showed a significant incrcase in gastric
volume compared with the cohtrol group. In con-
trast, cimetidine at 100mgkg™' significantly
reduced gastric-juice volume and acidity and
increased gastric pH. However, the essential oil
administered intraducdenally to mice at same dose
was effective in inducing a significant increasc in
gastric juice and pH, and a decrease in total gastric

acid.

Discussion

Since no studies of the anti-ulcer activity of Croton
cajucara arc available, the possible effects of this

Table 2. Effccts of essential oil from Croron cajucara on the four assayed methods of induced gastric lesions in mice and rats.

Animal Gastric lcsion model Treatment N Ulcerative index {mm) Inibition (%)

Rats Indomethacin Conirol 6 G6:04 14-8 =
Cimciidine 6 6-04:2-6% 91
Essential oil 5 3491 9.3% 47

Ethanol Control 5 918124 -

Omeprazole G 3224 14.3% 65
Essential oil 6 12.8 4 4.4% 86

Mice Ligature Control ) 17-3£5-43 -
Cimetidine 5 2-334£2-07 86
Essential oil 5 2-2042.28% &7

Stress Control 7 406116 -

Cimetiding 7 21-142.54* 48
Esscatial 6il 7 2i-44+4.61* 47

Cimetidine or essential oil from C. cajucara were administered orally at a dose of 100 mgkg ™' and omeprazole was given orally

al a dose of 20mgkg™". Values for ulcerntive index

are expressed as mcan=s.d. Analysis of variance gave indomethacin:

Faan=>512 P <0:05; cthanol: Fiz. 4, =726 P < 0-05; ligature: Fz.14y=132-5 P < (:05; stress: Fi2.18;=15-% P <005 Dunnett’s

test *P < 0-01.

Table 3. Elfccts of cssential oil from Croton cajucara on biochemical parameters of the gastric juice obtained from pylorus.

ligated rats and mice (n = 6}.

Total gastric acid {mEqmL "™ ')

Animals Treatments Route pH Gastric juice volume {mL)

Rals Cantrol p.o. 321+ 115 2504077 116 0.61
Cimetidine p.o. 6-334£ §-03%% 1-43 4 G-39%* 031G 12%*
Esscntial oil p-o. 2.80+0-84 3904 044%* G644 020

Mice Control id. 3-66+052 (363003 602 1.58
Cimetidine i.d. G 13 L0735+ G-65+0.23* 1-87 £ 0.62%*
Essential oil L, TATEGEZ*= 0724 028% [-36L0-64%#

Cimelidine were administered orally (p.o.) to rats or intraduodenally (id.) to mice 2t a dose of 100mgkg — 1. Data arc

expressed as mean =k s.d. Analysis of variance for rats: Fop. 5 for pH == 20'5 P < 0:05; Fra15, for volume =244 P < 0.03; Fig.15, for
total acid == 7.29 7 < 0-05. Analysis of variance for mice: Fiz.p5, for pH = 39.9 7 < 0:0%; Fg.y5, for volume = 5:0 2 < 005; Fa.ys) for
total acid = 35-6 £ <0-05. Dunnett’s test *P < 0-05 and **F < 001, ’
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plant are currently being investigated using various
ulecer models to determine the potential  anti-
ulcerogenic profile of this Brazilian medicinal plant
{Souza Brito & Nuncs 1997),

Qur group has previously demonstrated the anti-
ulcerogenic propertics of DHC isolated from the
bark of C. cajuecara. In the present study, we ana-
lysed another bark component possibly involved in
the anti-uicerogenic activity of this plant, namely
the essential o1l. Previous chromatograph analyses
showed that the essential oil has no traces of DHC
in its composition. Thus, the possibic anti-ulcero-
genic effect of esscntial oil was attributed to its
own compesition. The essential oil of C. cajucara
bark did not present significant acute toxicological
cffects. The oral LID50 was obtained with a 90-fold
higher dose than the active antiulcer dose
(100mgkg™').

The present study was carried out using different
‘experimental modcls of gastric ulcer which operate
by distinct mechanisms of ulcerogenesis (Desai &
Parmar 1994). Thec preventive effects of the
essential oil of C. cagjucara bark on gastric ulcer
induced by the various necrotizing agents studicd
were investigated in mice and rats. The ulcerative
index was significantly lower in esscntial oil-treated
mice (100 and 200mgkg™') compared with the
control for HCIl/cethanol-induced Icsions. Essential
oi} at an oral dose of 100mgkg™" presented a 50%
protection in this pharmacological model. Inter-
estingly, no significant differences were observed
between the groups treated with oil at 100 mg kg ™"
and 200mgkg™" or between the groups treated
with essential oil at S0mgkg™' and the control.

Hypothermic restraint stress ulcers have been
widely used experimentally for the evaluation of
anti-ulcer activity in rats because of data reprodu-
cibility (Murakami ot al 19835). Disturbances of
gastric mucosal microcirculation, alteration of
gastric sccretion and abnormal motility have been
considered to be the pathogenic mechanisms
responsible for stress-induced gastric mucosal
lesions and gastric mucus depletion (Koo & Cho
1986). However, the most important factor in the
genesis of stress ulcer is the increasce in gastric acid
secretion and this is often termed the aggressive
factor {Goa & Monk 1987).

The essential oil (100mgkg™") significantly
protected the gastric mucosa against hypothermic
restraint stress-induced  ulcers in mice with an
cffect comparable to that of cimetidine at the same
dose.

Ethanol  treatment  induces  solubilization  of
mucus constitucnts i the stomach with a con-
comitant fall in the transmucosal potential differ-
ence, and increases Na¥ and KV fux into the

lumen, pepsin secrction, the loss of HY ions and the
histamine content in the lumen. This drug also
depressces tissuc fevels of DNA, RNA and proteins,
leading to flow stasis in injured areas {Szabo 1987).
Morcover, it is well known that ethanol-induced
ulcers arc not inhibited by anti-sccretory agents
such as cimetidine, but are inhibited by agents
which cnhance mucosal defensive factors such as
prostaglandin E; (Robert et al 1979). In the present
study, C. cajucara cssential oil significantly pro-
tected the gastric mucosa against the injury induced
by cthanol. These results further indicate that this
essential o1l may enhance gastric mucosal defen-
sive factors such as mucus, prostaglandins, or both.

Anti-inflammatory agents such as indomethacin
reduce  gastric  cyclooxygenase activity  and
decrcase endogenous prostaglandin fevels (Kon-
turek et ai 1984). These agents break the mucosal
barrier, provoke an increasc in gastric mucosal
permeability to H* and Na™ ions and a drop in the
transmucosal potential difference, and induce the
formation of erosions and ulcers (Droy-Lefaix
1988). There 1s mounting cvidence that an increase
of certain endogenous prostaglandins can enhance
gastric mucosal resistance against ulccrogenic
agents such as anti-inflammatory agents (Wallace
& Whittle 1985). In this assay, the cssential oil
from C. cajucara was also able to produce a sig-
nificant reduction of the gastric mucosal damage
induced by indomethacin, indicating oncc again the
probable local increasc in prostaglandin syathesis.
Subsequently we showed the biochemical results
obtained after submitting the animals to pyloric
ligature. Rats were pretreated orally with essential
oil or cimetidine and mice were pretreated with the
same doses by the intraduodenal route. The oral
pretreatment with cimetidine provoked changes in
the acidity and volume of gastic juice. The
essential oil only provoked a marked increase in the
volume of gastric juice. The intraduodenal admin-
istration of both drugs had similar effects on all of
the other parameters analysed. Like cimetidine, the
esscntial oil was also cffective in reducing gastric
acidity and in increasing the volumce of gastric
Jjuice.

There is evidence of an involvement of prosta-
noids in the accumulation of fluid in the gastric
lumen; prostaglandin B, causes a  significant
increase of volume flow in the stomach (Droy-
Lefaix [988). Morcover it scems that the cssential
oil of C. cqjucara exerts a kind of cytoprotective
action mainly through a systemic action because
this action is present not only when the oil is
administcred orally, but aiso when it is administered
intraduodenaily. Thus, its protective effect does not
depend on contact with the gastric mucosa.
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The present results clearly indicate that oral
administration of esseatial oil from C. cajucara
bark produced a significant anti-ulcer effect that
was probably duc to an increase in mucosal
defensive mechanisms such as prostaglandin pro-
duction. Moreover, the [ow toxicity level observed
in-vivo supports the acute medicinal use of this
specic with a wide safety range and without severe
risks for users.

In conclusion, the oral administration of C.
cajucara essential oil displayed a significant antj-
ulcer activity with no toxicological effects. New
experiments are currently underway to deterniine
the composition of the essential oil as well as the
anti-ulcer mechanisms iavolved.
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ANTIULCEROGENIC MECHANISMS OF ESSENCIAL OIL FROM Groton cajucara
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Abstract )
An aromatic bitier tea prepared from the bark of Croon

cajucara Benth. {Euphorbiaceas) is widely used in
Amazonian folk medicine for the treatment of a wide rang of
gestrointestinal  symptoms. We recently reported the
antiulcerogenic activity of essential ofl in differemt ulcers
models in mice and rats such as hypothermic restraint stress,
indomethacin, ethanol and pylorus figature models. In the
HClVethanol-induced gastric ulcer modei in mice, the
essential oil significantly reduced the formation of gastric
lesions when compared to the control group. In ras
submitted to pylorus ligature, the essential oil {p.0.}
increased the volume of gastric juice when compared with
the control group. No significant modifications where found
in gastric parameters such as pH and total acid content after
oil treatment. However, systemic alterations where observed
when the essential oil was previously administered
intraducdenally to mice such as an increase in volume and a
decrease in gastric acidity. The acute toxicologic effects of
the essential oil from C. cqiucare were assessed in mice.
The good yield of essential oil obtained from dried C
cajucara bark as well as its antiulcerogenic activity and low
toxicity suggest the continued pharmacological studies of
this substance as a potential new antiulcerogenic drug. Thus,
in the present pharmacological studies we analysed the
mechanisms involved in the amtiulcerogenic activity of the
essential oil. We studied the effects of essential ofl on the
ability of healing of acetic acid-induced gastric ulcer in rats
were evaluated 14 days after acid injection. We also studied
" the ability of essential ofl fom C. cajucara to increase PGE,
refease from mucous cells of the rat stomach. The results
shown that a single oral administration of essential oil (100
mg/kg) for i4 consecutive days accelerate the healing of
chronic gastric ulcer {32%) in rats (p<0.01). In addition, the
essential off did not induce any alteration in gastric pH or
body weight during the all treatment {p>0.01). We also
observed that essential oil induced a significant increase in
PGE; production by glandular ceils (163 % in relation to
control). The amount of gastric mucus raising two times

higher than the control group (p<0.01). Thus, the protective

and curative effect of essential oil from C. cajucara bark on
induced gastric lesions was due to an increase of PGE,
refesse that represents an increase of the protective factors of

the gastric mucosal.

{ntroduction

Craton cafucara Benth., is a well-known medicinal plant
used in Amazonian folk medicine to treat several ilinesses
such as diarrhoea, diabetes, liver inflammation an the
control high cholesterol levels (Di Stasi et al, 1989; Simdes
et al, 1979; Carvalho et al 1996).

Among other medicinal uses, the stem bark of this plant is
prepared as tea {only 5g bark in 100 ml water) to be drunk in '
cases of heartburn, gastritis and peptic ulcer {(Souza Brito
and Nunes, 1997). Thanks to its strong bitter taste the tea is
not taken in large doses, but daily for long periods from two
to eight weeks. The last studies reported the antiulcerogenic
activity of trans-dehydrocrotonin (DHC) the principal
furane diterpene isolated from C. cajucera bark (Souza Brito
et al, 1998} and later described the possible antiulcerogenic
mechanisms involved in the action of DHC (Hiruma-Lima et
al, 1998a). But previous chromatograph analyses showed
that the essential oil has no traces of DHC in its
composition. Thus, the antiufcerogenic effect was last
observed of essential oil was aiributed to its own
composition. Essential oil {up to 1.5% dry bark) comtaining
primarily sesquiterpenes {Nunes et al, 1993). The bark oi]
was demonstrated in various pharmacological experiments
and the oral administration of essential oil displayed a
significant antiulcerogenic activity with no toxicological
effects (Hiruma-Lima et al 1998b). Moreover, the aimed of
this paper is to determine the antivlcer mechanisms involved

with the essential il from C. cajucara.

Methods

Animals. Male Wistar rats weighing 150-250 g from the
Central Animal House of the Universidade Estadual de
Campinas  {CEMIB/UNICAMP; used in all
experiments. The animals were fasted prior to all assays

WEre

because standard drugs or essential oil were always

Metodologia ¢ Resultados

53



administered orally (by gavage-10 mi/kg) using a 12%
solution of Tween® 80 as vehicle Animals received z
certified Nuvilab CR-a® (Nuvital} dies and water ad libitum
under standard conditions of 12 h dark-12 h light, humidity
(55%) and temperature (22 = | °C). The protocols were
approved by the UNICAMP Institutional Anirmal Care and
Use Committee which follows the recommendations of the
Canadian Council on Animal Care (Olfert et 2k, 1993).

Drugs and Chemicals. The following drugs were vsed:
cimetidine (Tagamet® SmithKline), Tween 80° (Synth,
Brazil), indomethacin (Sigma Chem. Co, US.A). The
chemicals used in the nutritive solutions were all of
anatytical grade. The substances and reagents were prepared

immediately before use.

