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RESUMO

Chresta martii (Asteraceae) espécie encontrada na regido do Xingd (semiarido do
nordeste brasileiro), utilizada localmente no tratamento de disfuncdes gastricas. O
presente trabalho teve como objetivo avaliar a toxicidade aguda e genotoxicidade (in
vivo), a citotoxicidade (in vitro) e atividade gastroprotetora de extratos e de fracGes
semipurificas de Chresta martii e identificar seu composto majoritario. Trés extratos
organicos foram obtidos a partir das partes aéreas secas de C. martii utilizando como
solvente (ciclohexano - ECCm, acetato de etila - EACm e etanol - EECm); o EACm foi
fracionado em coluna de silica gel 60 eluido com cloroférmio [F1; rendimento (10%)],
cloroférmio/ acetato de etila (1/1); [F2; rendimento 6%)], acetato de etila [F3;
rendimento (8%)] e acetato de etila/metanol (1/1) [F4; rendimento (5%)]. A
caracterizagdo fitoquimica dos extratos foi determinada por HPLC, enquanto as fracoes
semipurificadas foram avaliadas por CCD e os compostos isolados oriundos do
refracionamento foram identificados por Espectroscopia de Ressonancia Nuclear
Magnética *H-RMN e *C-RMN. Os extratos foram avaliados quanto a toxicidade
aguda em camundongos Swiss webster (CSW) (2000 — 50 mg/kg; i.p. ou v.0.),
citotoxicidade in vitro (50 pug/mL) frente a linhagens de células cancerigena (HL-60,
NCI-H292 e MCF-7) humana e genotoxicidade em CSW (50 mg/kg; i.p.), através da
técnica de microndcleo em células de medula 6ssea. Os trés extratos foram avaliados
quanto a atividade gastroprotetora (50, 100 ou 200 mg/kg; v.0.) frente a lesdes gastricas
induzidas por indometacina (40 mg/kg, s.c.) ou etanol (0,2 mL/animal; v.0.) em CSW
machos (25-30 g). As fracbes semipurificadas F1, F2, F3, F4 (50 mg/kg; v.0.) ou F1
(12,5, 25 ou 50 mg/kg; v.0.) foram avaliadas quanto a gastroprotecdo frente ao modelo
de Ulcera induzida por etanol. Os grupos controles positivos foram tratados com
ranitidina (80 mg/kg, v.0.) ou omeprazol (30 mg/kg; v.0.) ou salina 0,9% (5 mL/kg; v.0.)
controle negativo. O ECCm (2000 mg/kg; v.0. ou i.p.) ndo apresentou nenhum indicio
de toxicidade aguda ou registro de 6bito. A DLsy estimada para (EACm e EECm) foi de
500 mg/kg; v.0. e 200 mg/kg; i.p.. O EACm (50 pg/mL) inibiu o crescimento das
células tumorais HL60 (96,54% =+ 0,22%), NCIH292 (73,43% * 1,07%) e MCF-7 (15%
+ 3,59%). A fracdo F1 foi capaz de induzir a formacdo de micronucleo nos eritrocitos
policromaticos (66,67% * 4,32%) de CSW. Dentre os extratos avaliados, o EACm
exibiu significante (p<0.05) atividade gastroprotetora nos modelos utilizados. A F1 (25
mg/kg; v.0.) revelou atividade gastroprotetora superior (p<0.05) aquela exibida pela



ranitidina (80 mg/kg; v.0.) no modelo de Ulcera induzida por etanol. O refracionamento
da F1 originou 23 subfracbes e dessas foram obtidos, por recristalizagdo, dois
compostos de cor amarela, amorfo, Rf: 0,46 e 0,31 (acetato de etila: cloroférmio 5:5).
Os composto isolados foram identificados como flavonas: Chrisoeriol (rendimento —
0,43%) e o 3’,4’-Dimetoxiluteolina (rendimento — 0,58%). Os extratos (EACm e
EECm) e a fracdo (F1) de Chresta martii apresentaram potencial citotoxico (in vitro) e
genotdxico (in vivo), além de exibir toxicidade aguda classificada como de leve a
moderada. A identificdo do composto majoritario (3’,4’-Dimetoxiluteolina) presente na
Chresta martii fornece provavel suporte racional para a propalada utilizacdo da espécie
no tratamento de distdrbios gastrointestinal, conforme informacg6es etnofarmacoldgica e
experimentais em camundongos.

Palavras-chave: Chresta martii. Asteraceae. 3’,4’-Dimetoxiluteolina. Doencas

gastricas. Ulcera gastrica. Camundongos. Flavonas



ABSTRACT

Chresta martii (Asteraceae), found in the Xing6 region (semi-arid region in the
Northeast of Brazil), is locally used for treating gastric disorders. This study aimed to
evaluate the acute toxicity and genotoxicity (in vivo), cytotoxicity (in vitro) and
gastroprotective activity of crude extracts and semi-purified fractions of Chresta martii,
as well as, identify its major compound. Three organic extracts were obtained from the
dried aerial parts of C. martii (cyclohexane - ECCM, ethyl acetate — EACm, ethanol -
EECm); The EACm was fractionated on a silica gel 60 column eluted with chloroform
[F1; yield (10%)] chloroform / ethyl acetate (1/1); [F2; yield 6%)] ethyl acetate [F3;
yield (8%)] and ethyl acetate / methanol (1/1) [F4; yield (5%)]. The phytochemical
characterization of the extracts was determined by HPLC, while the semi-purified
fractions were analyzed by TLC, and the isolates compounds derived from the
subdivision were identified by Nuclear Magnetic Resonance Spectroscopy (*H-NMR
and *C-NMR). The extracts were evaluated for acute toxicity in male Swiss mice
(2000-50 mg/Kg; i.p. or p.o.), in vitro cytotoxicity (50 mg/mL) through the cancer cell
lines (HL-60, NCI-H292 and MCF-7) and human genotoxicity in mice (50 mg/Kg, i.p.)
by micronucleus technique in bone marrow cells. The three extracts were evaluated for
gastroprotective activity (50, 100 or 200 mg/Kg; p.0.) against gastric lesions induced by
indomethacin (40 mg/Kg, s.c.) or ethanol (0.2 ml/animal, p.o.) in male mice (25-30 Q).
The semi-purified fractions F1, F2, F3, F4 (50 mg/Kg, p.o.) or F1 (12.5, 25 or 50
mg/Kg, p.o.) were evaluated for gastroprotective activity through ulcer model induced
by ethanol. The positive control groups were treated with ranitidine (80 mg/Kg, p.o.) or
omeprazole (30 mg/Kg, p.o.) and negative control with saline (5 ml/Kg, p.0.). ECCm
(2000 mg/Kg; p.o. or i.p.) did not show any evidence of acute toxicity or death record.
The estimated LDsg (EACm and EECm) was 500 mg/Kg; p.o. and 200 mg/Kg; i.p. The
EACm (50 mg/mL) inhibited the growth of tumor cells HL-60 (96.54% * 0.22%), NCI-
H292 (73.43% + 1.07%) and MCF-7 (15% + 3.59%). The F1 fraction was able to
induce the formation of micronucleus in polychromatic erythrocytes (66.67% + 4.32%)
of mice. Among the extracts evaluated, the EACm showed a significant (p<0.05)
gastroprotective activity in the studied models. The F1 fraction (25 mg/Kg; p.o.)
showed a higher gastroprotective activity (p <0.05) to that exhibited by ranitidine (80
mg/Kg; p.o.) in ulcer model induced by ethanol. The fractionation of F1 fraction,
originated 23 subfractions and these were obtained, by recrystallization, two compounds



with yellow color and amorphous, Rf: 0.46 and 0.31 (ethyl acetate: chloroform 5:5).
The isolated compounds was identified as flavones: Chrisoeriol (yield - 0.43%) and 3 ',
4'-Dimetoxiluteolina (yield - 0.58%). The extracts (EACm and EECm) and the fraction
(F1) of Chresta martii showed cytotoxic (in vitro) and genotoxic potential (in vivo),
besides presented an acute toxicity classified as mild to moderate. The identification of
the major compound (3'4'-Dimetoxiluteolina) contained in Chresta martii likely
provides reasonable support for the widespread use of this plant in the treatment of
gastrointestinal disorders, as observed trough the ethnopharmacological and
experimental data obtained in mice.

Keywords: Chresta martii. Asteraceae. 3'4'-dimethoxyluteolin. Gastric diseases.
Gastric ulcer. Mice. Flavones
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Introducéo

1 INTRODUCAO

As informacdes oriundas de plantas medicinais com proposito terapéutico foram
acumuladas durante séculos, e muitas dessas empiricamente. O conhecimento sobre
plantas medicinais representou e ainda representa o Unico recurso terapéutico de muitas
comunidades e grupos étnicos (DI-STASI, 1996; NOLLA, 2005; ZAGO et al., 2009).

Foi a partir do final do século XX que a pratica da Fitoterapia tornou-se
difundida por todo mundo, sendo esta ciéncia definida como a terapéutica que utiliza os
medicamentos cujos constituintes ativos sdo plantas ou derivados de espécies vegetais, e
que tem sua origem respaldada no conhecimento e no uso popular (BRASIL, 2012).

Vérios estudos tém testado a aplicacdo terapéutica e toxicidade de diversos
produtos derivados de plantas medicinais. Desta forma, a utilizagdo de uma
diversificada flora tem sido validada, ainda que em ensaios pré-clinicos no tratamento
de doencas do trato gastrointestinal (BACCHI, 1986; REPETTO; LLESUY, 2002;
ABDULLA et al., 2010; AL-ATTAR, 2011), entre outras patologias.

Contudo, o desenvolvimento tecnoldgico voltado a area da quimica organica
possibilitou ao homem ir mais longe no que concerne a identificacdo de ativos
reponsaveis por diferentes efeitos farmacoldgicos, atribuidos as espécies vegetais, ndo
se contentando em apenas comprovar a atividade dos extratos brutos como outrora por
muitos pesquisadores foram relatados. Na atualidade, os estudos farmacoldgicos e
quimicos cada vez mais sdo direcionados com o proposito de desvendar mecanismos de
acdo e identificar seus ativos reponsaveis. Muitas vezes, os resultados dessas buscas
tornam-se atraentes a industria farmacéutica, pois essa pode utilizar os isolados das
plantas medicinais como parametro para padronizacdo de fitoterapico ou mesmo como
prototipo para a sintese ou semi-sintese de moléculas farmacologicamente ativas. Esse
cenario encontra respaldo nos estudos que avaliam a atividade terapéutica e a toxicidade
de diversos produtos derivados de plantas medicinais.

Neste ambito, as espécies da familia Asteraceae tém demonstrado significativa
atividade analgésica, anti-inflamatéria e antiulcerogénica (PEREIRA et al., 2005;
SILVERIO et al., 2008; DIAS et al., 2009). Especificamente muitas espécies dessa
familia tém apresentado atividade antiulcerogénica em diferentes modelos
experimentais, como por exemplo: Achillea millefolium (BAGGIO et al., 2003),
Mikania laevigata (BIGHETTI, 2005), Senecio brasiliensis (TOMA et al., 2004),
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Franseria artemisioides, Bacharis genistelloides, Bacharis rubricaulis, Bacharis illinita
(GONZALES, 2000; VERDI, 2005).

Quanto a prospeccdo fitoquimica tem-se verificado na familia Asteraceae a
presenca de sesquiterpenoides, poliacetilenos, diterpenoides, triterpenoides, flavonoides,
cumarinas, benzofuranos e benzopiranos (EMERENCIANO, 1998, SILVA et al., 2012;
SILVA et al., 2013). Entretanto, a identificacdo de composto ativo isolado responsavel
pelo efeito antiulcerogénico, por exemplo, e 0 mecanismo de acdo por ele desencadeado
muitas das vezes ndo sdo completamente conhecidos.

