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Resumo

Onodorpicrina, uma sesquiterpeno lactona, presente nas folhas de Arctium Lapa L.
demonstrou através dos estudos de Barbosa et at (1993) erficaz atividade farmacolégica.
Com base nesses resultados e, devido ao fato, de nosso laboratério possuir estudos em
relacdo a atividade antiulcerogénica de outras sesquiterpeno lactonas (desidrocrotonina e
crotonina) obtidas das cascas de Croton cajucara Benth, decidimos estudar a atividade
antiulcerogénica e antiinflamtéria intestinal da fracdo semi-purificada (ONP), cujo
composto majoritirio € a onopordopicrina. Primeiramente estudamos o efeito da
citotoxicidade da ONP avaliado através da viabilidade celular em fibroblastos (V79) de
pulmdao de Hamster chinés. A ONP apresentou ICsy aproximadamente de 15uM nos
ensaios de MTT, vermelho neutro e conteddo de acido nucléico. Por ser uma substincia
com uma toxicidade relativa resolvemos estudar o efeito antitumoral dessa substancia em
linhagem celular de leucemia promielocitica (HL60) usada como modelo para estudos
antitumorais. Da mesma forma que nos ensaios de citotoxidade, a ONP apresentou ICs
aproximadamente de 15 uM em ensaios de MTT e PTP. Para avaliar a atividade
antiulcerogénica da ONP, foram utilizadas diferentes doses em modelos cldssicos de
indugdo de ulcera: etanol/HCI, estresse por imobilizacdo e frio, indometacina e ligadura de
piloro. Em todos os modelos a ONP apresentou atividade antiulcerogénica significativa.
Nos procedimentos seguintes, avaliamos a atividade antisecretora da ONP através de
ensaios de somatostatina e gastrina, nos quais a substancia apresentou aumento da liberagao
e/ou producdo de somatostatina e diminui¢cdo da produc¢do e/ou liberacdo de gastrina. Em
relacdo ao estudo da ONP em experimentos de muco e 6xido nitrico, essa nao apresentou
diferenca significativa. No entanto, promoveu diferenca significativa no modelo de
avaliacdo do envolvimento de radicais sulfidrila, indicando uma possivel atividade
antioxidante. Quando avaliada em modelo de colite ulcerativa induzida por TNBS, a ONP
apresentou significativa prote¢do provavelmente pelo envolvimento da mieloperoxidase
(MPO) e fator de necrose tumoral (TNF-alfa). Visto a atividade obtida com a ONP,
resolvemos analisar a atividade do chad de Arctium lappa, o qual apresentou significativa
envolvimento com Oxido nitrico e grupamento sulfidrila para a obtencdo da atividade

antiulcerogéncia promovida pelo cha. Os resultados obtidos com a Arctium lappa sdo



promissores, por causa de sua significativa protec@o contra dlceras induzidas por diferentes
agentes, sugerindo um efeito antisecretor mediado por sua acdo na secrecao de
Somatostatina e Gastrina e um efeito protetor proporcionado pela propriedade antioxidante
presente na ONP. Os dados também revelaram que o pré-tratamento com ONP é capaz de
reduzir a inflamacdo intestinal produzida através do modelo de indu¢do de colite ulcerativa
por TNBS em ratos. O efeito agudo antiinflamatoério provavelmente estd relacionado com a
diminui¢do de neutréfilos e diminuicdo da producdo de TNF-o na mucosa intestinal.
Nossos resultados sugerem um significativo potencial terapéutico da ONP na area

gastrointestinal.



Abstract

Onodorpicrin, a sesquiterpene lactone, present in the leaves of Arctium lappa L., showed
through the studies of Barbosa et al (1993) effective pharmacological activity. Based on
those results and due to the fact that our laboratory has studies in relation to the
antiulcerogenic activity of other sesquiterpene lactone (dehydrocrotonin and crotonin)
obtained by barks of Croton cajucara Benth, we decided to study the antiulcerogenic
activity and bowel antiinflamatory of the semi-purified fraction (ONP), which majority
compound is the onopordopicrin. Firstly we studied the effect of the citotoxicity of
appraised ONP through the cellular viability in fibroblast (V79) of lung of Chinese
Hamster. ONP presented ICsy approximately of 15uM in the MTT, red neutral and content
of nucleic acid experiments. For being a substance with a relative toxicity we decided to
study the effect antitumoral of that substance in cellular lineage of promyelocytic leukemia
(HL60) used as model for antitumoral studies. In the same way that in the citotoxicity
experiments, ONP presented IC50 approximately of 15 uM in experiments of MTT and
PTP. To evaluate the antiulcerogenic activity of ONP, different doses were used in classic
models of ulcer induction: ethanol/HCI, stress for immobilization and cold, indometacin
and pylorus ligature. In all of the models ONP presented significant antiulcerogenic
activity. In the following procedures, we evaluated the activity antisecretory of ONP
through somatostatin and gastrin experiments, in which the substance presented increase of
the liberation and/or somatostatin production and decrease of the liberation and/or gastrin
production. In relation to the study of ONP in mucus experiments and nitric oxide, that one
didn't present significant difference. However, it showed significant difference in the model
of evaluation of the involvement of radicals sulphydryl, indicating a possible antioxidant
activity. When evaluated in model of colitis ulcerative induced by TNBS, ONP presented
significant protection probably for the involvement of the mieloperoxidase (MPO) and
factor of necrosis tumoral (TNF-alpha). Checked the activity obtained with ONP, we
decided to analyze the activity of the tea of Arctium lappa, which presented significant
involvement with nitric oxide and sulphydryl group for the obtaining of the antiulcerogenic
activity promoted by the tea. The results obtained with Arctium lappa are promising,

because the significant protection against ulcers induced by different agents suggesting a



effect antisecretory mediated through somatostatin and gastrin secretion and protective
effect by the antioxidant properties present in ONP. The data also reveals that pre-treatment
with ONP is able to reduce intestinal inflammation in theTNBS model of colitis in rats.The
acute antiinflamatory effects seem to be related to impairment of neutrophil function and
absence of up-regulation of TNF-a production in intestinal mucosa. Our findings suggest

that ONP shows an excellent potential for therapy in the gastrointestinal area
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I. Secrecio Acida Gastrica

Nos ultimos 20 anos o estudo das doengas relacionadas a tulcera péptica géstrica e duodenal,
tem aumentado significativamente devido a identificacdo de varias técnicas, as quais t€ém possibilitado
o estudo mais detalhado da mucosa gastrica (Brzozowski, 2003).

Na média populacional o risco de complicagdo com ulcera aumenta quatro vezes, resultando em
1,25 hospitaliza¢des adicionais para cada 100 pacientes por ano (Hawkey, 2000). A secre¢do 4cida é o
aspecto mais importante da funcao géstrica estudado na pratica clinica. A influéncia de alteracdes nessa
func¢do tem sido considerada no desenvolvimento de drogas (Pohle et al., 2003).

As doencas ulcerativas do trato gastrointestinal dependem de duas condicdes: presenca de dcido
e predisposicao das mucosas as lesdes por fatores diversos. Nao hd maneiras estabelecidas de interferir
farmacologicamente com as predisposi¢des, genéticas ou ndo, da mucosa aos danos. Assim sendo,
terapias preventivas continuam sendo o meio mais utilizado de controle da secrecdo acida, pois reverter
os danos causados a mucosa e controlar os eventos inflamatérios que se sucedem apds a instalagdo das
lesdes sdo tarefas bem mais complexas (Brzozowski, 2003).

O processo de secrec@o consiste em trés etapas, duas das quais sdo estimuladoras - fase cefélica
e fase gastrica, e outra inibidora — fase intestinal. Estes estigios come¢am através de: fendmeno
neurolégico — pensamento, cheiro ou memoria, alimentos, drogas e outras substincias ingeridas
(Chavez et al., 1996).

As alternativas terapéuticas disponiveis para regulacdo da secrecdo dcida buscam modificar a
influéncia neural, por meio de cirurgias, ou alterar os mecanismos que envolvem os segundos
mensageiros na célula parietal, através da utilizacdo de antagonistas muscarinicos ou histaminicos;
alterar o dltimo evento da cascata de reagdes envolvidas com a secrecdo pode ser conseguido com o
uso dos inibidores da bomba proténica (Hirschowitz et al., 1995). A producao do 4cido depende, numa
primeira etapa, da histamina, acetilcolina e gastrina, primeiros mensageiros do processo (Chavez et al.,
1996).

Algumas vias de sinalizacdo intracelular tém sido identificadas como importantes contribuintes
na ativacdo da célula parietal, incluindo proteina quinase A (PKA), proteina quiinase C (PKC),
calmodulina-Ca** (CaM), fosfatidil-inositol (IP3), e varias outras quinases (Yao, 2003).

A mucosa géstrica exposta a agentes ulcerogé€nicos necrotizantes como aspirina, indometacina,
acidos biliares, dlcool e isquemia, desenvolve caracteristicas morfoldgicas, alteracdes ultraestruturais e

funcionais que refletem em injurias. As lesdes agudas da mucosa gastrica estdo associadas com: 1)
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ruptura da camada e superficie hidrofébica da membrana, 2) injdria e esfoliacdo da superficie do
epitélio com perda da barreira e funcdo elétrica, 3) injdria profunda na camada da mucosa incluindo
célula endotelial microvascular, zona de proliferacdo celular, e célula parietal e principal. Danos do
endotélio microvascular levam a uma parada microvascular, cessando oxigénio e transporte de
nutrientes. Todos esses eventos resultam na formagdo de erosdo e ulceracdo na mucosa. A diferenca
entre erosdo e ulcera € que a erosdo se implanta na mucosa, enquanto a ulcera penetra na muscular da

mucosa (Jones et al., 1999).

1. Bases Celulares da Secreciio Acida

Nos 25 primeiros anos do século vinte foram desvendados os principais eventos envolvidos
com a estimulagdo da secre¢do dcida. A gastrina, um hormodnio liberado a partir do antro (Edkins,
1906), e a acetilcolina liberada a partir do nervo vago (Loewi et al., 1921), foram respectivamente
identificadas como agentes responsaveis pelas regulagdes periférica e central da secre¢dao 4cida; pouco
antes desta ultima descoberta, o papel da histamina como potente secretagogo ja havia sido descrito
(Popielski, 1920). A secre¢do acida no estomago € produzida pela célula oxintica, uma dos diversos
tipos de células presentes nas glandulas gastricas (Yao et al., 2003).

Os primeiros tratamentos das patologias existentes estiveram relacionados a ingestdo de
alimentos pelo homem. Os gregos tiveram um respeito especial a digestao do alimento. De acordo com
suas teorias, o alimento no estdmago era transformado em quimo através de quatro liquidos sist€émicos:
sangue, muco, bile e bile preta (sangue esplénico) (Srodka, 2003). A terap€utica para regulacdo da
secrecdo acida, até 1973, dependia de intervencdo cirtrgica ou da utilizacdo de bloqueador vagal, o
extrato de Atropa beladona. Apds essa data surgiu a cimetidina, o primeiro antagonista de receptores
H,. Code et al (1955) estabeleceram que a histamina, melhor que a gastrina, era um quimio estimulador
das células oxinticas dado que: 1) histamina age diretamente na célula oxintica, 2) histamina foi
detectada em grande quantidade na mucosa gastrica, localmente liberada por células ECL, possuindo a
histamina descarboxilase para transformar histidina em histamina, 3) histaminase, que poderia destruir
efetivamente histamina, ndo pode ser detectada na mucosa oxintica, 4) histamina € liberada por
estimulantes da secre¢do dcida como comida ou gastrina. Segundo esses autores, a a¢do da gastrina e da
acetilcolina nos histamindcitos (agora conhecidos como células Enterocromafin — ECL) € responsavel
pela liberacao de histamina, a qual € estimulada pelas glandulas oxinticas.

A introdugdo de antagonista histaminérgico modificou os tratamentos até entdo empregados na
ulcera, assim como contribuiu no sentido de melhorar a compreensdo da fisiologia regulatdria das

secrecOes gastricas. Esse antagonista de receptor H, ndo somente bloqueou a secrecdo dcida induzida
13



por histamina, como também aquela induzida por gastrina e, parcialmente, aquela induzida por
mediacio vagal. E importante ressaltar que as moléculas de histamina nio se assemelham nem 2
gastrina e nem a acetilcolina; pode-se afirmar que a liberacao de histamina € o maior evento regulatdrio
na estimulagdo da secrecdo dcida (Sachs et al., 1994; Aihara et al., 2003)

Experimentos in vivo sugerem que a gastrina e a acetilcolina estimulam a célula enterocromafin
“like” (ECL), a liberar histamina. ECL tem um “Unico maquindrio” para controlar a sintese e a
estocagem de histamina sob diferentes condicdes fisioldgicas. A ativagdo de seus receptores causa
influxo de célcio seguido por liberagdo da histamina estocada (Prinz et al. 2003).

A importancia das células ECL em condig¢des fisioldgicas tem sido determinada por indmeros
estudos, mas pouco se sabe a respeito da resposta das células ECL durante inflamacgao géstrica cronica,
a qual geralmente é provocada por bactéria gram-negativa Helicobacter pylori (Wessler et al., 2002).

A célula parietal, com seus distintos receptores € bastante estudada; embora o potencial
eletroquimico, que culmina com sua secrecdo seja conhecido, os mecanismos moleculares e suas
origens ainda sdo pouco claros (Black, 1993). Exemplo disto sdo as interagdes dos vdrios agentes
secretagogos com seus receptores especificos, envolvendo séries imensas de reacOes em cascata que
conduzirdo, finalmente, a secre¢do gdstrica ou a sua inibicao.

O desenvolvimento de potentes drogas anti-secretoras, como antagonistas do receptor de
histamina e inibidores da bomba de proton, resultam na formagao de bicarbonato de sédio, que €
secretado na superficie das células epiteliais na cavidade gastrica (Tsukimi et al., 2001).

A liberacao de gastrina, a partir da célula G antral, € o evento responsavel pela estimulacdo de
histamina a partir das células ECL in vivo, tornando-se fundamental para a estimulacdo da secre¢do
acida. A somatostatina, contida nas células D localizadas no fundo e antro do estdmago, inibe a
gastrina e, consequentemente, a estimulacdo da secrecdo acida através de sua ligacdo as células ECL. A
regulacdo da secrecdo acida por células enddcrinas géastricas envolve, portanto, interacdes positivas e

negativas entre o trio vital de células G, ECL e D (Hakanson et al., 1986).

2. Regulaciio da Secreciio Acida
O Sistema Nervoso Central (SNC) regula a atividade parassimpdtica no plexo mioentérico da
parede gastrica. A regulacdo € realizada por modulagdo da atividade dos nucleos do hipotdlamo, através
de peptideos e transmissores quimicos. A modificacdo da atividade vagal afeta a secrecao acida por
meio de alteracdes nas complexas redes dos sistemas reflexos aferentes e eferentes (Tache et al., 1990).
O complexo dorsal vagal (CDV) tem um importante papel na regulagdo da integridade da

mucosa gastrica, envolvendo protecdo da mucosa e formacdo de tulcera. O neurdnio aferente tem
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funcdo semelhante ao eferente no trato gastrointestinal; neuropeptideos liberados a partir de
terminacdes nervosas periféricas de neurdnios aferentes primarios podem induzir protecdo da mucosa
gastrica (Gyires, 2004)

A via neural estimula diretamente células parietais, células G, no antro, responsdvel pela
liberacao de gastrina, bem como célula ECL presente na glandula oxintica, promovendo a liberacao de
histamina. A estimulacdo direta e indireta da célula parietal € mediada principalmente por trés
receptores: muscarinico colinérgico (M3R), histaminérgico (H;R) e receptor de gastrina/CCK-B
(CCK3R). Desses trés receptores, entretanto, o HyR parece ser o receptor chave na secrecdo dcida
gdstrica, pois antagonistas de H,R ndo inibem somente a secrec¢do acida estimulada pela histamina, mas
também a secrecdo acida estimulada por gastrina e acetilcolina (Aihara et al.,2003).

A ativacdo de receptor de histamina resulta num aumento dos niveis intracelulares de AMP,, o
qual age como segundo mensageiro para a transferéncia do sinal na etapa final da secre¢cdo 4cida. Por
outro lado, a estimulacdo do receptor muscarinico M3, pela acetilcolina, ou do receptor CCK;,R pela
gastrina, resulta num sinal mediado pelo aumento intracelular de fons de célcio livre (Aihara et al.,
2003).

Embora a histamina tem sido reconhecida como um potente secretagogo na secrecdo 4cida
desde 1920, o seu papel fisiol6gico no estobmago € novamente tema de debates, também a acetilcolina e
gastrina sdo de grande importancia na estimulagdo da produgdo dcida gastrica (Barocelli et al., 2003).
Na dultima década, um numero crescente de pesquisas tem enriquecido substancialmente o
conhecimento sobre mecanismos que envolvem a histamina no controle da secrecao 4cida (Lewin et al.,
1991).

A gastrina € liberada em resposta a produtos da digestdo tais como aminoécidos; sua inibicao é
promovida pela somatostatina (produzida pelas células D) quando o pH cai abaixo de 3 no antro. O
acido aplicado diretamente a célula G inibe a secrecdo de gastrina; ja na célula D, o mesmo
procedimento estimula a secre¢cdo de somatostatina, o que consequentemente inibe a liberacdo de
gastrina (Zavros et al., 2002).

A inibi¢do da ativagcdo do receptor de histamina H, é um meio efetivo e seguro de regular a
secrecdo acida gastrica. Ligantes colinérgicos ndo somente estimulam a liberagdo de histamina a partir
das células ECL, como também estimulam diretamente a célula parietal por ativacdo do receptor M3 na
superficie celular. Por essa razdo, um antagonista do receptor M3 pode inibir completamente, tanto
direta quanto indiretamente, a secrecao dcida visto que as vias de estimulag@o da célula parietal ndo sao

distintas. (Wilkes et al., 1991).
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3. Sistema de Receptores da Célula Parietal

A terapéutica da secrecdo dcida gastrica tem avancado nos ultimos anos, devido ao aumento da
especificidade de farmacos envolvidos na inibi¢do da secrecdo acida géstrica (Sachs, 2003). A tlcera
péptica, o refluxo gastroesofdgico e o sangramento na parte superior do estdbmago sido condi¢des que
aumentam a demanda no cuidado a saide. A supressao de dcido € uma terapia comum nessas situagoes.
Estudos de custo comparando os diversos supressores de dcido incluem beneficios econdmicos
prevenindo complicagdes (Erstad, 2003).

Agentes farmacoldgicos, como antagonistas de receptor H, e inibidores da bomba, sdo
freqlientemente utilizados no tratamento de doencgas relacionadas a acidez tais como ulcera
gastroduodenal e esofagite de refluxo. O aumento da compreensdo do mecanismo preciso da secrecao
acida gastrica no nivel de receptor, enzimas e sistema de transducao de sinal citoplasmatico, possibilita

o desenvolvimento de uma efetiva farmacoterapia antisecretora (Aihara et al., 2003)

3.1. Receptor muscarinico e seu segundo mensageiro

Devido a eficdcia de antagonistas do receptor Hy, o receptor muscarinico tem sido pouco
estudado em relacdo a secrecdo acida gastrica. Somente em 1971 foi aceito, na terapéutica, que esse
receptor pudesse estar envolvido na regulacdo da secrecdo. O receptor muscarinico é conhecido por
estar envolvido na regulacdo da contracdo do miusculo liso em vdrios 6rgdos incluindo o trato
gasrtointestinal (Eglen et al., 2001).

Cinco subtipos de receptor muscarinico (M;-Ms) foram clonados. Receptores muscarinicos e
seus subtipos tém sido encontrados na mucosa gastrica de muitas espécies, especificamente nas células
parietais, principais e enddcrinas. Contudo, muitas vezes, é dificil identificar o subtipo de receptor
especifico que media a acdo muscarinica da acetilcolina no musculo liso, devido a falta de ligantes
especificos a esses subtipos (Insuk et al., 2003). Mecanismos ligados aos receptores M;, Mz e M5
envolvem ativacdo da fosfolipase (PL) C por liberacdo intracelular de célcio, ativagdo da PLA; com
elevacdo do é4cido aracdonico, e liberacdo do célcio intracelular dos reservatérios. Os receptores M, e
M, inibem a adenilato ciclase e a ativag@o dos canais de potdssio (Peralta et al., 1988). Esses receptores
estdo acoplados a proteina G, com sete algcas transmembranicas, estando o segmento N-terminal
localizado na parte extracitoplasmaética.

Esses receptores estdo presentes tanto em células secretoras, quanto no mdusculo liso. Os
receptores M3 mediam neutransmissores parassimpdticos para as glandulas salivares e lacrimais, vasos

sangiiineos, bexiga urindria e TGI (Cevill, et al, 2003). A liberacdo de histamina, a partir das células
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ECL, parece ser sensivel aos antagonistas M, e, por essa razdo, explica-se a eficiéncia da pirenzepina
na inibi¢do da secrecdo 4cida (Hirchowitz et al., 1995).

Receptores muscarinicos do tecido gastrico estdo acoplados ao sistema de segundo mensageiro
trifosfato de inositol (IP;) estimulatério e aumento da secrecdo de fons de hidrogénio (H),
pepsinogénio e muco (Seidler et al., 1991); alteracdes na membrana dos receptores € em seus
acoplamentos com os agonistas tem sido intensivamente investigadas. A principio, modificacdes sutis
no sistema de segundo mensageiro podem resultar em alteracdes considerdveis na resposta fisiologica;
exemplo disto é a interacdo sinérgica entre AMPc e Ca**, como sistema de segundo mensageiro na
célula parietal, podendo gerar reducdo da resposta celular (Pfeiffer et al., 1995).