Preparation of the essential oil, The stem bark of Croton
cajucara Benth. was collected in experimental plantation in
Benfica, near Belém, Pard, Brazil. A voucher specimen
number 247 has been identified by Prof. Nelson A. Rosa and
deposited in the IAN Herbarium in Beiém, Brawzil, The air
dried and milied bark (20 kg was subjected to steam
distillation for 6 h.. Preliminary GC-FID analysis performed
in a HP-8%69 system showed that the essential oil was
composed principally by low oxygenated sesquiterpenes.
Complete analyses of the samples are in progress. For the
pharmacological tests here the essential oil was used and
emulsified in 12% Tween 80°,

Acetic acid-induced gastric ulcers. The experiment were
performed according to the method of Takagi et al. (1969).
Male Wistar rats weighing 150 to 200 g at the time of
operation were used in this experiment. The animals were
deprived of food for 24hs because if the stomach is filled
with the gastric content, the infection is slightly difficult and
haemorri‘xage ofien occwrred afler removing the injection
needle. All the experiments were performed between the
hours of 09:00 and 11:00 h Under ether anaesthesia
laparotomy was performed through a midline epigastric
incision. After exposing the stomach, 30% acetic acid,
0.05ml {v/v) per animal were injected into subserosai layer
in the glandular part of anterior wall, with care taken not to
disturb the blood vessels, At the injection of acetic acid
solution a thumb was placed tightly on the inserted needle in
order to avoid the leak of the solution. Afier injection, the

needle was pull out, but the thumb was still piaced on that

2

position for at least 30 second to prevent the leak of acetic
acid by removing of the needle. Then the stomach was
bathed with saline to avoided adherent external surface of
the ulcerated region that was strongly adherent to the liver
which formed a part of the base of the ulcer so that this
separation could not be performed without perforation of the
stomach. Then the abdomen was closed and the animal was
fed normally. Essential otl (100 mg kg 13, cimetidine (100
mg kg'") or vehicle (10 mi kg'') was administered orally for
14 consecutive days, once a day, beginning 2 davs afler the
surgery. Body weight was recorded daily at the same time
during the all days of experiments. On the day following the
fast drug administration, the animals were sacrificed at
proper intervals to assess the healing processes of the ulcer.
The stomach was removed and the pH of the content of
gastric secretion was recorded by PHmeter (Marconi,
Brazil). The gastric lesions were evaluated by examining the
inner gastric surface with a dissecting binocular microscope.
Subsequently the ulcer area (mm?} and curative ratio (%)

were measured as described by Takagi et al. (1969).

Prostaglandin  synthesis determination. The rats were
deprived of food for 24 k prior to the experiment and all
experiments were performed between $9:00 and 11:00 a.m.
Groups consisting of at least 4 rats received one of the
foilowing solutions: 12 % Tween 80 solution (vehicle, p.o.),
indomethacin (20 mg kg, s.c.) used as a negative contrel,
and essential oil (100 mg kg™, p.o.). Indomethacin was
dissolved in 5% sodium bicarbonate solution, pH=8.3.
Additional rats were treated with association of
indomethacin, 30 min prior to treatment to essential oil.
Thirty min afier treatment, the animal were killed with ether
and the abdomen was opened. The gastric mucus was
excised and weighed. Then it is suspended in | mi of 10 mM
sodium phosphate buffer, pH 7.4, The tissue was finely
minced with & scissor and then incubated at 37°C for 20 min
PGE: in the buffer was measured by enzymeimmunoassay
(RPN222 - Armmersham}. The method was following as
previously described by Curtis et al. {1995).

Statistical analysis. Results were expressed as mean + SEM
or SD. One-way anaiysis of variance followed by Fisher'’s
test with the level of significance set at p < 0.05 was used in
the other experimenis. All statistical analyses were

performed using the Statistica 5.1 software (StatSofl, Inc.).
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Results

In general, animals withstood the method of the production
of chronic gastric ulcer well and unfavourable symptom
could not be observed. The body weigh of the treated
animals with ulceration showed almost the same Increase
compared with the control group. However, 20% animals
subjected to 30% acetic acid died by perforation on the 2
and 5% day after the operation. This related for method was
expected because the treatment and mainly the surgery
(Takegi et all, 1969). Then the production and recovery
process of these ulcers treated with essential oil (100 mg kg
") and cimetidine at the same dose, were examined in
relation to the control group. The results are summarised in
table 1. On the 14® day after the operation sach animal from
control group showed an apparent uiceration which had a
punched-cut appearance with a steep wall and the
urdermining of the floor, It was 203 = 1.55 cm in  size
{figurc 1-A). The floor of the ulcer was covered with
necrotic material. In some stomach the extemnal surface of
the uicerated region was adherent to the liver which formed
a part of the base of the ulcer. The oral administration of

3

cimetidine (100 mg kg') and essential oil a the same dose
for 14 consecutive days accelerated the healing of gastric
uleer in rats producing 2 322 and 323 % cure rate
respectively compared with the control group treated with
vehicle (figure 1-B). This healing of gastric ulcer with that
both drugs did not provoke an increase in pH values as also
shown in table 1. No significant differences in body weight
gain was observed at the end of the 14 day of assay (data not
show). The data obtained for gastric PGE; production using
EIA are shown in figure 2. In ours experiments, we had
observed that the essential oil at dose of 100 mg kg’
markedly increased the capacity of the gastric mucosa to
synthesize mucus (figure 3),

Although, there was an increase of PGE, production by
gastric tissue from essential oil, the gastric tissue from
indomethacin (20 mg kg', sc) treated rats showed 2
significant decrease. The increase in PGE, obtained in the
treatment with essential oil was completely abolished by
indomethacin. Thus, indomethacin clearly inhibits the PGE,

increase induced by essential oil at dose of 100 mg kg™

Table 1. Effect of Essential oil on the healing process of ulcers produced by the injection of 30% acetic acid solution into the
rat stomach. The ulceration was observed on the 14th days after surgery.

Treatment N Dose Lesion area {mm®) pH Curative ratio
(p-0) (mg/kg) %
Control 9 - 203155 2.06=0.20 -
Cimetidine g 109 13.7+1.87% 239037 322
essential oil 7 160 13.24£0.38* 2.5040.38 323

Expressed as mean + SEM. Fisher's test, * P< (.05.

Biscussion

We have previously reporied the antfulcerogenic activity of
DHC, the principal furane diterpene isolated from C
cajucara bark, in different ulcerogenic models in mice and
rass (Souza Brito et al., 1998; Rodriguez et al, 1998) and
later described the possible antiulcerogenic mechanisms
involved in the action of DHC (Hiruma-Lima <t a, 1998a).
In addition to DHC, the bark also contains 1% of a very
pleasant essence composed principally of sesquiterpenes,
Later, our groups assay the pharmacological studies to
analysed the antivicerogenic activity of this essential oil
obtained from L cajucara bark in  indomethacin-,
hypothermic restraint stress-, ethanol- and pylorus lgature-
induced gastric ulcer in mice and rats. o the HCVethanol

maodel in mice, we studied whether the effect of essential oil

was dose-dependent and compared it with that of control-
drug. The parameters of gastric acid secretion such as gastric
acidity and gastric juice volume were analysed in animals
submitted to the Shay method, which were treated with
essential oil by the oral and intraduodenal route. Moreover,
the in vive acute toxicologic effect of the bark essential oil
from C. cafucara was also determined (Hiruma-Lima et al
1998b}.

Now we analysed the probably mechanisms involved with
antiuicerogenic action of essential oil that appears seems
different from DHC.

The ulcer produced by the injection of acetic acid solution
into the rat stomach wall was assumed to be a so-called
intractable uleer which is frequently seen clinically but is

seemed to be very difficult to produce in experimental
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Figure | - Gastric ulcers produced by the injection of 30% acetic acid solution into the stormach walls in rats. Figure A and B

shown representative stomachs of ulcerated rats with solution 12

animals{ Monfort et al, 1973). Two reasons were thought.
The ulcer persisted more than 150 days without any
additional procedure and the enlargement of the ulceration
and the appearance of haemorrhages in the fioor or on the
edges of the lesions was confirmed during the healing
process {Takagi at al. 1969). During the period up to 50
days after the infection of 30% acetic acid solution. the
muscularis mucosae and muscle coat of the stomach were
not repaired at all. The inhibition of gastric acid or pepsin
did not accelerate the ulcer healing, and that the agents
stimulating the epithelization or granulation of the stomach
tissue exerted a significant acceleration of the repair in the
early phase of the ulceration (Halter et al, 1995).

lto et al (1994} indicated that cimetidine and omeprazole
mainiy accelerate the healing of chronic gastric ulcers in rats
with a {imited food intake time, by an increase in gastrin
secretion, whereas the inhibition of acid secretion is linle
refated to uleer healing,

Skarstein (1998} reported an increased change of mucosal
blood flow around the ulcer in his animal experiment. and
suggested  that  more  prostaglandins, which  cause
vasodilatation, were synthesised in the ulcer region rather
than in other parts of the gastric mucosa. The large biood
supply seems to reflect the active reepithelization. which
Fequires an abundant supply of glucose and oxygen {Sato et
al. 19935

The results of the present study support the hypothesis that
essential ofl (100 mg kg, p.o.) from C. cajucara Benth.
increased the mucus synthesis and/or retention and increased

the Juminal PGE; concentration 2-fold over basal fevels.

Y tween 80 and essential oil (100 mgikg/day), respectively.,

Interesting results was obtained when the animals were
treated with a combination of both drugs, essential oil and
indomethacin. The increase in PGE; obtained in the
treatment with essential oil was completely abolished by
indomethacin, indicated that this last one clearly inhibits the
PGE; raise induced by essential oil. This technique allows
for the determination of the capacity of the tissue sampie to
generate POE; from endogenous arachidonic acid and has
been shown to correlate well with measurements of
prostaglandin synthesis by gastrointestinal tissues (Curtis et
al., 1995}

Several study shows a severe decrease in gastric

mucosal  blood with
indomethacin, a typical NSAID, and a further decrease

flow after treatment
when HC! was topically administered on the mucoesa
{Kauffman, 1989). It seems likely that indomethacin
inhibits cycloxygenases, resulting in the decreased
mucosal prostaglandin levels and decreases mucosal
blood 1995).

Prostagiandin synthesis is critical to the maintenance

circulation (Trevethick et al,

of gastric mucosal integrity but the mechanism

involved with the cytoprotective action of

prostaglandins. remains incompletely understood.
Among the many factors that may contribute to the
protective of mucus and bicarbonate secretion,
maintenance of gastric blood flow during exposure to
an irritant and inhibition of inflammatory mediator
cells (Guth et al, 1984}

release from mast

Prostaglandins are also capable of modulation gastric
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secretion, Gastric prostaglandin synthesis has been
suggested 1o be modulated by z number of factors,
and through

activation of sensory afferent or cholinergic efferent

inctuding  stress, [luminal irritants
nerves (Kato et al, 1997). An examination of the
phytochemical literature for anti-ulcer molecules
reveals that anti-ulcer activity is not confined to one
class of compound and such activity is usuaily
discovered by screening various plant molecules
against one or more animals models (Lewis &
Hanson, 1991). In conclusion, these results taken
together suggest that the efficacy of essential oil is
based on its ability to strengthen defensive factors,
such as stimulant of mucus synthesis and maintains
the prostaglandins content of gastric mucosa at high

fevels.
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Figure 2 : Effects of oral administration of essential oi} and
indomethacin (INDO) on gastric PGE, production in rats.
Each group is the mean & SEM for 4-6 animals.
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Figure 3: Effects of oral administration of essential oi] and
indomethacin on gastric mucus production in rats. Each
group is the mean + SEM for 4-6 animais
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1. DHC

Varios compostos provenientes de plantas tem demostrado possuir
atividade antiulcerogénica (Lewis & Hanson, 1991). As diterpenolactonas obtidas
de Crofon sublyratus, outra espécie de Crofon, apresentaram compostos
antiulcerogénicos embora com baixo rendimento e poténcia comparadas a DHC
(Kitagawa et al., 1980).

A atividade antiucerogénica da DHC foi iniciaimente avaliada em
diferentes modelos de Ulceras gastricas induzidas através de mecanismos
diversos, tais como estresse, alcool, DAINE e um aumento da produgac do suco
gastrico (Desai & Parmar, 1993).

As dlceras gastricas produzidas pelo estresse por contencao e frio tem
sido amplamente utilizadas para avaliar a atividade antiulcerogénica de drogas
em ratos e camundongos devido a reprodutibilidade dos dados (Murakami et al.,
1985) e pela semelhanca com as gastrites induzidas por estresse psicolégico no
homem (Broddie, 1871). Neste modelo, DHC (100 mg/kg, p.o.) e cimetidina
(droga-padréo, utiizada na mesma dose), protegeram significativamente a
mucosa gastrica das (lceras induzidas por contencdo e frio em ratos e
camundongos. Os mecanismos patogénicos responsaveis pelas lesdes das
tmucosas gastricas induzidas por estresse estdo relacionados a distarbios
microcirculatorios (Koo et al., 1986), alteragdes na secrecdoc gastrica, mobilidade
e diminuic@o do muco protetor (Cho & Ogle, 1992; Cho et al., 1992).

Porém, o fator mais importante para o surgimento das Ulceras por

estresse € 0 aumento da secre¢do Acida géastrica caracterizado, muitas vezes,

G
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como o fator lesivo das lesGes uicerosas (Goa & Monk 1987). A atividade anti-
secretora da DHC, constatada primeiramente no modelo de ligadura do piloro em
ratos, representou um importante fator para o entendimento da atividade protetora
da mucosa gastrica contra as Ulceras induzidas por estresse.