A espécie Chresta martii (DC.) H. Rob. pertencente a familia Asteraceae, com
caracteristicas de Caatinga é encontrada entre rochas as margens do rio Sdo Francisco,
principalmente na regido do Xingd no estado de Sergipe localizada no Nordeste
brasileiro. Ela € amplamente utilizada pela populacdo local no combate as doencas do
trato gastrintestinal (ALMEIDA et al, 2005; ALMEIDA et al, 2006;
ALBUQUERQUE et al., 2007). Entretanto, poucos sdao os estudos pré-clinicos com o
intuito de avaliar a eficacia e seguranca de extratos e fracdes semipurificadas de C.
martii. Nesse contexto, o estudo atual contribuird para avaliar a seguranca, eficacia e
identificar o composto majoritario presente nas partes aéreas de C. martii com provavel

atividade gastroprotetora.
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2 REVISAO DE LITERATURA
2.1 SISTEMA GASTRICO

2.1.1 Fisiologia das secrecdes gastricas

A secrecdo de acido gastrico € um processo continuo e complexo, no qual
multiplos fatores centrais e periféricos contribuem para uma meta comum: secrecdo de
H" pelas células parietais. Os fatores neuronais (acetilcolina), paracrinos (histamina) e
enddcrinos (gastrina) regulam a secrecdo de &cido, através da ativacdo de receptores
especificos (M3, H2 e CCK2, respectivamente) que se localizam na membrana
basolateral das células parietais no corpo e fundo gastricos. Nessas células (parietais) o
AMP ciclico e as vias dependentes de Ca®* ativam a H'/K*-ATPase (a bomba de
prétons), que efetua a troca de ions hidrogénio e potéssio através da membrana celular
parietal. Essa bomba gera o maior gradiente idbnico conhecido entre os vertebrados, com
um pH intracelular de cerca de 7,3 e um pH intracanalicular de cerca de 0,8 (BRUNTON
etal., 2007).

A secrecdo enddcrina (gastrina) é o indutor mais potente para secre¢do de &cido,
sendo esta liberada através de mdltiplas vias de estimulacdo, incluindo ativacdo do
SNC, distensdo local e componentes quimicos do contetdo gastrico. A gastrina estimula
a secrecdo acida indiretamente ao induzir a liberacdo de histamina pelas células
enterocromafins; um efeito direto sobre as células parietais também desempenha um
papel menos importante (BRUNTON et al., 2007).

A somatostatina (SST) inibe a secrecdo de acido gastrico. A acidificacdo do pH
luminal géastrico para valores menores que trés estimula a liberacdo de SST que, por sua
vez, suprime a producdo de gastrina em uma alca de retroalimentacdo negativa. As
células produtoras de SST estdo diminuidas em pacientes, por exemplo, com infeccdo
por Helicobacter pylori, e a consequente reducdo do efeito inibitério da SST podem
contribuir para producdo excessiva de gastrina (SCHUBERT, 2009).

Contudo, sabe-se que a hipersecrecdo gastrica também pode estar associada a
Sindrome de Zollinger-Ellison, hiperplasia das células-G, aumento na quantidade de
células parietais e a auséncia de equilibrio fisioldgico entre horménios gastricos
antagonistas, gastrina e somatostatina; entretanto, a estimulacdo da secrecdo de &cido

cloridrico pode estar relacionada com hipersensibilidade colinérgica e acéo
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parassimpética, funcionando como co-fator em danos erosivos na mucosa gastrica
(YUAN et al., 2006).

2.1.2 Disturbios do sistema gastrico

Nos Ultimos 20 anos o estudo das doencas relacionadas a Ulcera géastrica e
duodenal, tem aumentado significativamente devido a identificacdo de varias técnicas,
as quais tém possibilitado a avaliagdo mais detalhada da mucosa gastrica
(BRZOZOWSKI et al., 2005). Na média populacional o risco de complicagdo com
Ulcera aumenta quatro vezes, resultando em 1,25 hospitaliza¢fes adicionais para cada
100 pacientes por ano (HAWKEY, 2000).

As doencas ulcerativas do trato gastrointestinal dependem de duas condicdes:
presenca de acido e predisposicdo das mucosas as lesGes por fatores diversos. Ndo ha
maneiras estabelecidas de interferir farmacologicamente com as predisposicoes,
genéticas ou ndo, da mucosa aos danos (BRZOZOWSKI et al., 2005).

As Ulceras ocorrem frequentemente no duodeno (Ulcera duodenal), onde mais de
95% estdo localizadas na sua primeira porcao, e 90% préximo a juncdo do piloro com a
mucosa duodenal. No estbmago (Ulcera géstrica), as Ulceras se localizam mais
comumente no antro (60%) e na jungdo do antro com 0 corpo, na pequena curvatura
(25%). A incidéncia de Ulceras gastricas parece ser ligeiramente maior em homens em
relacdo as mulheres (1,3: 1), sendo que a faixa etaria de maior ocorréncia das Ulceras
duodenais é de 30-55 anos, e das Ulceras gastricas é de 50-70 anos (ABITBOL, 2012).

Fatores como fumo, alcool, estresse, uso de medicamentos, faixa etéria, infecgcdo
pela Helicobacter pylori, hereditariedade de afeccbes pépticas, entre outros, podem
desempenhar diferentes papéis na génese da doenca (SAUL, 2007). A patogenia da
doenca ulcerosa péptica € mais bem representada como um complexo cenério
envolvendo o desequilibrio entre os fatores de defesa da mucosa (bicarbonato, muco,
prostaglandinas, fluxo sanguineo, éxido nitrico, fatores de crescimento, etc.) e fatores
agressivos que compreendem 0s agentes quimicos, que podem ser endogenos (HCI,
pepsina) ou exdgenos (etanol, antiinflamatdrios ndo esteroidais), e agentes bioldgicos
(Helicobacter pylori) (NATALE et al., 2004) (Fig.1).

Dessa forma, a profilaxia atrelada ou ndo a terapias medicamentosas
preventivas, de maneira a intensificar os mecanismos de defesa fisioldgicos, continuam

sendo o meio mais utilizado de controle da secrecdo acida, pois revertem os danos
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causados a mucosa e controlam os eventos inflamatdrios que se sucedem apos a
instalacdo das lesdes as quais séo tarefas bem mais complexas (BRZOZOWSKI et al.,
2005).

2.1.3 Mecanismos fisioldgicos de defesa do sistema gastrico

Os mecanismos de defesa que atuam na porta de entrada dos xenobioticos no
organismo sdo diversos, e entre eles encontram-se (Fig. 1):
. Os mastdcitos e macrdofagos residentes na lamina propria atuam como células
sinalizadoras da presenca de substancias estranhas. Essas células sdo capazes de liberar
uma grande quantidade de mediadores inflamatorios e citocinas que podem alterar o
fluxo sanguineo da mucosa e aumentar o recrutamento de granuldcitos para a regiao
afetada (HOGABOAM et al., 1993).
o Um epitélio especializado de forma a manter sempre as suas fun¢Ges como
barreira ao acido gastrico e a outros agentes. A grande capacidade de proliferacdo do
epitélio lhe confere habilidade de reparacdo ao dano epitelial e contribui para a
resisténcia da mucosa géstrica as lesdes (WALLACE, 2001).
o O muco também tem importante papel na prevencdo da agressdo mecanica ao
epitélio, e fornece um microambiente sobre a area lesionada, que € rapidamente
restituida (WALLACE, 2001), atuando principalmente como barreira fisica.
o O fluxo sanguineo contribui para a protecdo gastrica por fornecer a mucosa:
oxigénio, bicarbonato, substancias nutritivas e por remover o didxido de carbono, ions
hidrogénio e difundir agentes tdxicos do Iimen gastrico (SORBYE; SVANES, 1994).
o As prostaglandinas apresentam efeito na motilidade, secrecdo e citoprote¢do do
trato gastrintestinal. A secrecdo do muco e bicarbonato, a vasodilatacdo e a rapida
regeneracdo epitelial sdo alguns dos componentes de defesa da mucosa que sao
regulados pelas prostaglandinas (WALLACE, 2008).
o O oxido nitrico apresenta papel chave na perfusdo e regulacdo vascular por
promover a vasodilatacdo pela sinalizacdo da célula muscular lisa via cGMP. A
producdo constitutiva de NO é importante para manter a barreira protetora da mucosa
gastrintestinal, e esse mecanismo protetor € devido a sua capacidade de aumentar o
fluxo sanguineo da mucosa e estabilizar a influéncia dos mastdcitos (ALICAN et al.,
1996).
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Figura 1- Mecanismo de defesa e injuria da mucosa gastrica.
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Fonte: Adaptado de Robbins; Contran, 2005.

2.1.4 Epidemiologia das doencas gastricas

Nas ultimas décadas a incidéncia da doenca ulcerosa gastrica declinou no mundo
ocidental. Entretanto, apresenta incidéncia que varia de 2 a 10/100.000 pessoas por ano,
permanecendo como problema de saude publica na sociedade moderna (KOMEN et al.,
2008). As complicacbes mais importantes relacionadas a doenca ulcerosa gastrica sdo:
hemorragia, observada clinicamente em 15-20% dos casos, e perfuracdo, em 7%, com
incidéncia de 7 a 10/100.000 pessoas por ano — variavel entre os paises € mesmo entre
regides de um mesmo pais (DIOGO-FILHO et al., 2003). A mortalidade anual
relacionada a doenca ulcerosa é baixa, sendo ela consequente a complicacfes em
pacientes com comorbidades ou do tratamento cirtrgico. Por outro lado, a morbidade
dessa afeccéo tem sido reportada como entre 25% e 89%, com custos elevados. Entre 0s
pacientes com Ulcera duodenal, 6% a 11% apresentam perfuracdo e, entre aqueles com
Ulcera gastrica varia de 2% a 5% (KOCER et al., 2007).

A faixa de idade predominante na qual a Ulcera duodenal ocorre é entre 20 e 50
anos, enquanto que a gastrica € mais comum em paciente com mais de 50 anos
(KOMEN et al., 2008). A ulcera duodenal € mais frequente nas populagdes ocidentais, e
as Ulceras gastricas sd0 mais comuns nos paises orientais, particularmente o Japéo
(SIVRI, 2004).
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2.1.5 Farmacos utilizados nos tratamentos dos disturbios géstricos

Os farmacos utilizados no tratamento das Ulceras ou distarbios &cido-pépticos
promovem a cicatrizacdo da lesdo e varios tipos podem ser utilizados (isoladamente ou
em associagdes). De modo geral, as terapias estdo diretamente ligadas a diminuicdo da

secrecdo acida.

o Antagonistas de receptores H2 — cimetidina, ranitidina, famotidina (Fig. 2) -
Os antagonistas H2 agem competindo com a histamina (Fig. 2) pela ligacdo com o
receptor H2, o que também contribui para a diminui¢cdo da secrecdo acida gastrica
(BRUNTON et al.,, 2007). Recentemente, essa classe de farmacos vem sendo
substituida pelos inibidores da bomba de prétons, contudo, devido ao seu custo mais
acessivel ainda é utilizada (ANVISA, 2010).