A agdo agonista sobre o receptor M3 na célula parietal ndo depende somente da liberacao
tempordria de Ca™, que € determinada pela ativagdo da PLC e formacdo de IP;, mas depende ainda da
entrada de cdlcio modulada por outros compostos (Wilkes et al., 1991). O célcio responde a um
agonista, como por exemplo um hormdnio, que usualmente consiste em duas fases: pico inicial causado
por liberacdo de célcio das vesiculas sarcoplasméticas e uma fase de “plateau” causada por influxo de
célcio (Zanner et al., 2002). Com a utilizacdo de um antagonista colinérgico, o 4-DAMP, foi possivel
demonstrar a dissociacao entre a liberagcdo de célcio, a partir dos estoques intracelulares, e a entrada de
célcio através da membrana da célula parietal. Por essa razdo, acredita-se que hajam dois subtipos
diferentes de receptor M3 ou dois diferentes tipos de acoplamentos do mesmo receptor as proteinas,
resultando em afinidades ligantes distintas (Kajimura et al., 1992).

Ainda que antagonistas muscarinicos tenham sido pouco utilizados na terapéutica de doencgas
relacionadas a acidez géstrica, tem sido demonstrado em cdes que altas doses de antagonistas ndo
seletivos sdo capazes de abolir a secrecdo dcida tdo eficazmente quanto o antagonista H, (Hirchowitz et
al.,, 1969). Os anticolinérgicos sdo drogas usualmente utilizadas na prética clinica; seus efeitos
principais sobre a motilidade gastrointestinal sao inibitorios devido a sua influéncia relaxante direta ou
indireta no miusculo liso. Essa acdo, denominada resposta primdria, é forte e duradoura (Romanski,
2003; Rang, et al, 1999; Adams, 2001). A eficicia do antagonismo seletivo M;, obtido por exemplo,
com pirenzepina, provavelmente se deve a inibi¢do da secrecdo, por interferéncia com a liberagao de
histamina a partir das células ECL, ou por inibi¢cdo pré-ganglionar através da acdo direta na célula
parietal, a qual possui receptor M3 relativamente insensivel a pirenzepina. A acdo da estimulacdo vagal
na célula parietal e na ECL pode ser demonstrada por meio da supressdo efetiva promovida por
atropina; outros antagonistas clinicamente efetivos como a pirenzepina e a telenzepina, tem maior
seletividade sobre os receptores M;, mas sdo menos eficazes que a atropina em suprimir os efeitos da

estimulacdo vagal.
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A estimulacdo de receptores muscarinicos M3 promove uma elevacao do célcio; entretanto, essa
elevacdo leva somente a um pequeno estimulo da secrecdo dcida (Negulescu et al., 1989). Por outro
lado, estimulos ao receptor M3 usualmente provocam uma resposta bifasica simples de [Ca];, isto €, um
aumento inicial transitério devido a liberacdo a partir dos depdsitos intracelulares, seguido de um
“plateau” que € sustentado gracas a um posterior influxo de célcio. Este evento ja havia sido
demonstrado anteriormente em outro tipo de musculo liso, o ducto deferente de rato (Souza Brito et al.,
1986). O efeito do antagonista muscarinico na regula¢do da secrecdo acida coloca em discussdo a

importancia do papel do cdlcio na sua estimulacao.

3.2. Receptor de Histamina e seu segundo mensageiro

A histamina € o principal estimulante pardcrino da secrecdo acida gastrica; ao ser liberada a
partir da mucosa fundica, presumivelmente das células ECL, estimula a secre¢do acida por interacao
com receptor H; localizado na membrana da célula parietal ativando a bomba H, K-ATPase (Vuyuru et
al., 1997). Receptores de histamina tém sido subdivididos em trés subclasses: H;, H, e Hs. O principal
estoque da histamina se encontra nos macréfagos, baséfilos e ECL. E considerada um composto
bioldgico muito ativo, o qual participa da sinalizag¢do intracelular, podendo ser caracterizado como um
neurotransmissor (Zimatkin et al., 1999).

Ha consenso de que a histamina, a principal via estimulatéria da cascata secretora, estimula
receptores H, para ativar proteinas Gs, acopladas a adenilato ciclase, levando a produgdo de proteina
quinase A (PKA) dependente de AMPc, embora alguns outros receptores demonstrem estar acoplados
também a proteina Gs (Yokotani et al., 1994).

ApO6s ativacdo da célula parietal por histamina, ocorre a secre¢do de dcido e o pH luminal da
glandula diminui para aproximadamente 1, levando ao efluxo de prétons a partir da glandula do
limem, resultando em subsequente diminui¢do intragéstrica do pH. Entretanto, durante o fluxo massivo
de prétons, o pH intracelular da célula parietal permanece estivel em aproximadamente 7 (Sachs,
1997).

A descoberta de antagonistas histaminérgicos tem contribuido para esclarecer algumas das vias
fisiolégicas envolvidas na estimulacdo acida. Por exemplo, na década de 60 considerava-se a gastrina
como o maior mediador da secrecdo dcida; entretanto, esta idéia foi descartada pela demonstragdo do
potencial de inibi¢do da secrecdo géstrica por antagonistas dos receptores H, da histamina (Black et al.,
1972). A utilizacdo de antagonistas seletivos e competitivos para receptores H,, como a cimetidina,
ranitidina e lafutidina, novo antagonista de longa duracdo, resultou na supressao efetiva da secrecdo

acida em algumas doengas relacionadas a acidez. Antagonistas de receptores H, exercem efeitos
18



considerados na secrecdo 4cida gdstrica mais rapidamente que inibidores da bomba de préton
(Fukushima et al, 2003). Antagonistas H, sdo também capazes de bloquear, ainda que parcialmente, a
estimulagcdo colinérgica, sugerindo que a ativacdo da secre¢do por gastrina e aquela produzida por
estimulacdo do nervo vago, via acetilcolina, seja mediada inteiramente ou em parte pela liberagdao de
histamina liberada a partir das células ECL (Hirshowitz et al., 1995), assim como exercem efeitos mais
rapidamente sobre a secrec¢do acida que inibidores da bomba H, K-ATPase (Fukushima et al, 2003).

E aceito na clinica médica que cerca de 10% dos pacientes portadores de dlcera duodenal tem
cicatrizagdo mais lenta que o padrio de oito semanas, quando o tratamento € feito com antagonistas de
receptores histaminérgicos. A base para esse fendmeno nio é conhecida. Como s@o duas vias paralelas
envolvidas na estimulacdo da célula, uma mediada vagalmente e a outra mediada por liberagdao de
histamina a partir da célula pardcrina, provavelmente a alteracdo na predominincia da secre¢do por
uma ou outra via seja devido a resisténcia ao antagonismo.O receptor H; de histamina na célula parietal
¢ acoplado a ambas vias de sinalizacdo Gs e Gq (Athmann et al, 2000).

Acredita-se que, no caso da histamina, o receptor H; esteja acoplado a proteina Gg, a qual ativa
adenilato ciclase (ACase) produzindo AMPc, com subsequente ativa a proteina quinase A (PKA)
dependente de AMPc. Quando a acetilcolina interage com o receptor M3 a via de sinalizacdo também
envolve proteina G, ja que este receptor estd acoplado ao sistema G¢/G;, provavelmente G, para ativar
a PLC produzindo 1,4,5-trifosfato inositol (IP3) e diacilglicerol (DAG). IP; leva a liberacao de [Ca2+]i
do reticulo endoplasmatico e o0 DAG juntamente com o Ca®* ativam a PKC ou proteina quinase C
promovendo a fosforilacdo da proteina (Urushidani et al., 1997). Essa elevacdo do célcio associada
freqiientemente a elevacdo do AMPc, possui um papel fisiolégico para o acoplamento do receptor H, a
proteina G4 (Athmann et al, 2000).

Algumas especulacdes foram feitas sobre outro subtipo de receptor histaminérgico, o receptor
Hi;. A R-a-metil histamina, um agonista seletivo do receptor Hs, foi capaz de inibir a secrecao
estimulada por gastrina; esta inibi¢do foi revertida por um antagonista Hs, a tioperamida (Bado et al.,
1991).

Virios estudos fornecem evidéncias funcionais para uma distribui¢do heterogénea de receptores
histaminicos Hs distribuidos na parede gastrica, os quais estdo envolvidos na liberacdo de mediadores
controladores da resposta secretora dcida (Boraccelli et al., 2003).

Alguns estudos explicam esses dados: a hipdtese € que a histamina seria capaz de regular sua
propria sintese e liberacdo, via autoreceptor Hs (Hollande et al., 1993). Por outro lado, estudos prévios

realizados em segmentos de mucosa do fundo de estdmago de rato, indicam que a histamina, ou outro
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agonista seletivo de receptor Hs, é capaz de inibir a secre¢cdo de somatostatina e, entdo, estimular a
secrecdo de histamina (Schubert et al., 1993).

Recentemente, um novo subtipo foi adicionado a familia dos receptores de histamina,
denominado receptor Hy, ja clonado, com informacdes armazenadas nos bancos de dados do genoma
humano (Oda et al., 2000; Zhu et al., 2001). Devido a falta de agonista e antagonista seletivo o papel

funcional dos receptores H, ainda se encontra obscuro (Haough, 2001).

3.3. Receptor de Gastrina e seu segundo mensageiro

Gastrina ¢ um hormoénio descoberto por J.S. Edkins em 1905 como um secretagogo dcido
(Modlin et al., 1997). Os efeitos bioldgicos da gastrina sao encontrados nas células do estdmago,
pancreas, vesicula biliar e sistema nervoso central, através de sua a¢do em dois subtipos de receptores,
colecistoquinina A (CCKA) e colecistoquinina B (CCKB) (Mantyh et al., 1994). Parte estrutural da
gastrina tem homologia com a colecistoquinina (CCK) no aminoédcido 5-terminal formando o local
carboxiterminal; este dominio é necessario para a ligacdo com o receptor e, portanto, responsavel por
sua atividade bioldgica. Partes dos receptores CCKA e CCKB t€m 48% de homologia e sdo
conservados entre as espécies; no entanto as afinidades pela gastrina e CCK a esses receptores sao
diferentes. Receptor CCKA tem mais afinidade por CCKS8 sulfatado que por gastrina. Ja o receptor
CCKB/gastrina, no qual se ligam gastrina 17 e CCKS8 sulfatada e ndo sulfatada, tem igual afinidade
(Wank et al., 1992). A gastrina é, portanto, capaz de estimular células parietais através de receptor de
gastrina (CCK) ou indiretamente pela ativacdo de células ECL para liberacdo de histamina (Karen et
al., 2003).

A crucial importancia do hormdnio local da gastrina foi confirmada por estudos descritos em
camundongos deficientes de gastrina. O papel significante da gastrina para a manuten¢do do
funcionamento normal da secrecdo de acido foi corroborado ao ocorrer, através da reposi¢do de
gastrina, a restauracdo parcial da secrecdo dcida géstrica (Friis-Hansen et al., 1998).

O aumento de concentracdo de gastrina pode ser encontrado em pacientes com acloridria
independente da causa, como aqueles que recebem tratamento com drogas que inibem a secrecao dcida,
como os inibidores da bomba protdnica ou antagonista de receptor H, (Pohle et al., 2003).

A ativacdo do receptor da gastrina ativa a PLC, a qual induz a quebra do fosfatidilinositol 4, 5-
bifosfato (PIP2) levando a formagao de dois segundos mensageiros, IP3 e DAG. IP3 induz a liberacdo
de célcio pelo reticulo sarcoplasmdtico ou por canais de ions da membrana, enquanto DAG ativa a
PKC. O célcio e a PKC desencadeiam outras acOes intracelulares, propagando o sinal inicial em

diferentes células alvos (Yassin et al., 1999).
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A acdo de agonistas nos receptores de gastrina tem mostrado que seu papel estd relacionado a
mudanca da concentracdo intracelular de Ca** ([Ca®];). Outras alteracdes, verificadas a partir da
interacdo da gastrina ao seu receptor, ocorrem através do estimulo produzido por este secretagogo
sobre a célula parietal; exemplo classico deste fato € a elevacdo do AMPc. Alteracdes similares sdao
observadas por estimulagio muscarinica, mas estas nio requerem necessariamente AMPc. E possivel
que outras vias, em adicdo aquelas indutoras de modificacdes na [Ca®*];, sejam ativadas por vias
muscarinicas (Wilkes et al., 1991; Urushidani et al., 1997).

3.4. Receptor de Prostaglandina

A demonstracdo de que baixas concentracdes de PG, do subtipo E,, inibem a secre¢ido 4cida
criou grande expectativa de que esses compostos possuiriam atividade antitdlcera.

O efeito bioldgico dos produtos da COX, PGs, € mediado por receptores de membranas
especificos, denominados, receptores EP (EP;, EP,, EP3; e EP4), que sdo acoplados a proteinas-G de
membrana, ligadas a diferentes vias de transdugdo de sinal intracelular (Sugimoto et al, 2000). Ligantes
de PGE, a receptores EPj, resultam na liberacao intracelular de IP; ¢ DAG, ligantes de EP, e EP4,
ativam o sistema adenil-ciclase —~AMPc e ligantes EP3 inibem o esse sistema (Pawlik et al, 2002).

Receptores de prostaglandina EP, e EP4 sdo relacionados ao aumento da producdo intracelular de
AMPc através de protéinas Gs. Receptores EP; inibem a producdo de AMPc pela via da proteina G inibitéria
(Gj), e receptores EP; estimulam o “turn over” de fosfatidil inositol (Ymamamoto et al., 1999).

Quando eventos inflamatdrios ocorrem na mucosa gastrica, fatores teciduais do tipo IL-1 e TNF-a
em concentracOes altas, aumentam a producdo de PGE; local, os quais t€ém levado a prejudicar a secre¢do de
histamina pela ECL através de receptores EP; (Lindstrom et al., 1998)

3.5. Receptor de Fator de Crescimento Epidermal (EGF)

Esse membro da familia de receptores da tirosina quinase estd presente na célula parietal de
mamiferos. Através da interagdo com receptores celulares da superficie, EGF estimula proliferacdo e
migracdo celular, além de manter a integridade da mucosa gastrointestinal (Chun et al., 2001). EGF e
seu homdlogo, o fator de crescimento, TGFa, parecem modular as funcdes da célula parietal de
maneira autocrina (Beauchamp et al., 1989).

O tratamento cronico com EGF aumenta a producdo 4cida da cultura de célula parietal,
enquanto que a estimulagdo aguda de receptor EGF inibe a secrecdo dcida estimulada por histamina,
através do acoplamento a proteina G; (Chew et al., 1994). EGF sozinho causou estimulagdo transitdria
da secrecdo acida idéntica a produzida pelo carbacol (Lewis et al., 1990), sem afetar a [Ca*"); da célula

parietal ou aquelas estimuladas pela via do carbacol (Wang et al., 1996).
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O fator de crescimento epidermal € um dos maiores mecanismos de defesa da mucosa géstrica,
de renovagdo e de proliferacdo celular, responsdvel por manter a integridade da mucosa, reparar e
cicatrizar a ulcera. EGF e TGF-alfa interagem com um receptor em comum, chamado receptor de fator
de crescimento epidermal (EGFR). EGF é um potente peptideo mitogénico, o qual tem um papel
crucial em promover migracdo epitelial celular gastrica e proliferacdo. O aumento da producao local de
EGF pode levar a uma super expressdo do EGFR (Fugiwara et al., 1997).

O balanco entre a perda celular e a renovacado do fluxo sanguineo na mucosa mantém a estrutura
e a funcdo do estdmago, além de estar associado as doengas gdstricas e cicatrizagdes de lesdes
gastrointestinais (Fugiwara et al., 2000). Esse balan¢o necessita ser regulado, pois a perda excessiva de
célula pode resultar em atrofia ou ulceracdo, enquanto que a proliferacdo celular ou prolongamento da
vida celular leva a hiperplasia (Jones et al., 1999).

Geralmente, a func¢do do peptideo do fator de crescimento como mediador da proliferacao e/ou
diferenciacdo celular através de alguns fatores de crescimento (ex. TGF-beta) tem mostrado inibir a
proliferacdo em certos tipos de célula. A ligacdo desses peptideos a receptores especificos
transmembranicos na superficie de células alvo inicia a cascata de transducao de sinal, a qual culmina
com a ativagdo de genes especificos levando a divisdo celular ou diferenciacdo (Jones et al., 1999).

O receptor majoritario do peptideo de fator de crescimento encontrado no trato gastrointestinal
possui atividade intrinseca tirosina quinase no dominio intracelular. Tirosina quinase, asssociada com
varios fatores de crescimento, pode ter um importante papel na regulacdo da proliferacao celular da
mucosa gastrica ap0s injuiria. EGF-R e sua subsequente fosforilacao para EGF-R tirosina quinase ativa
tem sido demonstrado no inicio da fase de reparacdo da injdria na mucosa géstrica (Relan et al., 1996).

3.6. Receptor de Somatostatina

A somatostatina estd distribuida no hipotdlamo e outros lugares do cérebro, nervo perférico e
trato gastrointestinal. O principal efeito fisioldgico da somatostatina no sistema digestivo € a inibi¢do
da secrecdo dcida géstrica. Esse hormonio pode inibir o peristaltismo do estdmago, intestino, vesicula
biliar e proliferacdo de células da mucosa, reduzird ainda fluxo sanguineo no trato gastrointestinal,
absor¢do de &guas, eletrolitos, glicose, aminodcido e triglicerideo no intestino delgado, além de
deprimir secre¢do de 4cido gastrico, pepsina, bili e secre¢cdo de gastrina e outros hormonios
gastrointestinais (Sun et al., 2003).

A regulacdo periférica da secrecdo dcida depende principalmente da integracdo dos hormonios
e da liberagao de transmissores a partir dos 3 tipos de célula: ECL, G e D do fundo e do antro (Calam et

al., 2001).
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O efeito inibitério da somatostatina é preferencialmente devido ao bloqueio da liberacdo de
histamina que a inibi¢do direta da célula parietal (Komasaka et al, 2002). Athmann et al (2000),
reportaram que a somatostatina ndo inibe o aumento dos niveis de cdlcio na célula parietal estimulado
pela histamina, gastrina ou carbacol, mas abole a resposta do cdlcio celular da célula ECL produzida
pela gastrina.

A somatostatina € um peptideo regulatério, que age via receptores especificos para inibir
fungdes de células alvo por mecanismos enddcrinos, pardcrinos e neurdcrinos (Ancha et al., 2003).
Cinco distintos subtipos de receptores de somatostatina tém sido clonados incluindo SST;, SST,, SSTs,
SST4 e SSTs (Yamada et al, 1993). Esses receptores pertencem a superfamilias da proteina G, a qual
estd acoplada a superficie celular com sete dominios trans-membranicos. Os cinco subtipos t€ém em
comum a via de sinalizagcdo intracelular, que tem a habilidade de inibir a adenilatociclase e ativar a
fosfatase fosfotirosina (Patel, 1999).

A ac¢do da somatostatina em receptores de somatostatina (SST,), os quais estdo predominantes
em células ECL, levam a inibi¢ao da libera¢ao de histamina induzida por gastrina, devido a redugdo do
aumento de cdlcio intracelular. Esse mecanismo € provavelmente responsével pelo efeito inibitério da
somatostatina na secrec¢ao dcida (Prinz et al 1994; Komasaka et al, 2002).

O receptor SST, € acoplado a proteina G;, que inibe a via acoplada ao G, e em algumas
células, tais como as ECL, podem também inibir vias acopladas ao Gq4. A inibi¢do da via de sinalizagdo
na célula ECL, que depende da G, explica o efeito do receptor SST> no bloqueio da estimulagdo da

secrecdo 4cida pela gastrina (Athmann et al 2000).

I1. Mecanismos de Defesa do Estomago
O mecanismo de defesa da mucosa gastrointestinal contra fatores agressores, como acido
cloridrico, 4cido biliar e drogas antiinflamatérias ndo esteroidais, consiste principalmente de fatores
funcionais humorais e neurais. A secre¢do de muco alcalino, microcirculagdo da mucosa e motilidade
agem como fatores funcionais, enquanto prostaglandina e 6xido nitrico agem como fatores humorais;
neurOnios sensoriais sensitivos, como a capsaisina, agem como fatores neurais (Tsukimi et al. 2001;
Repetto et al., 2002).
Uma das vias pelas quais mediadores inflamatérios podem alterar a integridade da mucosa € por
influéncia de vérios componentes de defesa da mucosa, que sdo a combinagdo de fatores que permitem

a mucosa resistir a exposi¢ao de substiancias com grande limite de pH, temperatura e osmolaridade, as
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solucdes com propriedades detergentes (bile), e aos produtos que contém bactéria capazes de provocar
a reacao inflamatoria local e sistémica (Wallace et al., 1996)

Protecdo a curto prazo, conhecida como citoprotecao adaptativa, foi originalmente introduzida
por Robert e colaboradores para descrever a acdo protetora a certos agentes irritantes (etanol 20%,
NaCl 5%...); esta acao protetora € atribuida a acdo de prostaglandinas endégenas e 6xido nitrico.

A defesa da mucosa tem sido bem caracterizada no estdmago por resistir aos danos
promovidos pelo efeito do 4cido e da pepsina.

Os vidrios componentes de defesa da mucosa podem ser visualizados e organizados

hierarquicamente correspondendo ao arranjo anatdmico da mucosa, como se segue:
, 0 primeiro nivel consiste de fatores secretados dentro do limen incluindo 4cido, bicarbonato, muco
e fosfolipideos ativos superficiais. A principal fun¢do do acido gastrico € reduzir o nimero de
bactérias ingeridas no intestino delgado. (Wallace et al., 2001);
no segundo nivel encontra-se o epitélio, o qual € resistente as injirias induzidas por dcido,
formando uma barreira impermedvel a difusdo passiva; sendo capaz de promover reparos se sua
continuidade for rompida;
a microcirculacdo da mucosa e sua associacdo aos nervos aferentes sensoriais dentro da mucosa e
submucosa encontram-se no terceiro nivel; o refluxo de dcido ou toxinas para dentro da mucosa
resulta em elevagdo, neuronalmente mediada, do fluxo de sangue da mucosa para limitar os danos e
facilitar o reparo;
o sistema imune consiste de varias “células alarme”, tais como mastdcitos € macrofagos, que ao
detectarem a entrada de um material estranho dentro da mucosa, organizam uma resposta
inflamatdria apropriada; este seria o quarto nivel de arranjo anatdmico da mucosa.
no quinto e ultimo nivel de organizagdo estariam fatores de reparo/crescimento: quando os danos da
mucosa se estendem profundamente, estes fatores sdo capazes de proporcionar: a) crescimento e
regeneracdo das glandulas gastricas; b) regeneracdo da inervagdo do sistema nervoso extrinseco e

intrinseco; e c) restabelecimento da microcirculacao.