Outra causa comum dos danos géstricos é o excesso no consumo de
alcool (Mincis et al., 1995). As lesGes gastricas induzidas por etanol sdo causadas
pela acdo direta do etanol na mucosa e a acidez gastrica tem pequena
contribuicgo na formagdo das lesdes (Szabo, 1987). Além disso, é bem
estabelecido que as dlceras induzidas por etanol nae séo inibidas por drogas anti-
secretoras como a cimetiding, mas sdo inibidas por agentes que aumentam os
fatores de protecao da mucosa (Robert et al.,1979). A DHC e o omeprazol (droga-
padrao) foram capazes de inibir o efeito do etanol indicando, portanto, que a DHC
também estaria envolvida no aumento dos fatores de protec@o da mucosa, tais
como muco e PG’s,

Houve entao, interesse em investigar se os efeitos da DHC eram dose-
dependentes. Numa éva!iag:éo da curva dose-efeito de DHC no modelo de lesac
gastricas induzidas por HC!/etanoi em camundongos, observou-se que ¢ indice de
les&o uicerativa (ILU) foi significativamente menor nos grupos tratados com 100 e
200 mg/kg de DHC, quando comparado aos valores de ILU obtidos para 0s
animais controle. A DHC, na dose de 100 mg/kg p.o., apresentou um efeito
protetor de cerca de 50% neste modelo farmacoidgico. Foi interessante a
observacéo de que ndo existiu nenhuma diferenca significativa enire os grupos

tratados com DHC nas doses de 100 e 200 mg/kg, nem entre os animais do grupo

61

Discussio



tratados cbm a dose de 50 mg/kg. Deste modo, foi evidenciado que a dose oral
otima de ac¢do da DHC estava mesmo em torno de 100 mg/kg.

Por outro lado, a atividade citoprotetora de algumas drogas
antiulcerogénicas, pela acdo de agentes irritantes moderados, como é o caso do
HCl/etanol nas concentragdes utilizadas, tem sido objeto de diversos estudos e
tem sido observado a importdncia da acdo de PG's enddgenas sobre a
manutencg@o da integridade da mucosa gastrica na presenca de diferentes
agentes lesivos (Balaa & Turnage, 1990; Ligumsky et al., 1995; Ko & Cho, 1996;
Tabata et al., 1996). A potente agdo do lanzoprazol, neste modelo, seria devida
nao somente a forte inibicao da secrecac &cida gastrica, mas também ao fato de
que os inibidores da bomba proténica do tipo do fanzoprazol possuem uma
propriedade citoprotetora adicional (Yamaguchi et al., 1993). Assim, os resultados
obtidos com a DHC neste experimento apontavam para ambas agdes,
antisecretora e citoprotetora.

indmeros estudos tem relatado a agéo da indometacina como um potente
inibidor da biossintese de PG’s (Robert, 1977; Soll et al., 1989) e existem
evidéncias de que o aumento de certas PG’s enddgenas podem acentuar a
resisténcia da mucosa gastrica contra agentes ulcerogénicos (Wallace & Granger,
1996). Verificou-se que, ao contrério da cimetidina {100 mg/kg, v.0.), a DHC
- administrada na mesma dose e pela mesma via, ndo foi capaz de promover
reducao significativa das lesGes na mucosa gastrica induzidas pela indometacina.
Este resultado apontou para uma possivel inibicdo dos efeitos citoprotetores da

DHC pelo antiinflamatério empregado, a indometacina.
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Desde que uma reducdo na gquantidade de muco da parede havia sido
constatada em animais submetidos a estresse, foram estudados os efeitos da
DHC e da carbenoxolona (uma droga-padréo com agéé ciassica neste modelo),
sobre a producdo de muco em lesdes géstricas induzidas pelo estresse causado
por contengéo e frio. A DHC, ao contrdrio da carbenoxolona, ndo produziu
aiteractes significativas na producio de muco em ratos. Portanto, foi levantada a
hipdtese de que os efeitos citoprotetores da DHC sobre as Ulceras induzidas por
etanol e estresse ndo seriam exercidos por um aumento da sintese e/ou retencéo
de muco, o que incrementaria a barreira gastrica.

Adicionalmente, esta bemn descritoc na literatura que antioxidantes podem
prevenir 0 surgimento de leses gastricas tais como aquelas induzidas por etanol
(Ligumnsky et al, 1995). Vérios compostos antiulcerogénicos que ocorrem em
plantas, tais como flavondides, s&o antioxidantes e, portanto, podem apresentar-
se como “scavengers’ de anions superoxido e outras espécies de oxigénio, os
quais tem sido demonstrados como agentes lesivos Cuja participacdo é importante
ne processo inflamatorio gastrico (Lewis & Hanson, 1991; Das Banerjee, 1993).

Assim, foi investigada a possibilidade da DHC em remover radicais livres
em mitocondrias isoladas de figado de rato. A auséncia de efeitos significatives
em ensaios de peroxidacdo lipidica mitocondrial em figado de rato sugeriu que o

-mecanismo antiulcerogénico da DHC também nio seria devido 2 protecdo contra
a formagao de radicais livres na mucosa gastrica.
Todos os resultados obtidos até entdo com s DHC sugeriam que sua

acao poderia ocorrer por inibico da secrecao gastrica, mas a participacdo das
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PG's no mecanismo de protecdc da mucosa ndo havia sido totalmente
descartada.

Optou-se, entdo, primeiramente pela completa caracterizagdo do efeito
antisecretor da DHC. Para avaliar outros possiveis mecanismos envolvidos na
atividade antisecreiora da DHC observou-se gue na dose de 100 mg/kg,
adicionada ao suco gastrico in vitro, ndo houve redugdo da acidez apds
incubacdo. Este resultado, portanto, indicou que a DHC n&o estava envolvida com
um processo de simples neutralizaco da secregéo acida no estémago {Tan et al.,
1986}

Ao contrario da cimetidina, a DHC (100 mg/kg, v.0.) também ndc
promoveu alteragdes significativas nos parémetros bioguimicos do suco gastrico
guando seus efeitos foram avaliados pelo método de Shay (1945). Entretanto,
numa etapa subsequente, os mesmos parametros bioquimicos foram avaliados
em camundongos submetidos & ligadura do piloro {método de Shay modificado).
Neste experimento, os animais foram pré-tratados por via intraduodenal com DHC
ou cimetidina nas mesmas doses usadas para ratos. Ambas provocaram uma
redugdo marcante na concentracio total de &cidos do suco gastrico. Embora um
aumento do volume gastrico total tenha sido observado apds o tratamento com
ambas as drogas, apenas o aumento obtido com a cimetiding foi estatisticamente
“significativo. Estes resultados sugeriram portanto, que a ag&o antiulcerogénica da
DHC ligada a inibigdc da secrec&o acida gastrica ndo era devida a uma acéo
local: mas envolvia absorcdo da substancia e, consequentemente, uma atuagao

sistémica.
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Dando continuidade & investigacio do efeito antiulcerogénico ligado a
inibicao da secregdo acida passou-se & investigacdo dos efeitos da DHC sobre os
mediadores envolvidos no processo secretério. Para tante, foi investigado se o
efeito antiulcerogénico da DHC era decorrente do antagonismo aos receptores Hs
e/ou M envolvidos com a secrecio &cida gastrica. Uma série de estudos
funcionais foi iniciada entdo e os efeitos da DHC sobre estes Areceptores foram
investigados utilizando-se preparacées isoladas, A quantificag&o do efeito da DHC
sobre os receptores H, foi feita, utilizando os batimentos esponténecs do atrio
direito de cobaia como modelc para o estudo da resposta mediada por estes
receptores e a histamina como agonista (Spadari, 1985). Esta preparacdo foi
escolhida por ser dificilmente dessensibilizada durante o experimento e, alem
disso, permitir uma avaliacdo de reversibilidade da interacéo antagonista-receptor,
por um fongo periodo de tempo (Krielaart et al., 1990).

Concentragbes crescentes de DHC, adicionadas antes da realizacéo das
curvas dose-efeito cumulativas & histamina em atrio, produziram deslocamentos
dose-dependentes, a direita, destas curvas. Porém, o desiocamento produzido
pela menor concentracdo (3 uM) de DHC nzo foi significativo. A DHC, nas
concentragbes de 10 uM e 30 pM, também produziu diminuicdes significativas na
resposta maxima da preparacdo; a maior dose diminuiu a freqléncia cardiaca
inicial. Todas as concentragdes de DHC diminuiram significativamente os valores
de pD-, para histamina.

Para determinar se este efeito era especificc para os receptores H,, foi
desenvolvido 0 mesmo experimento usando a isoprenalina como agonista dos B~

adrenoceptores. S6 a maior a concentragdo (30 uM) de DHC foi utilizada. A curva

65

iiscussio



dose-resposta a isoprenalina, como aquelas obtidas para a histamina, foi
deslocada para a direita apds pré-incubacdo com a DHC. Além disso, a resposta
maxima & a freqUéncia inicial foram significativamente reduzidas pela DHC;
entretanto, diferentemente dos resultados obtidos para a histamina, os valores de
pDs permanec:eraml inalterados.

O papel da histamina sobre a secregac gcida gastrica é bem conhecido
(Hirschowitz et al, 1995). No entanto, poucas vezes a secrecdo gastrica foi
relacionada, na literatura, aos receptores B. Foi relatado que os agonistas B-
adrenérgicos estimulariam a liberacio acida em estdmago isolado de rato e que
esta agdo poderia ser antagonizada pelos bloqueadores-B (Canfield et al., 1981).
Estas observagbes sugeriram que o bloqueio dos B-adrenoceptores no estémago,
intensificaria a barreira mucosa como também poderia atenuar a acdo lesiva do
Acido e talvez éa pepsina sobre a mucosa gastrica (Kaan & Cho, 1997). As curvas
dose-resposta obtidas com a DHC para o efeito cronofropico da histamina e
isoprenalina, demostraram que existe algum tipo de antagonismo ndo-competitivo
entre a DHC e os receptores Hy e B em atrio direito de cobaio.

O mesmo raciocinio foi usado para analisar os efeitos da DHC sobre os
receptores M; em fundo de estdmago isolado de rato. Quando concentracHes
crescentes (3 @ 30 uM) de DHC foram adicionadas antes da realizacao das curvas
‘dose-resposta  cumulativas  ao carbacol, observou-se novamente um

deslocamento a direita da curva ao agonista. Apesar da nitida diminuicdo na

resposta maxima, esta reducio s6-foi-estatisticamerits significativa para a dose de

30 puM. Além disso, os valores de pD- foram estatisticamente diferentes apenas
para a maior concentracdo de DHC.
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Estes estudos funcionais sobre os receptores farmacologicos revelaram
que existe um mesmo padrdo de interacdo entre & DHC ¢ os receptores Hy e B do
atric de cobaio e os receptores M, do fundo do estdtmago de rato. Embora a
natureza destes antagonismos n&o tenha sido completamente elucidada seria

possivel atribuir, pelo menos em parte, algum papel a ele no efeitc antisecretor da

DHC.

acida gastrica, passou-se a fase seguinte: a avaliacdo dos efeitos protetores da
DHC sobre a mucosa. Dentre os fatores que contribuem para a acéo protetora
estdo as PG's que produzem diversos efeitos como a estimulagéo da secregdo de
fosfolipideos, muco e bicarbonato; manutencao do fluxo sanglinec gastrico
durante a exposicdo a um agente imritante, e inibicdo da liberacdo dos mediadores
inflamatorios de mastocitos e da producéo de radicais livres (Motilva et al., 1996).
Foi anteriormente relatado que @ DHC néo é capaz de aumentar a produgéo efou
liberag&o de muce (Souza Brito, et al. 1998), to pouco foi capaz de remover os
radicais livres das mitocdndrias do figado de rato (Rodriguez et al., 1998).
Portanto, uma oufra possibilidade de mecanismo de agdo que intensificaria os
fatores de protegdc da mucosa, seria um efeito da DHC sobre a producéo e a
liverac&o de PGE; da mucosa. Os resultados obtidos & partir de céiulas mucosas
do estOmago de ratos demonstraram que a DHC apresentou uma atividade
citoprotetora evidenciada pelo aumento na producido de PGE; por estas células;
por outro lado verificou-se ainda que a administracdo de indometacina (s.c.}
promoveu uma significativa diminuicdo. Um resuliade importante tambem foi

obtido guando o0s ratos foram tratados com uma combinacdo das duas drogas, ou
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seja, DHC e indometacina. A evidente reducdo de PGE, obtida pelo tratamento
com as duas drogas, indicou uma nitida inibicgo pela indometacina do efeito
citoprotetor da DHC.

Assim, foi possivel obter evidéncias de que, além de um efeito
antisecretorio importante, as agbes antiulcercgénicas da DHC, apresentam um
componente reiacionado a uma atividade citoprotetora.

Finalmente, j& foi determinado que drogas antisecretoras tais como os
antagonistas H; e/ou muscarinicos, e os agentes inibidores da bomba protdnica,
s&o capazes de inibir as Ulceras de Shay {Yamaguchi et al., 1993). Como, até o
momento, s6 haviam side realizados ensaios para caracterizacdo da atividade
citoprotetora ou antisecretora do composto em modelos preventivos da formagdo
de lesbes gastricas, optou-se por avaliar também a propriedade curativa e
cicatrizante da DHC frente a Ulceras j& estabelecidas, ou seja, pré-induzidas por
acido acético em ratos.

Em geral, os estudos experimentais de Ulceras gastricas ou de secrecaoc
acida falham na vis&o unilateral do problema e na dificuldade de se extrapolar os
resuitados para a espécie humana. Os animais experimentais geralmenie nao
produzem uiceras espontaneamente e mesmo aquelas produzidas artificialmente
possuermn distintas diferencas com a enfermidade ulcerosa no homem (Montfort et
ai, 1973). Dentre os modelos de Ulceras cronicas o que mais se assemelha
clinicamente & Ulcera humana é o de Ulceras gastricas crbnicas induzidas por
acido acetico, denominadas também de dlceras intratéveis por sua persisiéncia

por mais de 130 dias sem a utilizagio de procedimentos adicionais (Takegi et

al. . 1969).
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Na avaliagdo da capacidade da droga em promover a cicatrizacdo das
lesbes gastricas pré-estabelecidas por acido acético em ratos, a administragdoc de
DHC por 14 dias consecutivos (100 mg/kg/dia) falhou em reduzir estas lesdes. A
cimetidina, usada como droga de referéncia para este modelo, promoveu uma
significativa cicatrizagdo das ulceras {32%). Estes resultados demonstraram que,
apesar da DHC possuir atividade antisecretdria e citoprotetora em modelos
animais agudos, estas atividades n&o foram suficientes para promover o efeito
curativo necessario, ou seja, reparar o tecido previamente lesado.