Figura 2 — Estrutura quimica do aminoacido histamina (A) e a estrutura quimica de

trés moléculas de farmacos antagonista H2 [cimetidina (B), ranitidina (C), famotidina
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Fonte: adaptado de Brunton et al., 2007.

o Inibidores da bomba de protons (H* /K™ APTase) — Omeprazol, lansoprazol,

rabeprazol, pantoprazol (Fig. 3). Atualmente estes sdo os farmacos de primeira escolha.
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Apo6s a sua absorcdo se difundem até as células parietais onde se acumulam nos
canaliculos secretores de acido (BRUNTON et al., 2007). Devido ao seu mecanismo de
acao (Fig. 4) diminuem a secrecdo de HCI pela mucosa gastrica. Em casos de secre¢édo
acida aumentada a mesma retorna ao nivel normal com a administracdo desses
inibidores irreversiveis da bomba de protons (SCHUBERT, 2009), que podem ser
associados ou n&o os antimicrobianos (a depender da presenca de H. pylori).

Figura 3 — Estrutura quimica dos principais farmacos inibidores de bomba de protons:

omeprazol (A), pantoprazol (B), lansoprazol (C), rabeprazol (D).
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Fonte: adaptado de Brunton et al., 2007.

Figura 4 — Mecanismo de ativagdo do omeprazol. O omeprazol é uma base fraca,
especificamente concentrada na secrecdo acida dos canaliculos das células parietais e
guando ativada por um préton gera uma sulfenamida. Essa sulfenamida interage
covalentemente com os grupos sulfidrilas do residuo de cisteina no dominio extracelular da
H + K + -ATPase — Cis813 — inibindo sua atividade.
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Fonte: adaptado de Brunton et al., 2007.
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o Antiacidos — sdo farmacos utilizados de forma a aumentar as defesas da mucosa.
Sao usados para aliviar a pirose e o desconforto abdominal. Neutralizam o &cido
secretado, e sdo rapidamente absorvidos devido a sua alta solubilidade em &gua. Podem
ser utilizados de forma isolada (hidroxido de aluminio, hidroxido de magnésio,
magaldrato - hidréxido de aluminio e magnésio), em forma de misturas de antiacidos ou
associados a outros farmacos (BRUNTON et al., 2007).

o Analogos de Prostaglandinas — Misoprostol, analogo sintético da PGE1. Atua
protegendo a mucosa gastrica atraves de efeitos que incluem: estimulacdo de secrecdo
de muco e bicarbonato e aumento do fluxo sanguineo no estbmago (BRUNTON et al.,
2007). O misoprostol aumenta a producdo de muco no estbmago, contudo provoca
também um aumento acentuado na contracdo de mausculos lisos, principalmente no

Utero, induzindo o aborto.

o Outros — Sucralfato trata-se de um polimero que adere as células epiteliais e a
area lesada formando uma barreira fisica de protecdo, além de estimular a producéo

local de prostaglandinas e fator de crescimento epidérmico (BRUNTON et al., 2007).

o Tratamento da infeccdo por Helicobacter Pylori- os principais tratamentos
indicados para a erradiacdo da bactéria e para a recuperacdo da mucosa gastrica podem
ser divididos em: Terapia tripla — com a utilizacdo de um inibidor da bomba de préton,
um antibidtico e um antiprotozoario; Terapia quadrupla — com a utilizacdo de um
inibidor da bomba de prétons, um antiprotozoario, um antibiético e um antiacido ou
Terapia quadrupla com a utilizacdo de um antagonista de receptor H2, um antiacido, um
antiprotozoarios, e um antibiotico (BRUNTON et al., 2007).

2.2 MODELOS EXPERIMENTAIS DE LESAO GASTRICA

Os estudos em animais de laboratério tentam recriar as formas de gastrite e
Ulcera gastrica que acometem os seres humanos. Contudo, muitas formas de gastropatia
humana ainda ndo tiveram seus modelos desenvolvidos em animais. Os estudos
animais, embora possuam a limitacdo tanto da etiologia quanto das diferencas
estruturais e fisiologicas do estbmago em relacdo aos seres humanos, tém a vantagem de

permitir o estudo de gastrites e Ulceras com origens especificas, como a gastrite
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induzida por AINES e outros agentes nocivos, como substancias necrotizantes incluindo

acidos, dano por substancias quentes, estresse e etanol (SMITH, 1989).

2.2.1. Lesdo gastrica induzida por etanol

O modelo de leséo géstrica induzida por etanol em roedores pode ser produzido
de forma bastante confiavel pela simples administracdo intragastrica de quantidades
varidveis (0,5 a 2,0 mL) de etanol em diferentes concentracbes (50 a 100%).
Dependendo da quantidade de etanol, entre 10 e 40% da porc¢do glandular do estbmago
de ratos e camundongos torna-se coberta de erosdes hemorragicas e uUlceras apds um
periodo de 1 a 2 horas. Estudos de evolucdo temporal das lesdes, neste modelo,
entretanto, mostram que a maior parte do dano produzido pelo etanol ocorre entre 1 e 3
minutos apds instilacdo no estbmago (GLAVIN; SZABO, 1992).

O dano gastrico produzido pela administracdo aguda de etanol promove a
formacdo de eritema e erosGes superficiais, friabilidade e hemorragia microscopica da
mucosa. Parte do etanol administrado é metabolizado pelas células da mucosa,
resultando na formacdo de acetaldeidos tdxicos, mais relacionados a patogénese da
gastrite alcodlica cronica do que da aguda (LIEBER, 1997).

O mecanismo de acdo lesiva do etanol, portanto, é multifatorial (Fig. 5). As
lesGes sdo produzidas em consequéncia de variados fatores que interagem, e cada um
destes fatores pode ser um alvo terapéutico em potencial. O etanol aumenta a producéo
de anions superdxido, radicais hidroxila e a peroxidagdo lipidica da mucosa. Etanol
induz também ao estresse oxidativo intracelular através da transicdo da permeabilidade
e despolarizacdo da mitocondria, que precede a morte celular da mucosa. Sabe-se que o
etanol promove significativa reducdo da concentracdo de grupamentos sulfidrilicos ndo
proteicos dos tecidos animais, provavelmente pela formacdo de radicais livres. A
mucosa responde a peroxidacdo lipidica produzida pelo etanol através da captacdo de
radicais livres pelo GSH e outros grupamentos sulfidrilicos ndo proteicos. Em seres
humanos, o processo inflamatério produzido por etanol esta associado com a total
deplecdo dos grupamentos sulfidrilicos (tanto proteicos quanto ndo proteicos) como a
GSH e cisteina. Compostos exogenos contendo grupamentos sulfidrila protegem a
mucosa gastrica de danos produzidos pelo etanol (PIHAN et al., 1987; LOGUERCIO et
al., 1993; REPETTO; LLESUY, 2002).
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O etanol também parece alterar a secre¢do acida gastrica e interferir com a
motilidade géstrica e intestinal. Em algumas espécies animais, a administracéo aguda de
etanol, seja via oral, intragastrica, através de canula de gavagem, ou mesmo via
sanguinea promove alteracdo da secrecdo acida. A resposta secretdria ao etanol varia
consideravelmente de acordo com a espécie e com as concentragfes utilizadas. Por
exemplo, bebidas com baixo teor de etanol, como cerveja e vinho, aumentam
fortemente a secrecdo acida gastrica e a liberacdo de gastrina na espécie humana. Em
contraste, bebidas com alto teor alcoolico, como uisque e conhaque, ndo produzem tal
estimulacédo &cida ou de gastrina em seres humanos. O mecanismo de agdo deletéria do
etanol parece ser tanto local (topica), sobre a mucosa, quanto uma acao sistémica,
afetando a liberacdo de horménios e a regulacdo das funcbes nervosas envolvidas na
secrecdo acida. Estudos em humanos e animais mostram que concentracdes alcoolicas
superiores a 10% causam rompimento da barreira mucosa e aumentam sua
permeabilidade. Uma exposicdo prolongada ao etanol promove distarbio da
microcirculacdo levando a um progressivo desarranjo estrutural da mucosa (BODE &
BODE, 1997).

O etanol atua como agente pro-inflamatério agudo, estimulando a aderéncia
leucocitaria (neutrofilos) com consequente dano ao epitélio em baixas concentracfes
(10%), e lesdes independentes de neutrofilos em altas concentracdes (90 a 100%), mais
relacionadas ao dano vascular precoce, com diminui¢do do fluxo sanguineo da mucosa,
isquemia e morte celular. O disparo do processo inflamatdrio que é produzido pelo
etanol agudamente administrado é caracterizado pela liberagdo de mediadores, com
ativacdo de granulécitos e producdo consequente de proteases e formacdo de radicais
livres (TEYSSEN; SINGER, 2003; SIEGMUND et al., 2003).

O enfraquecimento da funcdo de barreira da mucosa gastrica, gerando aumento
da permeabilidade, promove modificacdo do potencial eletroquimico das membranas
celulares, o que causa retro difusdo dos fons H* através da mucosa lesionada
(SIEGMUND et al., 2003). A resposta da mucosa ao etanol também é refletida no
aumento significativo da expressdo de citocinas inflamatdrias, entre elas o0 TNF-a (2,5
vezes), e no incremento da taxa de apoptose (9,4 vezes) das células epiteliais. Inibidores
de bomba de protons, como 0 omeprazol, ndo protegem a mucosa gastrica neste modelo
experimental de lesdo, porém, o uso de sucralfato, um polissacarideo sulfatado que

forma complexos com as proteinas mucosas adjacentes a Ulcera (constituiem uma
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barreira protetora contra a agressdo do &cido gastrico e pepsina), promove reducgdo
significativa (95%) nas lesGes pelo etanol (PIOTROWSKI et al., 1997). Ranitidina, um
antagonista de receptores de histamina tipo H,, pode ou ndo promover protecdo da
mucosa gastrica em modelos de lesdo por etanol, dependendo da dose do farmaco e da
concentracdo do agente lesivo. Em doses acima de 50 mg/kg ocorre reducédo das lesdes
promovidas pelo etanol absoluto, abaixo disso, os estudos mostram certa ineficicia do
farmaco (DEL-SOLDATO et al., 1985; LEE et al., 2002; SHEEBA; ASHA, 2006;
CADIRCl et al., 2007).

Os estudos sugerem que o etanol também promove reducdo da producédo de PGs,
desviando o equilibrio do metabolismo do &cido araquidénico para a producdo de
leucotrienos, associados ao aumento da secrecdo acida gastrica e desenvolvimento de
lesbes. Além disso, o etanol interfere com a atividade da musculatura do estdmago e
intestino, alterando o transito do alimento ao longo do TGl (TABUCHI &
FURUHAMA, 1994; BODE & BODE, 1997).

Figura 5 — Multiplo mecanismo de acdo do etanol absoluto na inducdo

experimental de Ulcera gastrica (aguda ou cronica).

Fonte: adaptado de Siegmund et al., 2003.

2.2.2. Lesdo gastrica induzida por Indometacina

O surgimento de lesbes gastricas como resultado do tratamento com AINES é
reconhecidamente um dos mais sérios efeitos adversos desta classe de medicamentos. A
administracdo parenteral de AINES, incluindo o &cido acetilsalicilico e a indometacina

representa um modelo animal simples e efetivo para o estudo da gastropatia induzida
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por AINES. AINES reduzem o fluxo sanguineo, promovendo reducdo do pH levando
em ultima instancia & formacédo de lesbes hemorragicas, incluindo Ulceras. Os estudos
indicam que os AINES induzem a formacao de lesdes gastricas por pelo menos dois
mecanismos. O primeiro é o bem caracterizado bloqueio das enzimas COX, inibindo a
producdo enddgena de PGs. O segundo mecanismo € chamado captura de ions e resulta
da dissociagdo acida dos AINES (pKa — 3,5 a 4,0) no ambiente intracelular neutro (pH —
7,00) das células mucosas. Os AINES, no estado ionizado, sdo soltveis em agua e ficam
retidos dentro das células, criando um gradiente de concentracdo que favorece o
movimento dos ions dissociados dos acidos organicos para dentro da mucosa gastrica.
As alteracOes de permeabilidade resultam do influxo de H* e efluxo de fons Na* e K*
para o limen gastrico (GLAVIN & SZABO, 1992; FIORUCCI et al., 2001).