1. Acido

A funcdo primdria do 4cido géstrico € bactericida em relagdo as bactérias ingeridas. Com
excecdo de Helicobacter pilory, o dcido gastrico € bastante efetivo na minimizac¢do da colonizac¢io
bacteriana do estdmago. Hipocloridria e acloridria predispdem a exacerbacao da severidade de infecdes
bacterianas e de certas infecdes parasitarias. Evidéncias indiretas da importancia da acio bacteriana do

acido géstrico podem ser obtidas a partir dos estudos com a cimetidina, nos quais demonstrou-se
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presenca de diarréia em pacientes, que tomaram drogas antisecretoras por um periodo de tempo
prolongado (Wallace et al., 1996).

A H. pylori ndo s6 possui um mecanismo de sobrevivéncia em meio dcido, como também €
capaz de alterar a secrecdo acida. O mecanismo responsdvel por elevar a secrecdo dcida géstrica em
pacientes infectados com H. pylori ndo estd completamente elucidado, mas ha evidéncias de alteracdao
na liberacdo de gastrina e de somatostatina, quando essas bactérias colonizam o antro gastrico. A
elevacdo da secrecao acida, como resultado da infe¢do da H. pilory, pode contribuir na patogénese da
ulcera duodenal (Geibel et al., 2001).

O HCI € secretado pelas células parietais presentes na mucosa gastrica. A pepsina € derivada do
pepsinogénio que, quando em contato com o HCI, € liberado pelas células principais da mucosa
gastrica. A regulacdo dessa secrecdo € através de uma interacdo de mecanismos neuronal (acetilcolina),
hormonal (gastrina) e pardcrino (histamina, somatostina). Receptores de cada um desses agentes
acoplados aos seus respectivos receptores t€ém sido encontrados na célula parietal. O efeito
estimulatério da acetilcolina e gastrina é mediado pelo aumento do célcio citosdlico, enquanto a
histamina € mediada pela ativagdo da adenilato ciclase e GMPc (Shamburek et al., 1992).

Apés a ativacdo da célula parietal pela histamina, ocorre estimulacdo da secre¢do 4cida e
diminui¢do do pH luminal para aproximadamente 1, levando ao efluxo de prétons a partir da glandula
do lumen resultando na diminuicdo do pH intragastrico (Geibel et al., 2001)

A célula parietal é altamente especializada possuindo vdrias caracteristicas morfoldgicas
distintas que justificam suas atividades funcionais. A membrana plasmatica apical é formada por uma
série de pequenos canais (canaliculos) que se formam a partir da superficie e se projetam no interior da
célula com freqiiente interconexagcdo. No espaco citoplasmatico hd uma abundancia de estruturas
membranosas, ricas em H,K-ATPase, que possuem forma morfolégica vesicular e tubular,

denominadas por isso como estruturas tubulovesiculares (Yao et al, 2003).

2. Muco e Bicarbonato

A funcdo da chamada “barreira muco-bicarbonato” na prote¢do da mucosa a partir das injurias
induzidas por 4cido e pepsina, € um dos aspectos mais controversos da defesa da mucosa. Ha algumas
davidas em relacdo a funcdo do muco como um agente de restricdo a movimentagao de bactérias para a
superficie epitelial: as bactérias se prenderiam ao muco e, eventualmente, seriam excretadas nas fezes
(Wallace et al., 2000).

O mecanismo pelo qual bicarbonato € secretado a partir de células epiteliais também €

controverso. Através da difusdo de CO, nas células ocorre a conversao e formacdo de bicarbonato. Uma
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das hipdteses é que o bicarbonato € secretado pela membrana apical através da troca de anion, outra
hipétese relevante, é que o bicarbonato € transportado através do sangue pela membrana basolateral,
através de um transportador sddio-bicarbonato em resposta a diminui¢do do pH intracelular resultando
numa exposi¢ao luminal 4cida (Kaunitz et al., 2001).

Outro fator significativamente importante para a mucosa géstrica € o muco, o qual se apresenta
de forma viscosa, eldstica, aderente, como um gel transparente, que contém 95% de dgua e 5% de
glicoproteina, recobrindo toda a superficie da mucosa gastrointestinal. O muco € capaz de agir como
antioxidante e reduzir danos da mucosa promovidos por radicais livres (Repetto et al., 2002).

Foi proposto que o muco seria o agente responsdvel por uma continua “cobertura” na superficie
da mucosa, a qual secreta bicarbonato pelo epitélio; por essa razdo, o muco agiria como camada por
onde ocorre difusdo do dcido luminal e sua conseqiiente neutralizacio. Essa hipotese € sustentada pela
demonstracdo do gradiente de pH que atinge niveis abaixo de 2, enquanto que a superficie do epitélio
permanece com pH préximo a neutralidade (Garner et al., 1984).

Entretanto, essa teoria vem sendo questionada por diversas razoes:

» €& questiondvel a formacdo de uma camada continua de muco na superficie do estdmago;
(Morris et al., 1984);

» um gradiente de pH ndo pode ser detectado na superficie da mucosa se o pH luminal for
reduzido, como € freqiiente em situacdes fisioldgicas (Bahari et al., 1982);

» existem circunstincias experimentais nas quais o gradiente de pH ndo pode ser detectado, pois o
epitélio resiste as injurias induzidas por uma alta concentragdo de acido, isto €, a barreira de
muco-bicarbonato é funcionalmente redundante (Wallace, 1989);

» discute-se que altas concentra¢des de dcido sdo encontradas nas glandulas géstricas na regido
da célula parietal e que essa € também uma regido de alta concentragdo de pepsina; nesse local,
no entanto, ndo ha células secretoras de muco e, portanto, as células expostas a uma alta
concentragdo de acido e pepsina devem possuir mecanismos adicionais de resisténcia as lesoes
(Wallace et al., 1996);

» se o muco forma uma camada continua sobre a superficie da mucosa, como a condugdo do
acido poderia ocorrer, a partir das glandulas géstricas, em direcao ao limen? Discute-se, assim,
que o movimento do 4cido em direc@o oposta esteja retardado em fungdo da presenca do muco

(Wallace et al., 1996).
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3. Epitélio

O estobmago possui vdrias formas de se proteger quando exposto continuamente a altas
concentragdes de dcido; uma das mais importantes € o epitélio gastrico. Ele € freqiientemente renovado,
sendo as células “velhas” deslocadas em direcdo ao limen. O epitélio géstrico humano renova-se
completamente a cada 2-4 dias. A habilidade em permitir que as células velhas sejam repostas por
células mais jovens, sem quebra significante da barreira, € atribuida a um processo de extensao celular, ou
seja, as c€lulas vizinhas gradualmente “apertam” as células envelhecidas na base (Wallace et al., 1996).

Nos organismos multicelulares as células sdo organizados em comunidades, rodeadas por um fluido
intersticial de volume extremamente limitado. Comunicacdo local entre as células adjacentes ocorre
freqiientemente através de juncdes gap em células que sao fisicamente conectadas ou através da liberagao de
moléculas de sinalizacio pardcrina (ex. ATP, glutamato, 6xido nitrico), que se difundem para seus receptores
alvos através de microambientes extracelulares (Hofer et al., 2004).

O aumento da permeabilidade vascular causa danos a mucosa. A permeabilidade vascular
aumentada pode representar um estado transitério hemodinamico entre vasos normais e danificados,
que podem ser potencialmente reversiveis. Contudo, edemas severos podem ser observados em locais
de inflamacgdo, onde substincias inflamatérias, como histamina e prostaglandina, sdo recrutadas. Sob
tais condi¢des € possivel que o dano vascular cause reacdo inflamatéria no local extravascular e

progressivamente leve a danos teciduais (Hase et al, 2003).

4. Fluxo Sangiiineo da Mucosa

O fluxo sangiiineo da mucosa gastrica € regulado e modificado por sistemas e fatores locais
metabdlicos como prostaglandina, leucotrienos e outros mediadores quimicos endégenos na mucosa
(Kawano et al., 2000)

Um dos papéis do fluxo sanguineo na mucosa € suprir de oxigénio, nutrientes € hormonios a
mucosa gastrica, além de participar da regulagcdo da saida do 4cido, da producdo de muco, da secrecdo
de bicarbonato, da remoc¢do dos produtos e da retrodifusdo de fons hidrogénio; esses eventos
substancialmente contribuem para a manutencdo fisiologica da integridade da mucosa. Redugdo do
fluxo sanguineo estd envolvido com as lesdes da mucosa géstrica causadas por stress, etanol e DAINES
(Kawano et al., 2000). De fato, o aumento do fluxo sanguineo na mucosa gastrica diminui
sensivelmente o dano causado por diversos agentes nocivos (Brzozowski et al., 1997).

A microcirculagdo é um importante nivel da defesa da mucosa e € modulada significativamente
pelo sistema nervoso e por mediadores inflamatdrios. Difusio de dcido ou toxina na mucosa resulta em

elevacdo mediada por neurdnio sensorial aferente do fluxo sanguineo que € critico, limitando danos e
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facilitando a reparacdo. O sangue dilui e/ou neutraliza o 4cido/toxina e previne o acimulo de
concentracgdes citotoxicas na mucosa (Wallce et al., 2001).

Essa resposta hiperémica promovida por irritante luminal € mediada via liberagdo do peptideo
liberador do gene calcitonina (CGRP) dos neurdnios sensoriais aferentes, o qual causa liberacao de NO
endotélio vascular, causando dilatacdo das arteriolas da submucosa. O resultados € o aumento do fluxo
sanguineo, que auxilia a diluir, neutralizar e remover toxinas e dcidos (Wallace et al., 2001).

Nervos aferentes sensoriais, 0s quais possuem suas terminagdes abaixo do epitélio, podem
detectar a entrada de 4cido e, possivelmente, de outras toxinas, para dentro da mucosa; isso resulta em
ativacdo desses nervos. Ao retornar para o SNC, os impulsos nervosos gerados afetam diretamente o
tonus das arteriolas da submucosa; o tonus desses vasos € que irdo regular o fluxo sangiiineo (Holzer,
1991).

O fluxo sanguineo na mucosa mantém a estrutura e a fun¢cdo do estdbmago e estd associado a
doencas géstricas e cicatrizacdo de lesdes gastrointestinais. Ele € regulado e modificado por sistemas e
fatores locais metabdlicos como prostaglandina, leucotrienos e outros mediadors quimicos endégenos

na mucosa (Kawano et al., 2000)

5. Reconstituicao

O termo “reconstituicdo” refere-se ao processo de reparo epitelial da mucosa, que envolve
migragdo rapida de células cicatrizantes aos locais lesionados na base da membrana desprotegida. As
células gastricas estdo ligadas a membrana basal da célula epitelial e este local é bastante sensivel aos
danos induzidos por dcido (Paimela et al., 1995).

Tendo ocorrido dano na mucosa, forma-se uma “capa mucdide” sobre o local lesionado, que
consiste de fragmentos celulares, muco e plasma (incluindo proteinas tais como fibrina e albumina). A
capa mucoéide provém de um microambiente que conduz a reconstitui¢do epitelial; o pH da capa
mucdide € mantido em torno de 5 (Wallace et al., 1991). A manutencdo desse pH relativamente alto,
nesse microambiente, é dependente de um suprimento continuo de sangue na regiio. E comum que o
plasma proveniente dos vasos sangiiineos seja responsavel por tamponar algum 4cido que se difunda de
dentro da capa mucdide; mantendo assim o pH nesse microambiente. A capa mucdide serve para
“capturar” o plasma e para interromper, ainda que brevemente, o fluxo sangiiineo; sem a capa ocorre

uma queda do pH. A progressdao dos danos do epitélio superficial acabard por abranger também a

mucosa, causando uma lesd@o hemorréagica grave (wallace et al., 1996).
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A cicatrizacdo na mucosa requer reconstitui¢ao da estrutura glandular epitelial (re-epitelizacdo),
restaurac@o da lamina prépria incluindo uma rede microvascular na mucosa, nervos e células de tecidos
conectivos (Jones et al., 1999).

A cicatrizacdo de tlcera é acompanhada de um aumento do fluxo sanguineo gastrico na area da
dlcera e por um significativo aumento de gastrina plasmatica e citocinas pré-inflamatérias como TNF-a
e IL-1B. Com o progresso da cicatrizacdo da ulcera ocorre declinio gradual do fluxo sanguineo, da
gastrina plasmadtica e citocinas pro-inflamatoérias. Foi concluido que a hipergastrinemia durante o
periodo anterior a cicatrizagdo da tulcera pode ser atribuido a supressio da acidez géstrica e expressao
de fatores de crescimento como: EGF, TGF- a e HGF, os quais controlam a proliferacdo celular
(Brzozowski et al., 2001).

Esses fatores de crescimento promovem a proliferacdo e migracdo de células epiteliais para a
cratera da ulcera, levando a reepitelizacdo dessa cratera e maturagdo das glandulas. Na base da tlcera
ocorre granulacdo de tecido sofrendo continua remodelacdo. A reparacdo do dano causado a mucosa
gdstrica requer angiogénese — formagdo de novos microvasos. Isso facilita a entrada de nutrientes e
oxigénio na drea, permitindo a proliferacdo celular e migracdo. Angiogénese é importanate para o
reparo tanto de dano agudo da mucosa ou cronico durante a cicatrizacdo de ulcera gastroduodenal.
Fator de crescimento vascular endotelial (VEGF) e fator de crescimento do fibroblasto (bFGF) sido
fortes fatores angiogénicos em células endoteliais vascular (Jones et al., 1998). A angiogénese na
granulacdo de tecido facilita a remodelacdo por liberar oxigénio e nutrientes. Células inflamatorias sao
substituidas por fibroblastos e microvasos na fase final da cicatrizacdo (Chan et al, 2001).

Evidéncias tém sugerido que certos fatores de crescimento podem contribuir para esse processo;
por exemplo: o fator de crescimento fibroblastico (FGF) tem sido demonstrado comportar-se como
uma influéncia positiva na reconstitui¢do. Paimela (1993) demonstrou que a aplicagdao luminal de
protamina ou suramina, as quais interferem com a acdo de bFGF enddgeno, inibiu significantemente a
recuperagdo funcional da célula epitelial apés danos da mucosa induzidos por salina hipertdnica. Por
outro lado, sucralfato aplicado luminalmente, pode se ligar ao bFGF e, desse modo, prevenir essa

degradacio pelo 4cido, permitindo a reconstituicao epitelial que pode ocorrer no pH luminal de 3.

6. Prostaglandinas

Prostaglandina é uma das substincias endégenas, que mais contribui para o reparo da mucosa. E
produzida em grande quantidade pela COX-2 (Konturek et al, 2001), resultando numa expressao local
de outras substincias protetoras (EGF, TGF-alfa, bFGF, fator de crescimento endotelial vascular e

NO), que podem contribuir para a cicatrizagdo da ulcera. A ciclooxigenase ¢ uma enzima conversora de
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acido araquiddnico, presente na membrana fosfolipidica, a PGE,, PGD,, PGI,, PGJ, e TX, (Peleg et al,
2002).

Prostandides, tais como PGI,, produzido em grande parte pelo endotélio, agem via receptor
fosfatidil-inositol (IP), levando a prevencdo da agregacdo plaquetdria causando vasodilatacdo,
natriurese e inibicdo da secrecdo 4cida gastrica. A PGE, induz contra¢do uterina, vasoconstricao e
redugdo da secrecdo acida géstrica. PGD, aumenta fluxo sanguineo gastrico e renal, inibe secrecdo
gdstrica de H, e agregacgio plaquetéria. PGD; pode ser transformada em PGJ, que € reconhecida como
estimulo de reparacdo e cicatrizacdo de tecido e indutora de NO-sintase. TXA, aumenta o nivel
plasmaético de cdlcio, resultando na agregacdo plaquetéria e potente vasoconstri¢cao (Pawlik et al, 2002).

Ainda que alguns mediadores quimicos participem na producdo coordenada e efetiva da
resposta da mucosa a injuria, ha uma influéncia dominante da prostaglandina e do 6xido nitrico nesse
processo; tanto PG”s quanto NO, sdo moduladores essenciais na defesa da mucosa. Essas substancias
influenciam cada um dos componentes de defesa da mucosa inibindo a secrecdo acida, estimulando a
secrecao do muco e de bicarbonato, e elevando o fluxo sangiiineo da mucosa, o qual promovera
tamponamento da acidez e remoc¢do de algumas toxinas que atravessam a mucosa, proporcionando a
aceleracdo da cicatrizacdo da ulcera (Wallace et al., 2000). Outra importante acao relatada é o efeito
inibitério na atuacdo de mastécitos e na aderéncia de leucécitos ao endotélio vascular. E provavel que
atuam como imunomoduladores. A supressdo da sintese e/ou liberacdo de prostaglandina ou de NO
rende a2 mucosa maior susceptibilidade a injdria (Whittle et al., 1990).

A prostagandina tem acdo citoprotetora por estimular muco e secrecdo de bicarbonato,
mantendo fluxo sanguineo e aumentando a resisténcia de células epiteliais contra injtrias causadas por
citotoxinas (Hawkey et al. 1985). Um dos mecanismos através do qual a prostaglandina diminui a
resposta inflamatdria e reduz a severidade do dano na mucosa € através da modulacao da atividade de
imundcitos na mucosa. Por exemplo, prostaglandina E, tem sido um potente supressor de TNF-a o qual
€ liberado por macréfagos, reduzindo a expressdo do gene TNF-a nestas células (Kunkel et al., 1988).
DAINES, por outro lado, aumentam a liberacdo de TNF-a por macréfagos, justamente por impedir a
formacdo de PG (Santucci et al., 1994). Prostaglandina também regula a liberacdo de outras citocinas
como: IL-1 originado de macréfagos, e reduz a produgdo de potentes quimitotdxicos, como leucotrieno
B, originados dos neutréfilos (Werthein et al., 1993)

Observacao recente realizada por Gretzer et al (1998), reportou que a expressao da COX-2 tem
um importante papel na cicatrizacdo de tulcera gastrica, e que derivados da PG a partir de COX-2,
podem estar envolvido na citoprote¢do adaptativa induzida por agentes irritantes moderados, quando

uma grande 4rea da mucosa € lesada. Drogas antiinflamatérias ndo-esteroidais (DAINES), inibem a
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producdo de prostaglandina responsédvel pela protecdo da mucosa géstrica e possuem um efeito tépico
direto irritante (Ballinger et al, 2001). O acido géstrico provavelmente exacerba os danos na mucosa
induzidos por DAINES devido a vérios fatores: a) o 4cido converte lesdes superficiais em necroses
profundas na mucosa por interferir com processo de reconstituicdo; b) a presenca do dcido prejudica a
presenca de hemostasia; ¢) o dcido interfere com processo de cicatrizacio da ulcera (Chan et al., 2001).
O efeito deletério de DAINES cléssicos na cicatriza¢io da ulcera pode ser reproduzido por inibidores
seletivos de COX-1 e COX-2, sugerindo que ambas isoformas de COX sdo importantes fontes de PG
durante a cicatrizagdo de ulcera (Brzozowski et al, 2000).

A diminuicao do fluxo sanguineo na drea ulcerada, a expressdao excessiva de citocinas e a falha
da atividade de enzimas antioxidantes na mucosa induzidas por DAINES, podem contribuir para

retardar a cicatrizacio da ulcera gastrica e agravamento de danos gastricos induzidos por estresse.

7. Oxido Nitrico

Nos ultimos anos o NO assumiu um importante papel como modulador endégeno de intimeras
funcdes fisiologicas. Essa molécula estd envolvida na regulacdo do fluxo sangiiineo, manutengdo do
tonus vascular, integridade da mucosa, controle de agregacdo plaquetédria e modulacdo da atividade de
mastdcitos (Motilva, et al, 2001). As trés vias enzimdticas produtoras de NO sdo: NO-sintase neuronal,
(NOSn), endotelial (NOSe), constitutiva (NOSc) e induzida (NOSi), que tem sido caracterizada no
TGI. A NOSi, a qual produz grande quantidade de NO, causa injdria e, portanto, inibi¢do especifica
dessas enzimas causa beneficios. A NOSc mantém a barreira da mucosa intacta (Kubes et al, 2000).

A inibicdo de NO aumenta o estresse oxidativo, o qual ativa mastdcito. Essas células sdo
encontradas em grandes quantidades no TGI, as quais liberam mediadores como histamina e fator
ativador de plaquetas, causando aumento da permeabilidade epitelial; esse evento € rapidamente
revertido pela liberacdo exdgena de NO (Kanwar et al,1994).

E bem conhecido que o 6xido nitrico (NO) media uma variedade de efeitos inibitérios no TGI:
relaxamento do fundo do estdmago, relaxamento ndo-adrenérgico e ndo-colinérgico (NANC)
relaxamento do esfincter gastrointestinal, fase descendente de reflexo peristaltico, inibicdo tonica da
motilidade intestinal (Kortezova et al, 2004). Wiklumb et al (1993) demonstraram que a liberacdo de
NO/NO; ¢ inibida ndo somente pelo bloqueio de NO-sintase, remoc¢do de cdlcio, mas também apds o
bloqueio de receptor muscarinico pela atropina. Ward et al (1996) também sugerem que receptor
muscarinico participaria na regulacdo da producdo de NO. Buntzen et al (1996) encontraram que a

administracao exdgena de acetilcolina causa relaxamento dependente de NO.
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A 06xido nitrico sintase (NOS) também existe nas formas induzida (iNOS) e constitutiva (Miller
et al., 1995). No estdmago, a forma constitutiva é encontrada no endotélio (eNOS) e neurdnio entérico
(nNOS). Estimulos apropriados, tais como na exposi¢do a endotoxina, fazem com que a iNOS possa ser
detectada (Brown et al., 1994). Isso sugere que o NO, derivado da iNOS, poderia exercer efeito
citoprotetor no estdbmago; por outro lado, sugere-se que essa enzima produz niveis citotéxicos de NO
(Tepperman et al., 1994), o que permanece pouco claro.