Por dltimo, no intuito de avaliar farmacologicamente a indicagdo popular
da C. cajucara foram realizados também ensaios para a avaliagao da toxicidade
aguda tanto da DHC (sesquiterpenoclactona) quanto do dleo essencial obtidos de
suas cascas.

A DHC, em ensaios de toxicidade aguda em camundongos, nao
apresentou atividade tdxica significativa. A DL oral (878 mgrkg) foi cerca de oito
vezes maior do que a dose na qual foi detectada a atividade antiufcerogénica {100
mg/kg). Portanto, este resultado indicou que a administragdo oral de DHC, como
potencial droga antiulcerogénica, era aparentemente segura uma vez que a
mesma nao apresentou atividade tdxica. Tais constatagdes de baixa toxicidade
também foram detectadas em ensaios in vitro envolvendo cultura de fibroblastos
V 79 obtidos de pulmdo de hamster chinés (Rodriguez et al, 1988), Porém, em
ensaios de toxicidade subcronica, quando a DHC foi administrada oralmente a
ratos durante um periodo de 35 dias, alteracdes hepaticas significativas
apareceram. O tratamento oral subcrdnico com DHC nao produziu quaiquer

alterag@o no peso corpéreo ou sobre parametros metabdlicos tais como consumo
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de agua e alimentc ou excregdo de animais tratados. Houve, enfretanto, uma
significativa hipertrofia dose-dependente do figado acompanhada por alteracdes
histopatoldgicas severas, as quais forneceram evidéncias de toxicidade hepatica
induzida pelo tratamento com DHC (Rodriguez, 1997). Tais resultados confirmam
as constatacdes obtidas por Nunes (comunicagio pessocal) acerca da incidéncia,
cada vez maiores, de disturbios hepaticos, principalmente hepatite, em individuos

que fazem uso prolongado do cha de sacaca.

2. Oleo Essencial

No intuito de estabelecer um perfil de outros componentes que-pudessem
estar contribuindo com atividade antiulcerogénica das cascas de C. cajucara, uma
planta com forte indicagdo popular na terapéutica antiticera, foi avaliada também
a propriedade antiulcerogénica do dleo essencial.

Na preparacéc popularmente utilizada, que é a infuséo das cascas, existe
uma perda consideravel de componentes do dleo essencial por evaporacio; mas
fica evidente gue o infuso possui dleo essencial, devido ao odor caracteristico.
Numa analise cromatografica prévia do infuso liofilizado a 5%, foi constatada a
presenca do dleo essencial e a sua composicdc foi estudada (Nunes et al., 1998).
Além disso, nao foram encontrados tragos de DHC no dleo extraido das cascas.

Em um estudo de toxicidade aguda em camundongos, o dleo essencial de
sacaca nao apresentou atividade toxica. A DLsp oral (> 5 g/kg) obtida foi cerca de 80
vezes maior do que a dose utilizada para caracterizar a atividade antiuiceroganica
(100 mg/kg). Porém estudos de toxicidade subcronica serdo necessarios para

uma melhor caracterizacdo da toxicidade deste composto.
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O estudo da atividade antiulcerogénica também foi desenvolvido
utilizando-se diferentes modelos experimentais de Ulceras gastricas que operam
por mecanismos diversos (Desai & Parmar 1994). O efeito preventivo do dleo
essencial das cascas do 6lec de C. cajucara sobre as Ulceras gastricas induzidas
por diversos agentes lesivos foi avaliado tanto em ratos, quantc em
camundongos.

O indice ulcerativo estabelecido foi significativamente menor nos animais
tratados previamente com dleo essencial em camundonges (100 e 200 mg/kg)
comparadas com o controle, nas lesdes induzidas por HCletanol. O dleo
essencial, na dose de 100 mg/kg p.o., apresentou um indice de protecio de 50%
neste modelo farmacoldgico. Além disso, nenhuma diferenca estatisticamente
significativa foi observada entre os grupos tratados com o 6leo nas doses de 100
mg/kg e 200 mg/kg; ndo houve diferenga ainda entre os grupos tratados com ©
oleo essencial na dose de 50 mg/kg e aqueles animais do grupo controle tratados
com ¢ veiculo.

O odleo essencial (100 mg/kg) também protegeu significativamente a
mucosa gastrica contra as lesdes ulcerosas induzidas pelo estresse por restricao
e frio ern camundongos em doses comparaveis a da cimetidina.

O tratamento com etanol tem a propriedade de solubilizar os constituintes
do muco do estdbmago com uma queda concomitante na diferenca de potencial
transmucoso, € aumento do fiuxo de Na” e K’ para o lUmen, secrecéo de pepsina,
perda dos ions H* e do conteldo de histamina no Iamen (Kalia et al.,1997). Esta
droga também diminui os niveis teciduais de DNA, RNA e proteinas, levando a

uma estase do fluxo sanglineo na drea injuriada (Szabo 1987). Além disso, é
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conhecido gue as ulceras induzidas por etanol ndo sédo inibidas por agentes
antisecretores tais como a cimetidina, mas sim por agentes que aumentam os
fatores de defesa da mucosa como a PGE; (Robert et al.,1979). O dleo essencial
de sacaca, na dose de 100 mg/kg, protegeu significativamente a mucosa gastrica
contra injurias  produzidas pelo etanol. Estes resultados indicam que,
provavelmente, o 6leo essencial deva atuar aumentando os fatores de protecéo
da mucosa gastrica tais como o muce efou as PG's.

Ja foi bem descrito anteriormente a acado das DAINE, como a
indometacing, que reduzem a atividade da ciclo-oxigenase géstrica e diminuem os
niveis de PQG's enddgenas (Konturek et al.,1984). Estes agentes também
destroem a integridade da barreira mucosa, provocando um aumento da
permeabilidade da mucosa gastrica aos ions H* e Na’ e uma queda na diferenca
do potencial transmucoso, resultando na indugéo de erosdes e Ulceras (Droy-
Lefaix, 1988). Existem evidéncias de que o aumento de certas PG’s endogenas
pode aumentar a resisténcia da mucosa gastrica frente a agentes ulcerogénicos
tais como as DAINES (Wallace & Whittle, 1985). Neste ensaio, o dleo essencial
foi capaz de produzir uma reducao significativa dos danos da mucosa gastrica
causados pela indometacina indicando, mais uma vez, a probabilidade de um
aumento local de PG's.

Numa analise bioquimica do succ gastrico obtido de animais submetidos
a ligadura do piloro demonstrou-se que a cimetidina (p.o.) provocou alteracdes na
acidez e no volume do suco gastrico, ao passo que ¢ oleo essencial (administrado
pela mesma via e na mesma dose) provocou apenas um significative aumento do

volume gastrico. A administrac&o intraduodenal de ambas, no entanto, provocou
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efeitos similares sobre todos os parametros analisados. Como a cimetidina, o dlec
essenciai foi efetivo tanto na redugdo da acidez gastrica, quanto no aumento do
volume do suco gastrico. Assim, foi possivel inferir que as acbes antisecretoras do
dleo seriam devidas a um efeito sistémico, ou seja, o efeito protetor da mucosa
nao dependeria do contato do dleo com a mucosa gastrica.

Estes resultados indicam claramente gue a administragdo oral do Gleo
essencial de C. cajucara produziu significativos efeitos antiulcerogénicos em
modelos animais de ratos e camundongos.

Para analisar os provaveis mecanismos de acdo envolvidos com a sua
atividade antiuicerogénica foram avaliadas as propriedades cicatrizantes do dleo
sobre as Ulceras pré-estabelecidas, além de um possivel efeito citoprotetor
envolvendo sintese e liberagdo de PGE; da mucosa gastrica.

As tlceras produzidas por injecgo de uma solugdo de acido acético na
parede do estdmago foram caraqterizadas como ulceras intrataveis basicamente
por duas razdes. A primeira delas é o fato das mesmas persistirem por mais de
150 dias sem qualquer procedimento adicional: segundo, a extensdo das
ulceragdes e as hemorragias aparentes nas bordas das lesées sio confirmadas,
mesmo apos a ocorréncia do processo cicatrizante (Takegi et al.,1969; Monfort et
al.,1973). O tratamento dos ratos ulcerados com o 6leo essencial de C. cajucara
na dose de 100 mg/kg/dia, durante 14 dias, foi tao efetivo (32 % de remissao)
quanto a droga-padrao, cimetidina, utilizada nas mesmas dose e via.

A inibigdo da acidez gastrica ou pepsina ndo acelera a cicatrizacdo das
Ulceras, ao passo que agentes que estimulam a reepitelizagdo ou granulagdo do

tecido do estdmago exercem uma significativa acelerag@o na cicatrizagao,

73

Discussio



principalimente na fase inicial (Halter et al.,1995). lto et al. (1994) relatou que a
cimetidina e o omeprazol promovem a aceleracio das cicatrizagbes das Glceras
crénicas em ratos pela diminuicdo na secrecdo de gastrina; Sharstein (1996)
relatou um aumento do fluxc sanglineo mucoso em torno das Uiceras, em
animais experimentais, sugerindo que as PG's que promovem a vasodilatacao,
seriam sintetizadas muito mais na regido ulcerada do que em outras partes da
mucosa gastrica. O aumentc do suprimento sangtilineo parece refletir a ativagao
da reepitelizagdo, que requer quantidades aumentada de oxigénio e glicose.

Foi avaliado também, o efeito do dleo essencial sobre a producdo de
muco gasirico, o qual é considerado como um dos fatores relacionados aos
mecanismos de defesa da mucosa (Garner et al., 1984). Por outro lado, a
farmacologia e bioquimica da carbenoxolona tem sido extensivamente
investigada, bem como aquela de vérias drogas deriﬁadas de plantas; sua eficacia
esta baseada em sua habilidade de estimular a sintese de muco (Bolton et
al., 1978, L.ewis & Hanson, 1991).

Os resultados dos estudos com o éleo essencial sobre a producéo de
muco, confirmam a hipétese levantada anteriormente de que o dleo essencial de
C. cajucara seria capaz de promover um aumento significativo de sua sintese,
além de reter ou aumentar a PGE; produzida,

Whight et al. (1982) relatam que existe um aumento significativo nos
niveis de PG’s em pacientes com diceras gastricas cicatrizadas pela terapia
medicamentosa, quando os mesmos foram comparados aos pacientes que
apresentarain auséncia de cicatrizagao, apds 113 dias de tratamento. Varios

artigos sugerem que as PG's devem estar envolvidas no processo de cicatrizacao
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€ que as mesmas tambem seriam responsaveis pelo inicio do processo, © que
eflevaria ainda mais os niveis de PG's em torno das Ulceras refietindo-se em
aumento da vascularizagio (Holm & Jagare, 1982). A sintese de PG's gastricas
tem sido responsabilizada pela modulagdo de inumeros fatores inclusive o
estresse, iritagdo luminal através da ativacdo de nervos sensoriais aferentes e
eferentes colinérgicos (Guth et al, 1984). Portanto, a sintese de PG's é critica
para a manutengdo da integridade da mucosa géstrica; porém, seus mecanismos
de agdo ainda ndo estio completamente elucidados.

O oleo essencial promoveu um aumento duas vezes maior da sintese de
PGE: guando comparado aos niveis de PGE; dos animais controle que
receberam apenas o veiculo. Este aumento foi completamente abolido pela
administracéo prévia de indometacina ao animal, demostrando que o aumento de
PGE: gastrico foi promovido pela administracéo oral do dleo essencial de C.
cajucara. Este tipo de técnica permitiu determinar a capacidade de amostras de
tecido em gerar PGE; & partir de &acido aracddnico e tem mostrado uma boa
correlag@o com as medidas de sintese de PG'’s pelos tecido mucoso {Curtis et al.,
1995)

Portanto, a indicagdo popular das cascas de sacaca como agente
antiuicerogénico possui fundamentos farmacoldgicos evidenciados para pelo
- menos dois tipos de compostos ativos: a DHC, uma sesquiterpenciactona como
atividade citoprotetora e antisecretora, e o 6leo essencial, com atividade

cicatrizante e citoprotetora sobre a mucosa gastrica.
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V - CONCLUSAO




Os ensaios experimentais in vivo e in vitro com a DHC e com ¢ 6leo essenciai

abtidos das cascas de Croton cajucara Benth. demonstraram que:

« A administragdo aguda oral de DHC apresentou significativa
atividade antiulcerogénica em modelos de Uicera géstrica, tais como etanol,
HCl/etanol, estresse por contengdo e frio, e ligadura do piloro em ratos e

camundongos.

» Os efeitos antiulcerogénicos da DHC nao estéo relacionados ao

aumento da sintese de muco, tao pouco & uma propriedade antioxidativa.

= A toxicidade aguda oral da DHC ¢ baixa; entretanto, guando

administrada por periodos prolongados de tempo, a DHC mosira-se hepatotdxica.

« As agbes antisecretora e citoprotetora da DHC n&o foram capazes
de promover a cicatrizagdo das uiceras pré-estabelecidas em ratos, ou seja, a

DHC apesar de apresentar efeito antiulcerogénico preventivo, ndo demostra

efeitc curative.