Atualmente, sabe-se que a inibicdo tanto da COX-1 quanto da COX-2 é
necessaria para o desenvolvimento das erosdes gastricas apds administracdo de AINES
em ratos. Nem inibidores seletivos COX-1 ou COX-2 isoladamente causam dano macro
ou microscopicamente detectdvel quando administrados em doses que inibem
seletivamente estas enzimas in vivo. Mecanismos pelos quais a inibicdo da COX-1 e
COX-2 contribuem para a formagdo da erosdo sdo objeto de estudos atualmente. A
aderéncia leucocitéaria induzida pelos AINES ao endotélio vascular contribui para
geracdo do dano da mucosa. Esta adesdo se da, em parte, pela supressdo da producédo
tonica de prostaglandinas (como a PGl,) pelo endotélio vascular. Embora 0s numerosos
registros experimentais de que a COX-1 é constitutivamente expressa, a habilidade dos
AINES em estimular a aderéncia de neutrofilos era considerada como sendo causada
pela supressdo da COX-1 no endotélio vascular. Entretanto, inibidores seletivos COX-2
como celecoxib disparam significativa adesdo leucocitaria em vénulas mesentéricas,
enquanto os inibidores seletivos COX-1, ndo promovem tal adesdo. O decréscimo do
fluxo sanguineo géstrico apos administragdo de AINES foi documentado em animais e
humanos, e tem sido sugerido como fator significativo para a patogénese da injuria
gastrica assim como para 0 modelo que se utiliza de etanol. Os AINES possuem outras
acOes ndo correlacionadas a supressao da COX que contribuem para o aparecimento das
lesGes. Por exemplo, muitos AINES exercem efeitos irritantes topicos que podem
contribuir para a injuria gastrica (WALLACE et al., 2000).

Indometacina é um derivado indélico com atividade anti-inflamatoria, analgésica

e antipirética utilizado em diversas condigdes inflamatorias crénicas, em virtude da sua
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efetiva supressdo da dor, febre e edema (SULEYMAN et al., 2010). O dano gastrico
induzido por indometacina (inibidor inespecifico COX) e outros AINES também esté
relacionado a producdo de EROs e peroxidacdo lipidica. O acimulo de hidroperdxidos
lipidicos cresce paralelamente ao desenvolvimento das lesdes (YOSHIKAWA et al.,
1993). A fonte de radicais de oxigénio n&o foi ainda determinada, mas possivelmente,
0s EROs séo derivados de neutréfilos no inicio da patogénese das lesbes, pois o dano
induzido por indometacina pode ser significativamente reduzido pela deplecdo de
neutrofilos da circulagcdo. Os radicais superoxido podem interagir com peréxido de
hidrogénio, na presenca de ferro, para gerar radicais hidroxila, que € um dos mais
toxicos reagentes implicados na peroxidacao lipidica, pela abstragio de atomos de H* de
radicais metileno dos acidos graxos poli-insaturados da membrana plasmatica
(YOSHIKAWA et al., 1993).

Os AINES também reduzem a secrecdo de muco e de bicarbonato, que é
regulada pela sintese de PGs, tendo em vista que ambos os fatores séo relacionados com
a prevencdo de dano fisico e quimico, a sua administracdo. A utilizacdo dessa classe
farmacoldgica aumenta a susceptibilidade da mucosa gastrica as agressées por ela
exposta (FIORUCCI et al., 2001). Existem ainda indicios de que os AINES podem agir
através do bloqueio de receptores a2-adrenérgicos 0 que seria mais uma circunstancia
responsavel pelo aumento de fatores agressivos a mucosa gastrica (SULEYMAN et al.,
2010).

2.3 PLANTAS MEDICINAIS

A biodiversidade dos vegetais constitui uma grande riqueza em potencial para a
salde humana, sendo as plantas fontes de produtos naturais biologicamente ativos. O
uso destas em praticas populares e tradicionais como medicamentos caseiros e
comunitarios, processo conhecido como medicina popular, nos remete a seus principios
ativos como importantes substratos para o desenvolvimento de medicamentos
(MACIEL et al., 2002; CALIXTO, 1997).

A evolucdo do conhecimento cientifico sobre as plantas e sua utilizagdo pelo
homem tém ocorrido através dos tempos. Civilizagcbes primitivas perceberam a

existéncia de plantas comestiveis e dotadas de toxicidade que, ao serem utilizadas no
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combate as doencas, revelavam empiricamente seu potencial curativo (BARROS,
2008).

Antes do seculo XIX, a maioria dos recursos terapéuticos existentes era
constituida por plantas e extratos, sendo estes a parte qualitativamente mais importante
da terapéutica na época. Com o aumento progressivo do setor industrial ap6s a Segunda
Guerra Mundial, os “remédios vegetais” foram gradativamente substituidos nas
farmacias por medicamentos com substancias ativas extraidas ou derivadas
sinteticamente de plantas (SIMOES et al., 2004).

O contexto etnoboténico e etnofarmacoldgico vém resgatando os conhecimentos
tradicionais passados de geracdo em geracdo e contribuindo para descobertas de novas
drogas com principios ativos para o tratamento de enfermidades. A maioria dos povos
ou etnias globais usam plantas medicinais ou seus derivados, no tratamento dos males
que afetam a salde. Nos paises em desenvolvimento, é uma pratica comum com um
contingente de 80 % da populacéo dependente da medicina popular (MELO, 2007).

Os estudos etnobotanico e etnofarmacolégico, voltados ao Brasil sdo de extrema
importancia, uma vez que o pais apresenta a maior diversidade genética vegetal do
mundo, contando com mais de 55.000 espécies catalogadas (SIMOES et al., 2004),
onde 99,6% séo desconhecidas quimicamente (GOTTLIEB et al., 1998).

No Brasil, tem crescido o interesse pelo estudo das plantas medicinais em
resposta a tendéncia mundial de preocupacdo com a biodiversidade, pautada na ideia de
desenvolvimento sustentavel (MOSCA, 2009). E comum, no comércio brasileiro a
venda de uma quantidade expressiva de espécies vegetais que se destinam ao tratamento
de diversas enfermidades, e, recentemente aparecem como componentes de muitos
produtos industrializados, comercializados como drogas vegetais e/ou fitoterapicos
(MELO, 2007). O uso de plantas medicinais e da fitoterapia, encontram-se em ascensao
mundial e endossam um mercado promissor (NASCIMENTO et al., 2005) com cerca de
50% de plantas utilizadas na alimentacdo, 25% na industria cosmética, 20% na industria
farmacéutica e 5% em outras atividades, estimando-se em 10.000 o numero de espécies
vegetais medicinais (MELO, 2007).

Segundo Calixto e Yunes (2001), cerca de 50% dos medicamentos utilizados s&o
de origem sintética e 25% de origem vegetal, isolados diretamente ou sintetizados a
partir de um precursor vegetal. A apesar desse contingente, 20% das plantas encontradas

no mundo ainda estdo sendo submetidas a algum teste bioldgico e/ou farmacolégico
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(SUFFREDINI et al., 2004), fato que vem sendo estimulado pela crescente procura da
populacdo mundial (60 — 80%) por fitoterapia no tratamento de varias doengas
(SCOPEL, 2005).

Contudo, apesar de toda importancia atribuida as plantas, o seu potencial
terapéutico e toxicoldgico, no que concernem mecanismos de ac¢do, ainda sdo pouco
explorados, pois apenas recentemente estas se tornaram objeto de estudo cientifico
(BARRQOS, 2008).

2.3.1 Plantas medicinais com atividade gastroprotetora

O estudo de plantas medicinais que possuam agdo sobre o trato gastrintestinal
assume grande importancia uma vez que os medicamentos atualmente disponiveis para
o tratamento destes disturbios apresentam efeitos colaterais. O uso de antiacidos pode
causar constipacdo e diarreia (RANG et al., 2001) e o uso crénico de farmacos
antisecretores tais como o0s antagonistas dos receptores H2 e os inibidores da bomba de
prétons podem gerar problemas como gastrinemia (GARNETT, 1998). Além disso, um
estudo realizado por Arrais et al., (1997) demonstrou que a procura por medicamentos
que tenham acdo sobre o aparelho digestivo e o metabolismo é de 24%, indicando que
grande parte da populacao sofre de disturbios gastricos, existindo grande necessidade de
farmacos que apresentem menos efeitos colaterais e maior eficacia. A busca por
principios ativos que possam ser isolados ou servir de modelo para a sintese de novos
farmacos é crescente e as pesquisas nesta area S80 promissoras.

No continente americano 58 espécies apresentam atividade gastroprotetora,
distribuidas em 37 familias, entre elas Turneraceae (2 espécies), Fabaceae (6 espécies),
Celastraceae (3 espécies) e Asteraceae (13 espécies). A maioria é encontrada no Brasil,
mas a flora de varios paises (Argentina, Cuba, Estados Unidos, Santa Lucia, Costa Rica,
Bolivia, Equador e México) também apresenta espécies com tal atividade avaliada pelo
menos em ensaios pré-clinicos (FALCAO et al., 2008).

Outros estudos utilizando plantas medicinais mostram atividade gastroprotetora
— sejam estudos etnofarmacoldgicos ou pré-clinicos em roedores — em espécies tao
diferentes como Piper nigrum Linn. (Piperaceae), Dodonaea viscose (Sapindaceae),
Mouriri pusa (Melatomataleae), Ficus arnottiana (Moraceae), Eruca sativa L.
(Brassicacae), Cissampelos mucronata (Menispermaceae), Allium sativum Linn.

(Liliaceae), Keilmeyera coriacea (Gultiferae), Terminalia chebula (Combretaceae),
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Garcinia cambogia (Gaertnaceae) (RANI et al., 2010), e Avicennia alba (Acanthaceae)
(AL-ATTAR, 2011).

2.3.2 As plantas medicinais e a legislagdo no ambito regulatério

Os medicamentos derivados de plantas medicinais, comumente denominados
Fitoterapicos, sdo tdo eficazes quanto os medicamentos produzidos com ativos oriundos
de sintese quimica, entretanto, a transformacdo de uma planta num medicamento deve
priorizar a preservacdo da integridade quimica dos principios ativos e,
consequentemente, a acdo farmacoldgica do vegetal, garantindo a permanéncia da acdo
farmacoldgica. A producdo de Fitoterapicos requer, portanto, estudos prévios relativos a
aspectos botanicos, agronémicos, fitoquimicos, farmacoldgicos e toxicoldgicos,
associados ao desenvolvimento de metodologias analiticas (TOLEDO et al., 2003).

A regulamentacdo dos medicamentos fitoterapicos industrializados no Brasil é
realizada pela ANVISA, orgao federal que registra medicamentos e demais produtos
destinados a salde, intervindo nas atividades de producdo, distribuicéo,
comercializacdo, publicidade, consumo e descarte de medicamentos, além de anélises
laboratoriais. O intuito deste é o gerenciamento dos possiveis riscos a salde em todas as
fases da cadeia dos produtos, onde se incluem os fitoterapicos. E a ANVISA a
responsavel pelo registro de todos os fitoterapicos, antes de sua comercializacdo, para
garantir que a populacdo tenha acesso a medicamentos seguros, com eficacia e
qualidade comprovada. Cada registro tem validade de cinco anos, devendo ser renovado
por periodos sucessivos, conforme determinado na Lei n® 6.360/76, que dispde sobre 0s
produtos submetidos ao controle da Vigilancia Sanitaria (CARVALHO et al., 2007).