A respeito da importincia do NO e da PG para a defesa da mucosa, tem sido demonstrado que
estes mediadores podem regular a sintese um do outro: o NO pode estimular a atividade da COX,
aumentando consequentemente a sintese de PG (Salvemini et al, 1993). Isso levanta a possibilidade de
que drogas possam ser desenvolvidas através da estimulacdo de producdo de PG’s e/ou NO, as quais
aumentariam a habilidade da mucosa géstrica para resistir as lesdes induzidas por irritantes presentes
no ldmen.

NOSi pode ser um mecanismo endégeno de aumento de niveis de NO local, minimizando
disfungdes intestinais, e possivelmente contribuindo para o reparo da mucosa pelo aumento do fluxo
sanguineo, pela reduc¢do de infiltrado inflamatério e pelo aumento da capacidade antioxidante (Kubes et
al.,, 2000). Por outro lado, a NOSi, a qual produz quantidades relativamente grandes de NO, em
condi¢des patoldgicas, contribui para o dano e disfun¢do da mucosa (Wallace et al., 2000).

Uma das importantes fontes oxidantes € a infiltracao de neutréfilo, e o NO é um reconhecido
anti-aderente molecular. Outro mecanismo pelo qual o NO reduz o estresse oxidativo € por inibir o
recrutamento de neutréfilo no local da inflamacdo. NO pode reduzir a fonte primdria oxidante por inibir
a infiltracdo de neutrdfilo, inibir a maquindria responsavel pela producao de neutréfilos na oxidacdo.
Embora NO per se ndo seja deletério, ele pode reagir com o superéxido produzindo peroxinitrito, o
qual causa injuria celular. NOSi produz peroxinitrito (Kubes et al., 2000).

No trato gastrointestinal, o NO participa de mecanismos de defesa, mas também contribui para
danos da mucosa gastrica. O resultado desse duplo papel no desenvolvimento de drogas que modulam a
sintese de NO tem sido amplamente estudada (Muscard et al., 1999).

Os dois maiores tipos de doengas gastrointestinais sao caracterizados pelo envolvimento de NO:
desordens na motilidade e doencas inflamatérias ulcerativas. NO € um mediador chave para
relaxamento do miusculo liso por nervos ndo adrenérgicos e ndo-colinérgicos; isso € extremamente
importante para regular o transito do quimo e o tonus do esfincter (Muscard et al., 1999). NO produzido
em grande quantidade [via isoforma NOSi | tem sido sugerido ser importante na mediag¢do da injdria do
tecido associado a ulceracdo gastroduodenal e doengas inflamatdrias intestinas, bem como injurias no

tecido gastrointestinal (Miller et al., 1994).
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II1. Helicobacter pylori

H. pylori € um bacilo gram negativo, que infecta a camada da mucosa do estdmago em
humanos. Desde o seu descobrimento em 1984, a bactéria foi associada a gastrite e tulcera péptica.
Cerca de 15-20% da populacdo infectada por essa bactéria, pode desenvolver tlcera péptica ou cancer
gastrico (Goddard et al., 2003).

A H. pylori é uma das principais causadoras de ulcera péptica, € um importante fator de risco
no desenvolvimento do cancer gastrico. A terapia antimicrobiana ideal tem sido caracterizada pela
erradicacdo de cerca de 90% da bactéria e minima taxa de efeito colateral. O aumento da eficdcia da
terapia contra H. pylori vem sendo recentemente testado num centro multidisciplinar com mais de 1000
pacientes; € uma nova terapia com mais de 10 dias de tratamento. Essa alternativa levou a erradicagdo
de 97% da bactéria em paciente com ulcera géstrica em comparagdo com a taxa obtida com 7 dias de
terapia tripla (Hassan et al., 2003).

O dito “no acid no ulcer” tinha no passado resumido o conceito da patogénese da ulcera
péptica. Entretanto, foi reconhecida que a infec¢do por H. pylori € uma das maiores causas de ulceracdo
duodenal e gastrica (Peura et al., 1996).

O mecanismo pelo qual a H. Pylori infecta a mucosa géstrica ainda ndo estd bem esclarecido.
A tlcera duodenal pode ser efetivamente tratada pela forte supressao do acido sugerindo que ela seja é
uma doenca relacionada a hipersecre¢ao acida. (El Omar et al., 1995). Essas anormalidades incluem
aumento basal e estimulo de secrecdo de 4cido, reducdo do efeito inibitério da somatostatina na
liberacdo da gastrina, e inibicdo da secre¢do géstrica na resposta da distensdo antral. Hassan et al.
(2003) tém proposto que a alta concentracdo de amodnia produzida pela H. pylori impede a secrecdo de
somatostatina pela célula D antral, prejudicando o controle inibitério da liberacdo de gastrina. Por outro
lado, H. pylori associada a gastrite antral pode afetar célula D e célula G, por estimular producdo de
citocinas. Resultados in vitro mostram que algumas citocinas pré-inflamatdérias como a interleucina 8 e
TNF-q, afeta a liberacdo de somatostatina e gastrina (Chan et al., 2002). TNF- a parece ser um dos
principais fatores para muitas formas de danos na mucosa gastrica, incluindo a associacdo com a
infeccao por H. pylori e o uso de DAINES (Wallace et al., 2001).

Fatores ambientais também afetam a célula parietal e sua capacidade de secretar dcido, através
da infeccdo e md nutricdo, cujos fatores predispdem o organismo a ulcera gédstrica em resposta a
infeccdo por H. pylori. (Chan et al., 2002).

No tratamento da infeccdo de H. pylori tem sido usado a tripla terapia convencional, a qual

consiste em bismuto, metronidazol e tetraciclina. Entretanto o uso de inibidores da bomba protdnica
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(IBP), ou ranitidina citrato bismuto (RCB) e dois antibiéticos (amoxilina e claritromicina, metronidazol
e claritromicina ou amoxilina e metronidazol ) € uma das terapias mais utilizadas. A rdpida resisténcia
antimicrobiana tem substancialmente reduzido a eficdcia da terapia tripla (IBP ou RCB). No presente
mais de 12% de H. pylori isoladas nos USA s@o resistentes a claritromicina e tendendo a se estender
por demais paises desenvolvidos. A resisténcia a claritromicina é devido a mutacdo do RNA da H.
pylori. Por outro lado, a resisténcia ao metronidazol é prevalente em paises desenvolvidos (Chan et al.,
2002).

E conhecido a resisténcia da H pylori aos dois grupos de drogas: nitromidazéis (tinidazol e
metronidazol) e macrolideos (claritromicina e azitromicina). Claritromicina parece ser um importante
componente da erradicacdo da terapia, devido ao bom resultado obtido quando usado sozinho ou com
associacao. No Brasil, a resisténcia primdria da claritromicina € baixa (menos que 5%), enquanto que

em outros paises € maior que 10% (Bellelis et al,.2004).

IV. Doencas inflamatoérias intestinais

Entre as doengas gastrointestinais, as mais obscuras sdo as doencas inflamatdrias intestinal
(DII), as quais atualmente se referem a duas diferentes doencgas conhecidas como: doenga de Crohn e
colite ulcerativa (Hanauer, 1993). A doenca de Crohn e a colite ulcerativa s@o patologias caracterizadas
principalmente por um processo inflamatério cronico no intestino de humanos e infiltracdo por
leucécitos inflamatoérios tais como, neutréfilo, macréfago e linfécitos no trato gastrointestinal. As
doencas inflamatdrias intestinais (DII) t€ém sido objetivo de extensas pesquisas nos ultimos anos (Egan
e Sandborn, 1998).

Embora estas pesquisas ainda ndo tenham apresentado dados definitivos sobre a etiologia desta
doenca ou de um tratamento totalmente eficaz, é possivel observar que provavelmente existe relacao
entre esta patologia e o processo inflamatorio cronico do intestino (Galvez et al., 2000). Uma das
grandes limita¢des na pesquisa de DII tem sido a necessidade de bons modelos dessas doencas (Kim et
al, 1992). Dos indmeros modelos animais alguns se tornaram valiosas ferramentas para o estudo da
patogénese e para a descoberta de novas terapéuticas. O modelo de dcido sulfénico 2,4,6-
trinitrobenzeno (TNBS) tem sido extensivamente utilizado nessa consideracao.

A administracdo intracolonica de TNBS dissolvido em etanol 50 %, promove uma resposta
inflamatéria local caracterizada como colite aguda em animais, a qual é semelhante aquela
desenvolvida em humanos; inclusive, estd demonstrado, que o referido modelo desencadeia sintomas
classicos como inibi¢do do apetite, perda de peso do animal, diarréia, hiperemia intensa na mucosa

intestinal, ulceracdo na regido do c6lon e, em muitos casos, rompimento do segmento colonico (Morris
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et al., 1989). Isso sugere que esse modelo de colite seja adequado para o estudo de eventos que ocorram
no tempo da inflamacdo e do reparo (Yamada, Y. et al., 1992)

O aparecimento das DII pode estar relacionada diretamente a uma resposta anormal e
desordenada do sistema imunoldgico mediante um estimulo in6cuo, envolvendo diversos mediadores
da inflamacdo (Nassif et al., 1996). Um intenso desequilibrio bioquimico relacionado a tentativa de
regulacdo do sistema imunoldgico também contribuiria para a instalacdo da DII (Galvez, 2000). Por
outro lado, radicais livres derivados do oxigénio e também do nitrogénio tem sido propostos como
agentes envolvidos no aparecimento e desenvolvimento da DII, os quais seriam indicativos de estresse
oxidativo no tecido intestinal (Harris et al., 1992).

A terapia atual das DII consiste da utilizacdo de drogas com atividade antiinflamatéria e/ou
antioxidante como superdxido desmutase, sulfasalazina e o acido 5-aminosalicilico; porém, até o
momento, nenhuma droga foi totalmente eficaz em promover a cura destas lesdes ou entdo capaz de
impedir seu aparecimento (Egan e Sandborn, 1998). Drogas sintéticas ou de origem natural, que
apresentam atividade antiinflamatéria e antioxidante, tem sido extensamente testadas

experimentalmente para esta patologia (Gélvez et al, 2000).

V. Espécie Estudada

A Arctium lappa L., pertencente a familia Asteraceae, € popularmente conhecida como
“GOBO” ou “BARDANA”. A espécie é originria do Japdo, de algum valor como forragem devido as
suas grandes folhas, sendo as vezes cultivada para tal fim; geralmente, a cultura tem por objetivo obter
as raizes napiformes, as quais sio servidas nas refeicoes como legumes ap6és dupla decocgao. Mesmo
assim, as raizes de bardana s6 sdo comestiveis enquanto novas, pois logo se ramificam e tornam-se
lenhosas. No Japao elas constituem, entretanto, um dos legumes mais comumente usados (Pio Correa,
1984)

A Arctium lappa L. (figure 1) alcangca de 50 cm a 2 m de altura; é planta erecta, ramosa,
pubescente-cotonosa, folhas alternas, pecioladas, as inferiores cordiformes e as superiores ovadas,
flores purpureas reunidas em capitulos grandes dispostos em corymbos na extremidade do caule e dos

ramos; fruto achenio oblongo-subtrigono com papilho de pélos muito caducos (Pio Correa, 1984).
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Figure 1

Estudos farmacolégicos e toxicoldgicos vém sendo realizados com a espécie Arctium lappa L,
os quais revelaram uma diversidade de acdes terap€uticas, como: atividade antioxidante (Liu & Ng,
2000; Pin Der, 1998), inibi¢cdo da interacdo entre HIV-1 gp 120 e receptor CD4 imobilizado (Collins et
al., 1997) e inibi¢do do fator de necrose tumoral (Smith et al., 1999). Barbosa et al. (1993) encontrou,
durante o processo de purificagdo das substincias presentes nessa espécie, uma lactona sesquiterpénica,
identificada como onopordopicrina, a qual se encontrava de forma majoritdria em uma das fracdes do
extrato cloroférmico.

Durante esses tltimos anos mais de 500 lactonas sesquiterpénicas foram isoladas e identificadas
a partir de espécies variadas. Embora indmeras revisdes tenham descrito a biogénese, distribui¢ao
quimica e quimiotaxonomia das sesquiterpeno lactonas, sua atividade bioldgica nos indmeros sistemas

tem sido pouco relatada.
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De acordo com Szabo (1984) a citoprotecdo gastrica pode ser mediada por no minimo dois
diferentes mecanismos: um deles envolve prostaglandinas e o outro, envolvendo compostos com
radicais sulfidrila presentes na mucosa. O estudo realizado por Giordano et al (1992) sobre a relagao
estrutura-atividade de uma sesquiterpeno lactona evidencia que o mecanismo de citoprotecao gastrica
deve ser mediado pela produgdo de prostaglandina, bem como pela reacdo de Michael entre compostos
contendo radicais sulfidrila na mucosa com aceptores de Michael presentes na molécula em estudo.

Esses resultados podem ser utilizados para compreender o papel estrutural da sesquiterpeno
lactona na atividade citoprotetora e proporcionar um guia para o design de compostos com essa
atividade farmacoldgica. Portanto, por se tratar de uma sesquiterpeno lactona, que apresenta atividade
antioxidante, uma possivel eficdcia em relagdo a atividade antiulcerogénica foi aventada. Para isso,

utilizamos o mesmo método de obtengao do material fitoquimico utilizado por Barbosa et al. (1993).

V.1. Preparacao do Material

Folhas de Arctium lappa foram coletadas em Mogi Mirim, SP, Brasil e depositadas no Herbério
da UNICAMP (voucher nimero 131.966). As folhas frescas foram trituradas em 70% EtOH, filtradas e
o solvente foi evaporada a viacuo. O residuo resultante foi diluido em EtOH:H,O (2:1, v/v), e extraido
trés vezes com eter. O extrato etéreo foi tratado com Na,SO, anidro, evaporado, diluido em EtOH:H,O
(2:1, v/v) e extraido trés vezes com hexano. O extrato hexanico foi removido e a camada polar foi
extraida trés vezes com CHCI;. O extrato cloroférmico foi tratado Na,SO4 anidro, evaporado a vécuo.
A fracdo semi purificada (ONP), a qual contém onopordopicirna como composto majoritdrio, foi obtida
a partir do extrato cloroférmico (100 mg) por adsor¢do cromatografica usando uma coluna de Silica
Gel 60 (0,0063-0,200 mm). A coluna foi eluida com cloroférmio e o gradiente de polaridade obtido por
adicdo de 1-4% MeOH. A fracdo foi analisada por GC-MS em sistema Hewlett Packard-6890 GC com
uma coluna capilar (30 m x 0.25 mm x 0.25um, HP-5MS, Crossbond 5% fenyl 95%-dimetilpolisiloxano,
HP) acoplado diretamente a Hewlett Packard 5973 com um detector de massa seletiva. A temperatura da
injecdo foi de 250°C; programa de temperature de 40-300°C at 4°C/min, operado em splitless mode por
1.5 min. O gés utilizado foi o He em fluxo constante de 1ml/min e um volume de amostra foi de 1ul.
Onopordopicrina (Cj9H40¢ - Figure 2) foi eluida a 57.686 min. A fragmentacdo de massa foi de
acordo com a citada por Barbosa Filho et al. (1993): m/z (abundancia relativa) M* 348(<1), 281(8),
207(29), 147(43), 119(88), 91(52) e 85(100).
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Figure 2
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Dentro de um estudo farmacoldgico envolvendo lactonas, que vem sendo realizado no
Laboratério de Produtos Naturais do Departamento de Fisiologia e Biofisica do IB-UNICAMP, o o
objetivo geral é o de encontrar substancias, que possam semelhante poténcia em relacdo a atividade
farmacoldgica as substincias ja estudadas, sem apresentar os efeitos toxicos que acompanham as
mesmas, os quais foram observados em estudos de citotoxicidade de curto e médio prazo.

O objetivo especifico deste trabalho foi o de estudar a atividade faramacoldgica da fracdo que

contém ONP de forma majoritdria, obtidda a partir das folhas de Arctium lappa, investigando:

» sua atividade antiulcerogénica em modelos experimentais de ulcera induzida por diferentes
agentes em camundongos e ratos;

» seus mecanismos de acdo antiulcerogé€nica, em modelos experimentais diversos;

» sua atividade antiinflamatéria intestinal em modelo de colite ulcerativa aguda induzida por

acido sulfonico trinitrobenzeno (TNBS)
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Abstract

1.

Onopordopicrin, a sesquiterpene lactone isolated from the leaves of Arctium lappa,
has good pharmacological activity (Barbosa et al., 1993). Based on these results,
and because we have studied the antiulcerogenic activity of other lactones, we
investigated the biological activity of a semi-purified fraction (ONP) of this plant,
which contains onopordopicrin as majority compound.

The cytotoxicity of ONP, was assessed in Chinese hamster lung V79 fibroblasts , a cell
line commonly used in cytotoxicity studies. Cell viability was determined by 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), total nucleic
acid content and neutral red uptake assays. ONP had ICsj values of 17.5 uM, 12.5 uM
and 15 uMin neutral red uptake, nucleic acid content and MTT reduction assays,
respectively.

The antitumoral effects of ONP were evaluated by different endpoints of cytoxicity
on promyelocytic leukemia cell line (HL60). Cell viability was determined by MTT
reduction and phosphatase activity (PTP) assays. The ICsy for ONP was 16.3 uM in
both of these assays. This value was similar to that for V79 cells.

The antiulcerogenic effects of the ONP, at different doses, were assessed classic
models of gastric ulcer induced by ethanol/HCI (12.5, 25, 50, 100, 200 or 400
mg/kg), indomethacin/bethanechol (50, 100, 200 or 400 mg/kg), hypothermic
restraint stress (50 mg/kg) and pylorus ligature (50 mg/kg) in male Swiss mice.
ONP was antiulcerogenic in all of the models, suggesting a possible antisecretory

action combined with a cytoprotective effect. Based on these findings, the effect of
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ONP on the gastric wall mucus, obtained from pylorus-ligated mice was also
evaluated. ONP didn’t present significant differences in the mucus production.

5. The results obtained with ONP are promising, because the significant protection
against ulcers induced by different agents suggested an antisecretory and a
protective effect thet was probably mediated through somatostatin and gastrin

secretion, and/or by the antioxidant properties present in ONP substance.

KeywordsArctium lappa, gastric ulcer, : onopordopicrin, sesquiterpene lactone
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Introduction

Lewis & Hanson (1991) and Borrelli & Izzo (2000) discussed the wide variety of chemical
compounds with antiulcer activity isolated from medicinal plants. we have also described
antiulcer activities for several sesquiterpene lactones, such as trans-dehydrocrotonin (Souza
Brito et al., 1998; Hiruma-Lima et al., 1999), cordatin (Hiruma-Lima et al., 2000),
aparisthman (Hiruma-Lima et al., 2001), and semi-synthetic crotonin (Albino de Almeida et

al., 2003).

Arctium lappa L., which belongs to the family Asteraceae and is popularly known as
“Gob0” or “Bardana”, is native to Japan. This plant is generally cultivated for theist edible
roots to alimentation (Pio Correa, 1984). Pharmacological and toxicological studies have
shown that Arctium lappa L. (Asteraceae), shows a diversity of therapeutics actions as
antioxidant activity, inhibition of interaction between HIV-1 gp 120 and receptor CD4,
tumour necrosis factor inhibition, antiinflamatory effect (Lin et al., 1996). Barbosa et al.
(1993) identified in this plant asesquiterpene lactone (onopordopicrin)), which presented
significative analgesic effect. Therefore, for the fact to treat of a semi purified fraction
(ONP) obtained from leaves of Arctium lappa, which contains onopordopicrin as majority

compound, we decided to investigate its biological activity.

Screening tests for toxicity are routinely used in drug development programs to determine a

given concentration is also toxic. Cell viability assays are commonly done with V79
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fibroblasts, a cell line that is well characterized and widely used in mutagenicity and

toxicity studies (Cingi et al., 1991).

Lactone sesquiterpene has a common characteristic: pharmacological activity associated
with high toxicity. Thus, we decided to investigate the effect of ONP on cancer cells. The
inability of most cancer cells to mature into non-replicating adult cells means that they
remain in a highly proliferative state and outgrow their normal cellular counterparts.
Defects in the intrinsic ability of haematopoietic progenitor cells to undergo cell death may
allow the cell to acquire further mutations and eventually become malignant. Such defects
could account for the resistance to cell death, seen in leukemic cells (Brady, 2003). One
approach to control this proliferation is to use antineoplastic agents that can kill cells by
inducing cell death or differentiation (Tsftsoglou et al 2003). The human leukemia cell line
HL60 can be induced to undergo cell death by several chemical and biological agents,
including sesquiterpene lactones. The finding that neoplastic cells can be induced to
undergo cell death or differentiation indicates that the malignant state is not irreversible and
suggests that certain cancers could be treated with agents that have this activity (Anazetti et

al., 2003).

In this work, we will investigate the cytotoxicity, antiulcerogenic and antitumoral effect of

a semi-purified fraction of this plant.
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Methods
Animals
Male Swiss mice (30-35 g), all obtained from the Central Animal House of the State
University of Campinas (CEMIB/UNICAMP), were used in these experiments. The animals
were fed normal rodent chow (NUVILAB CR—a®), with free access to tap water, and were
always fasted before the experiments because the drugs or test substances were

administered orally.