» Os mecanismos antiulcerogénicos responsaveis pela acdo da DHC
s&o0 decorrentes, principaimente, de dois fatores: supressdo da secrecdo acida
pelo -antagonismo ndo-competitivo aos receptores envolvidos e protegdo da

mucosa gastrica dada, fundamentaimente, pelo aumento da sintese de PGE..

» O oOleo essencial das cascas de C. cajucara apresenta significativa
atividade antiulcerogénica em modelos experimentais de estresse, ligadura do

piloro, indometacina e HCl/etanol.
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¢ A toxicidade aguda obtida para o dleo essencial € menor que aquela

abtida para a DHC.

* O dleo essencial das cascas de C. cajucara apresenta atividade
antiulcerogénica tanté por “prevenir’ o aparecimento de lesdes gdastricas devido &
sua agao citoprotetora (aumenta a sintese de PGE:z e a produgdo de muco),
quanto por “cicatrizar’ as Ulceras pré-existentes. O efeito curativoe do dleo
essencial € semelhante ac obtido para a droga-padréo, cimetidina, utilizada nas

mesmas dose e vija,

= Portanto, o uso popular das cascas de sacaca para o tratamento de
afecgbes gastricas pode ser devido a associagdo das atividades apresentadas
pelos compostos, DHC e dleo essencial, ambos presentes na preparacac

tradicionalmente utilizada.
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VI - ABSTRACT




Croton cajucara Benth. (sacaca) is a plant species growing in the Amazon region
which is popularly used to treat disorders of the digestive tract. We investigated
the antiulcerogenic activity and the mechanism of action of the major constituents
of the bark of the plant, e, the essential oil and dehydrocrotonin (DHC. a
sesquiterpene lactone present in large amounts in the bark). Using acute uicer
models induced by agents such as ethanol, HCl/ethanol, pylorus ligature,
indomethacin, and stress in rats and mice, we observed that the essential ol of the
plant and DHC significantly reduced the ulcerative lesions in the various models
studied. On the basis of these resuits, we investigated the possible mechanisms of
action involved in the antiulcerogenic action of DHC and of the essential oil. DHC
did not increase mucus production by glandular celis isolated from the stomach of
rats and had no antioxidant activity on mitochondria isolated from the liver of rats.
On the other hand, DHC antagonized in a noncompetitive manner the H receptors
of histamine In the isclated guinea pig atrium and the My receptors, in the isolated
rat stomach. Furthermore, DHC caused an increased PGE; production/synthesis
by the ceils of the gastric mucosa of rats. DHC did not heal preestablishad ulcer in
rats after 14 days of treatment. The essential oil altered the acidity and volume of
gastric juice when administered intraduodenally, demonstrating a systemic action,
increased the production of mucus by glandular cells of the rat stomach, and
increased PGE; production/synthesis by cells of the rat gasiric mucosa. In
addition, the essential oil was able to heal (a 32% cure rate) preestablished ulcers
in rats after 14 days of treatment with the same potency as cimetidine. The
present results indicate that the peopuiar use of sacaca infusion containing the

essential oil {0 treat gastrointestinal disorders is perfectly justified by the activities

of its major constituents.

80

Abstract



Vil - REFERENCIAS BIBLIOGRAFICAS




ALPER, J. Ulcers as an infectious disease (1983) - Science, 260 (9). 159-160.

ALY, A.; GREEN, K. & JOHANSSON, C. (1985) - Acid instillation increases gastric
fuminal prostaglandin £, output in man. Acta Med. Scand., 218: 505-510.

BARBOSA, AJA; QUEIROZ, DMM.: MENDES EN. ROCHA, GA.
CISALPING, E.O; LIMA, G.F.; OLIVEIRA, C.A. (1988) - Immunocytochemical

identification of Campylobacter pyfori in gastritis and correlation with cuiture.
Arch. Pathol. Lab. Med., 112: 523-525.

BARON, JH.; BARR, J.; BATTEN, J.; SIDEBOTHAM R.: SPENSER, J. (1986) -

Acid, Pepsin and mucus secretion in patients with gastric and duodenal ulcer
before and after colioidal bismith subcitrate. Gut, 27 486-490.

BARROWMAN, J.A & PFEIFFER, C.J. Carbenoxolone: a critical analysis of its

clinical value in peptic ulcer. In: C.J. PFEIFFER {Ed.), Drugs and Peptic Ulcer,
Vol. 1, CRC Press, Boca Raton, p. 123-132, 1882.

BERGLINDH, T. & HANSEN, D. (1984) - Characterization of isolated gastric
glands from dog. Fed. Proc., 43: 998A.

BERSTAD. K & BERSTAD, A (1983) - Helicobacter pylori infection in peptic ulcer
disease. Scand. J. Gastroenterol., 28: 561-567.

BLACK, J. W.; DUNCAN, W.AM.; DURANT, C.J.; GANELLIN, C.R.; PARSONS,

E.M. (1972} - Definition and antagonism of histamine Ho receptors. Nature,
236: 385-390.

BOLTON, J.P; PALMER, D. & COHEN, M. {1978) - Stimulation of mucus and

nonparietal cell secretion by the E, prostaglandins. Dig. Dis. Scie., 23 (4): 358-
364,

BRODDIE, DA Peptic Ulcer. In. PFEIFFER, C.J. (Ed.) Munksgaard,
Copenhagen, p. 71-83 1971,

Referéncia Bibliogrificas



CANFIELD, S.P, HUGHES, A.D., PRICE, C.A,, SPENCER, J.E. (1981) — The

action of §-adrenoceptor agonists on acid secretion by the rat isolated stomach. J.

Physiol. Lond. 316: 23-31.

CHO, C. H. & OGLE, C. W. (1992) - The pharmacological differences and
similarities between stress- and ethanol-induced gastric mucosal damage. Life

Sciences, 51(24): 1833-1842.

CHO, C. H, KOO, M. W. L, GARG, G. P, OGLE, C. W. (1592) - Stress-induced
gastric ulceration: its aeticlogy and clinical implications. Scand. J. Gastroenterol.,

27:257-262.

CURTIS, G.H,; MACNAUGHTON, W.K; GALL, D.G; WALLACE, J.L. (1995) -
Intraluminal pH modulates gastric prostaglandin synthesis. Can. J. Physiol.

Pharmacol., 73: 130-134.

DAS, D. & BANERJEE, R.K. (1993) - Effect of stress on the antioxidant enzymes
and gastric ulceration. Molec. Cel. Biochem., 125 115-125,

DAYAL, Y. & DelLELLIS, R A Trato Gastrointestinal - Ulceras Pépticas. In: R.S.
COTRAN; V. KUMAR; 8. L. ROBBINS (Eds.), Patolagia Estrutural e Funcional,
Ed. Guanabara Koogan, 4 ed., Rio de Janeiro, p. 638-701, 1991

DESAL J. K. & PARMAR, N. 8. (1993) - Gastric and Duodenal anti-ulcer activity of
suipiride, a dopamine D2 receptor antagonist, in rats. Agents & Actions.

42:149-152.

DI STASI, L. C., SANTOS, E. M. C., MOREIRA DOS SANTOS, C., HIRUMA, C. A
Plantas Medicinais na Amazbdnia. Editora UNESP, S3c Pauio, p.127-128, 1889

DOCKRAY, G.J.; VARRO, A. & DIMALINE, R. (1996) - Gastric endocrine cells:
gene expression, processing and targeting of active products. Phisiol,
Reviews, 76 {3); 767-798.

DROY-LEFAIX, M. T. Prostanoids and stomach physiology. In: CURTIS-PRIOR,
P.B. (Ed.) Prostaglandins: biciogy and chemistry of prostagiandins and related

eicosanoids. Churchill Livingstone, p. 345-360, 1988.
83

Referéncia Bibiiograficas



EBERHART, C. £ & DUBOIS, R. N. (1995) - Eicosanoids and the gastrointestinal
tract. Gastroenterol., 109: 285-301.

ELISABETSKY, E. & GELY, A. (1987) - Plantes médicinaies utilisées en
Amazonie comme font potentiel de noveaux agenis thérapeutiques dans les cas
d'aliergie, thrombose et inflamation. J. d'Agric. Trad. et de Botan. Appl., 386:
143-151.

ELISABETSKY, E. & MORAES, JAR. Etnopharmacology. a technological
development strategy. 1" intern. Cong. of Ethnobicl, 1888, p.111-118.
(Abstract).

ELISABETSKY, E. & POSEY, D.A Ethnopharmacological research and natural
resources of humid tropics: the case of Kayapd indians and its implications for
medical science. Anais do 1° Simp. do Trépico Umido, 1986, p. 85-93 (Abstract).

ELISABETSKY, E. & WANNMACHER, L. (1993} - The status of
ethnopharmacology in Brasil. J. Ethnopharmacology, 38: 137-143.

EVANS, F. The Gastro-intestinal Tract. In: E.M. WILLIAMSON; D.T. OKPAKQO; F.
J. EVANS (Eds.} Selection, Preparation and Pharmacological Evaiuation of
Plant Material, Ed. John Wiley and Sons, Lid., Chichester, p. 25-45, 1996.

FARNSWORTH, N.R. & BINGEL, A.S. Problems of discovering new drugs from
higher plants by pharmacological screening. In: H. WAGNER & P. WOLF (Eds.)
New Natural Products Research and Plant Drugs with Pharmacological,

Biological or Therapeutical Activity, Springer-Verlag, Berlim, p.1-22, 1977.
FORTE, J.G. (1988) - Gastrointestinal Physiology. Annu. Rev. Physiol., 48: 73,

GARNER, A.; FLEMSTROM, G.; ALLEN, A; HEYLINGS, J. R.; McQUEEN, S.
(1984) - Gastric mucosal protective mechanisms: roles of epitheiial bicarbonate

and mucus secretion, Scand. J. Gastroenterol., 19 (Suppl. 101): 79-86.

GARNER, A, FLEMSTROM, G. & HEYLINGS, JR. {1979) - Effects of
antiinflammatory agents and prostaglandins on acid and bicarbonate secretions

in the amphibian-isolated gastric mucosa. Gastroenterol., 77 451-457.
84

Referéncia Bibliograficas



GISLASON, H.; SORBYE, H.; ABDI-DEZFULI, F.; WALDUM, H.L.; SVANES, K.
(19895) - Role of prostaglandins and histamine in hiperemic response o

superficial and deep gastric mucosal injury and H* back-diffusion in cats. Dig.
Dis. Scie., 40(8): 16638-1678.

GOA, KL. & MONK, J.P. (1987). Enprostil: A preliminary review of its
pharmacodynamics and pharmacokinetic properties and therapeutic efficacy in

the treatment of peptic uicer disease. Drugs, 3: 539-559.

GUTH, P.H; PAULSEN, G. & NAGATA H. (1984) - Histologic and
microcirculatory changes in alcchoi-induced gastric lesions in the rat: effect of

prostaglandin cytoprotection. Gastroenterol., 87: 1083-1090.

HALTER, F.; SCHMASSMANN, A. & TARNAWSKI, A. (1895) - Review article:
healing of experimental gastric uicers. Interference by gastric acid. Dig. Dis.
Scie., 40(11); 2481-2486.

HIRSCHOWITZ, BIl; KEELING, D.; LEWIN, M., OKABE, S.; PARSONS, M.;
SEWING, K; WALLMARK, B. ; SACHS, G. (1995) - Pharmacological aspects of
acid secretion. Dig. Dis. Scie., 40, 2 (Supplement). 38-238S.

HOGABOAM, C.M.; BISSONNETTE, E.Y.; CHIN, B.; BEFUS, A.D. ; WALLACE,
J.L. {1893) - Prostaglandins inhibit inflammatory mediator release from mast

cells. Gastroenterol., 104; 122-12¢.

HOLM, L. & JAGARE, A (1992) - Role of prostaglandins in relation of gastric
mucosal blood flow and acid secretion. Am. J. Physiol,, 2683: G448-(3451.

-HORNICK, R.B. (1987) - Peptic ulcer disease: a bacterial infection? N. Engl. J. of
Med., 316: 1518.

ITO, M., SEGAMI, T., INAGUMA, K., SUZUKI Y. (1894} - Cimetidine and
omeprazole accelerate gastric ulcer healing by an increase in gastrin secretion.
European J. Pharmacol. 263; 251.259.

JENSEN, D.M. (1984) - Health and economic aspects of peptic disease. Am. J.
Medic., 77 (5B): 8-14.

Recferéncia Bibliograficas



KAAN, S. K & CHO, C.H. (1897) — Effects of selective 3-adrenoceptor antagonists

on gastric ulceration in the rat. J. Pharm. Pharmacol., 49: 200-205.

KALIA, N, BROWN, N. J; JACOB, S.; REED, MW.R.; BARDHAN, K. D. (1997) -
Studies on gasiric_mucesa! microcirculation. The nature of regional variations

induced by ethanol injury. Gut, 40: 31-35.

KATSURA, Y., NISHING, S. & TAKASUGI, H. (1991) - Studies on antiulcer drugs.
.  Synthesis and antivlcer activities of imidazo [1,2-ajpyridinyi-2-
oxobenzoxazolidines-3-oxo-2H-1,4-benzoxazines and related compounds.

Chem. Pharm. Bull,, 39 (11): 2937-2943.

KITAZAWA, E.; SATO, A, TAKAHASHI, S.; KUWANO, H.. OGISO, A. (1980) -
Novel diterpenelactones with anti-peptic ulcer activity from Crofon sublyratus.
Chem. Pharm. Buil., 28(1): 227-234.

KONTUREK, S. J.; BRZOZOWSKI, T.; PYTKO-POLONCZYK, J.; DROZDOWICZ,
D. (1995) - Exogenous and endogenous cholecystokinin protects gastric
mucosa against the damage caused by ethanol in rats. Eur. J. Pharmacol.,
273: 57-62.