A RDC n° 48/04 é a norma regulatoria para o registro de fitoterapicos.
Estabelece todos os requisitos necessarios para a concessdo do registro, baseados na
garantia de qualidade. As avaliacGes abrangem a matéria-prima vegetal, os derivados de
droga vegetal e o produto final, o medicamento fitoterapico. E exigido ainda Certificado
de Boas Praticas de Fabricagdo e Controle para as linhas de producgdo da empresa. Cabe
ressaltar que as normas exigidas para a producdo de fitoterdpicos sé@o as mesmas
estabelecidas para os demais medicamentos. A citada norma ainda prevé as formas de se
comprovar seguranca e eficAcia dos fitoterapicos, incluindo os estudos
etnofarmacoldgicos (CARVALHO et al., 2007).
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Outros regulamentos dispdem sobre producédo, registro e comercializagédo de
medicamentos, inclusive fitoterdpicos, tais como: informacbes de bula (Portaria n°
110/97 e RDC n° 140/03), modelos e dizeres de embalagens (RDC n° 333/03); restricao
de venda (RDC n° 138/03); publicidade (RDC n° 102/00); testes de comprovacao de
qualidade, incluindo Guia para Realizacdo de Estudos de Estabilidade (RE n° 01/05) e
Guia para Realizacdo de Validacdo de Metodologia Analitica (RDC n° 899/03)
(CARVALHO et al., 2007).

2.4 FAMILIA ASTERACEAE

2.4.1 Aspectos botanicos

As Asteraceae (Dumortier) possuem distribuicdo cosmopolita e constituem a
maior familia de Eudicotileddneas, com 1.620 géneros e 23.600 espécies (STEVENS,
2012). No Brasil, a familia Asteraceae apresenta 274 géneros, 2053 espécies, 22
subespécies e 39 variedades (NAKAJIMA et al., 2014).

As espécies pertencentes a familia Asteracea podem apresentar porte herbacea,
subarbustos, arbustos, pequenas arvores ou lianas, com folhas alternas ou opostas,
raramente verticiladas, simples, margem inteira ou serreada. As inflorescéncias sao
capitulos envolvidos por bracteas, formando um involucro. As flores sdo todas iguais
entre si, ou diferenciadas em flores do raio e flores do disco. As primeiras sdo altamente
modificadas, podendo ser estéreis e possuir corola hipertrofiada, enquanto as flores do
disco sdo bissexuadas ou raramente unissexuadas. O fruto é do tipo cipsela, com papilho
geralmente persistente (SOUZA; LORENZI, 2008).

2.4.2 Importéncia econémica

Do ponto de vista econdmico, cerca de 40 espécies tém importancia direta na
alimenta¢do humana, como Lactuca sativa (alface) e Cichorium intybus (chicéria), e
indireta na obtencdo de produtos, como Helianthus annuus (girassol), Matricaria
recutita (camomila) e Baccharis trimera (carqueja). Espécies silvestres tém potencial
nutricional, e muitas outras s@o de interesse tecnologico ou ornamental, e centenas
produzem metabdlitos secundarios de uso farmacéutico ou industrial ou ainda fornecem
néctar e polen para a apicultura e também forragem para a producéo pecuéria (VITTO;
PETENATTI, 2009).
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Muitas plantas dessa familia sdo conhecidas pelas suas propriedades medicinais
e diversas espécies possuem atividade analgésica, antiinflamatoria e antimicrobiana
comprovadas (LORENZI; MATOS, 2002). Por produzirem compostos quimicos
bastante promissores, sio de grande interesse para a indGstria farmacéutica (ARAUJO et
al., 2008).

2.4.3 Aspecto fitoquimico

Quimicamente a familia Asteraceae é conhecida por produzir principalmente
poliacetilenos, sesquiterpenoides, diterpenoides, triterpenoides, flavondides, cumarinas,
benzofuranos e benzopiranos (EMERENCIANO, 1998).

Inimeros estudos com espécies dessa familia apresentaram o isolamento de uma
variedade de metabdlitos secundarios, dentre eles: diterpenos, triterpenos, cumarinas,
sesquiterpenos, fenilpropanoides poliacetilenos, lactonas sesquiterpénicas, alcalGides,
Oleos essenciais, antocianinas (VERDI et al., 2004), com destaque aos flavondides,
alocados como importantes marcadores quimiotaxonémicos, além de sua reconhecida
importdncia para a medicina, no tratamento e prevencdo de Vvéarias doencas
(HARBORNE; WILLIAMS, 2000)

Vérias espécies pertencentes a familia Asteraceae apresentam atividade
antiulcerogénica em diferentes modelos experimentais. Alguns exemplos podem ser
citados: Achillea millefolium (BAGGIO et al., 2003), Mikania laevigata (BIGHETTI,
2005), Senecio brasiliensis (TOMA et al., 2004), Franseria artemisioides, Bacharis
genistelloides, Bacharis rubricaulis, Bacharis illinita (GONZALES, 2000; VERDI,
2004). O extrato obtido a partir das folhas e frutos de Sapindus saponaria L., rico em
triterpenos pentaciclicos, apresentou atividade antiulcerogénica e anti-secretoria
gastrica, diminuindo a concentracdo de acido cloridrico e o pH gastrico (MEYER et al.,
2002). Lactonas sesquiterpénicas com atividade antiulcerogénica foram isoladas de
Artemisia douglasiana (GUARDIA; GUZMAN, 1994). Dihidro-epideoxiartenuina b,
isolada de Artemisia annua, apresentaram acdo antiulcerogénica, estimulando a
producdo de muco atraves do aumento dos niveis gastricos de prostaglandinas
(FOGLIO et al., 2002; DIAS, 2004). Ecabet sodium demonstrou capacidade de
reepitelizacdo retal, pelo aumento de prostaglandina E2 em paciente submetido a
radioterapia (AKIKO et al., 2009).
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Portanto, as plantas medicinais e seus metabdlitos secundarios, como terpenos e
flavondides, apresentam importancia como agentes terapéuticos, no tratamento de
desordens gastrintestinais tais como Ulceras, gastrites e diarréias (SCHMEDA-
HIRSCHMANN; YESILADA, 2005).

2.4.3.1 Terpenos

Os terpenos representam uma classe de metabolito secundario amplamente
distribuido no reino vegetal. Possuem uma composi¢do molecular tipica (C5H8),, sendo
formados por duas ou mais unidades isoprénicas. Estudos indicam que di, tri e
tetraterpenos sdo biossintetizados na celula dentro dos cloroplastos (NABETA et al.,
1995).

Estes compostos representam a segunda classe com maior numero de
constituintes ativos obtidos de plantas, perdendo apenas para os flavondides. Eles sdo
divididos em monoterpenos (10 carbonos), sesquiterpenos (15 carbonos), diterpenos (20
carbonos), sesterpenos (25 carbonos), triterpenos (30 carbonos) e tetraterpenos (40
carbonos) (SEIGLER, 1981; DI-STASI, 1996).

H& varias décadas as propriedades farmacoldgicas dos terpenos vém sendo
determinadas, entre elas: antibiotica (NAKANISHI, 1974), antitumoral (SENILH et al.,
1998), anti-reumatica (GU et al., 1995) e antiulcerogénica (SHIRAKABE et al., 1995).
Especificamente as lactonas sesquiterpénicas, diterpenos e triterpenos foram avaliados
cientificamente quanto ao seu potencial antiulcerogénico (Quadro 1).

Quadro 1 — Sumario de alguns dos principais terpenos descritos na literatura com atividade

antiulcerogénica

COMPOSTO CLASSIFICACAO ORIGEM Fonte
Trans-crotonina Lactona sesquiterpénica Croton cajucara Hiruma-Lima et al., 2002
Onodorpicrina Lactona sesquiterpénica Arctium lappa Almeida, 2005
Ferruginol Diterpeno Prumnopitys andina | Rodriguez etal., 2006
Acido Oleanélico Triterpeno Fabiana imbricata Astudillo et al., 2002
Acido Glicirretinico Triterpeno Glycyrrhiza glaba Doll & Hill, 1962
Theasaponina Saponina triterpenica Camellia sinensis Morikawa et al., 2006

2.4.3.2 lactonas sesquiterpénicas (LS)
Lactonas sesquiterpénicas (LS) sdo compostos de grande ocorréncia na natureza
e representam um importante grupo de metabdlitos secundarios da familia Asteraceae.

As LS estdo amplamente distribuidas nas plantas e mais de 7000 estruturas quimicas
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dessa classe foram descritas (MACIAS et al., 2006). Devido ao seu amplo espectro de
atividade bioldgica, as LS constituem uma classe de substancias com potencial para
utilizacdo na medicina, destacando-se as atividades citotoxicas e antitumoral,
antibacteriana, antiinflamatoria, esquistossomicida, antimalarica e antifungica. Contudo,
algumas LS sdo consideradas altamente toxicas (repina, helenalina) (HEINRICH, 1998;
ZHANG et al., 2005).

Os efeitos gastroprotetores das LS estdo bem documentados e os mecanismos de
protecao apontados pelos estudos envolvem efeito antioxidante em virtude de estruturas
nucleofilicas presentes nas moléculas das LS, estimulacdo da secre¢do de muco gastrico
e diminuicdo da secrecdo de acido cloridrico (GIORDANO et al., 1990; GUARDIA et
al., 1994).

Quanto a estrutura quimica as LS podem ser classificadas pelos seus
carboesqueletos. Ha quase 100 tipos de carboesqueletos, porém a maioria das LS, cerca
de (87%), se enquadram em sete tipos de carboesqueletos conhecidos como
germacranolideos, elemanolideos, eudesmanolideos, eremofilanolideos, guaianolideos,
xantanolideos, pseudoguaianolideos e cadinanolido (Fig. 6). Biogeneticamente, o

carboesqueleto de germacrano é o precursor dos demais (SCHMIDT, 2006).

Figura 6 — Esqueleto basico das principais lactonas sesquiterpénicas
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Fonte: adaptado de Schmidt, 2006
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Os guaianolideos representam um dos mais amplos grupos de LS com cerca de
quinhentos compostos naturais conhecidos. Devido ao amplo espectro de suas
atividades bioldgicas e sua baixa disponibilidade em fontes naturais, técnicas sintéticas
para 0 preparo de guaianolideos tém sido muito investigadas nos ultimos anos
(BARGUES et al., 2002).

2.4.3.3 Flavondides

Os flavonoides sdo metabdlitos secundarios de plantas biossintetizados a partir
da via dos fenilpropandides. Representam um dos grupos mais importantes e
diversificados entre os produtos de origem vegetal e sdo amplamente distribuidas no
reino vegetal. Sua distribuicdo depende de diversos fatores de acordo com a
fila/ordem/familia do vegetal, bem como da variagdo das espécies. Geralmente,
flavondides encontrados nas folhas podem ser diferentes daqueles presentes nas flores,
nos galhos, raizes e frutos. O mesmo composto ainda pode apresentar diferentes
concentragdes dependendo do 6rgdo vegetal em que se encontra (SIMOES et al., 2004).
Quimicamente os flavondides possuem estrutura marcada pela presenca de um
esqueleto com 15 &tomos de carbono na forma Cg-C3-Cs, € s@o divididos em classes
dependendo do estado de oxidacdo do anel central de pirano (IKAN, 1991). Séo
identificados como substancias compostas por um nucleo comum de fenilcromanona
com substituicdo em uma ou mais hidroxilas, incluindo derivados ligados a agucares
(BIRT, HENDRICH, WANG, 2001). A figura 7 apresenta a estrutura quimica dos
principais tipos de flavondides (MOLNAR-PERL; FUZFAI, 2005).