Preparation of semi-purified fraction (ONP)

Leaves of A. lappa were collected in Mogi Mirim, SP, Brazil and a voucher herbarium
specimen was deposited in the herbarium of the State University of Campinas (voucher no.
131.966). Fresh leaves were triturated in aqueous 70% ethanol, filtered, and the solvent
then evaporated under vacuum. The resulting residue was diluted in EtOH:H,O (2:1, v/v),
and extracted three times with ether. The ethereal layer was treated with anhydrous
Na,SOy,, evaporated, diluted in EtOH:H,0 (2:1, v/v) and extracted three times with hexane.
The hexane layer was set removed, and the polar layer was extracted three times with
CHCls. The chloroform layer was then treated with anhydrous Na,SO,, evaporated under
vacuum. Semi-purified fraction (ONP), which it contais onopordopicrin as majoritary
compound, was obtained from chloroform extract (100 mg) by adsorption cromathography
using a column packed with Silica Gel 60 (0,0063-0,200 mm) as the stationary phase. The
column was eluted with chloroform and a polarity gradient obtained by adding 1-4%

MeOH. The fraction was analyzed by GC-MS in a Hewlett Packard-6890 GC system with a
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fused capillary column (30 m x 0.25 mm x 0.25um, HP-5MS, Crossbond 5% phenyl 95%-
dimethylpolysiloxane, HP) coupled directly to Hewlett Packard 5973 with a selective mass
detector. The injection temperature was 250°C; temperature program of 40-300°C at 4°C/min,
operated in the splitless mode for 1.5 min. The carrier gas was He at a constant flow of
Iml/min and the sample volume was 1ul. Onopordopicrin (C9H»40¢ - Figure 1) eluted at
57.686 min. The mass fragmentation agreed with that reported by Barbosa Filho et al.
(1993): m/z (relative abundance) M" 348(<1), 281(8), 207(29), 147(43), 119(88), 91(52)

and 85(100).

V79 fibroblast cultures

The cytotoxic effect of ONP, expressed as cell viability, was assessed in Chinese hamster
V79lung fibroblasts, a cell line that has been used in othercytotoxicity studies of plant
products (Souza-Brito et al., 1998; Rodriguez et al., 1999). The fibroblasts were grown as
monolayers in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10%
heat-inactivated fetal calf serum, 100 IU ofpenicillin/ml and 100 pg of streptomycin/ml in a
humidified incubator with a 5% CO, atmosphere at 37°C. The cells were plated onto 96-
well plates at a density of 3 x 10" /ml. The medium was removed 48 h after cell seeding and
replaced with one containing ONP (5-50 uM), initially dissolved in methanol and then
diluted in DMEM. The final concentration of methanol in the test and control media was
1%. The cells were exposed for 24 h to the test medium with or without ONP (control).
Each drug concentration was tested in eight replicates and in each of three experiments. At
the end of the incubation, three independent endpoints for cytotoxicity, MTT reduction,

total nucleic acid content and neutral red uptake, were evaluated and and the toxicity ICsy.
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Nucleic acid content

The number of cells in control and treated wells was estimated from their total nucleic acid
content according to Cingi et al. (1991). The cells were washed twice with cold phosphates;
buffered saline (PBS) and a soluble nucleotide pool was extracted with cold ethanol. The
cell monolayers were then lysed by incubation in 0.5 M NaOH for 1 h at 37°C. The absorbance

of the NaOH fraction at 260 nm was used as an index of cell number (Bianchi et al., 1990) .

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium  bromide  reduction  (MTT
reduction)

The tetrazolium reduction assay was performed using the method of Denizot and Lang
(1986). Briefly, fibroblasts were washed once with phosphate-buffered saline (PBS) before
addition of 0.1 ml of serum-free medium containing MTT (1 mg/ml) to each well. Following
incubation for 4 h, the supernatant was removed and the blue formazan product obtained
was dissolved in 1 ml of ethanol with stirring for 15 min in a microtitre plate shaker. The

resultingabsorbance was read at 570 nm.

Neutral red uptake

The neutral red uptake assay was performed as described by Borenfreund and Puerner
(1984). After 4 h of incubation with serum-free medium containing 50 pg of neutral red/ml,
the cells were quickly washed with PBS and then 0.1 ml of an aqueous solution of 1% (v/v)
acetic acid: 50% (v/v) ethanol was added to each well to extract the dye. After rapid

shaking on a microtitre plate shaker, the absorbance was read at 540 nm.
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HL60 leukemia cell culture

Human leukemia cells (HL60) were kindly provided by Dr. Rui Curi (Laboratory of Cellular
Metabolism and Regulation, Department of Physiology and Biophysics, Institute of Biomedical
Sciences (ICB), University of Sdo Paulo). The cells were cultured in suspension in RPMI 1640
medium supplemented with 10% fetal bovine serum, 100 IU of penicillin/mL and 100 ug of
streptomycin/mL in a humidified atmosphere of 5% CO, in air at 37°C. The cells were
passaged twice a week and were used in the exponential growth phase at passages 12-26. To
assess viability, the cells were seeded (3 x 10° cells/ml) in 96 wellplates and incubated with
different concentrations of ONP for 72 h. Cell viability was determined by MTT reduction as

described above and by their phosphatase activity (Anazetti et al., 2003).

Phosphatase activity

After incubation with ONP for 72 h, the phosphatase activity of HL60 cells was assayed as
described by Anazetti et al. (2003). The culture medium was carefully removed from the
wells and p-nitrophenyl phosphate dissolved in 1 M acetate buffer, pH 5,5 at a
concentration of 75 mM was added. After incubation for 30 min on a microplate shaker at
room temperature, the reaction was stopped by adding NaOH. The resulting absorbance

was read at 405 nm.

Acute gastric lesions
The antiulcerogenic activity of different doses of ONP (12.5, 25, 50, 100, 200 or 400
mg/kg) was assessed in experimental models of acute gastric ulcers. In all experiments, the

doses of ONP were diluted in 12% Tween 80 and a positive control group was used. After

50



animal sacrifice, the stomachs were removed and opened along the greater curvature to

determine the ulcerative index (UI) as described by Szelenyi and Thiemer (1978).

Ethanol/HCl-induced ulcers

This assay was done in groups of 7 mice each using the method of Mizui et al. (1983). Mice
were randomly allocated into eight groups and fasted for 24 h before the experiment.
Ethanol 60%/HCI1 0.1 N was administered orally to mice treated with ONP (12.5, 25, 50,
100, 200 or 400 mg/kg) or vehicle (12% Tween 80, 10 ml/kg) 50 min previously. One hour
after the administration of ethanol/HCI, the mice were killed and the stomachs were

removed, opened and the ulcerative index was determined.

Hypothermal-restraint stressinduced ulcers

The antiulcerogenic activity of ONP was assessed in hypothermal restraint stress-induced
gastric ulcers in mice according to the method of Levine (1971), with some modifications.
Mice were fasted for 36 h and then received an oral dose of ONP (50 mg/kg), cimetidine
(100 mg/kg) or vehicle (12% Tween 80, 10 ml/kg). Thirty minutes after the treatments,
gastric ulceration was induced by immobilizing the mice in a closed cylindrical cage at
4°C. After 3 h, the mice were killed by cervical dislocation and the stomachs removed and

examined for ulcer.

NSAID-induced gastric ulcers in cholinomimetic-treated mice
This assay was done in groups of 6 mice fasted for 24 h with free access to water. Thirty
minutes after the oral administration of ONP (50 - 400 mg/kg), cimetidine (100 mg/kg) or

vehicle (12% Tween 80, 10 ml/kg), a solution of indomethacin (30 mg/kg, dissolved in 5%
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sodium bicarbonate) was administered subcutaneously to each group as described by Rainsford
et al. (1978). Acetyl-B-methylcholine chloride (bethanechol, 7.5 mg/kg) was administered
intraperitoneally 15 min before indomethacin. The mice were killed 4 h later and the

stomachs removed and opened, to assess the gastric lesions.

Gastric wall mucus determination

A slightly modifies procedure of Corne et al (1974) was followed. Male Swiss mice were
fasted for 24 h. The pylorus was ligated and the mice were treated intraduodenally with
carbenoxolone (200 mg/kg), ONP (50 mg/kg) or vehicle (12% Tween 80, 10 ml/kg). The
glandular segments of stomachs opened along their greater curvatures were removed,
weighed,and immediately transferred to 10 ml of 0.1% (w/v) Alcian blue dye solution. The
amount of Alcian blue extracted per g (wet weight) of glandular tissue was then calculated
from a standard curve After reding the absorbance at 596 nm in a spectrophotometer

(LKB).

Statistical Analysis
The results are expressed as the mean + SEM. Statistical comparisons was determined by
one-way analysis of variance followed by the Dunnett test, with the level of significance set

at p<0.05. All statistical analyses were done using Statistic 5.1 software (StatSoft, Inc.).

Results and Discussion

Cell viability assays measure the “killing capacity” or the “metabolic capacity” of a given

chemical, are often used in toxicity studies with an unknown compound (Cingi et al., 1991).
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The cytotoxic effects of ONP were measured by the MTT reduction, nucleic acid content and
neutral red uptake assays in V79 fibroblasts. As shown in Fig. 1, the toxicity of ONP was
similar in the nucleic acid content (ICso = 12.5 uM), neutral red uptake (ICsp = 17.5 uM) and
MTT reduction (ICsp =15 uM) assays. These results indicated a loss of viability in V79
fibroblasts after a 24 h exposure to ONP (Fig. 1). This loss of viability was concentration-

dependent and involved cell detachment and death.

The balance between the therapeutic versus the toxicological effects of a compound is an
important parameter in assessing its applicability as an antiulcer or any other
pharmacological agent such as antitumor agent. The toxicological assays described here
were done in cultured cells, which can be used to evaluate cytotoxicity (Ekwall et al., 1988)
and target organ toxicity. In some cases, cultured cells may also provide information about

the lethal dose in vivo (Shrivastava et al., 1991).

Many cytotoxic drugs kill malignant cells by inducing cell death. Leukemic cells (HL60) provide
a model for studying the mechanisms and relationships involved in the induction of cell death by
antitumor agents (Anazetti et al., 2003). Cultured mammalian cells provide an inportant tool for
evaluating the cytotoxicity of compounds with of potential therapeutic activity (Pailard et al.,
1999). The effect of ONP on the growth and viability of HL60 cells was assessed by the MTT
reduction and phosphatase activity assays. As shown in Fig 3, ONP decreased the cell viability in
both assays in a concentration-dependent manner. The 1Csy value for the two assays was 16,3

uM. Thus, ONP inhibited HL60 cell growth in vitro after a 72 h exposure to the compound .
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Sesquiterpene lactones have functional groups that are responsible for their biological effects,
including antitumor activity. Other diterpenes isolated from C. incanus and Laetia corymbulosa
are also cytotoxic in several tumor cell lines (Beutler et al., 2000). The ICsy values for ONP in
V79 and HL60 cells were similar. These results provide a basis for studies aimed at of chemically
modifying the structure of ONP to decrease the cytotoxicity in normal cells (V79) while

maintaining or increasing the antitumor activity.

To establish a general profile of the antiulcerogenic activity of ONP, the compound was
administered orally at different doses in several gastric ulcer models in mice and rats. The
gross appearance of gastric injury after administering ethanol provides a valuable basis for
screening of effects of different compounds and also for establishing the mode of their
action (Szelenyl et al., 1988). When the gastric mucosal defense is compromised,
exogenous noxious agents (e.g., ethanol, aspirin), together with HCI and pepsin, penetrate
into the mucosa and damage the mucosal microvessels (Atay et al., 2000). For this reason,
we examined the activity of ONP (12.5, 25, 50, 100, 200 or 400 mg/kg) on ethanol/HCI-
induced ulcers. Pretreatment with ONP (25 - 400 mg/kg) was effective in to inhibiting ulcer
formation and indicated gastroprotective effect, except at dose of 12.5 mg/kg (Table 1).
Szabo et al (1985) and Murakami et al (1985) proposed that prostaglandins may prevent the
increase in vascular permeability in response to ethanol, thereby maintaining the vascular
integrity and adequate mucosal perfusion. The ability of prostaglandins to increase mucus
and bicarbonate secretion may also be important. The antiulcerogenic effect of ONP may
involve prostaglandins or other protective agents in the gastric mucosa. In addition, the
reduction in oxygen and nutrient delivery caused by ethanol releases pro-inflammatory and

vasoactive mediators (serotonin, leukotriene Cg4, platelet activating factor) that in turn
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potentiate the ischemic necrosis (Tarnawski et al., 1991, 1992). Accordingly, these results
indicate that oxygen-derived free radicals may be involved in the pathogenesis of ethanol-
induced gastric mucosal damage and, consequently, that ONP may have antioxidant
activity. Pretreatment with ONP (50 mg/kg) was more effective in inhibiting ulcer
formation than semi-synthetic crotonin, a sesquiterpene lactone from Croton cajucara with
significant antiulcerogenic activity in the ethanol-induced ulcer model (Albino de Almeida
et al., 2003). Based on these results, we hypothesized that ONP acted on the gastric mucosa
as an antisecretory agent. To test this hypothesis, we examined the antiulcerogenic action
of ONP in indomethacin and stress—induced ulcer models, as well as the action of ONP on

some parameters of gastric secretion and mucus production.

To investigate the possible role of endogenous prostaglandins in the protection induced by
ONP, a subcutaneous dose of indomethacin (30 mg/kg) and an intraperitoneal dose of
bethanecol (7.5 mg/kg) were administered 30 min after pretreatment with ONP (50, 100,
200 or 400 mg/kg). The protective effect of orally administered ONP was significantly
greater than the control group at doses of 50 - 200 mg/kg (Table 1). However, the
protection decreased at the highest dose of ONP. A similar effect has been observed with
semi-synthetic crotonin (Albino de Almeida et al., 2003). Prostaglandins regulate the
secretion of mucin and of surface active phospholipids by mucous cells, when
cyclooxygenase is inhibited by indomethacin, these are quantitative and qualitative
decreases in mucosal barrier function (Sarosiek et al., 1986; Atay et al., 2000). The
suppression of prostaglandin synthesis by NSAIDs increases the susceptibility of the
mucosa to injury, inhibits epithelial cell proliferation, interferes with cell migration

(essential for re-epithelialization), and inhibits angiogenesis (Tarnawski, 1993), especially
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in the presence of decreased nitric oxide synthesis (Wallace et al., 1996). The gastric injury
induced by the suppression of prostaglandin synthesis can be prevented by the
administration of nitric oxide (NO) (Wallace et al., 1996; Maricic et al., 1998). The effect
of ONP on indomethacin-induced ulcers suggest an action on mucus production, a
reduction in gastric acid secretion, and the involvement of NO. For this reason, we

examined the effect of ONP on mucus production and gastric acid secretion.

The antisecretory and cytoprotective actions of ONP were assessed hypothermic-restraint
stress-induced ulcers in mice. Pretreatment with ONP (50 mg/kg, p.o.) significantly
inhibited the formation of gastric lesions by hypothermic restraint-stress by 65% (Table 1).
Cimetidine (100 mg/kg), a reference antiulcerogenic agent, also significantly inhibited
(75%) the ulceration induced in this model. Disturbances of the gastric mucosal
microcirculation and alterations in gastric secretion and abnormal motility have been
considered responsible for stress-induced mucosal lesions and gastric mucus depletion (Goa
et al., 1987). According with these author, the most important factor in the genesis of stress
treated ulcer is an increase in gastric acid secretion, often refered to as the “aggressive

factor”.

Stress causes sympathetic stimulation of the stomach, which induces direct arteriolar
vasconstriction and gradually reduces the blood flow to the stomach, leading to local
hypoxia and ischemia (Takeuchi et al., 1990). Ischemia increases the leakage of O, from
the mitochondrial electron transport chain (Blake et al., 1987) and facilitates the availability
of “redox-active” copper and iron. This leakage of O, can cause lipidi peroxidation and

lead to a loss of membrane fluidity, impaired ion transport and membrane integrity, and a
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loss of cellular functions (Halliwell et al., 1990). Together these factors play a key role in

stress-induced gastric ulceration.

The involvement of histamine in hypothermal-restraint stress-induced ulceration is
indicated by the observation that cimetidine, an H, receptor antagonist, completely
inhibited the ulceration caused by hypothermic-restraint stress. The cytoprotective action of
ONP could therefore involve antagonism of histaminergic and/or cholinergic receptors.
Semi-synthetic crotonin showed similar inhibition at a dose of 100 mg/kg (Albino de
Almeida et al., 2003). These results confirm the antiulcerogenic effect of ONP and indicate
the need to evaluate the biochemical aspects of gastric acid secretion and mucus production

by the stomach mucosa.

Mucus production was evaluated after ligature of the pylorus. Gastric mucus exists in two
forms: those adherent to the mucosa, referred to as barrier mucus, and those not adherent in
the gastric juice, refered to as soluble mucus or more accurately as free mucus, as not all
the mucus in the gastric contents is in solution. Free mucus probably represents shed barrier
mucus and has no physiological role (Bolton et al., 1978). We measured only adherent

mucus. Treatment with ONP did not significant changes the mucus production(Fig 4).

The results of this study show that ONP has as important protective action against gastric
ulcers induced by various agents. This protection may involve antisecretory and antioxidant
activities of ONP. Overall, ONP had better cyprotective activity than semi-synthetic

crotonin, and the antiulcerogenic action of these two compounds apparently involves

57



different mechanisms. Further studies are necessary to determine the full range of

mediators involved in the antiulcerogenic activity of ONP.
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Figure Legend
Fig 1 Chemical Structure of onopordopicrin

Fig 2 Viability of V79 cells after treatment with ONP. The endpoints evaluated were
neutral red uptake (NRU), MTT reduction (MTT) and nucleic acid content (NAC). The

points are the mean+SD.

Fig 3 Cytotoxicity of ONP on HL60 cells. The endpoints evaluated were MTT reduction
(MTT) and phosphatase activity (PTP). The points are the mean+SD.

Fig 4. Effects of ONP on mucus production obtained from pylorus-ligated mice
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Table 1. Effects of ONP on different gastric lesions in mice. The results are reported as the

means + S.D.

Method Treatment Dose ILU Inhibition

(mg/kg) (%)

Ethanol/HCI Control - 22.84+14.29 -
lanzoprazole 30 12.54+7.19% 45.09
ONP 12.5 12.848.79 43.97
25 543 T4 78.11
>0 52543 45% 77.02
100 3.87+2.66%** 83.03
200 4.12+1.36%* 81,94
400 80.30

4.5+]1.32%*

Indomethacin/ Control - 10.57+4.69 -
bethanechol Cimetidine 100 4.054+2.41%* 61.63
ONP 50 34242 44%% 67.58
100 4.22+2 39%* 60.10
200 6.7142.54* 43.28

400 15.1243.05 )

Hypothermic Control - 10.584+3.32 -
Testraint stress Cimetidine 100 2 6642, 10% 75.34
ONP 50 37542 63 65.33

*P<0.05 and **P<0.001 compared to the corresponding control group (Dunnett’s test)
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Summary

1.

Extracts of the Arctium lappa L. (Asteraceae), have a variety of therapeutic actions,
including antioxidant activity, inhibition of tumoral necrosis factor, antiinflammatory and
analgesic effects. The sesquiterpene lactone, onopordopicrin, has been obtained from this
species. Since sesquiterpene lactones have important antiulcerogenic activity, we
examined the mechanisms of action of a semi-purified fraction from the leaves of A.
lappa on ethanol-induced ulcer model in mice, which it contains onopordopicrin as
majoritary compound. For this reason we denominated this fraction as ONP.

Mice were treated with 12% Tween 80 (negative control), a standard antiulcer drug
(positive control) or ONP.

ONP reduced ethanol/HCl-induced gastric ulcers in mice by in comparison to the control.
Since ONP (50 mg/kg) was equipotent to lanzoprazole (30 mg/kg), the protection seen
with ONP treatment could be related to an antisecretory action of ONP.

For this reason, the effect of ONP (50 mg/kg) on the biochemical parameters of gastric
juice obtained from pylorus-ligated mice was also evaluated. ONP (50 mg/kg) and
cimetidine (100 mg/kg) showed significant decreases in total acid concentration, with a
consequent in increase pH compared to the control group. The decrease in total acid
concentration was not followed by changes in gastric volume for either ONP or
cimetidine.

ONP (50 mg/kg) and lanzoprazole (30 mg/kg), significantly (p<0.05) increased the serum

somatostatin levels (pmol/L) (82.1 + 8.19, 87.7 + 22.1 and 12.7 £ 8.02, mean+SD), but
71



decreased the serum gastrin levels (uU/ml) (62.6 + 13.5, 46.6 £ 7.05 and 361.5 + 14.3,
mean+SD), respectively. These data confirmed that an antisecretory mechanism was
involved with the antiulcerogenic effect of ONP.

6. The synthase protective effect of ONP was unaltered by the nitric oxide synthase
inhibitor L-NAME, NG—nitro—L—arginine methyl ester, (24.7 £ 17.1, 5 £ 23.5, 5.6 £ 3.7),
but was attenuated by N-methylmaleimide, a sulphydril groups blocker (12.7 + 4.4, 50.5
+23.9,42.9 + 18.1).

7. Thus, the protective action of ONP involves somatostatin secretion and inhibition of
gastrin release, and an antioxidant effect.

Keywords:, Arctium lappa, gastric ulcer, lactone sesquiterpen, onopordopicrin,
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Introduction

The mechanisms of defense and repair in the gastric mucosa involve a variety of mediators,
including nitric oxide, sulthydryl group, gastrin and somatostatin. Nitric Oxide (NO) can protect
at subdilatory concentrations (Payne et al., 1993). The exacerbation of vascular injury following
NO inhibition cannot be entirely accounted for by its vasoactive properties since a not all
vasoconstrictors (unlike NO inhibitors) necessarily enhance mucosal damage in models of
inflammation (Andrews et al., 1994). A more likely explanation for the protective effect of NO is
that it works as an antioxidant during the inflammatory response. NO rapidly reacts with
superoxide anion to inactivate the latter in vitro (Rubanyi et al., 1991).

The role of sulfhydryl groups in gastric mucosal protection is unclear; although gastric mucus
glycoproteins may be involved (Robert et al., 1979). Tissue injury produced by noxious agents
may result in the accumulation of toxic free radicals in mucosal cells. The gastric mucosa
contains unusually high concentrations of reduced glutathione (Boyd et al., 1981), the major
component of the endogenous, non-protein sulthydryl pool. Ethanol lowers the concentration of
non-protein sulfhydryls in gastric mucosa, and sulfhydryl blocking agents prevent the
cytoprotective effect of prostaglandin F,g and decrease non-protein sulthydryl levels (Szabo et
al., 1981).