KONTUREK, S.J., KURIECIEN, N., OBTULOWIECZ, W., OLEKSY, J., SITO, E.,
KOPP, B. (1984) - Prostaglandins in peptic ulcer disease: effect of non-steroidal
anti-inflammatory compounds. Scand. J. Gastroenterol. {Suppl.} 92: 250-254.

KOO, MW.L; OGLE, C.W. & CHO, C.H. (1986) - Effect of verapamil,
carbenoxolone and N-acetylcysteine on gastric wall mucus and ulceration in

stressed rats. Pharmacology, 32: 326-334,

KRIELAART, M. J., VEENSTRA, D. M. J. & VAN BUUREN, K J.H. (1980) —
Mechanism of action of Hy-antagonists on histamine-or dimaprit-stimulated Hs-
receptors of spontaneously beating guinea-pig atrium. Agents & Actions,
31(1/2): 23-34.

KURATA, J.H (1983) - What in the World is Happening to Uicers?.
Gastroenterol,, 84(5): 1623-1624.

86

Referéncia Bibliogrificas



KUTCHAL H.C - Gastrointestinal secretions. In; R. M. BERNE & M. N. LEVY
(Eds.), Principles of Physiology, 2™ Edition, Mosby-Year Book Inc., St. Louis,
" Missouri, p. 516-589, 1996.

LAM, S.K (1884) - A etiological factors of peptic ulcer: perspectives of
epidemiclogical observations this ceniury. J. Gastroenterol. Hepatol., 9(Suppl

1): $93-98.

LEWIS, D.A & HANSON, P.J. Anti-ulcer drugs of plant origin. In: G. P. ELLIS & G.
B. WEST (Eds.), Progress Medicinal Chemistry, Elsevier Science Publishers,
voi. 28, p. 201-231, 1991.

LIGUMSKY, M., SESTIERI, M.; OKON, E.; GINSBURG, L (1995) - Antioxidants
inhibit ethanol-induced gastric injury in the rat. Scan. J. Gastroenterol., 30:

854-860.

LIND, T.; CEDERBERG, C.; EKENVED, G.; HAGLAND, U.; OLBE, L. (1983} -
Effect of omeprazole (a gastric proton pump inhibitor) on pentagastrin
stimulated acid secretion in man. Gui, 24: 270-276.

LINDBERG, P.; BRANDSTROM, A & WALLMARK, B. (1987) - Structure-activity
relation-ships of omeprazole analogues and their mechanisms of action.
Trends in Pharmacol. Sci,, 8; 38%-402.

MAJOR, J.S. & SCHOLES, P. {1978) - The localization of histamine Hz-receptor
adenylato cyclase system in canine parietal cells and its inhibition by

orosiaglandins. Agents & Actions, 8: 324-331.
MALONE, M.H. {(1980) - Common problems encountered in ethnopharmacological
investigation and how to solve them. Ciéncia e Cultura, 33(Supl.):19-31.

MALONE, M.H. (1883) - The pharmacoclogical evaluation of natural products

general and specific approaches {0 screening etnopharmaceuticals. J.

Ethnopharmacology, 8: 127-147.

MALONE, M.H. Pharmacological approaches to natural product screening and

evaluation. In: H. WAGNER & . WOLF (Eds.) New Natural Products Research
87

Referéncia Bibliogrificas



and Plant Drugs with Pharmacological, Biological or Therapeutical Aclivity,

Berlim-Springer-Verlag, Berlim, p.23-50, 1977.

MCCHESNEY, J.D. Biological diversity, chemical diversity, and the search for new
pharmaceuticals. In: M.J. BALICK;, E. ELISABETSKY & S.A. LAIRD (Eds.)
Medicinal Resources of the Tropical Forest - Biodiversity and its importance to

human health, Columbia University Press, New York, p.11-17, 1996.

MCINTOSH, J.H.; BYTH, K & PIPER, D.W. (1991} - Causes of death amongst a
population of gastric ulcer patients in New South Wales, Australia. Scand. J.

Gastroenterol,, 26: 806-811.

MILLER, T.A. (1983) - Protective effects of prostaglandins against gastric mucosal
damage: current knowledge and proposed mechanism. Am J. Physiol., 245:

G601-623.

MILNER Jr., G.M. Foreword. In: SHELDON, JW.; BALICK, M.J. & LAIRD, S.A.
(Eds.), Conclusicn and Recommendations. Medicinal Plants: Can Utilization
and Conservation coexist? New York Botanical Garden, New York p. 87-82,

1997.

MINCIS, M.; CHEBLI, JM.F.; KHOURI, S.T.; MINCIS, R. (1995) — Etanol e o trato
gastrointestinal. Arq. Gastroenterol. 32(3): 131-13S.

MIZUI, T. & DOTEUCHI, M. (1983) - Effect of polyamines on acidified ethanol-
induced gastric lesion in rats. Jap. J. Pharmacol., 33: 939-945.

MONK, J.P. & CLISSOLD, S.P. (1987) - Misoprostol: a preliminary review of its
pharmacodynamic and pharmacokinetic properties. The therapeutic efficacy in

the treatment of peptic uicer disease. Drugs, 33: 1-30.

MONTFORT, AR, ALARCON, S.C.; ONTIVEROS, JRA; LOPEZ, JA (1973) -
Evolution de la secrecion clorhidropéptica em ratas com Ulceras subaguda de
estdmago y de ducdenc. Nuevo medelo experimental. Rev. Esp. Enf. Ap.
Digest., 41: 771-778,

88

Referéneia Bibliograficas



MORIMOTO, Y., SHIMOHARA, K. OSHIMA S.; HARA, H., SUKAMOTO, T.
{1994) - Effects of KB-5492, a new anti-ulcer agent with selective affinity for the
sigma receptor, on aspirin-induced disruption of the rat gastric mucosal barrier.

Jap. J. Pharmacol., 64:49-55.

MOTILVA, V., LOPEZ A; MARTIN, M.J.; LA CASA, C.. ALARCON DE LA
LASTRA, C. (1996} - Cytoprotective activity of cisapride on experimental gastric
mucosal lesions induced by ethanol. Role of endogencus Prostagiandins.

Prostaglandins, $2: 63-74,

MURAKAMI, M.; LAM, S. K.; INADA, M.; MIYAKE,T. (1985) - Pathophysiology and
pathogenesis of acute gastric mucosal lesions after hypothermic restraint stress
in rats. Gastroenterol., 88; 660-665,

NAKANISHI, K. Natural products chemistry - past and future. In: JW. ROWE (Ed.)
Natural Products of Wooedy Plants, Berlim-Springer-Verlag, Berlim, p.13-25,
1889

NUNES, D.S.; MULLER, E.; FRIGUETTO, N; OLIVEIRA J.G. - Alguns
constituintes quimicos das cascas de Crofon cajucara.in: XV SIMPOSIO DE
PLANTAS MEDICINAIS DO BRASIL, Agua de Lindéia-SP. Anais, 1988, p. 134.
{Abstract)

OSTENSEN., H; GUDMUNDSEN, T.E; BOLZ, K.D; BURHOL, P.G.; BONNEVIE, O.
{1985) - The incidence of gastric ulcer and duodenal ulcer in north Norway - a
prospective epidemiological study. Scand. J. Gastroenterol., 20(2); 189-92.

PETERS, MNN. & RICHARDSON, C.T. (1983) - Siressful life events, acid
hypersecretion and ulcer disease. Gastroenterol., 84: 114-118.

PETERSEN, H.; KRISTENSEN, P.; JOHANNESSEN, T, KLEVELAND, P.M;
DYBDAHL, JH; MYRVOLD, H. (19S5) - The natural course of peptic ulcer
disease and its predictors. Scand. J. Gastroenterol., 30: 17-24.

PIO CORREA, M. Dicionario das Plantas Uteis do Brasil e das Exoticas Cultivadas.
Rio de Janeiro. Imprensa Nacional. Vol. 2, p. 213, 1984.

89

Referéncia Bibliogrificas



POSEY. D.A. Etnobiologia; teoria e pratica. In: B.G. RIBEIRO (Ed.) Suma
Etnologica Brasileira — Etnobiologia, Ed. Vozes, Petropolis, p.302, 1986.

QUEIROZ, D.M.M.; BARBOSA, AJA; MENDES, E.N.; ROCHA GA; CISALPINQG,
E.O.: LIMA, G.F.; OLIVEIRA, C.A. (1988) - Distribution of Campylobacter pylori
and gastritis in the .stomach of patients with and without duodenal ulcer. Am. J.
of Gastroenterol,, 83 (12); 1368-1370.

RAEATULLAH, S.; TARIQ, M.; AL-YAHYA, M.A; MOSSA, J.8.; AGEEL, A M.
(1990) — Evaluation of turmeric (Curcuma longa) for gastric and duodenal

antiulcer activity in rats. J. Ethnopharmacology, 29: 25-34.

RAEFATULLAH, S TARIQ, M.; MOSSA, J.S.; AL-YAHYA, MA; AL-SAID, M.S ]
AGEEL, AM. (1994). - Anti-secretagogue, anti-ulcer and cytoprotective
properties of Acorus calamus in rats. Fitoterapia, 5:19-23.

RAINSEORD, KD. (1987). - Gastric ulcerogenicity of non-sterircidal anti-
inflamatory drugs in mice with mucosa sensitized by cholinomimetic freatment.
J. Pharm. Pharmacoi., 39 669-672.

ROBERT, A NEZAMIS, J.E.; LANCASTER, C; DAVIS, JP; FIELD, S. O
HANCHAR, AJ. (1983) - Mild irritants prevent gastric necrosis through
adaptative cytoprotection mediated by prostaglandins. Am. J. Physiol., 245
113-121.

ROBERT, A. (1977) - Cytoprotection by prostaglandins. Gastroenterol., 77 781-
767.

ROBERT, A, NEZAMIS, J.E., LANCASTER,C., HANCHAR, JA (1979) -
Cytoprotection by prostaglandins in rais: prevention of gastric nNecrosis
produced by alcohol, HCI, NaOH, hypertonic NaCi and thermal injury.
Gastroenterol., 77; 433-443, 1876.

RODRIGUEZ, J. A. - Desidrocrotonina: Atividade antiulcerogénica, toxicidade
e metabolizagéo in vivo e in vitro. Campinas, p.138, 1898. [Tese — Doutorado

—1.B. - Universidade Estadual de Campinas].

90

Referéncia Bibliogrificas



RODRIGUEZ, JA; HIRUMA-LIMA, C.A. HAUN, M: SOUZA BRITO, ARM.
(1999) - Antiulcerogenic effects and Subchronic toxicity of Trans-
" dehydrocrotonin obtained from Croton cajucara. Pharmacol. and Toxicol.,

(submetido).

SACHS, G; CARLSSON, E.; LONDBERG, P.; WALLMARK, B, (1988) - Gastric
H¥ K*. ATPase as therapeutic target. Annu. Rev. Pharmacol. Toxicol,, 28

269-284,

SACHS, G.; PRINZ, C.; LOO, D.; BAMBERG, K; BESANCON, M.; SHIN, J.M.
(1994) - Gastric acid secretion: activation and inhibition. Yale J. of Biol. Med.,

67: 81-95.

SANDOR, A; KIDD, M.; LAWTON, G.P.; MIU, K; TANG, LH. MODLIN, LM. (1996) -
Neurohormonal modulation of rat enterochromaffin-like cell histamine secretion.

Gastroenterol., 110: 1084-1092.

SANIOTO, D.L. Sistema digestivo: secrecdo e digestdo. in: M. MELLO AIRES
Fisiologia, Ed. Guanabara Koogan, Rio de Janeiro, 1991,

SATO, N.; KAWANQ, S.; TSUJI, S.; OGIHARA, T.; YAMADA, S. ( 1995) - Gastric
blood flow in uicer diseases. Scand. J. Gastroenterol. (Suppl.) 208:; 14-20.

SHARSTEIN, A. (1979) ~ Effect of indomethacin on blocd flow distribution in the
stomach of cat with acute gastric ulcer. Scand. J. Gastroenterol. 14: 905-911.

SHAY, H.; KOMAROV, S A FELS, S.S.; MERANZE, D. GRUENSTEIN, M.:
SIPLET, H. (1945) - A simple method for the uniform production of gastric
ulceration in the rat. Gastroenterol., §: 43-61.

SHELDON, JW.; BALICK M.J & LAIRD, S.A In Conclusion and
Recommendations. Medicinal Plants: Can Utilization and Conservation coexist?

New York Botanical Garden, New York, pp. 87-92, 1997,

SIMOES, J.C.; SILVA, AJR. SERRUYA, H., BENTES, MHS. (1979) -
Desidrocrotonina, uma norditerpeno  de  Crofon cajucara  Benth.

(Euphorbiaceae). Ciéncia e Cultura, 31(10): 1140-1141.
91

Referéncia Bibliogrificas



SOLL, AH. (1986) - Mechanisms of action of antisecretory drugs: studies on

isolated canine fundic mucosal cells. Scand. J. Gastroenterol., 21: 1-6.

SOLL, AH, KURATA, J. & McGUIGAN, J.E. (1989) - Ulcers, Nonsteroidal
antiinflammatory drugs, and related matters. Gastroenterol., 86:561-568.

SONNENBERG, A. (1985) - Geographic and temporal variations in the occurrence
of peptic ulcer disease. Scand. J. Gastroenterof., 110 (Suppi.): 11-24.

SONNENBERG, A. (1885) - Temporal trends and geographicai variations of peptic
uicer disease. Aliment. Pharmacol. Ther., 9 (Suppl .2); 3-12.