Figura 7 — Esqueleto basico dos principais flavonoides
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2.4.3.3.1 - Flavondides e atividades bioldgicas

Ensaios biolégicos usando combinagdes isoladas revelam que os flavondides
exibem uma grande acdo sobre os sistemas biologicos demonstrando atividade
antimicrobiana, antiviral, antiulcerogénico, antioxidante, citotoxico, antineoplasico,
antihepatotdxico, antihipertensivo, hipolipidémico, anti-inflamatério, antiplaquetario
(BENAVENTE-GARCIA et al., 1997, VAN-DAM; NAIDOO; LANDBERG, 2013;
SIMOES et al., 2004; HAVSTEEN, 2002; MIDDLETON, KANDASWAMI,
THEOHARIDES, 2000; VEITCH; GRAYER, 2008)

Harborne e Williams (2000) demonstraram que o grupo carbonila em C-4 e a
dupla ligacéo entre C-2 e C-3 desempenham um importante papel na acdo antioxidante
dos flavonoides. Além disso, a configuracdo das hidroxilas no anel é determinante no
processo de eliminacdo dos radicais livres.

As diferencgas na atividade antioxidante de flavonoides por polihidroxilacdo ou
polimetoxilagdo ocorrem, provavelmente, devido a diferencas nas configuragdes
estruturais dos radicais livres. Apds a doacdo de grupos hidroxila e metila pelos
flavonoides esses radicais livres perdem sua reatividade, dessa forma nédo sdo capazes
de atacar biomoléculas do organismo (HEIM; TAGLIAFERRO; BOBILYA, 2002).

Certos flavonoides podem bloguear os processos biosintéticos dos eicosanoides,
inibir processos mitéticos, interacBes célula-célula, incluindo possiveis efeitos na
adesdo molecular. O mecanismo de inibicdo exercido pelos flavonoides sobre as
enzimas lipoxigenase estd sendo extensivamente pesquisado (NIJVELDT et al., 2001).
Flavondides como a quercetina e a apigenina tém demonstrado possuir acgdo
antiinflamatdria por causar inibicdo de COX-2 (MUTOH et al., 2000; RASO et al.,
2001). Segundo Friesenecker, Tsai, Intagliatta, (1995), flavondides, como a quercetina e
a luteolina, podem reduzir a ativacdo do sistema complemento, diminuindo a adeséo de
celulas inflamatdrias ao endotélio, resultando em uma redugdo da resposta inflamatoria.

Flavondides e isoflavondides podem inibir o ciclo celular e induzir a apoptose,
linhagens de células. O flavondide quercetina bloqueia o ciclo celular em G1/S de
células cancerosas de célon. Ele também induz apoptose, resultado da fragmentagéo
nuclear e condensacdo da cromatina nuclear (REDDY, ODHAYV, BHOOLA, 2003).
Marchand (2002) descreveu que em modelos in vitro, flavondides tem mostrado afetar
sinalizacdo celular e a progressdo do ciclo celular. Genisteina e quercetina inibem a

proteina tirosina quinase que também est& envolvida na proliferacdo celular. Apigenina,
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luteolina e quercetina mostraram-se eficazes no processo de morte celular, impedindo a
progressdo do ciclo celular através do mecanismo dependente de p-53 (REDDY;
ODHAV; BHOOLA, 2003).

2.4.4 Chresta martii (DC.) H. Rob.

Atualmente, considera-se que 0 género Chresta é composto por 12 espécies
(Chresta amplexifolia, Chresta harleyi, Chresta martii, Chresta pinnatifida, Chresta
curumbensis, Chresta speciosa, Chresta scapigera, Chresta angustifolia, Chresta
plantaginifolia, Chresta sphaerocephala, Chresta exsucca e Chresta pycnocephala) que
ocorrem no cerrado, caatinga e campos rupestres no planalto brasileiro. E caracterizado
genericamente como composto por ervas perenes ou arbustos, contendo de 2 a 12
floretes por cabeca e capitulos densamente congestos, arranjados em glomérulos
solitarios ou corimbosos (ROBINSON, 1999; ROQUE et al., 2008).

A espécie Chresta martii (Fig. 8A e 8B) foi objeto de poucos estudos e existe
ainda uma polémica sobre sua real denominacdo e posicdo no cladograma das
Asteraceae, em virtude de aspectos filogenéticos considerados de forma diferente por
diferentes correntes da boténica, de modo que alguns autores a consideram um ramo
extra e outros, sinonimia de Argyrovernonia harleyi. Entretanto, esta Ultima
denominac&o n&o consta na Lista de Espécies da Flora do Brasil (LISTA DE ESPECIES
DA FLORA DO BRASIL, 2012).

Figura 8 — Espécime de Chresta martii fotografada na regido de Xingd-Sergipe-BR
durante expedicao de coleta em Janeiro de 2011. Observa-se coloragdo cinza-prateada
tipica das suas folhas (A), bem como o substrato rochoso onde a espécie fixa-se e
desenvolve-se (B).
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A planta é caracterizada por conter glomérulos cbnicos a campanulados, folhas
pecioladas de formato ovalado-romboide, com 30 a 40 cabegas (Fig. 9A), 12 a 13
floretes e uma corola medindo de 12 a 15 mm (Fig. 9B), com plumagem (indumentum)
prateada-acinzentada (Fig. 8A) (ROBINSON, 1999; ROQUE et al., 2008). A espécie
apresenta apenas dois estudados experimentais abordando sua seguranca e eficécia
(SILVA et al., 2012 e 2013), embora alguns estudos etnofarmacol6gicos tenham
demonstrado sua utilizacdo popular no tratamento de doengas do trato gastrointestinal,
figado e até malaria (ALMEIDA et al., 2005; ALMEIDA et al., 2006; AGRA et al.,
2008).

Figura 9 — Aspecto da inflorecéncia da espécime de Chresta martii

Fonte: Franco, 2014

Dessa forma, 0 presente estudo objetivou avaliar a toxicidade aguda (in vivo e in
vitro), atividade gastroprotetora dos extratos e fragdes semipurificas de Chresta martii,
identificar a classe quimica e elucidar estruturalmente seu composto majoritario,
proporcionando assim mais respaldo para a utilizacdo dessa espécie através do

conhecimento cientifico no que concerne: seguranga, qualidade e eficacia.
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3 OBJETIVOS

3.1 Geral:

Avaliar a toxicidade aguda (in vivo e in vitro) e atividade gastroprotetora dos extratos e fracoes

semipurificas das partes aéreas de Chresta martii e identificar seu (s) composto (s) majoritério (s).

3.2 Especificos:

a)

b)

Obter extratos organicos (ciclohexanico, acetato de etila e etandlico) e fracOes
semipurificadas de Chresta martii;

Avaliar a toxicidade aguda (in vivo e in vitro) e genotoxidade (in vivo) dos extratos
organicos e fracbes semipurificadas de C. martii;

Rastrear a atividade gastroprotetora entre os extratos e fragdes semipurificadas de C.
martii;

Obter compostos puros oriundos da fracdo semipurificadas que apresentar melhor
atividade gastroprotetora;

Identificar o (s) composto (s) bioativo (s) majoritario (s) de C. martii;
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4 RESULTADOS
4.1 Artigos Derivados da Tese

A seguir serdo apresentados dois artigos, sendo o primeiro intitulado “Evaluation of
the acute toxicity, cytotoxicity and genotoxicity of Chresta martii (Asteraceae)” que foi aceito
para publicacdo pelo Journal of Toxicology and Environmental Health, Part A: Current
Issues e o segundo intutulado “Study of the gastroprotective effect of extracts and semi-purified
fractions of Chresta martii DC. and identification of its principal compounds” submetido a publicacdo
pelo Evidence-Based Complementary and Alternative Medicine.
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ABSTRACT

Chresta martii (Asteraceae), found in the Xingd region, northeastern Brazil, is used in the
treatment of gastrointestinal (GIT) and liver disorders and malaria. However, there are few
studies regarding efficacy and safety of use for this species. Thus, the objective of this study
was to determine in vivo acute toxicity and in vitro cytotoxicity of organic extracts of C.
martii as well as in vivo genotoxicity of its semi-purified fraction. Dried aerial parts of C.
martii were extracted using three organic solvents (cyclohexane -ECCm, ethyl acetate -EACm
and ethanol - EECm) and these extracts were examined for acute toxicity (50-2000 mg/kg; i.p.
or p.o.) and cytotoxicity (50 ug/ml ) in carcinogenic human cell lines (HL-60, NCIH-292 and
MCF-7). The EACm, which showed evidence of toxicity (in vivo and in vitro), was
fractionated on a silica column, yielding 4 fractions (F1 — F4). The F1 was utilized for

genotoxicity (50 mg/kg; i.p.), by in vivo micronucleus (MN) assay. ECCm showed no
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indication of acute toxicity or occurrence of death, while the LD50 estimated for the extracts
(EACm and EECm) was 500 mg/kg; p.o. and 200 mg/kg; i.p. The EACm (50 pug/ml) inhibited
growth of tumor cells HL-60 (96.54%), NCIH-292 (73.43%) and MCF-7 (15%). The F1
fraction induced MN formation in polychromatic erythrocytes of Swiss Webster mice.
Organic extracts from C. martii exhibited acute toxicity classified as mild to moderate, in
addition to cytotoxicity (in vitro) while F1 semi-purified fraction induced genotoxicity (in
Vvivo).

Keywords: Chresta martii, gastroprotective, toxicity, safety of use.

INTRODUCTION

Although the importance of plant species for therapeutic applications is well-
established, studies on certain plant-induced toxicity are scarce. In this regard Chresta martii
(DC.) H. Rob. (Asteraceae), a species found in the Xingd (semi-arid) region of Sergipe,
northeastern Brazil, has been the subject of ethnopharmacological studies reporting the use of
its aerial parts by the local population in the form of cocktail for treatment of gastrointestinal
(GIT) diseases (Almeida et al., 2005; 2006). However, there have been few pharmacological
studies regarding the safety or efficacy for the species (Agra et al., 2008). Silva et al (2012;
2013) reported on the efficacy and possible mechanism of action of the alcoholic extract of C.
martii in an experimental model of indomethacin- or ethanol-induced ulcers.

The phytochemical profile of the genus Chresta contains predominantly terpenes,
including sesquiterpene lactones and flavonoids (Silva et al., 2013; Borella et al., 1998). The
sesquiterpene lactones are lipophilic with bitter taste and colorless, with a broad spectrum of
biological activity including cytotoxic, antitumor, antibacterial, anti-inflammatory,
schistosomicide, antifungal, and antimalarial. Ghantous et al. (2010) and Zhang et al. (2005)
found that some sesquiterpene lactones were considered highly toxic. In contrast, flavonoids
comprise one of the largest groups of secondary metabolites present in the plant kingdom and
are noted for their diverse pharmacological properties including anti-tumor, anti-
inflammatory, antioxidant, antiviral, antifungicidal and anti-protozoan as well as play a role in
reducing the risk of cardiovascular disease (Magalhdes et al., 2000; Alavez-Solano et al.,
2000). Since the toxic potential of C.martii is not known, this study aimed to determine the
acute toxicity in vivo and cytotoxicity in vitro of organic extracts of C. martii as well as

genotoxicity in vivo of its semi-purified fraction.
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MATERIALS AND METHODS

Botanical material

Botanical material of Chresta martii (DC.) H. Rob. was collected in the Xingé region,
in Sergipe, Brazil, at coordinates ranging from -9.5563° to -9.5548° Latitude and 37.94°
Longitude, at an altitude of 130 m, in January 2011. Samples of the material collected were
identified by Dr. Nadia Roque (Biology Institute in the Department of Botany, Federal
University of Bahia, Brazil) and dried specimens were deposited in the Herbarium HUVA
(Sobral, Ceara, Brazil) under number 14602.