The gastric epithelium is folded into glands, which are the distinctive feature of the gastric
mucosa. The corpus epithelium contains endocrine cells that regulate acid secretion through
paracrine mechanisms, the most important being histamine-releasing enterochromaffin-like
(ECL) cells and somatostatin-releasing D-cells. Parietal and ECL cells are absent in the glands of

the pyloric antral region of the stomach, but there is an additional endocrine cell type, the gastrin
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(G) cell (Walsh et al., 1994). Gastrin is the major secretory product of the antral endocrine cell
system and is a major stimulant of acid secretion. The G- and D-cells of the pyloric antral
mucosa act in concert as transepithelial transducers to monitor the luminal nutrients (protein and
amino acids) and pH, respectively. Somatostatin is secreted from antral D-cells when the luminal
pH falls below 3.5, and acts by a paracrine mechanism to suppress G-cell function, thereby
completing a negative feedback loop controlling acid secretion (Wu et al., 1990; Dimaline et al.,
1991).

Arctium lappa L., of the family Asteraceae, is popularly known as “GOBO” or “BARDANA”.,
and 1s original by from Japan. This plant includes is cultivated for its roots which are edible (Pio
Correa, 1984). Pharmacological and toxicological studies have shown that A. lappa L. has a
variety of therapeutic action, includings as antioxidant and antiinflammatory activities (Lin et al.,
1996), platelet activating factor (PAF) antagonists (Iwakami et al., 1992), hepatoprotection (Lin
et al., 2002) and analgesic activity (Barbosa et al., 1993). A sesquiterpene lactone known as
onopordopicrin has been isolated from this species (Barbosa et al., 1993). Previous studies in our
laboratory (Souza Brito et al., 1998; Hiruma-Lima et al., 2000; Hiruma-Lima et al., 2001;
Almeida et al., 2003) have show that this sesquiterpene lactone has an important antiulcerogenic
activity. In this study, we examinated the mechanisms of action a semi-purified fraction from the
leaves of A. lappa, which it contains onopordopicrin as majority compound. For this reason we

denominated its as ONP. This is the same fraction studied by Barbosa Filho et al (1993).
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Methods

Animals

Male Wistar rats (150-250 g) and Male Swiss mice (30-35 g) obtained from the Central Animal
House at UNICAMP were houses on a 12 h light/dark cycle at 22 + 1 °C and 55% humidity. The

animals received a certified Nuvilab CR-a" (Nuvital) diet and water ad libitum but were fasted

prior to all assays because standard drugs or ONP were always administered orally (by gavage —
10 ml/kg) using a 12% Tween 80 as the vehicle solution.. All of the experiments were done

according to the recommendations of the Canadian Council on Animal Care (Olfert et al., 1993).

Preparation of semi-purified fraction (ONP)

Leaves of A. lappa were collected in Mogi Mirim, SP, Brazil and a voucher herbarium specimen
was deposited in the Herbarium of the State University of Campinas (voucher number 131.966).
Fresh leaves were triturated in aqueous 70% EtOH, filtered, and the solvent then evaporated
under vacuum. The resulting residue was diluted in EtOH:H,O (2:1, v/v), and extracted three
times with ether. The ethereal layer was treated with anhydrous Na,SOj, evaporated, diluted in
EtOH:H,O (2:1, v/v) and extracted three times with hexane. The hexane layer was set removed,
and the polar layer was extracted three times with CHCls. The chloroform layer was then treated
with anhydrous Na,SO4, evaporated under vacuum. Semi-purified fraction (ONP), which it
contais onopordopicrin as majoritary compound, was obtained from chloroform extract (100 mg)
by adsorption cromathography using a column packed with Silica Gel 60 (0,0063-0,200 mm) as
the stationary phase. The column was eluted with chloroform and a polarity gradient obtained by

adding 1-4% MeOH. The fraction was analyzed by GC-MS in a Hewlett Packard-6890 GC
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system with a fused capillary column (30 m x 0.25 mm x 0.25um, HP-5MS, Crossbond 5% phenyl
95%-dimethylpolysiloxane, HP) coupled directly to Hewlett Packard 5973 with a selective mass
detector. The injection temperature was 250°C; temperature program of 40-300°C at 4°C/min,
operated in the splitless mode for 1.5 min. The carrier gas was He at a constant flow of 1ml/min and
the sample volume was 1pl. Onopordopicrin (Ci9H24O¢ - Figure 1) eluted at 57.686 min. The
mass fragmentation agreed with that reported by Barbosa Filho et al. (1993): m/z (relative

abundance) M 348(<1), 281(8), 207(29), 147(43), 119(88), 91(52) and 85(100).

Pylorus ligature

Male Swiss mice were fasted for 24 h. The pylorus was ligated by the method of Shay et al.
(1945) and the mice received 12% Tween 80, cimetidine (100 mg/kg) or ONP (50 mg/kg)
intraduodenally. Intraduodenal administration was used to ensure the systemic action of the
substances. The mice were sacrificed 4 h later and the stomachs were removed and the contents
drained into a graduated centrifuge tube via a small incision. The volume and pH of gastric
secretion were determined and the total acid output was calculated by titrating the pH to 7.0 with

0.05 N NaOH.

Blood collect
Blood samples were collected by punction of the retroorbital plexus (Krous ez al., 1980).
Immediately after collect, the blood was centrifuged (3000 rpm, at 6°C, 10 min) and the serum

was stored in 20 °C until used.
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Quantification of gastrin and somatostatin

The serum levels of somatostatin and gastrin in rats with ethanol-induced ulcers treated with
12% Tween 80 or ONP (50 mg/kg) were measured by radioimmunoassay using commercial kits
(RB-306, EURO ~DIAGNOSTICA and CIS bio international- GASK-PR), as described by

Arimura et al. (1978) and Slingerland et al. (1984), respectively.

Involvement of nitric oxide (NO) in the cytoprotection by onopordopicrin

These experiments were done as described by Sikiric et al. (1997). Male Swiss mice fasted for
24 h with free access to water were allocated to various groups. The control group received an
intravenous injection of saline solution and the others, an injection of L-NAME (10 mg/kg), an
NO synthase inhibitor, by the same route. After 30 min, both all groups received 12% Tween 80 or
ONP (50 mg/kg) orally. After a further 50 min, the mice given ethanol/HCI orally and then
sacrificed 1 h later. The stomachs were removed and opened along the greater curvature and the

ulcerative index was determined.

Ethanol-induced gastric mucosal lesions in N-methylmaleimide-pretreated mice (Matsuda et al.,
1999)

To investigate the involvement of endogenous sulfhydryls groups in the protection activity by
ONP, N-methylmaleimide (10 mg/kg) was injected subcutaneously 30 min before the oral
administration of ONP (50 mg/kg) on 12% Tween 80. After 50 min, the mice received ethanol/HCl
orally. One hour later, the mice were sacrificed 1 h later and their stomachs were removed and

opened along the greater curvature. The ulcerative index was calculated.
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Statistical Analysis
The results are expressed as the mean + SEM. Statistical comparisons was determined by one-
way analysis of variance followed by the Tukey test, with the level of significance set at p<0.05.

All statistical analyses were done using Statistic 5.1 software (StatSoft, Inc.).

Results and Discussion

Since there may be discrepancies between the results of macroscopic and microscopic
histological evaluations of ulcers (Lacy et al., 1999), is this study, only macroscopic examination
of the stomach was used to assess the extend of damage and the protective effect of ONP.
Generally, only deep necrosis, and not the desquamation of surface cells, is prevented by agents
that protect against ethanol-induced gastric injury in rats (Szabo et al., 1987). When the gastric
mucosal defense is compromised, exogenous noxious agents (e.g. ethanol, aspirin), together with
HCI and pepsin, penetrate the mucosa and damage the mucosal microvessels (Atay et al., 2000).
For this reason, in another work we showed the protective effect of various doses of ONP (25,
50, 100, 200 and 400 mg/kg) in a model of ethanol/HCl-induced ulcers.

Szabo et al. (1985) and Trier et al. (1987) showed that the instillation of ethanol caused severe
vascular injury (with increased vascular permeability) within 1-3 min, and that this damage
consistently preceded the development of macroscopic hemorrhagic lesions in rat glandular
mucosa. ONP may have exerced its protective action in this period. Szabo et al. (1985) proposed
that prostaglandins might could the increase in vascular permeability in response to ethanol and

could help to maintain the vascular integrity and adequate mucosal perfusion. The ability of
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prostaglandin to increase mucus and bicarbonate secretion may also be important. According to
consideration carry out on antiulcerogenic effect of ONP we can to verify its cytoprotective and
antisecretory action through of possible involvement with prostaglandin or by mucus production.
Ethanol can stimulate the gastric and oral secretion of gastrin and release of histamine via a
reflex both way involving sensory terminals present in the gastric and oral mucosa. Although
gastric acid is not a primary cause of gastric mucosal damage plays a permissive role in the
damage induced by ethanol (Tarbawski et al., 1983). Based on the involve mechanism of gastric
acid in ethanol-induced injury, we investigated the influence of ONP on the biochemical
parameters of gastric acid (pH, total gastric acid content, gastric juice volume) using the pylorus
ligature method. The intraduodenal administration of ONP (50 mg/kg) or cimetidine (100 mg/kg)
immediately after ligation of the pylorus, resulted in a decrease in the total acid output/4 h, with
a consequent increase in pH, but no change in gastric juice volume (Table 1). The reduction in
acid output suggested that the protective action of ONP may involve the inhibition of gastric
secretion. Based on these findings, we investigated the ability of ONP to stimulate the secretion
of somatostatin and gastrin, two important hormones involved in gastric acid secretion.

There are several mechanisms involved in the action of somatostatin in the stomach. The
modulation of mast cell function by somatostatin has been implicated in the protection of the
gastric mucosal against ethanol induced damage (Szabo et al., 1986). The vasoactive properties
of somatostatin on gastrointestinal blood flow and other vascular systems have been studied.
Somatostatin direct and indirect actions on blood vessels. In the latter case, somatostatin can
inhibit the release of vasodilatory substances such as bradykinin, glucagon, acetylcholine,
histamine and vasoactive intestinal polypeptide, and thus indirectly cause vasoconstriction and a

decrease in mesenteric blood flow (Lucey et al., 1989). In rats pretreated with ONP (50 mg/kg),
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these was an increase in serum somatostatin levels (Table 2). This finding confirmed that the
protective mechanism of ONP involving the inhibition of gastric secretion was partly mediated
via the secretion of somatostatin.

In the stomach, somatostatin serves as a paracrine regulator of acid and gastrin release via a
mechanism that may involve in cAMP pathways (Makhlouf er al., 1990). In addition to
stimulating acid secretion, gastric also stimulates the secretion of bicarbonate by the pancreas
and the release of insulin and calcitonin. Indirectly, gastrin has trophic effect on the digestive
mucosal and has a role in the motility of the digestive tract (Varro et al., 1990). As shown in
table 2, there was a decrease in the serum gastrin levels of rats the treated with ONP (50 mg/kg).
Thus the antisecretory activity of ONP also involves a decrease in gastrin release.

Szelenyi et al. (1988) demonstrated that and superoxide dismutase, a scavenger of superoxide
radicals, sulfur-containing organic compounds, certain inorganic compounds can protect the
gastric mucosa against ethanol-induced injury. In models of acute inflammatorion the inhibition
of endogenous NO exacerbates injury (Masuda et al., 1995) whereas exogenous NO protects the
gastrointestinal mucosa against noxious stimuli (Wallace et al., 1994). An improvement in blood
flow associated with increased NO delivery could be important in countering the compromised
blood flow resulting from by HCI (Kitagawa et al., 1990), ethanol (Masuda et al., 1995), and
indomethacin (Wallace et al., 1994).

To investigate the possible role of NO and sulfhydryl groups in the protection effect by ONP, the
NO synthase inhibitor L-NAME and the sulthydryl blocker N-methylmaleimide were
administered separately 30 min before ONP (50 mg/kg) orally. As shown in table 3, L-NAME
did not significantly affect the protection by ONP, indicating that NO is not involved in this

phenomenon. In contrast, pretreating the mice with N-methylmaleimide, a sulthydryl-blocker,
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reduced the protection afforded by ONP (Table 4). Thus, the protective action of ONP on
ethanol/HCl-induced ulcers also involve gastric lipid peroxidation and an increase in the level of
gastric nonprotein sulthydryl (NP-SH) compounds. An increase in the gastric NP-SH content

limits the production of oxygen-derived free radicals (Itoh, 1985).

Conclusion

In conclusion, the ability of ONP to protect against gastric lesions involves the stimulation of

somatostatin secretion and inhibition of gastrin release, as well as an antioxidant effect.
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Figure legend

Fig 1. Chemical structure of onopordopicrin
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Table 1. Effects of onoporodopicrin on the biochemical parameters of gastric juice obtained

from pylorus-ligated mice.

Treatment Dose pH Total gastric acid  Gastric juice volume
(mg/kg, po) (mEq/ml/ 4 h) (ml)
12% Tween 80 - 3.1+0.3 23.1£12.6 0.246+0.03
Cimetidine 100 4.9+0.9"" 10.2+2.9" 0.1710.02
Onoporodopicrin S0 4241.1° 1442.9" 0.24340.03

The results are expressed as the meantSEM ANOVA: Fyu (224) = 11.838, Fiotal gastric acid (2,24) =
7.008, Faastic juice volume 224=2.555 for p<0.05 followed by Tukey test. p<0.05 = p<0.01

%

“p<0.001 compared to the control (Tween 80) group.
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Table 2. Effect of onpordopicrin on somatostatin and gastrin gastric secretion in mice.

T Dose Somatostatin Gastrin
reatments
(mg/kg, po) (pmol/L) (uWU/ml)
12% Tween 80 - 12.7+4 361.5+£8.2
Sham - 20.8+0.8 336.6 £7.5
Lanzoprazole 30 87.7+ 11" 46.6 £4.07"
Onopordopicrin 50 82.1+4.1° 62.6 +6.04"

The results are expressed as mean = SEM. ANOVA: Fsomatostatin 3,11) = 35.08, Fgastrin 3,10) =

620.7 for p<0.05 followed by Tukey test. p<0.001 compared to the (Tween 80) group.
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Table 3. Involvement of nitric oxide (NO) in the cytoprotection afforded by onopordopicrin.

Treatments / Route n Ul Inhibition
(%)
12%Tween 80 (po) + 0.9% saline (10 mg/kg, iv) 9 247 +5.7 -
12% Tween 80 (po) + L-NAME (10 mg/kg, iv) 11 55+62" 0
ONP (50 mg/kg, po) + L-NAME (10 mg/kg, iv) 9 56+1.2 77.3

The results are expressed as the meantSEM. ANOVA: F;26=23.804 for p<0.05, followed by

Tukey test. p<0.05 ~ p<0.001 compared to the control group.
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Table 4. Effect of N-methylmaleimide (10 mg/kg, s.c.) and the antiulcerative action of

onopordopicrin (50 mg/kg, p.o.) in mice.

Treatments / Route n ILU Inhibition
(%)
12% Tween 80 (po)+0.9% Saline (10 mg/kg, sc) 11 12.7+1.3 -
12% Tween 80 (po) + N-methylmaleimide (sc) 11 50.5+6.6" 0
Onopordopicrin (po) + N-methylmaleimide (sc) 10 429+57 0

The results are expressed as the mean £ SEM. ANOVA: F29=15.898 for p<0.05, followed by

Tukey test. p<0.001 compared to the control group.
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Abstract

Arctium lappa (Asteraceae), commonly known as “bardana”, has a diversity of therapeutics actions
as antioxidant activity, inhibition of tumour necrosis factor (TNFa), antiinflamatory and analgesic
effects (Lin et al., 1996). The pathological features of inflammatory bowel disease (IBD) such
Crohn’s disease and ulcerative colitis are marked by the presence of mucosal ulceration, and the
infiltration of neutrophils and lymphocytes in mucous membranes. Oxygen free radicals,
neutrophils and proinflammatory cytokines are clearly involved in the pathogenesis of IBD.
Accordingly, in this study, we examined the effects of semi-purified fraction (ONP), which have as
main constituent the sesquiterpene lactone onopordopicrin, on acute experimental trinitrobenzene
sulphonic acid (TNBS)-induced colitis in rat. ONP (25 and 50 mg/Kg/day) was administered by
oral gavage 48,24 and 1h prior to the induction of colitis and 24h later. The animals were
sacrificed 48h after induction of colitis. Colons were removed and lesions were blindly score
according to macroscopic and histological scales. Inflammation response was assessed by
neutrophil infiltration, determined by histology and MPO activity. Indeed, we evaluated mucosal
tumor necrosis factor TNF-a levels, cyclooxigenases (COX)-1 and -2 expression by
imunohistochemistry and Western Blotting was also assessed. Inflammation following TNBS was
characterized by increased colonic wall thickness, oedema, diffuse inflammatory cell infiltration in
the mucosa and necrosis. At 2 days treatment with 25 or 50 mg/kg of ONP ameliorated colonic
damage score. The levels of mucosal TNF-a were significantly elevated in the colon at 48h after
TNBS instillation. In contrast, the levels of cytokines were significantly lower in rats treated with
25 and 50 mg/kg of ONP. Treatment of TNBS-treated rats with ONP significantly reduced the
degree of polymorphonuclear neutrophil infiltration. However gluthation total remained

unchanged. Compared with inflamed colon, unchanges in staining for COX-1 was observed in

95



colon of ONP-treated rats, in contrast COX-2 expression was increased. In conclusion, our results
demonstrate that ONP is protective in acute experimental colitis. The acute inflammatory effect
seems to be related to up-regulation of TNF-a production in intestinal mucosa. Our findings

suggest that onopordopicrin shows an excellent potential for therapy in the gastrointestinal area.

Keywords: onopordopicrin, Arctium lappa, Colitis, TNBS (trinitrobenzene sulphonic acid).
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1. Introduction

The pathological features of inflammatory bowel disease, such Crohn’s disease and ulcerative
colitis, are marked by the presence of mucosal ulceration, and the infiltration of neutrophils and
lymphocytes in mucous membranes (Zhou et al., 1999). The development of these diseases may be
a result of uncontrolled or inadequately down-regulated cellular immune responses in the intestinal
mucosa to a hitherto unknown agent, probably a constituent of the luminal contents (Duchmann et
al., 1996). This leads to mucosal injury, breakdown of the epithelial barrier function, and increased
influx of luminal contents to the lamina propria, which might further exaggerate the uncontrolled
immune response (Stallmach et al.,, 1999). Activated immune cells, primarily represented by
neutrophils, macrophages and cytotoxic T cells play the role of aggressors that attack and destroy
the intestinal barrier either directly through physical contact or directly through the release of
reactive oxygen and nitrogen metabolites, cytotoxic proteins, lytic enzymes, or cytokines such as
tumour necrosis factor (TNF-a) and interleukin (IL)-1B (Kruidenier et al., 2002; Nitta et al., 2002;

Abreu, 2002).

Arctium lappa (Asteraceae), commonly known as “bardana”, has a diversity of therapeutics actions
as antioxidant activity, antiinflamatory and analgesic effects. However, there is no report related to
its activity on experimental Ulcerative Colitis (UC), thus here we investigated the effects of ONP
on the colon injury caused by intracolonic administration of 2,4,6- trinitrobenzenesulphonic acid
(TNBS) in rats. The inflammation response was assessed on the basis of histology and

myeloperoxidase (MPO) activity, as an index of quantitative inflammation and neutrophil
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infiltration in the mucosa. Mucosal TNF-a production, immunohistochemical study and western

blot analysis for COX-1 and -2.

2. Materials and methods

2.1. Experimental animals

Male Wistar rats supplied by Animal Services, Faculty of Medicine, University of Seville, Spain,
and weighing 180-220 g, were placed singly in cages with wire-mesh floors in a room with
temperature, 24-25 °C, humidity, 70-75%, and lighting, 12-h light/12-h dark, and were fed a
normal laboratory diet (Panlab, Barcelona, Spain). The rats were deprived of food for 24 h prior to
the induction of colitis, but were allowed free access to tap water throughout. They were randomly
assigned to groups of 8—14 animals. The experiments followed a protocol approved by the local
animal Ethics Committee and the local Government. All experiments were in accordance with the
recommendations of the European Union regarding animal experimentation (Directive of the

European Council 86/609/EC).

2.2. Preparation of semi-purified fraction (ONP)

Leaves of A. lappa were collected in Mogi Mirim, SP, Brazil and a voucher herbarium specimen
was deposited in the herbarium of the State University of Campinas (voucher no. 131.966). Fresh
leaves were triturated in aqueous 70% ethanol, filtered, and the solvent then evaporated under
vacuum. The resulting residue was diluted in EtOH:H,O (2:1, v/v), and extracted three times with
ether. The ethereal layer was treated with anhydrous Na,SO,, evaporated, diluted in EtOH:H,O
(2:1, v/v) and extracted three times with hexane. The hexane layer was set removed, and the polar
layer was extracted three times with CHCIl3. The chloroform layer was then treated with anhydrous

Na,SOy, evaporated under vacuum. Semi-purified fraction (ONP), which it contais onopordopicrin
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as majoritary compound, was obtained from chloroform extract (100 mg) by adsorption
cromathography using a column packed with Silica Gel 60 (0,0063-0,200 mm) as the stationary
phase. The column was eluted with chloroform and a polarity gradient obtained by adding 1-4%
MeOH. The fraction was analyzed by GC-MS in a Hewlett Packard-6890 GC system with a fused
capillary column (30 m x 025 mm x 0.25um, HP-5MS, Crossbond 5% phenyl 95%-
dimethylpolysiloxane, HP) coupled directly to Hewlett Packard 5973 with a selective mass detector.
The injection temperature was 250°C; temperature program of 40-300°C at 4°C/min, operated in the
splitless mode for 1.5 min. The carrier gas was He at a constant flow of 1ml/min and the sample
volume was 1pl. Onopordopicrin (CjgH»406 - Figure 1) eluted at 57.686 min. The mass
fragmentation agreed with that reported by Barbosa Filho et al. (1993): m/z (relative abundance)

M* 348(<1), 281(8), 207(29), 147(43), 119(88), 91(52) and 85(100).