SOUZA BRITO, ARM. & NUNES, D.S. (1997) - Ethnopharmacology and
sustainable development of new plant-derived drugs. Ciéncia e Cuitura,

49(1/2); 402-412.

SOUZA BRITO, ARM. (1996) - How to study the pharmacology of medicinal
plants in underdeveloped countries. J. Ethnopharmacology, 54: 131-138.

SOUZA BRITO, A.R.M. Toxicologia Pré-Clinica de Plantas Medicinais, In: L.C. DI
STAS! (Ed) Plantas Medicinais: Arte e Ciéncia, um guia de estudo
interdisciplinar. £d. da UNESP, S50 Paulo, p. 99-107, 1995 a.

SOUZA BRITO, ARM. Legislacdo de Fitoterapicos, In: L.C. DI STASI (Ed.),
Plantas Medicinais: Arte e Ciéncia, um guia de estudo interdisciplinar, Ed. da
UNESP, Sao Paulo, p.187-197, 1995 b,

SPADARI, R.C. Sensibilidade s catecolaminas no &trio direito isolado de
ratos submetidos & natagdo: o papel da corticosterona. Sio Paulo, p. 58,

1985. [Tese-Doutorado - ICB - Universidade de S3o Paulo].

SZABO, S. (1987) - Mechanisms of mucosal injury in the stomach and duocdenum:
Time-sequence analysis of morphologic, functional, biochemical and
histochemical studies. Scand. J. Gastroenteroi,, 22 (Suppl. 127): 21-28.

Referéncia Bibliogrificas



SZABO, S.; KUSSTATSCHER, S.; SAKOULAS, G.; SANDOR, Z.: VINCZE, A;
JADUS, M. (1995} - Growth factors: new éndogenous drugs for ulcer healing.
Scand. J. Gastroenterol., 30 (Suppl. 210): 15-18.

TABATA, M.; TOMOMASA, T.; ITOH, K; MORIKAWA, A. (1996) - Effect of 10%
ethanol and sofalcone on prostaglandin k£, content, mucus gel thickness, and
experimental uicers in the stomach of developing rats.

Digestion, 57: 47-53.

TAKAGI, K; OKABE, S. & SAZIKI, R. (1959) - A new method for the production of
chronic gastric ulcer in rats and the effect of several drugs on its healing. Jap. J.

Pharmac. 19: 418-426.

TAKEUCHI, K; NlIDA, H.; OHUCHI,T. OKABE, S. (1994) - Influence of urethane

anaesthesia on indomethacin-induced gastric mucosa! lesions in rats. Dig. Dis.

Scie., 39 (12). 2536-2542.

TALLEY, NJ. & ORMAND, J.E. (1989) - Is antibacterial therapy against
Campylobacter pylori useful in the treatment of indigestion'and chronic peptic
ulceration? Trends in Pharmacol. Sci., 10: 36-40.

TAN, P. V. NDITAFON, N. G.; YEMAH, M. P.; DIMO, T.: AYAFOR. F.J. (1996) —
Eremomastax speciosa: effects of leaf aqueous extract on ulcer formation and
gastric secretion in rats. J. Ethnopharmacology, 54: 139-142.

TARNAWSKI, A.; SANTOS, T.AM. & SARFEH. I.J. (1895) - Celluiar and
maolecular mechanisms of gastric ulcer healing. Is the quaiity of mucosal scar
affected by treatment? Scand. J. Gastroenterol., 30 (Suppl. 210): 9-14.

TAYLOR, D.N. & BLASER, M.J. (1991) - The epidemiology of Helicobacter pylori
infection. Epidemiol. Review, 13: 42-59.

TEXTER, E.C. & REYLLY, P. (1982) - The efficacy and selectivity of pirenzepine:
review and commentary. Scand. J. Gastroenterol., 1 7(72). 237-246.

TREVETHICK, M.A; OAKLEY, I.; CLAYTON, N.M.: STRONG, P. (1995) - Review:

Non-steroidal anti-inflammatory drug-induced gastric damage in experimental
93

Referéncia Bibliograficas



animals: underlying pathclogical mechanisms. Gen. Pharmacol. 28(7): 1455-
1459.

TRIER, J.8.; SZABO, S. & ALLAN, C.H. (1987) - Ethanol-induced damage to
mucosal capiliaries of rat stomach. Ultrastructural features and effects of

prostaglandin F, and cysteamine. Gastroenterol,, 92: 13-22.

VAN DEN BERG, M.E. In: Plantas medicinais da Amazénia - Contribuicdo ao seu
conhecimento sistematico, Museu Paraense Emilio Goeldi, Belem, p. 223,

1982.

WALDUM, J.L.; SANDVIK, S.K; BRENNA, E.; PETERSEN, H. (1991} - Gastrin-
histamine sequence in the regulations of acid secretion. Gut, 32: 32-39. '

WALLACE, J.L. & COHEN, M.M. (1984) — Gastric mucosal protection with chronic
mild restraint. role of endogenous prostaglandins. Am. J. Physiol. 247: G127-

G132.

WALLACE, J.L. & GRANGER, D.N. (1996) - The cellular and molecular basis of
gastric mucocsal defence. FASEB J., 10: 731-740.

WALLACE, J.L. & WHITTLE, B.J. (1985) - Role of prostanoids in the protective
action of BW755C on the gastric muccsa. Eur. J. Pharmacol. 115(1). 45-51.

WEIR, D.G. (1988) - Peptic ulceration. British Med, J., 296 195-200.

WHIGHT, J. P, YOUNG, G. O.; KLAFF, L. J.; WEERS, L. A; PRICE, S. T.;.
MARKS, . N. (1982) — Gastric mucosal prostagiandin E levels in patients with
gastric ulcer disease and carcinoma. Gastroenterol. 82: 263-267.

WHITTLE, B.JR. & VANE, J. R - Prostanoids as regulators of gastrointestinal
function. In: L. R, JOHNSON (Ed.). Physiology of the Gastrointestinal Tract, 2™
ed., Raven Press, New York, p. 143-180, 1987.

WOLFE, M.M. & SOLL, AH. {1988) - The physiology of gastric acid secretion. N.
Engl. J. of Med., 319 (26): 1707-15,

U4

Referéncia Bibliogrificas



YAMAGUCHI, T.; AIHARA, K; YAMADA, S, NARITA, S.; KOGI, K (1993) -
Biochemical and pharmacological properties of a newly synthesized proton
pump (H'/K'-ATPase) inhibitor, TY-11345 in experimental animals. Jap. J.
Pharmacol., 62: 363-371.

YANQO, S.; AKAHANE, M. & HARADA M. (1978) - Role of gastric motility in
development of stress-induced gastric lesions of rats. Jap. J. Pharmacol,
28:607-615.

ZETHELIUS, M. & BALICK, M.J. (1982) - Modern medicine and shamanism ritual:
a case of positive synergistic response in the treatment of a snake bite. J.
Ethnopharmacoiogy, 5. 181-185.

Relcréncia Bibliogrificas



Vi - APENDICE




Pharmacy and Pharmacology

1 Lambeth High Street, London SE1 73N Tel 0171 735 8141 Fax: 0171 820 3817

Dr A R M Souza Brito

Dep. de Fisiclogia. Instituto de Biologia
Universidade Estadual de Campinas
Caixa Postal 6109

Campinas

SP

13084-970

Brasil

J98G33

Antinociceptive effect of Neurolaena lobata

JSGRACIOSO M Q PAULO C A HIRUMA LIMA AR MSQUZA
BRITO

A page proof of this paper is enclosed for correction. It must be
returned to the Editor within three days of receipt, together with the
enclosed offprint order form. and the transfer of copyright agreement.

The author must check that the references in the text correspond with
those in the reference fist. Technical data, especiaily formulae, tabular
material and diagrams should be checked with particujar care. The final
responsibility for these must rest with the author, while respecting the
style of this particular Journal.

Please note that the paper is scheduled for the December issue of
the Journal and therefore the proof must be returned by the 25th of
October.
Please fax this completed form to:
The Editor
Journal of Pharmacy and Pharmacology
1 Lambeth High Street
- London SE1 7JN

FAX: +44 (0) 171 8203917

Date Proof recerved:

Date Proof returned:

Apdndice 57

Editer: Joseph Chamberlain PhD, FRSC. Published by the Royal Pharmaceutical Society of Great Britain,



32 ¥erson: 4.52¢/ X fhurs 24 195 BhdfechRef:9 0270 {Fay 11997

I Phamn. Pharmnacol 1998, 50 1.5
Received March 16, 1998
Accepied July 29, 1998

¢ 1998 1. Pharm. Pharmacol,

Antinociceptive Effect in Mice of a Hydroalcoholic Extract of
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Abstract

An mfuglon of the aerial parts of Neurolaena lobaa (L.) R. Br. (Compositae ~Asteraceae)
is us_ed in Caribbean folk medicine to treat several kinds of pain. In this investigation we
studied zhe‘ acute oral toxicity of the hvdroalcoholic extract of the plant and the
amm_oczcegtwe effect of the extract and of its hexane- and chloroform-partitioned
fractions, given oraily, in nociception and inflammatory models in mice.

No signs of toxicity were observed for oral doses up to 5000 mg kg™’ in mice. Morphine
hydrochioride (10mgkg™), dipyrone sodium (200mg kg™"), the hydroalcoholic extract
(1000 mg kg™"), and its chloroform- and hexane-partitioned fractions {100 mgke™") sig-
nificandy i;zhibz‘teci acetic acid-induced abdominal constriction in mice (100, 95. 47, 62 and
60% inhibition, respectively when compared with the negative conwoi). In the hot-plate
lest in rmuce, morphine hydrochloride, the chloroform- and hexane-partitioned fractions, but
not the hydroalcoholic extract, resulted in a significant latency increase in all observation
times. In the acetic acid-induced abdominal constriction in mice. pretreatment of the
animals with nzloxone significantly reversed the analgesic effect of morphine, but not that

of the hydroalcoholic extract or of its hexane- and chloroform-partitioned fractions.

Finally, administration of the

hexane-

and chioroform-partitioned  fractions

=1 P, - . .
(100mgkg™") had a significant anti-oedematogenic effect on carrageenan-induced oedema

in rmice.

Tb;se data s{zow that the hydroalcoholic extract of N. lobara znd. in particular, its
partitioned fractions have significant analgesic properties when assessed through these pain

models. Their antinociceptive effect rmight be the result of interference with the inflam-

matory process.

The plant family Compositae consists of approxi-
mately 920 genera and more than 19000 species
widely distributed in tropical and subtropical
countries (Joly 1977). N. lobara (L.) R. Br., pre-
viously incorrectly named Pluchea symphytifolia
(Millery Gillis. is a herbaceous plant of the Com-
positae-Asteraceae family (Khan & Jarvis 1989)
which is widespread in Central America and has
also been found in north-western South America,
including the north of Brazil (Pasrreiter 1995). The
Guatemala Caribbeans use N. lobara 23 a temedy
for several diseases, including mazlaria (Francois et
al 1995}, stomach pains, diaberss. skin diseases

Correspondence: A. R. M. Souza Bruo, Departamento de
Fisiologia ¢ Biofisica, LB.. Caixa Postal 6109, Universidade
Estadual de Campinas, 13.081-970 « Campinas, SP, Brazil.

{Pasmreiter 1995) and other kinds of pain (Germo-
sén-Robineau 19931, This plant is also used by
some ethnic groups in the Antilles for cancer
treatment (Frangois er al 19935; Pasrreiter 1993).
People use extremelv bitter-tasting decoctions of
the leaves, and other preparations. The doses and
the frequency of administration differ among ethnic
groups (Frangois et 2] 1995}, .
Chemical substances isolated from N. lobaia
include a thvmol derivative (Bohlmann et al 1879),
twelve flavonoids including one new sulphate.
several cuathemone derivatives, germacranolides.
terpencids such as z-amirine. and one obscure
atkaloid (Germosén-Robineau 1995). Eleven ses-
quiterpene lactones, among them two named neuro-
lenin-A and nerolenin-B {Manchand & Blount
1978} have also beezn isolated from this species.
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Considering its use in Cemtrzl Amerncan folk
medicine and the large number of chemical sub-
stances isolated from N. lobata. it seemed appro-
priate to evaluate the activity of this species. In this
study we have investigated the acute toxicity of the
hydroalcoholic extract of N.. lobara and the anii-
nociceptive effect of the extract and its hexane- and
chloroform-partitioned fractions against acetic
acid-induced abdominal constriction and the hot-
plate analgesic lest, Because of the use of this
species for cancer treatment (Francois et al 1995;
Pasrreiter 1995), we also investigated the possible
involvement of its antinociceptive effect with
opioid recepters. Finally, the ant-cedematoeenic
effect of the hexane- and chloroz’omépaﬂitfened
fractions was Investigated using carrageenan-
induced paw oedema in mice.

Materials and Methods

Drugs

Dipyrone sodium (Hoechst Marion Roussel, Brazil)
and the extract and its hexane- and chioroform-
partitioned fractions were dissolved in 12% Tween
80 (Synth, Brazil) solution. Acetic acid, morphine
hydrochloride, naloxone hydrochloride, carragee-
nan and indomethacin {Sigma, M) were dissolved
in 0-9% NaCl (saline) or 5% NaHCO; solution. All

reagents were of a high grade of purity. Substances. -

reagents and extract or fractions were prepared
immediately before use.