Preparation of organic extracts and semi-purified fractions

The preparation of organic extracts involved use of aerial parts of C. martii dried in
aconvection oven at 50°C and ground in a cutting mill. Subsequently, the material (500 g)
was submitted to extraction by maceration at room temperature using organic solvents of
increasing polarity: cyclohexane to obtain the cyclohexane extract of C. martii (ECCm), ethyl
acetate to obtain the ethyl acetate extract of C. martii (EACm) and 96% ethanol to obtain the
ethanol extract of C. martii (EECm) at a proportion of approximately 10g/100 ml solvent.
Each extraction cycle lasted 48 hr, using the residue from the first to perform the next
extraction, with three replicates for each solvent (Handa et al., 2008). The extracts were
concentrated in a rotary evaporator with reduced pressure at 50°C and 90 rpm and/or
lyophilized. After determination of yield, samples were stored in amber vials under a
temperature of -20°C in a freezer. The EACm (10 g) was fractionated, yielding 4 semi-
purified fractions (FI — F4), using a silica gel chromatography column (Vetec 0.063-0.20
mm), eluted with chloroform [Fraction | — F1; yield (10%)], chloroform/ethyl acetate (1/1)
[Fraction Il — F2; yield (6%)], ethyl acetate [Fraction Il — F3; yield (8%)] and ethyl
acetate/methanol (1/1) [Fraction IV — F4; yield (5%)]. The semi-purified fractions were
concentrated in a rotary evaporator with reduced pressure at 50°C and 90rpm and stored in

amber vials at a temperature of -20°C in a freezer.

Phytochemical screening
Qualitative assessment to determine the presence or absence of secondary metabolites
in all three extracts of C. martii (ECCm, EACm and EECm) was performed using general

reactions (Costa, 1982): flavonoids (Shinoda reaction), tannins (reaction with ferric chloride),
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terpenoids and steroids (Liberman-Buchard reaction), saponins (foam index) and alkaloids
(Dragendorf and Mayer reaction). The quantitative evaluation was utilized to determine total
phenolics and total flavonoids according to Swain and Hills (1959) and Woisky and Salatina
(1998). The three extracts were further analyzed by High Performance Liquid
Chromatography (HPLC) using the same chromatographic conditions as adopted by Silva et
al., (2013) in order to track the compound isolated, identifying it as a sesquiterpene lactone.
To characterize the semi-purified fractions Thin Layer Chromatography (TLC) was used,
supported by silica gel 60 (Alugram® Sil G/UV254 produced by Machere-Nagel), eluent
system; chloroform: ethyl acetate (8:2 v/v) and anisaldehyde/sulfuric acid as a developer
followed by heating (Wagner and Bladt, 1995).

Animals

For determination of acute toxicity, 72 female non-isogenic, nulliparous Swiss Webster mice
weighing 25-30 g were used (purchased from the animal facility of the Keizo Asami
Laboratory of Immunopathology (LIKA - UFPE). For the assessment of genotoxicity, 15
male non-isogenic Swiss Webster mice weighing 25-30 g were used obtained from the animal
facility of the Aggeu Magalhdes Research Center — FIOCRUZ-PE, Brazil. All animals
underwent adaptation 72 hr before each test and kept under standard conditions (temperature
22 + 2°C, relative humidity of 30-70% with controlled 12 hr light/dark cycle) according to
GLP (Brito, 1994). Animals had access to commercial food (Purina Presence®) and water ad
libitum before the experiments. The experimental protocols were approved by the Ethics
Committee on Animal Use (CEUA) of the Aggeu Magalhaes Research Center / FIOCRUZ PE
Brazil under the protocol 35/2012 (expiration on 31/01/2017).

Acute toxicity in vivo

Acute toxicity by oral (p.0.) and intraperitoneal (i.p.) routes was performed using
female Swiss Webster mice (n=6 animals/group). Mice were fasted for 12 hr and weighed
before being treated with either of the three organic extracts of C. martii at 50, 100, 300, 1000
or 2000 mg/kg. The control group received distilled water (5 ml/kg; p.o. or i.p.). Due to
mortality of 2-6 animals by the 14th day, a lower dose was administered subsequently to
allow an estimate of a range of LD50, according to the Globally Harmonized System
standards (GHS) (OECD- 423/2001).
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The animals were assessed for systemic behavior as evidenced by parameters such as
general activity, vocal fremitus, irritability, touch response, response to tail compression,
contortion, posture of the hindquarters, postural reflex, body tone, grip strength, ataxia,
tremors, convulsions, hypnosis, anesthesia, lacrimation, ptosis, urination, defecation,
piloerection, breathing, cyanosis and death during the first three hr after administration of the
extracts and, from then on, every day, until the 14th day (Malone and Robichaud, 1962;
Malone, 1977). Surviving animals were weighed on the 7th and 14th days and anesthetized on
the last day with ketamine-xylazine solution of 0.2 ml/100 g (8.75 ml ketamine (100 mg/ml)
and 1.25 ml xylazine (100 mg/ml), according to the protocol of Cornell University/Cornell
Center for Animal Resources and Education as described by Flecknell (2009) and Kohn et al.
(1997), and sacrificed by cervical dislocation. A macroscopic analysis was performed on the
organs in the thoracic and abdominal cavities and then liver, kidneys and spleen were weighed

to determine relative weights (organ weight per 100 g of body weight).

Cytotoxicity assay

The following human cancer cell lines were used: HL-60 (human promyelocytic
leukemia), NCI-H292 (human lung carcinoma), and MCF-7 (breast cancer) obtained from the
cell bank of Rio de Janeiro (Brazil). The NCI-H292, and MCF-7 cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM) and supplemented with 10% fetal bovine
serum (FBS), 2 mM glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin at 37°C with
5% CO2. The HL-60 cells were cultured in RPMI-1640 medium (the formulation is based on
the RPMI-1630 series of media utilizing a bicarbonate buffering system and alterations in the
amounts of amino acids and vitamins developed by Moore et al., (1963) under the same
conditions. The cytotoxicity of the organic extracts was tested using the MTT salt reduction
assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (Sigma®). For all
experiments, tumor cells were plated in 96-well plates (105 cells/ml for each attached cell or 3
x 105 cells/ml for leukemia). Organic extracts (50ug/ml) were dissolved in 1% DMSO and
added to each well and incubated for 72 hr. After 69 hr treatment 25 pl MTT (5 mg/ml) was
added, three hr later MTT formazan product was dissolved in 100ul DMSO and absorbance

read at 595nm in a plate spectrophotometer (Mosmann, 1983).
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Micronucleus (MN) test in bone marrow cells

Swiss Webster mice were divided into three groups (n=5 animals/group). The first
group was treated with the semi-purified fraction | of C. martii (50 mg/kg, i.p.), with the other
two groups being controls: the positive one was cyclophosphamide (25 mg/kg, i.p.) because it
IS an antineoplastic agent with alkylating properties forming a complex with DNA
irrespective of whether it is normal or cancer cells (Kijima et al., 2003) and the negative one
was vehicle [1% carboxymethylcellulose (10ml/kg, i.p.)] of the dilution of fraction I.

The test is characterized by determining acute effects of the chemical agent on
anucleated, polychromatic erythrocytes (PCE), as these have a relatively short life, such that
any micronucleus (MN) that is present was generated as a result of recently induced
chromosome damage (Ribeiro et al., 2003). The positive control used was cyclophosphamide.
All animals were sacrificed by cervical dislocation 24 hr post-treatment. Immediately after
sacrifice, femurs were excised, dissected and cut at the proximal epiphyses. FBS (1 ml/femur)
was injected with a syringe (3 ml) and needle (tuberculin type) into the medullary canal of the
femur in order to remove the medullary content. The lavage fluid was collected in a test tube
containing 2 ml FBS. The cell suspension was homogenized several times and then
centrifuged at 800g for 5 min. The supernatant (3 ml) was discarded, leaving approximately 1
ml for swabbing. The pellet was resuspended and 2 or 3 drops were used to make smears on
two, clean and dried slides by sliding one over the other. After leaving the slides for 60 min to
dry at room temperature, the material was fixed with methanol (250 ml for 10 min) and
stained 24 hr with Leishman's methylene blue dye (Schmid, 1975).

To evaluate the genotoxic (clastogenic) and/or aneugenic potential, 2000
polychromatic erythrocytes (PCE) were analyzed per animal and the frequency of
micronucleated PCE (MNPCE) recorded. The cytotoxic effects were investigated by
determining PCE-NCE  (normochromatic  erythrocyte) ratio  after  analyzing
200erythrocytes/animal. All cells were observed and quantified using an optical microscope
(10 x 100x) magnification (Schmid, 1975).

Statistical analysis

The results were expressed as mean + standard deviation following statistical analyses
relevant for each biological test. The occurrence of MN in the groups was compared
statistically using the conditional test to compare proportions in situations of rare events

(Choy, 2001). Comparisons between groups for the PCE/NCE ratio were performed using
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analysis of variance (ANOVA) for completely randomized experiments followed by
Bonferroni's post-test with a significance level of 95% (p<0.05). All statistical analyses were
performed using GraphPad Prism program, version 5.0 for Windows (GraphPad Software,
San Diego, California USA).

RESULTS AND DISCUSSION

Extract yield

The yield of the extracts resulted in a decreasing % from 19% for ECCM, 10% for
EACm and 5% for EECm. Andreo and Jorge (2006) noted that there is no ideal system for
extraction of all or any specific class of natural products due to several factors. Among such
factors are the nature of the chemical, extraction method used, solvent used and quantitative
difference of these compounds in plants. However, Simdes et al., (2004) reported that
nonpolar solvents have the ability in general to extract lipophilic substances such as waxes,
pigments and hydrocarbons. Solvents with medium polarity extract flavonoids and simple

coumarin, while agents of high polarity preferentially extract alkaloids, saponins and tannins.

Phytochemical screening

Phytochemical screening showed that C. martii has as its secondary metabolites
flavonoids, tannins, terpenoids and steroids. It is worth noting that the solvents used enabled a
differentiated extraction of these products in terms of their presence and quantity of each

organic extract (Table 1).

Table 1 — Phytochemical screening of organic extracts from the aerial parts of C. martii
(cyclohexane extract of C. martii - ECCm: ethyl acetate extract of C. martii - EACm and ethanol

extract of C. martii - EECm)

Chemical class Extraction procedure ECCm EACm EECm
Saponins Foam index - - -
Tannins Ferric chloride + ++ +++
Alkaloids Dragendorf. Mayer - ++ +
Flavonoids Shinoda - -+ +
Steroids and terpenoids Liberman-Buchard + + -

(-) Not reactive; (+) Low intensity: (++) Medium intensity; (+++) Strong intensity
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Silva et al., (2013) reported the presence of a sesquiterpene lactone in the alcoholic
extract of C. martii, which is corroborated by results presented here. According to Boudet
(2008), secondary metabolites are present in all plant species, usually as diverse mixtures and
several studies demonstrated the importance of these metabolites in plant defense. Phenolic
compounds such as tannins and flavonoids possess antimicrobial and antioxidant properties
(Efraim et al., 2006; Yoshida et al., 2008; Lai et al, 2009; Adesegun et al., 2009; Lopez-
Lazaro, 2009).