2.3. Induction of colitis

Colitis was induced according to the procedure described by Morris et al. (1989). Briefly, rats were
lightly anesthetized with ether following a 24-h fast, and then a medical-grade polyurethane
cannula for enteral feeding (external diameter 2 mm) was inserted into the anus and the tip was
advanced to 8 cm proximal to the anus verge. TNBS (Sigma, Spain) dissolved in 50% ethanol was
instilled into the colon through the cannula (10 mg in a volume of 0.25 ml to induce acute). The
animals were maintained in a head-down position for a few minutes to prevent leakage of the
intracolonic instillate. Control groups were created for comparison with TNBS/ethanol instillation:
rats in the normal group received 12% Tween 80 instead of the TNBS solution, and the ethanol
control group received 0.25 ml 50% ethanol.

In the acute model of colitis, ONP was diluted in 12% Tween 80 and administered (p.o.) at doses

25 and 50 mg/kg, 48, 24 and 1 h prior to the induction of colitis and 24 h later. Control groups
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received vehicle in a comparable volume (10 ml/kg body weight). The animals were killed with
cervical deslocation after induction of colitis. The rats were checked daily for behaviour, body

weight, and stool consistency.
2.4. Assessment of colitis

An independent observer who was blind to the treatment evaluated severity of the colitis. For each
animal, the distal 10-cm portion of the colon was removed and cut longitudinally, slightly cleaned
in physiological saline to remove fecal residues and weighed. Macroscopic inflammation scores
were assigned, based on clinical features of the colon (score 0-10), the presence of adhesions
(score 0-2), and/or stool consistency (score 0—1) according to the criteria of Bobin-Dubigeon et al.
(2001). Pieces of inflamed colon were collected and frozen in liquid nitrogen to quantify

myeloperoxidase activity.
2.5. Histological studies

For light microscopy we used tissue samples from the distal colon of each animal fixed in 4%
buffered paraformaldehyde, dehydrated in increasing concentrations of ethanol, and embedded in
paraffin. Thereafter, sections of tissue were cut at 5 #m on a rotary microtome (Leica Ultracut),
mounted on clean glass slides and dried overnight at 37°C. The sections were cleared, hydrated,
and stained with hematoxylin and eosin, Alcian blue or Giemsa for histological evaluation of colon
damage, mucus content and neutrophil infiltration, respectively, according to standard protocols,
and the slides were coded to prevent observer during evaluation. All tissue sections were examined
with an Olympus BH-2 microscope for characterization of histopathological changes.

Photographs of colon samples were digitized using a Kodak D290 Zoom camera Eastman Kodak,
USA and Motic®Images 2000 release 1.1 (MicroOptic Industrial Group; B1 Series System
Microscopes). Analysis of the figures was carried out with the Adobe®Photoshop® Version 5.0

(Adobe Systems) image analysis program.
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2.6. Immunohistochemical study

Colon tissues were fixed in 4% buffered paraformaldehyde, dehydrated with increasing
concentrations of ethanol, embedded in paraffin, and sectioned. Sections (5 #m thick) were
mounted on slides, cleared, and hydrated. All sections were treated with a buffered blocking
solution (3% bovine serum albumin in phosphate-buffered saline, PBS) for 15 min. The sections
were then co-incubated with primary anti-EGF receptor antibody (1:400 in PBS, v/v), at room
temperature for 2 h, followed by washing with PBS and co-incubation with secondary antibody
(anti-sheep IgG, peroxidasic conjugated, Sigma) (1:400 in PBS, v/v), at room temperature for 1 h.
Thereafter, the sections were washed as before and with Tris—HCI 0.05 M, pH 7.66, then co-
incubated with a 3,3'-diaminobenzidine solution in the dark, at room temperature for 30 min. The
sections were washed with Tris—HCI, mounted with glycerine and observed with an Olympus BH-

2 microscope.
2.7. Assessment of leukocyte involvement

Myeloperoxidase activity was assessed as a marker of neutrophil infiltration according to the
methods of Grisham et al. (1990). One sample from the distal colon was taken from all animals.
Samples were excised from each animal and rapidly rinsed with ice-cold saline, blotted dry, and
frozen at -70 °C. The tissue was thawed, weighed and homogenized in 10 volumes 50 mM PBS,
pH=7.4. The homogenate was centrifuged at 20,000xg, 20 min, 4 °C. The pellet was again
homogenized in 10 volumes 50 mM PBS, pH=6.0, containing 0.5% hexadecyl-
trimethylammonium bromide (HETAB) and 10 mM EDTA. This homogenate was subjected to
one cycle of freezing/thawing and brief sonication. A sample of homogenate (0.5 1) was added to
a 0.5-ml reaction volume containing 80 mM PBS, pH 5.4, 0.5% HETAB and 1.6 mM 3,3'5,5'"-
tetramethylbenzidine (TMB). The mixture was incubated at 37 °C for 5 min and the reaction was

started by the addition of 0.3 mM H,0,. Each tube containing the complete reaction mixture was
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incubated for exactly 3 min at 37 °C. The reaction was terminated by the sequential addition of
catalase (20 #g/ml) and 2 ml 0.2 M sodium acetate, pH=3.0. The changes in absorbance at 655 nm
were measured with a spectrophotometer. One unit of myeloperoxidase activity was defined as the
amount of enzyme present that produced a change in absorbance of 1.0 U/min at 37 °C in the final

reaction volume containing the acetate. The results were quantified as U/mg protein.

2.8. TNF-a levels

Distal colon samples were weighed (100 mg) and homogenized, after thawing, in 0.3 ml phosphate
buffer saline solution (PBS pH 7.2) at 4 °C. They were centrifuged at 12 000 rpm for 10 min.
Mucosal TNF- level was assayed with a quantitative TNF-cx enzyme immunoassay (ELISA) kit

(Quantikine®M, R&D Systems). The TNF-tx values were expressed as pg/mg protein.

2.9. Western Blotting

Colonic mucosal samples (~100 mg) of all groups were homogenized in 5 volumes of
boiling lysis buffer [1% SDS, 1.0 mM sodium vanadate, 10 mM tris
(hydroxymethyl)aminomethane (Tris).HCI, pH 7.4] centrifuged at 12000 g, 15 min, 4°C. Protein
concentration of the homogenate was determined following Bradford’s colorimetric method. The
tissue homogenates, 30 and 50 pg of protein per lane, were electrophoresed in 10% SDS-
polyacrilamide gel, and transferred onto nitrocellulose membranes by electroblotting using a wet
transfer cell. Equal loading was confirmed by Ponceau S staining. The blots were pretreated in
Tris-buffered saline containing 5% nonfat dry milk, 0.5% octylphenylpolyethylenglycol
(Nonidet®) and incubated with specific primary antibodies for COX-1 (M-20) at a dilution of
1:2000, COX-2 (M-19) at a dilution of 1:400 (Santa Cruz Biotechnology®). Filters were washed
three times for 15 min each other and incubated with a horseradish peroxidase-conjugated
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secondary antibody against goat IgG (Santa Cruz Biotechnology®) and anti-rabbit IgG (Sigma-
Aldrich®). Immunocomplexes were detected by the SuperSignal West Pico chemiluminescent Kit

(Pierce, USA). Thereafter, the developed membrane was exposed to an X-ray film (Kodak,

Germany).

2.11. Statistical analysis

All values in the figures and text are expressed as arithmetic means+standard error of the mean
(S.E.M.) or standard deviation (SD). The data were evaluated with Graph Pad Prism® Version
2.01 software. The statistical significance of differences for each parameter among the groups was
evaluated by one-way analysis of variance (ANOVA) followed by Dunnett’s test. P values of

<0.05 were considered statistically significant.

3. Results

Rats treated with TNBS and ethanol showed prostration, piloerection and hypomotility.
Macroscopic inspectium of the cecum, colon and rectum showed evidence of severe colonic
mucosal damage, with oedema, deep ulcerations and haemorrhage. The animals were severely
anorexic, with a marked decrease in average food intake compared to that of the vehicle-treated
group (Table 1). The cecum, colon and rectum showed evidence of damage with mucosal
haemorrhage, oedema and deep ulceration. Lesion in the distal colon were quantified according to
a macroscopic damage score (Fig 2). A significant increase en the weight/length of the rat colon,
an indicator of inflammation, was also observed in TNBS- and ethanol-treated rats (28090

mg/cm) in comparison with vehicle-treated rats (Table 1)
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The histopatological features included necrosis, oedema and diffuse inflammatory cell infiltration
in the mucosa. There was focal ulceration of the colonic mucosa extending through the muscularis
mucosae, desquamated areas or loss of epithelium and mucin depletion. The architecture of the
crypts was distorted and the lamina propria was thickened in peripheral areas of distorted crypts,
specially in basal areas. An infiltrate consisting of polymorphonucler leukocytes, lymphocytes, and
eosinophils was observed. There was also granulation tissue in the submucosa (Fig 3D, 4D and
5D). Some areas showed accumulation of mucus and cell remnants, however, Alcian blue positive-
positive cells were less numerous. In addition, the mucin layer of the epithelium was missing (Fig

3D).

Treatment of rats with ONP (25 or 50 mg/kg) significantly attenuated the extend and severity of
the colonic injury, reducing the macroscopic damage score (p<0.05), although this effect was not
dose dependent (Fig. 2). Histologically, there was attenuation of the extend and severity of the
histological signs of cell damage and we did not see inflammatory cells in the lamina propria (Fig
4E and F). In some areas, the epithelium remained intact and the mucin layer was clearly visible.
Alcian blue-positive cells were less numerous, however, in ulcerative areas, exfoliation of
epithelial cells, dilated crypts, inflammatory cells and congestion vascular were observed (Fig 3E

and F).

MPO is an enzyme found in neutrophils and its activity in the colon is linearly related to neutrophil
infiltration (Villegas et al., 2003). The colitis caused by TNBS and ethanol was characterized by an
increase in MPO activity (1.74+£0.03 U/mg tissue) (Table 2). This was consistent with the
histological findings. Treatment of TNBS-treated rats with ONP (25 or 50 mg/kg) reduced

significantly the degree of polymorphonuclear neutrophil infiltration. The levels of TNF-o were
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significantly elevated in the colon at 48 h after TNBS instillation. In contrast, the levels of

cytokines were significantly lower in rats treated with ONP (Table 3).

In normal colon, specific immunosignals for COX-1 were obtained in surface epithelium, and in
the upper half of the crypts. Mononuclear cells of the lamina propria and the regional lymphatic
nodules as well as cells of the muscularis mucosae showed COX-1 specific immunosignals (Fig
6B). COX-2 specific immunolabelling was occasionally observed in colonocytes of the normal
surface epithelium of matched control colon as shown in Fig 7B.

Compared with normal colon, unchanged in the cellular distribution of COX-1, significant changes
in the cellular distribution of COX-2 were observed in animals treated with TNBS in that
colonocytes of the surface and the crypt epithelium were only weakly decorated by the COX-1
specific antiserum (Fig 6D), whereas prominent COX-2 expression was found in cells of surface
epithelium and in cells of the inflammatory infiltrate (Fig 7D). Compared with inflamed colon, no
significant changes in the cellular localization and the degree of positive staining for COX-1 were
observed in the colon of ONP (25 or 50 mg/kg)-treated rats (fig 6E, F and Fig 8) whereas COX-2
expression was increased in apical epithelial cells of inflamed colon from ONP-treated rats (Fig7

E, F and Fig 9)

1. Discussion

Ulcerative colitis (UC) is an inflammatory bowel disease that approximately 60,000 patients in
Japan and 500,000 in the US suffer from, though its pathogenesis is unknown. Disruption of
immune systems in the intestinal tract is suggested to be involved in the etiology of UC, thus
immune suppressive agents and antibiotics are currently used as tentative drugs. However,

prolonged and chronic UC may progress to colorectal cancer (Murakami et al., 2003). The
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pathological hallmark of inflammatory bowel disease (IBD) is marked by the presence of mucosal
ulceration, infiltration of the mucosa with neutrophils and abdominal discomfort or pain with
altered bowel habits (diarrhea, constipation or altercating episodes of diarrhea and constipation)
(De Ponti et al., 2001). Reactive oxygen metabolites mediate cell injury. Oxygen derived free
radicals are generated by several sources, including stimulated polymorphonuclear cells,
eosinophils, xanthine oxidase, colonic bacteria, and epithelial lipooxygenase, all of which are
present in the inflamed bowel of inflammatory bowel disease patients (Karmeli et al., 1995).
Several strategies for drug intervention specifically directed at the attenuation of oxidative stress
have been considered (Babbs, 1992). These include blocking of O, formation by phagocytes
scavenging of O, before it can react with iron, binding iron so that it does not start the oxidation-
reduction cycle, and scavenging OH or HOCI. The primary defense against oxidative insult to

tissue includes superoxide dismutase, catalase, and gluthathione peroxidase (Babbs, 1992).

The present study confirmed that treatment with 25 or 50 mg/kg of ONP was able to reduce the
severity and extent of the acute colonic damage induced by TNBS and ethanol (Fig 2,4). The
decrease in the extent of colitis induced by this substance was accompanied by a lower incidence
of diarrhea and of loss of weight of the animals and decrease in the incidence of adhesions. The
presence of adhesions between the colon and adjacent organs, which results from transmural
inflammation, is a common feature of TNBS colitis (Morris et al., 1989). The reduction in the
incidence of adhesions suggests a beneficial effect of ONP on the extent of the inflammatory
process in this experimental model (Table 1). Another sesquiterpene lactone, dehydroleucodine
(DhL), of the guaianolide type isolated from Artemisis dougalsiana Besser shows a
pharmacological cytoprotective effects and significantly prevents the formation of gastric and

duodenal lesions induced by ethanol induced necrosis (Giordano et al., 1990). Intracolonic
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administration of TNBS/ethanol resulted in extensive haemorrhagic and ulcerative damage to the
proximal colon. Pretreatment for 1h with DhL (40 mg/kg) significantly reduced the extent of
TNBS-induced colonic damage. ONP had similar result than DhL, but obtained significantly

reduction of colonic damage with lower dose (25 mg/kg) than DhL.

The protective effect of mucus as an active barrier may be attributes large to viscous and gel-
forming properties, which are derived from mucin glycoprotein constituents (Villegas et al., 2003).
Our results reveal that ONP increased the amount of mucus stained Alcian blue (acid glucoproteins
such as sialomucins) colon mucosa (Fig 3). Alcian blue-positive cells seem to be associated with
regenerative processes of the mucosa, while reduction in the amount stained has been related to
decreased resistance of mucosa and paralleled by alterations in the normal pathway of maturation
of the mucin in globet cells (Alarcon de la Lastra et al., 1994). Wendel et al (1999) have
demonstrated that DhL and other related sesquiterpene lactone, like ONP, significantly prevent the
formation of gastric lesions induced by various necrotizing agents. Furthermore, he attributed this
cytoprotective activity to the presence of a non-hindered Michael acceptor in the molecules
assayed and suggests that mechanism of protection would be, at least in part, through an increase

of prostaglandin synthesis and mucosal glycoprotein synthesis (Giordano et al., 1992).

The role of eicosanoids in the intestinal inflammatory process is not completely understood:
several eicosanoids are increased in IBD and a positive correlation exists between tissue levels of
these eicosanoids and disease activity. COX-1 expression is detected in both normal and inflamed
gastrointestinal mucosa; in contrast, COX-2 is expressed in epithelial cells in the upper portions of
the crypts and on the surface in Crohn's colitis and ulcerative colitis, in villous epithelial cells in

Crohn’s ileitis and is not detectable in the epithelium of the normal ileum or colon (Cipolla et al.,
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2002). Abnormal metabolism of arachidonic acid is another vital factor in the IBD pathogenesis.
As the crucial synthethase in the arachidonic acid metabolic pathway, COX-2 could be activated to
produce excessive PGE, and TBX,, two important inflammatory mediators, in the inflammatory
bowel disease, which contribute to the bowel hyperemia, oedema and even dysfunction.
Administration of either COX-2 or thromboxane synthase inhibitors has been shown to be useful
for the treatment of IBD (Kankuri et al., 2001). Since, prostanoids play a pivotal role in IBD,
attempts to ameliorate the severity of the colonic inflammatory process with non-selective COX
inhibitors: non-steroidal anti-inflammatory drugs (NSAIDs) have been made (Murakami et al.,
2003). However, the outcome of the trials reported aggravation, and flare of the colonic
inflammatory condition in patients administered with NSAIDs; the probable reason documented
was non-specific inhibition of both isoforms of COX enzymes (Karmeli et al., 2000; Murakami et
al., 2003). COX-2 expression is one of the key steps in various inflammatory pathogeneses in the
digestive tracts, such as colitis (Agoff et al., 2000; Singer et al., 1998), and leads to an accelerated
synthesis of PGH,, and then of PGE,, PGF,,, and PGD, (Murakami et al., 2003). We determined
the expression of COX-1 and -2 by immunohistochemistry. Our data showed that ONP did not
interfered with COX-1 activity, however affect COX-2 activity when incubated with microsomes

derived from recombinant human COX-2 (Fig 6,7,8 and 9).

The pathogenesis of colitis was also associated with TNF-a and interleukin-1f, since these
cytokines are present in colon tissues and can be detected immunohistochemically in the inflamed
tissues (Carty et al., 2000). Reactive oxygen and nitrogen species have been reported to be
involved in the development of UC in tests that modified the environmental components, including
proteins and DNA bases (D" Odorico et al., 2001). Inflammatory cytokines such as interferon-y and

TNF-a have been implicated in the expression of inducible nitric oxide synthase (iINOS) (Kankuri
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et al., 1999), which generates excess amounts of nitric oxide (NO) from inflammatory lekocytes in
colitis tissue (Obermeier et al., 1999). There is good evidence that TNF-a and IL-1 help to
propagate the extension of a local or systemic inflammatory process. TNF- a (and IL-1) causes the
activation and translocation of NF-kB into the nucleus (Wooley et al., 1993). In our experiment the
levels of TNF-a were significantly increased in the colon at 48 h after TNBS instillation. In
contrast, the levels of cytokines were significantly lower in rats treated with 25 and 50mg/kg of

ONP

Neutrophils have been considered to play a crucial role in the development and full manifestation
of gastrointestinal inflammation, as they represent a major source of free radicals in the inflamed
colonic mucosa (Grisham, 1994). Colon inflammation is usually characterized by extensive
infiltration of colon tissue by polymorphonuclear leukocytes, which is more marked in
bronchoalveolar lavage fluid during acute, infectins exacerbations (Cuzzocrea et al., 2001).
Neutrophil activation represents an important source of reactive oxygen and nitrogen species play
a key role in inflammatory bowel disease (Grisham, 1994). MPO derived from activated
neutrophils transforms H;0O, into toxic tissue oxidant hypochlorous (HOCI), responsible
inactivation of alpha-1-antitrypsin (AT) a glycoprotein, which in turn, results in the elastase
(lysosymal enzyme)-mediated digestion of intracellular tissue matrix (Grisham, 1994). In our
experiments, the level of myeloperoxidase activity was significantly increased in TNBS control
animals killed 48 h after TNBS enema, indicating that neutrophil-derived free radicals were
involved in the pathogenesis of TNBS-induced colon injury. However, treatment of TNBS-treated

rats with ONP significantly reduced the degree of polymorphonuclear neutrophil infiltration.

In conclusion, the data from the present study reveal that pre-treatment with ONP is able to reduce

intestinal inflammation in the TNBS model of colitis in rats. The acute antiinflamatory effects
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seem to be related to impairment of neutrophil function and absence of up-regulation of TNF-a
production in intestinal mucosa. Our findings suggest that ONP shows an excellent potential for

therapy in the gastrointestinal area.
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Fig 1. Chemical Structure onopordopicrin (ONP)
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Fig 2. Effects of acute administration of onopordopicrin on the colon damage score. Colonic
macroscopic damage resulting from TNBS (10 mg/animal) instilled into rat colon was scored in

Section 2. The data are expressed as the means£SD. *p<0.05 **p<0.01 ***p<0.001vs TNBS
group.
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Fig 3. Acute colitis model induced by TNBS: effect of onopordopicrin on colon injury. Histological appearance of rat
colonic mucosa after Alcian Blue stain: sham (A), treated with tween (B), ethanol (C), TNBS (D), ONP 25 mg/kg (E)
and ONP 50 mg/kg (F). Histopathological features of the colon in association with colitis. (A and B) No histological

modification was present in the sham and tween animals. (C) Mucosal injury was produced after ethanol
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administration. (D) Mucosal injury was produced after TNBS administration, characterized by necrosis of epithelium,
focal ulceration of the mucosa and diffuse infiltration of inflammatory cells in the mucosa and submucosa. (E and F)
Treatment with onopordopicirin (25 and 50 mg/kg) reduced the morphological alterations associated with TNBS
administration, protecting the mucosal architecture; some areas showed accumulation of mucus and cell remnants.

Alcian blue positive cells. Original magnification 10x.
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Fig 4. Acute colitis model induced by TNBS: effect of onopordopicrin on colon injury. Histological appearance of rat
colonic mucosa: sham (A), treated with tween (B), ethanol (C), TNBS (D), ONP 25 mg/kg (E) and ONP 50 mg/kg (F).

Histopathological features of the colon in association with colitis. (A and B) No histological modification was present

in the sham and tween animals. (C) Mucosal injury was produced after ethanol administration. (D) Mucosal injury was
produced after TNBS administration, characterized by necrosis of epithelium, focal ulceration of the mucosa and
diffuse infiltration of inflammatory cells in the mucosa and submucosa. (E and F) Treatment with onopordopicirin (25
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and 50 mg/kg) reduced the morphological alterations associated with TNBS administration, protecting the mucosal

architecture.Hematoxylin and eosin stain. Original magnification 10x.
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mg/kg (E) and ONP 50 mg/kg (F). Infiltration of inflammatory cells was highly observes in the colonic mucosa of

TNBS-treated animals. Original magnifications 10x.
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Fig 6. Immunohistochemical localization of COX-1 isoenzyme in sections of colon. Negative control (A). In normal
colon, colonocytes of the upper half of the crypts were found to be COX-1 positive (B). COX-1 expression in

endocrine cells is particularly evident in this image of normal colonic mucosa (B and C). COX-1 expression in the
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colon of TNBS-control rats (D). COX-1 expression of inflamed colon treated with onopordopicrin 25 mg/kg (E) and
50 mg/kg (F). Original magnifications 10x.
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Fig 7. Immunohistochemical localization of COX-2 isoenzyme in sections of colon. Negative control (A). COX-2

expression in normal colonic mucosa (B and C). COX-2 is strongly expressed in the colon of TNBS-control rats (D).