Animals

Experiments were performed, during the momine,
on Swiss albino mice, 30£5¢, from the Central
Animal House of the Universidade Estadual de
Campinas (Cemib/Unicamp). They were fed a
certified Nuvilab CR-a (Nuvital) diet, had free
access 1o tap water and were kept in (he animal
house under standard conditions of 12 h light—dark,
humidity, 4nd temperature. *Animals were fasted
before the assays because the siandard drugs or
extract and fractions of N. lobara were alwavs
administered orally (p.o.), except for indomethacin,
merphine and naloxone. All experiments were
performed according to current guidelines for the
care of laboratory animals and ethical guidelines
for investigations of experimental pain in conscious
animals {Zimmermann 1983). )

Prepararion of Neurolaena lobata extract and

fractions
The leaves of V. iobaia were collected by a botany

group from Enda-Caribe, Santo Domingo, Domin-
ican Republic, coordinated by Dr Lionel Germon-
sén-Robineau. The dried ieaves were minced and

JULIANO 5. GRACIOSO ET AL

extracted with ethanol-water. 9:1, in a Soxhlet
apparatus. The resulting extract was evaporated o
dryness under vacuum at 50°C and the residue was
successively submitted to hexane and chloroform
partition to obtain appropriate partitioned {ractions.
The solvent was then removed from the resulting

fractions by evaporation.

Acute toxicity and LD30

Swdies of the acute toxicity of the hydroalcoholic
extract were performed on mice. Increasing doses
of N. lobara hydroaicoholic exuact were adminis-
tered to groups of 10 animals for each dose level
after a 12-h fast. The animals were observed for 14
days, when the number of survivors was recorded.
The acute toxicologic effect was estimated by the
method described by Souza Brito (1995) and was
expressed as LD30 (the dose resulting in the death
of half the mice} according to Litchfield & Wil-

coxon (1949).

Abdomiral constriction response caused by
intraperitoneal injection of aceric acid

The response to intraperitoneal injection of a 0.6%
acetic acid solution; contraction of the abdominal
muscle and stretching of the hind limbs; was
induced according to procedures described by
Koster et al (1959). Animals were pretreated with
the hydroalcoholic extract (1000mgkg™"), or its
hexane- or chloroform-partitioned  fractions
(100mgke™") and negative-control  animals
received a similar volume of 12% Tween 80
(IOmLkg"'i). Positive-contro} mice received
dipyrone (200mgkg™'. p.o.) and subcutaneous .
(s.c.) morphine (10mgkg™'). The drugs were
administered 30 min before injection of 0-6% acetic
acid. Afier challenge. pairs of mice were placed in
separate transparent boxes and the number of
abdominal constrictions over a period of £~21 min
were counted. Antinociceptive activity was
expressed as the reduction of the number of
abdominal constrictions. The number of abdominal
constrictions and stretchings was recorded and
percentage protection was calculated by use of the

formula:
{{control mean — treated mean)/control mean] x 100

Hor-plaze test
The hot-plate test was used to measure latencies

according to the method described by Eddy &
Leimback {1953). with minor modifications. In
these experiments the hot-plaie apparatus (Ugo
Basile. Model-DS 373 was maintained at 56:% 1°C.
Animals were placed In a 24-cm diameter glass
cylinder on the heated surface and the time between

Apéndice
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placement and shaking or licking of the paws or
jumping was recorded as latency. Latency was
recorded for control mice (treated with vehicle) and
for animals pretreated with morphine (10 me kg™,
s.c.) used as positive-contro! or pretreated with the
hydroalcoholic extract (1000mgkg™"), or with jts
hexane- or chloroform-panitioned  fractions
(100mgkg™'). All substances were administered
30min before the beginning of the experiment.
Animals were selected 24 h previously on the basis
of their reactivity in the test. Only animals showing
a reaction within the 3-9-6-9 s range were selected.
Negative-controi animals received a similar volume
of 12% Tween 80 (10mL kg™, p.o.). All animals
were observed before (Omin) and 30, 60 and
90 min after drug administration. The latency per-
iod of 30s was defined as complete analgesia.

Analysis of the mechanism of analgesic action of
Neurolaena lobata hyvdroaleoholic extract and its

chloroform- and hexane-partitioned fractions

The possible participation of the opioid system in
the antinociceptive effect of the hydroalcoholic
extract of N lobara and its chloroform- and
hexane-partitioned fractions was investigated. To
analyse this mechanism we also used the acetic
acid-induced abdominal constriction model in
mice, with some modifications. Animals were
pretreated  with intraperitoneal (i.p.) naloxone
(Smgkg™’) 15min before oral administration of
the hydroalcoholic extract (1000mgkg™') or its
chloroform-  or hexane-partitioned  fractions
(100mgkg™"), or subcutaneous administration of
morphine (10mgkg™"). Control znimals received a
similar volume of 12% Tween 80 (10mLkg™")

orally.

Carrageenan-induced paw oedema in mice

The method utilized was similar 1o that described
by Henriques et al (1987) who used groups of male
mice. Pretreatment with indomethacin (20 mg kg",
s.c.; used as positive control) or with its hexane- or
chloroform-parntitioned  fractions (100mgkg™’,
p.0.) was 30 min before injection of 300 HE carra-
geenan (1% suspension in normal saline). The paws
were weighed 3 h after carrageenan injection. The
increase in weight caused by the irritant was found
by subtracting the weight of the untreated left paw
from that of the treated right paw.

Staristical analvsis

Results are expressed as means= standard devia.
tion {s5.d.) or meansz standard error of the mean
(s.e.m.); staustical significance between resulls
from different groups was assessed by analysis

3

P vajues < 0-05 were considered indicative of sig-
nificance.

Results and Discussion

In this study relatively large doses of the plant

extract (1000mgke™! p.¢.) were needed to elicit

pharmacological action. In our toxicologic assay

oral doses up to 53000 mgkg™' resulted in no signs

of toxicity in mice. and no significant changes in

daily body weight or organ weight were observed

during the next 14 days (results not shown). This

might be a reflection of the low concentrations of
the active and toxic substances in the extract. This

confirmed the widely reporied low toxicity of the

plant extract. Considering the high experimental

dose, this probably indicates that, at the usual doses

employed by man (estimated to be about 10% of
the dose used here), the plant extract would prob-

ably not have toxic effect. However, it should be
stressed that extrapolations of the effects of
potentially toxic substances from animals to man

cannot always be made (Tanira et al 1996).

We also investigated the analgesic and anu-
oedematogenic effect of the hydroalcoholic extract
of N. lobata leaves and of its partitioned fractions
in mice, by use of chemical (acetic-acid induced
abdominal constriction) and thermal (hot-plate test)
pain models and one acute inflammatory assay.

The abdominal constriction elicited by acetic
acid has been used to assess the potential analgesic
activity of drugs. Morphine, dipyrone, the hydro-:
aleoholic extract. and its chloroform- and hexane-
partitioned fractions significantly inhibited acetic
acid-induced abdominal constrction in mice, by
100, 95, 47, 62 and 60%, respectively, compared
with control animals (Table 1). The data show that
the percentage inhibition of the abdominal

Table 1. Effect of the hydroalcoholic extract of Neurolaena
{obata. and of its chloroform- and hexane-partitioned fractions.
on acetic acid-induced zbdominal constriction in mice.

reatment Dose Number of Inhibition
imgke™")  constrictions (%)
Conurol - 41.0E£35-11 -
Morphine 1o G* 100
Dipyrone 200 2.0£058* 951
Hydroaicsholic 1000 217+ 309+ 47-1
extract
Hexane-partitioned 100 164 2-88* 50-0
fraction
Chloroform- 100 154 1.62° 6z-4

partitioned {raction

Each value is the mean = s.d. of results from seven animals.
Sigpificantly different from the respective contrel value; ana-
lysis of variance F(4,30)=229 (P <005} Dunnett’s test

*P < 0001,

_af vaﬁancp followed by Dunpen’s pairwise test
Apéndice
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constrictions affordecd by 100mgkg™ of the
chioroform- and hexarse-partitioned fractions was
equivalent to that afforded by 200mgke™" dipyr-
one. These data also  show the significant aati-
nociceplive activity of these fractions, considering
that the partitioned fractions obtained from the
hydroalcoholic extract  arc only semi-purified.
Dipyrone and morphine . used as positive reference
controils, also had signi £ cant antinociceptive effects
in this pain model.

Collier et al (1968) postulated that acetic acid
acts indirectly by inducing the release of endo-
genous mediators that stimulate the nociceptive
neurons sensitive to mon-steroidal anti-inflamma-
tory drugs, to narcotics and te other centrally acting
drugs (Vaz et al 1996). Thus, the abdominal con-
striction elicited by acetic acid would be considercd
a less selective antinociceptive model.

Although the hot-plate test is commonly used 1o
asscss narcolic analgesics, other centrally acting
drugs, including sedatives and muscle relaxants or
psychotomimetics arc active in this tesi (Vaz et al
1996). In the hot-plate test there was no significant
difference between pretreatment latency values
obtained on the day of the test (ime 0) and those
obtained 24 h before during animal selection (data
not shown}. The results presented in Table 2 show
that oral administration of the hexane- and
chioroform-partitioned fracticns, but not of the
hydroalcoholic extract, significanily increased the
latency at 21l obscrvation times (30. 60 and 90 min).
Morphine, used as a reference drug, had the same
significant antinociceptive cffect at all observation
times when compared with its own control values.
These results show that in both experiments the
active principle(s) of M. lobata was (were) present
in the hexane- and chloroform-partitioned fractions
from the leaves.

Because of the use of this plant for cancer
treatment (Francois et al 1995; Pasrreiter 1995), we
supposed possible action of the extract or jts par-
titioned fractions on opioid receptors and used

naloxone, a non-selective antagonist of the opicid
receplors, in an atiempt (0 gain some insight into
the mechanisms involved in the antinociceptive
propertics of the hvdroaicoholic cxtract and its
hexane- and chloroform-partitioned {ractions. In
some ammal models naloxone apparently acts by
antagonizing the actions of endogenous opioids
mobilized by pain or stress (Faden 1988). The data
shown in Table 3 indicate that the non-selective
opioid antagonist naloxone (S mgkg™', i.p.) did not
consistently reverse the extract- and the fractions-
induced anlinociception when assessed against
acetic acid-induced pain. Naloxone significantly
reversed the morphine-induced antinociceptive
effect in the chermnical pain model (acetic acid-
induced abdominal constriction). Qur results show,
however, that the organic fractions obtained from
N. lobata did not act by interaction with the opioid
system.

Pretreatment with the hexane- and chioroform-
partitioned  fractions  significantly  reduced
caragcenan-induced ocdema, by 44 and G8%

Table 3. Effcct of the hydroalcoholic exvact of Newrglaena
lobata. and of its chloroform- and hexane-partitioned fractions,
on acctic acid-induced abdominal constriction in mice pre-
treated with mntrapernitoneal nalexone (Smgkg™ 1

Treatment Cral dese  Number of Inhibition
(mgkg™") constrictions  {%)

Control - 2804303 -

Morphine 10 G 10G

Naloxone + 1G 2584248 13-6
morphine

Nalaxone - 1000 1304 1677 536
hydroalcoholic extract

Naloxone + hexane- 100 974 1-03* 654
parittioned fraction

Nalexone + chloraform- iy 85-5£055 69-6

partitioned fraction

Each vaiuc is the mean= s.d. of results from cight animals.
Significanty different from the respective controf valuc: ana-
fvsis of varance F{5,4y=225 {P «045). Dunnett’s test

“F < 0-001.

Table 2. Effect of the bydroalcoholic extract of Newrolaena lobata. and of its chisroform- and hexane-paritioned fractions. in the

hot-piate test in mice.

Latency (s}

Observation
fime (min)
Control Morphine Hydroalcoholic Hexane-partitioned Chloroform-partitioncd
cxtragt fracuion raction

G 562+092 5874099 6254128 6122099

30 725 1416 750 131 950 1.07° 9752 1.04*

60 ?25&!28 S04 233 I-1£1.85" 1394 1.89¢
90 7125083 750+ 107 10-8 + 1.60° 136207t

Each valuc i3 the meanzk s.d. of results from cight animals. Significantly different from result at Omin for cach group valuc:

analysis of variance £{4,35) 30min=24.0; 60 min = 22.4; 90min = 17.9 (7 < 0.05): Dunnct’s test, *P < 0.05; T P < 0-001
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Table 4. Effect of the chloroform- znd hexane-partitioned
fractions of Meurolaena iobata on carrageenan-induced paw
cedema in mice. )

Treatment Dose Paw weight Inhibition
(mgkg™")  mg) (%)

Control - 6372551 -

Indomethacin 20 2335671 634

Hexane-partitioned 100 3552489 438
fraction

Chlorofarm-partitioned 160 202=618t 683
fraction

Each vgiu; is the meanZsem. of resulls from seven
animals. Significantly different compared with the respective
control value; analysis of varance F(3.2%12= 12:6 {P < 0-G5):;
Dunneit’s test *P < 0:05; 1 £ < 0-001. '

respectively, 3h after phlogistic compound injec-
tion. These results, reported in Tabie 4, show that
these fractions are not endowed with morphino-
mimetic property; the effect might be related to
anti-inflammatory action on the acute inflammatory
processes.

The punctual antinociceptive rmechanism of the
extract and its partitioned fractions cannot be
determined from these data or with these tests
because they measure different tvpes of pain, i.e.
those induced by chemical- (abdominal constriction
test), thermal- (hot-plate test) or inflammatory (paw
cedema) agents. The mechanism underlying this
analgesic effect might be related 1o inhibition of
prostaglandin synthesis or to other endogenous
mediators of the inflammatory process, such as
histamine and 5-hydroxytryptamine (Emim et al
1992).

Although the chemical principles responsible for
the antinociceptive effects of the fractions obtained
from N. lobara are not known, much of the action
might be related to the presence of the terpenoids,
sequiterpene-laciones, favonoids. or some st
unidentified alkaloid (Germosén-Robineau 1995).

These preliminary findings lend support 10 the
use of this plant in folk medicine for pain treat-
ment, mainly because of its low toxicity, Further
work is needed to clarify the mechanism of its
antinociceptive action.
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