COX-2 expression did not decreased in apical epithelial cells of inflamed colon treates with onopordopicrin 25 mg/kg

(E) and 50 mg/kg (F). Original magnifications 10 x.
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Fig 8. Effect of onopordopicrin on COX-1 expression in rat colon. Representative Western blotting of COX-1 (A) as
well as the densitometric analysis (B) shows the effect of onpordocpicrin (25 or 50 mg/kg) on COX-1 expression
evaluated in rat colon tissue after colitis induction. The results were expressed as means = SD compared with control

group, followed by Dunnett’s test. *p<0.01. ANOVA: F3 4,5,= 29.50 p<0.05.
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Fig 9. Effect of onopordopicrin on COX-2 expression in rat colon. Representative Western blotting of COX-2 (A) as
well as the densitometric analysis (B) shows the effect of onpordocpicrin (25 or 50 mg/kg) on COX-2 expression
evaluated in rat colon tissue after colitis induction. The results were expressed as means + SD, compared with control

group followed by Dunnett’s test. ¥p<0.01. ANOVA: F3359)= 697.92, p<0.05.
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Table 1 Parameters quantified after administration of onopordopicrin (25 and 50 mg/kg) in rats

with acute colitis induced by TNBS intracolonic instillation

Group Body weight Food Adhesions Diarrhoea Colon
changes (g) consumption (score 0-2) (score 0-1) | weight/colon
(g/rat day) length (mg/cm)

Tween 14+5.38 0.78+0.078 0+0 0+0 98+7

EtOH | 30£17.55™" |  0.49+0.05 1+0.27 0+0" 130£10*
TNBS 21+8.19" 0.5420.09 6.36+0.93  |1.42+0.78""| 28090
ONP 25 134478 | 0.2020.074 * | 2.67+0.42"" | 0.83+0.75 26053
ONP 50 -1742.64° | 0.08+0.027 | 36740717 | 0.85+0.69 240440

Data are expressed as means+SEM *p<0.5 **p<0.01 ***p<0.001 significantly different from

Tween; +p<0.05 ++p<0.01

+++
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Table 2. Mieloperoxidase activity (MPO, U/mg tissue) after onopordopicrin administration (25 and

50 mg/kg) in rats with acute colitis produced by TNBS intracolonic instillation (10 mg/kg)

Group MPO (U/mg tissue)
Tween 0.82+0.18
Ethanol 1.63+0.53
TNBS 1.7420.03
ONP 25 mg/kg 0.97+0.09""
ONP 50 mg/kg 1.18+0.08"

Data are expressed as the means+SD ***p<0.001 significantly different from Tween, +p<0.05

++p<0.01 significantly different from TNBS
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Table 3. Tumor necrosis factor alpha levels (TNF-a, pg/mg protein) after onopordopicrin
administration (25 or 50 mg/kg) in rats with acute colitis produced by TNBS intracolonic

instillation (10 mg/kg)

Group TNF-a (pg/mg protein)

Tween 0.07£0.02

TNBS 0.69+0.14"
ONP 25 mg/kg 0.12+0.02""
ONP 50 mg/kg 0.26+0.04"

The results were expressed as means + SD, compared with TNBS group followed by Dunnett’s
test. ***p<0.001 significantly different from Tween, +p<0.05 ++p<0.01 significantly different from
TNBS
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Abstract

Arctium lappa (Asteraceae), commonly known as “bardana”, has a diversity of
therapeutics actions, includings antioxidant activity, inhibition of tumour necrosis factor
and antiinflammatory and analgesic effects. Previous studies have shown that
onopordopicrin (ONP), a sesquiterpene lactone isolated from the leaves of this species,
has an antisecretory effect in the gastric mucosa that involve the stimulation of
somatostatin release and the inhibition of gastrin secretion, as well as a, cytoprotective
action that probably involves antioxidant activity. In this study, we examined the actions
of other compounds presents in the tea made from the leaves of this species. The
antiulcerogenic activity of tea was examined in ethanol/HCI-, piroxicam-, hypothermic
restraint  stress-, pylorus ligature-, NG—nitro—L—arginine—methyl—ester and N-
methylmaleimide-induced gastric ulcers in mice. At doses of 50, 100 and 200 mg/kg,
the Arctium lappa tea reduced the damage in ethanol/HCl-induced gastric ulcers by 64,
46 and 69%, respectively, compared to the reduction of 75% seen with lanzoprazole (30
mg/kg, positive control). In hypothermic restraint stress-induced ulcers, the Arctium
lappa tea (50 mg/kg) also significantly reduced the formation of gastric lesions (from
12.244.2 to 5.943.0; p<0.05). In pylorus-ligated mice, cimetidine (100 mg/kg, p.o.,
positive control) significantly decreased the total acid concentration, with a consequent
pH increase, whereas the A. lappa tea had no effect on these parameters. The Arctium
lappa tea (50 mg/kg) and cimetidine (100 mg/kg), significantly prevented the formation
of gastric lesions in piroxicam-induced ulcers (4.85+3.33 and 513.24, respectively,
compored to 11+0.81 in the control mice; p<0.05). The action of tea (50 mg/kg) had no
effect on the enhanced gastric lesions caused by L-NAME (10 mg/kg), a nitric oxide
synthase inhibitor, and N-methylmaleimide (10 mg/kg), a sulthydryl group blocker, in
ethanol/HCl-induced gastric lesions in mice. These results indicate that the
cytoprotective action of A. lappa tea involves the stimulation of prostaglandin
production and on antioxidant activity of components present in this tea.

Keywords: Arctium lappa, gastric ulcer, tea



Introduction

Arctium lappa (Asteraceae), commonly known as “bardana”, has a diversity of
therapeutics actions, includings antioxidant activity, inhibition of tumour necrosis factor
and antiinflammatory and analgesic effects. Previous studies have shown that
onopordopicrin (ONP), a sesquiterpene lactone isolated from the leaves of this species,
has an antisecretory effect in the gastric mucosa thatinvolve the stimulation of
somatostatin release and the inhibition of gastrin secretion, as well as a, cytoprotective
action that probably involves antioxidant activity. In this study, we examined the actions
of other compounds presents in the tea made from the leaves of this species. The
antiulcerogenic activity of tea was examined in ethanol/HCI-, piroxicam-, hypothermic
restraint  stress-, pylorus ligature-, NC-nitro-L-arginine-methyl-ester and N-

methylmaleimide-induced gastric ulcers in mice.

Material and Methods

Animals

Male Swiss mice (30-35 g) obtained from the Centro Multidisciplinar e Integrado de
Bioterismo (CEMIB-UNICAMP) were housed on a 12 h light/dark cycle at 22+1°C and
55% humidity, with free access to water and a certified diet (CR—a@, Nuvital, Nuvilab).
The mice were fasted for 24-36 h prior to all assays because various drugs and the
Arctium lappa tea were administered orally (by gavage — 10 ml/kg) using a saline
solution as vehicle. All of the experiments were done in accordance with the

recommendations of the Canadian Council on Animal Care [19].

Preparation of tea from Arctium lappa leaves

One kilogram of Arctium lappa leaves was macerated for one week with 70% ethanol.
Rotaevaporation yielded 30 g of hydroaclcoholic extract. Liquid-liquid partitioning in a
chloroform:water mixture (1:1, v/v) yielded 17 g of chloroform extract and 13 g of
aqueous extract. The chloroform extract was fractionated by column chromatography an
silica gel and the column was eluted with a gradient of chloroform and methanol. Sixty-
seven fractions (75 ml each) were collected and analysed by this layer chromatography
on silica gel plates were developed with iodine vapor and anisaldehyde. Fraction three
was analyzed by RMN 'H and 13C and found to contain a mixture of triterpenes that

were identified as ursolic acid and oleanolic acid.



Ethanol/HCl-induced ulcers

This assay done using groups of 7 mice each as described by Morimoto et al. (1991).
The mice were randomly allocated into eight groups and fasted for 24 h before the
experiment. Ethanol (60%)/HCI 0.1 N was orally administered to mice treated with
Arctium lappa tea(50, 100 or 200 mg/kg) or saline 50 min previously. One hour after
the administration of ethanol/HC], the mice were killed and the stomachs were removed
and opened along the greater curvature. The results were expressed as an ulcerative

lesion index (ULI), as described by Szelenyi et al, (1978).

Pylorus ligature

Male Swiss mice were fasted for 24 h and the pylorus was ligated by the method of
Shay et al (1945). The mice received saline, cimetidine (100 mg/kg) or Arctium lappa
tea (50 mg/kg) intraduodenally. Intraduodenal treatment was used to ensure the
systemic action of the test substances. Four hours later, the mice were killed, the
stomachs were removed, and the contents were drained into a graduated centrifuge tube
via a small incision. The volume of gastric secretion was recorded, the pH was
determined and the total acid output was calculated by titrating the pH to 7.0 with 0.05
N NaOH.

Assessment of the role nitric oxide (NO) in the cytoprotection afforded by Arctium
lappa tea

This experiment was done as described by Sikiric et al. (1997). Fasted male Swiss mice
were allocated into groups. The control group received an intravenous injection of
saline solution and the others, an injection of L-NAME (N"-nitro —L- arginine methyl
ester, 10 mg/kg) a nitric oxide synthase inhibitor, by the same route. After 30 min the
mice received saline or Arctium lappa tea (50 mg/kg) orally. Fifty min later, the mice were
given orally ethanol/HCI orally. The mice were killed after 1h and their stomachs were

removed and opened along the greater curvature to determine the lesion index.

Ethanol-induced gastric mucosal lesions in N-methylmaleimide-pretreated mice
(Matsuda et al., 1999)

The gastric mucosal lesions were induced, measured and scored as described before. To
investigate the involvement of endogenous sulfhydryls in the protective effects of

Arctium lappa, N-methylmaleimide (10 mg/kg) was subcutaneously injected 30 min



before the administration of tea of leaves of Arctium lappa (50 mg/kg). After 30 min, all
animal groups received orally the respective treatment (saline or tea of leaves of Arctium
lappa). After 50 min, the animals were orally administrated with ethanol/HCI. These
animals were sacrificed 1 h later and their stomachs were removed and opened along the

greater curvature. The lesion index was determined as previously indicated.

Hypothermal-restraint stress ulcers

The antiulcerogenic activity of Arctium lappa tea was assessed in hypothermic restraint
stress-induced gastric ulcers as described by Levine (1971), with some modifications.
Mice were fasted for 36 h and then received an oral dose of Arctium lappa tea (50
mg/kg), cimetidine (100 mg/kg) or vehicle (saline, 10 ml/kg). Thirty minutes later,
gastric ulceration was induced by immobilizing the mice in a closed cylindrical cage at
4°C. After 3 h, the mice were killed by cervical dislocation and the stomachs were

removed and examined for ulcers.

Piroxicam-induced gastric ulcers in treated mice

Mice (7 groups, three groups) were fasted for 24 h with free access to water. Thirty
minutes after the oral administration of Arctium lappa tea (50 mg/kg), cimetidine (100
mg/kg) or vehicle (saline, 10 ml/kg) on piroxicam (30 mg/kg) was administered
subcutaneously to each group as described by Rainsford et al. (1978). The mice were
killed 4 h later, and the stomachs were removed, opened, and the gastric lesions were

determined.

Statistical analysis

The results were expressed as the mean = SD. Statistical comparisions were done using
one-way analysis of variance ANOVA followed by the Dunnett test, with the level of
significance set at p<0.05. All statistical analyses were done using Statistic 5.1 software

(StatSoft, Inc.).

Results and Discussion

The integrity of the gastric mucosa depends on a good equilibrium between aggressive
and defensive mucosal factors (Moézsik et al., 2001). Aggressive agents may be
endogenous (HCI, pepsin) or exogenous (chemicals, drugs, xenobiotics, physical stress,

etc.), whereas defensive factors are predominantly endogenous and include mucus



secretion, prostaglandin generation, gastric mucosal blood flow, SH-groups, metabolic
adaptation and mucosal biochemistry (Mozsik et al., 2001). As a result, gastric mucosal
damage develops when the equilibrium between aggressive defensive factors (Mdzsik et

al., 1993).

Increased gastric acid production is not a primary cause but plays a permissive role in
the gastric mucosal damage induced by ethanol (Tarnawski et al., 1983). Antiulcer
agents, such as proton pump inhibitors (e.g. lanzoprazole) and histamine H, receptor
antagonists (e.g. cimetidine), inhibit acid secretion (Kinoshita et al., 1997). When the
gastric mucosal defense is compromised, exogenous noxious agents (e.g. ethanol,
aspirin), together with HCl and pepsin, penetrate into the mucosa and damage the
mucosal microvessels. The resulting reduction in oxygen and nutrient delivery causes
the release of pro-inflammatory and vasoactive mediators (serotonin, endothelin,
leukotriene, platelet activating factor) that in turn exacerbate the ischemic necrosis

(Tarnawski et al., 1992).

The oral administration of ethanol/HCI to the control group produced the characteristic
zonal necrotic mucosal lesions. Arctium lappa tea (50, 100 and 200 mg/kg) and
lanzoprazole (30 mg/kgf, positive control) significantly inhibited ulcer formation in this
model by 75, 64, 46 and 69% respectively (Figure 1A). The reduction seen with
Arctium lappa tea suggested that part of the protective mechanism could involve the

inhibition of gastric and secretion, such as occurs with lanzoprazole.

Stress-induced ulcers are probably caused by the release of histamine, by enhanced acid
secretion and by a reduction in mucus production (Pal and Nagchaudhury, 1991). The
involvement of histamine in hypothermal-restraint stress ulceration was supported by
the observation that cimetidine, an H, receptor antagonist, completely inhibited the
ulceration induced by hypothermic restraint stress (Figure 1B). Pre-treatment with
Arctium lappa tea (50 mg/kg) significantly protected the gastric mucosa against ulcers
in this model, as also observed for cimetidine when compared with the control. This
finding suggested that Arctium lappa tea inhibited gastric mucus depletion and/or

decrease acid secretion.



Based on this result, the effect of Arctium lappa tea (50 mg/kg) on the biochemical
parameters of gastric juice obtained from pylorus-ligated mice was assessed. Cimetidine
(100 mg/kg) strongly inhibited gastric acid secretion as shown by decrease in the total
acid content of gastric juice. In contrast, Arctium lappa tea did not alter the biochemical
parameters of the gastric juice (Table 1). This finding indicates that the protective action

of Arctium lappa tea was independent of acid production.

Szabo et al. (1985) proposed that prostaglandins might prevent the increased vascular
permeability in response to ethanol and maintain the vascular integrity and adequate
mucosal perfusion. The ability of protaglandins to increase mucus and bicarbonate
secretion may also be important (Nosal’ova et al., 1998). Non-steroidal anti-
inflammatory drug (NSAID) interfere with gastric mucosal defense at pre-epithelial,
epithelial, and post-epithelial levels (Scheiman, 1992). Prostaglandins regulate the
secretion of mucin and surface active phospholipids by mucous cells (Atay et al., 2000),
and aspirin and other NSAIDs significantly inhibit basal bicarbonate secretion from
gastric and duodenal mucosa, an effect that is reversed by exogenous prostaglandin E,
(Selling et al., 1987). Arctium lappa tea (50 mg/kg) significantly inhibited ulcer
formation in the piroxicam-induced ulcer model (Figure 1C). This result confirmed our
hypothesis that a cytoprotective mechanism was involved with the antiulcerogenic
effect of Arctium lappa tea. Motilva et al. (1996) suggested that prostaglandins make
the mucosa more resistant to damage by (a) stimulating bicarbonate and mucus
production, (b) maintaining an adequate blood flow, (c) inhibiting the removal of mast
cell-derived inflammatory mediators, and (d) decreasing the production of free radicals.
The toxicity of NSAID is partly mediated by free radicals, decreased mitochondrial
oxidation and reduced nitric oxide (NO) production. NO is important for maintaining
the integrity of the epithelium became of its role in regulatory mucosal blood flow and
the delivery of oxygen to epithelial cells (Atay et al., 2000). The inhibition of NO
synthesis exacerbates NSAID injury, and NO donors reduce NSAID toxicity in animal
models (Wallace et al., 1994).

Gastric cytoprotection involves several endogenous mediators, including prostaglandins
and sulfhydryl substances in the mucosa (Szabo and Szelenyi, 1987). Pretreatment with
prostaglandins at doses that do not inhibit acid secretion reduces damage to the

glandular gastric mucosa of rats caused by various noxious agents, including



concentrated solutions of ethanol, acid and alkali. This phenomenon has been refered to
as cytoprotection (Szabo et al., 1983). Pretreatment with N-methylmaleimide, a
sulthydryl-blocker, reduced the protection afforded by Arctium lappa tea (50 mg/kg)
(Figure 2), which suggested that endogenous sulfhydryls may be involved in the
protective mechanism of Arctium lappa tea. Szabo and Trier (1984) proposed that a
major target of such protection may be the microvasculature, since cytoprotection is
accompanied by the preservation of the intact blood vessels and blood flow in the
gastric mucosa. Ethanol-induced gastric damage is associated with the depletion of
endogenous sulfhydryls, and pretreatment with sulfhydryl-blockers prevented the
gastroprotection of sulfhydryl-containing substances (Szabo and Brown, 1987).
Loguercio et al. (1991) demonstrated that ethanol, at a concentration that causes gross
damage to the gastric mucosa, significantly affected the tissue sulfthydryl levels in
human stomach, with a decrease in the total SH, glutathione, and cysteine levels in the
gastric body and antrum. Since ethanol-induced gastric mucosal damage is associated
with the generation of toxic oxygen metabolites (Szelenyi et al., 1988), the decrease in
nonprotein glutathione levels could reflect the oxidation of reduced glutatione

(Loguercio et al., 1991).

NO is synthesized from L-arginine by three isoenzymes that are divided into two
functional classes based on their sensitivity to calcium. The constitutive forms (cNOS)
are expressed continuously under normal physiological conditions, and bind calmodulin
in a reversible, calcium-dependent fashion (Morschl et al., 2001). The inhibition of
cNOS leads to vasoconstriction, platelet aggregation, increased vascular permeability,
and the adhesion of neutrophils to the vascular endothelium, all of which are processes
involved in the development of the vascular endothelial dysfunction (Moncada et al.,
1995; 1997). As shown here, the administration of L-NAME, a non-selective NO
synthase inhibitor, prior to ethanol significantly enhanced the development of gastric
mucosal lesions in normal mice. Pretreatment with L-NAME tended to aggravate
ethanol-induced mucosal lesions. It had tendency to increase the length and the score,
and reduced the protection afforded by Arctium lappa tea (50 mg/kg) (Figure 3). This
finding indicates that NO may be not involved in the protective action of Arctium lappa
tea.

MacNaughton et al (1989) reported that ethanol-induced gastric damage can be
significantly reduced by NO, probably because NO has an important role in regulating



the gastric wall blood flow (Pique et al., 1989), and gastric acid and mucus secretion
(Brown et al.,, 1993). Kubes et al (2000) suggested that the improved blood flow
associated with increased NO delivery was an important factor in countering the
damaging effects of HCI (Kitagawa et al., 1990), ethanol (Masuda et al., 1995) and
indomethacin (Wallace et al., 1994) to the lumen. NO can also protect at subdilatory
levels (Payne et al., 1993). In addition, the exacerbation of injury following NO
inhibition cannot be accounted for entirely by its vasoactive properties since not all
vasoconstrictors necessarily enhance mucosal damage in models of inflammation

(Andrews et al., 1994).

In conclusion, the cytoprotective action of arctium lappa tea probably involves

enhanced prostaglandin production and the presence of antioxidants in the tea.
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Figure legends

Figure 1. Inhibition of ethanol/HCI-induced ulcers (A), hypothermal-restraint stress-
induced ulcers (B) and piroxicam-induced gastric ulcers (C) by tea from leaves of
Arctium lappa.

Figure 2. Role of sulthydryl groups in the gastric protection provived by t

.ea from the leaves of Arctium lappa

Figure 3. Lack of involvement of NO in the gastric protection produced by tea from the

leaves of Arctium lappa
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Table 1. Influence of tea from the Leaves of Arctium lappa on selected biochemical

parameters of the gastric secretion in mice

Treatment Dose pH Volume (ml) total acid production
(mg/kg) (mEqg/4 h/ml)
Saline - 2.9+0.9 0.36+0.37 5.58+2.49
Cimetidine 100 4.0£0.5% 0.15+0.07 11.7£7.76*
Tea 50 3.5+1.3 0.29+0.17 8.25+5.04

The results are expressed as the mean SD. ANOVA: Fpi 2.23) = 2.49; Fyotume 2,23) =
1.69; Fiotal acia) = 2.63 p<0.05 following Dunnett test*p<0.05 compared to the saline

group
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Conclusao
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» Os resultados obtidos com a Arctium lappa sao promissores, por causa de sua
significativa protecdo contra ulceras induzidas por diferentes agentes, sugerindo um
efeito antisecretor mediado por sua a¢do na secrecdo de Somatostatina e Gastrina e
um efeito protetor proporcionado pela propriedade antioxidante presente na ONP.

» Os dados também revelaram que o pré-tratamento com ONP é capaz de reduzir a
inflamacdo intestinal produzida através do modelo de indugdo de colite ulcerativa
por TNBS em ratos. Esse efeito agudo antiinflamatdrio provavelmente estd
relacionado com a diminui¢do de neutréfilos e diminuicdo da producdo de TNF-a

na mucosa intestinal.

Assim, nossos resultados sugerem um significativo potencial terapéutico da ONP na

area gastrointestinal. Entretanto sdo necessarios estudos adicionais para:
a) prosseguir na investigacao de mecanismos de ac¢do ainda nao explorados

b) identificar as substincias presentes na fracdo semi-purificada

c¢) isoladamente estudar as substincias contidas nessa fragao.
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