Quantification of phenolic compounds and total flavonoids enabled detection of the
presence of total phenolic compounds in EECm and flavonoids and total phenolic compounds
in EACm (Figure 1). Phenolic compounds such as flavonoids and tannins present in the plant
were detected. Thus, the reduced amount of flavonoids found in EECm suggests the chemical
class present in this extract corresponds to the group of condensed tannins. This result

corroborates the findings observed in the phytochemical identification of the stated extract.
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Figure 1 — Quamnrification of phenols and total flavonoids (through the equation of the line
zenerated from the standard curve of gallic acid (y = 37.583x - 3.8989: R® = 0.9977) and of
quercetin (v = 75.691x — 140.29: R* = 0.9382). respectively). For the organic extracts from the
aerial parts of C. martii (cyclohexane extract of C. marrii - ECCm: ethyl acetate extract of €.
martii - EACm and ethanol extract of C. martii - EECm).

The extracts (EACm and EECm) displayed a similar phytochemical profile, a
chromatographic peak with the same retention time of + 15 min and a resolution of 400 and
30 mAU, respectively (Figure 2) was observed with similar characteristics to those found by
Silva et al., (2013) and identified as a sesquiterpene lactone. However, no peak with the same
retention time was verified for the ECCm extract.
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Figure 2 — Clromatogram (HPLC/UV. i = 254nm) of C. martii extracts (ECCm) - A: (EACm) - B:
(EECm) - C Red arrows indicate the chromatographic peak (£ 15 min retention time) corresponding to
compound | (sesquiterpene lactone). according to Silva er al.. (2013).

Acute toxicity

Among the extracts analyzed, ECCm (2000 mg/kg; i.p. or p.0.) was the only one that
did not induce behavioral changes worthy of note and did not lead to animal death. Behavioral
changes in animals that received EACm and EECm extracts via po or ip administration were
observed such as presence of piloerection, tremors, ataxia, reduction of the response to tail
compression and depression. These clinical signs varied in intensity, from reversal to death of
animals dependent on dose and route of administration.

According to Haggard and Hodges (cited in Leite and Amorim, 2006), compounds that
do not exhibit toxicity for LD50 values in the range of 0.5-5 g/kg are classified as slightly
toxic. Considering that the LD50 for EACm and EECm were estimated at 500 mg/kg, i.p. or
200 mg/kg, p.o., are thus classified as moderately toxic extracts. Data on mortality observed
among the animals treated with each extract are presented in Table 2.

Table 2 — Registration of mortality in groups of female. Swiss Webster mice treated orally or
intraperitoneally with organic extracts from the aerial parts of C. marfii (cyclohexane extract of C. martii -

ECCm: ethyl acetate extract of C. martii - EACm and ethanol extract of C. marfii - EECm) to estimate the
1Ds; according to the GHS (OECD-423)

Pathway of Dose (mg'kg) N* of deaths estimated LDsp
Extract LT =
administration
Cyclohexane extract of Oral 2000 0/6 o
y . N - 2500 mg'kg
C. martii (ECCm) Intraperitoneal 2000 0/6 s
2000 6/6
Oral 1000 4/6 500 mg'kg
. 300 0/6
Ethvl acetate extract of —
o . 2000 6/6
C martii (EACm) -
Intraperitoneal 1000 o6 200 mg'kg
w ; 300 306 “ohmens
50 0/6
2000 6/6
Oral 1000 2/6 500 mg/kg
. 300 0/6
96% Ethanol extract of a —
.. o 2000 6/6
C. martii (EECm) -
Intraperitoneal 1000 /6 200 mg'kg
R ) 300 276 200 mgike

50 0/6
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SimQes et al., (2004) and Kabara et al., (1972) showed that lipophilic extracts obtained
by using highly nonpolar solvents such as petroleum ether, hexane, and cyclohexane are rich
in lipids, waxes and pigments have a low rate of acute toxicity, which explains the absence of
mortality observed among animals treated with ECCm. However, the solvents used to obtain
the extracts EACm and EECm probably extracted terpenoids, including sesquiterpene
lactones which according to Zhang et al., (2005) are considered highly toxic. The presence of
sesquiterpene lactones is striking in the Asteraceae family (Ghantous et al., 2010, Herz,
1977). It is worth noting that two sesquiterpene lactones were isolated from the aerial parts of
C. martii (Silva et al., 2013).

Amos et al., (2003) treated rodents with artemisinin (50-100 mg/kg; i.p.), a
sesquiterpene lactone obtained from the leaves of Artemisia annua L. (Asteraceae) and found
that this substance appears to act as an antagonist to the post-synaptic D2 receptors in the
central nervous system (CNS), thereby reducing exploratory activity and exerting a soothing
and sedative effect. It is of interest that plant species containing terpene derivatives have been
used as sedatives, tranquilizers and anticonvulsants in traditional medicine (Sousa et al.,
2008). All of these factors may explain basis for mortality observed in animals receiving high
doses of the extracts EACm or EECm, as well as exacerbation of depressive features at the
level of the CNS. The neurological effects observed in our study, especially ataxia,
corroborate those of Panossian et al., (2005) who reported gait ataxia in a patient who utilized
artemisia as an alternative treatment for breast cancer.

At the end of the experiment there was no significant difference observed in weight
gain of animals. Similarly, there were no macroscopic changes identified in the organs found
in the abdominal or thoracic cavity. The relative liver, spleen and kidney weights revealed no

significant changes.

Cytotoxicity assay

The MTT assay showed that among the three extracts from C. martii (50 ug/ml),
EACm and EECm extracts displayed similar cytotoxicity in HL-60 and NCI-H292 cells,
while in MCF-7 cells EACm was slightly more cytotoxic. EACm extract rank order of
promoted inhibition in the growth of tumor lines was HL-60, followed by NCI-H292 and

MCF-7. The second-most cytotoxic extract was EECm, whose growth inhibition of cell lines
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ranked highest was HL-60, followed by NCIH-292 and MCF-7. However, the ECCm extract
only inhibited growth of HL-60 and MCF-7 lines (Figure 3).

— 1007
c:“ 904 E ECCm
g 20 BE EACm
% 704 & EECm
ERCE
5 504
5 40-
S 304
g 204
£ 104
= 0

HL-60 NCIH-292 MCF-7

Figure 3 - Percentage growth inhibition of tumor cells HL-60 (human promyelocytic leukemia).
NCIH-292 (human lung carcinoma) and MCF-7 (breast carcinoma) exposed to different organic
extracts of C. martii: cyclohexane extract (ECCm). ethyl acetate extract (EACm) and ethanol
extract (EECm). all 50 mg/mL.

Despite these results regarding cell growth inhibition of above 50% for all three tumor
cell lines, the American National Cancer Institute has defined the limit for considering an
organic plant extract promising for further purification at the threshold of inhibiting cell
proliferation to be more than 75% (Suffness and Pezzuto, 1990; Ferreira et al., 2011).
However, as this is the first study to show cytotoxicity of extracts of C. martii these results
deserve attention, especially because it is a species widely used by the population of the
region in which it was collected. Although the results of tests that evaluate in vitro
cytotoxicity may not have a direct correlation with in vivo tests, it is safe to say that if a
material has been proven to induce a cytotoxic reaction in cell culture it is likely to develop
toxicity when applied to living organisms (Osorio et al., 1998). Further, for the cell line HL-
60, all extracts showed activity greater than 90% for cell growth inhibition. As for the in vitro
cytotoxic effect observed, this may be linked to the presence of phenolic compounds in the
extracts, since Naasani et al., (1998) and Chakraborty et al., (2006) found that phenolic
compounds inhibit telomerase activity in tumor cells, inducing death. In addition, Schinor et
al., (2004) reported on the growing interest in triterpenoids for their activity (antimicrobial,
cytotoxic, analgesic, carcinogenic and allergenic) and indicated the wide occurrence of this
compound in the genus Chresta. Osorio et al., (1998) suggested that, for the improvement of
in vitro cytotoxicity testing, the target organ from which the studied cells originated needs to

be taken into account. In this study, due to the reduction in the growth of cell line HL-60 by
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EACmM, the extract was subjected to chromatographic fractionation and the purest product was

tested for genotoxic effects in vivo in bone marrow cells from Swiss Webster mice.

Chromatographic fractionation of EACm

Four chromatographic fractions were initially obtained from EACm, all characterized
by TLC (Figure 4A and 4B). Among them, fraction | (F1) was the purest as determined by its
less intense tail throughout the run and its presentation of a single spot when exposed to UV
254 (Figure 4A). Further, when subsequently subjected to anisaldehyde/sulfuric acid, the
presence of two spots of purple and lilac color (Figure 4B) was verified that are compatible
with compounds of the class of terpenes and steroids, respectively (Wagner and Bladt, 1995).

B
e

— - L
F1 F2 F3 F4

F1 F2 F3 F4

Figure 4 — Characterization of the phytochemical compounds from the
semi-purified fractions derived from EACm by TLC and revealed by
UV 254 (A) and anisaldehyde/sulfuric acid (B).

Micronucleus (MN) test in bone marrow

The in vivo MN test in bone marrow of rodents (Ribeiro et al., 2003) meets the
requirements of national agencies such as the National Health Surveillance Agency
(ANVISA), which governs the records of pharmacological and chemical products, and also
follows the recommendations of the Gene-Tox Program of the Environmental Protection
Agency (Micronucleus Test, 2002). The result of the genotoxicity observed in the group
treated with fraction | indicated the presence (66.67%) of micronucleated polychromatic
erythrocytes (MNPCE) in 10,000 compiled polychromatic erythrocytes (PCE), a value
statistically similar to that found in the cyclophosphamide group (positive control) (51.52%).
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The group treated with 1% carboxymethylcellulose (negative control) maintained the
expected frequency for the physiological pattern of spontaneous induction (3/1000) (Figure
5).

5 =3 FI (50mgkg: ip.)
129 a EEE CPA (25mgke ip)

10-] B CMC 1% (10mLike: ip.)

Micronucleus frequency (2000 cells)

PCE o/MN NCE o/ MN

Figure 5 - Micronucleated polychromatic erythrocytes (PCEs) in bone marrow cells of mice treated
with: semi-purified C. martii fraction I (F1). cyclophosphamide - CPA (25 mg/kg. i.p.) or vehicle (10
ml'kg: 1.p.). Columns followed by different letters (p <0.05).

Cytotoxicity was determined by the PCE/NCE ratio for each group. Despite the
evident genotoxic effect, cytotoxicity was not observed in vivo with administration of fraction
I. According to Chacon et al., (2002), compounds derived from plant extracts may produce
irreversible damage to health leading to death by the action of mutagenic and carcinogenic
natural agents. This fact justifies the interest in evaluating in vivo mutagenicity due to
exposure to the product derived from the C. martii extract, principally because it is a species
widely used by a particular community, and linked to its culture, for which there does not

exist scientific information regarding its genotoxic effects.

CONCLUSIONS

The LD50 estimated for EACm and EECm allowed them to be classified as mild to
moderate toxic when administered p.o. or i.p. The compounds present in the extracts of
middle and high polarity belong predominantly to the class of phenols and terpenes. It is this
phytochemical class that appears to exert in vitro cytotoxic activity against human tumor
cells. The semi-purified fraction | rich in terpenes and steroids was found capable of inducing
DNA damage in mammalian cells as detected by the presence of MN in PCE. In general, C.
martii is a species with high pharmacological potential and its ideal dosage and administration

needs to be established to avoid possible adverse effects.
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Chresta martii (Asteraceae) is a species widely used by the population of the Xingo region -
Sergipe, Brazil, in the form of a decoction (aerial parts) for the treatment of gastrointestinal
diseases. The study aimed to assess the gastroprotective activity of organic extracts and semi-
purified fractions and identify the principal compounds present in C. martii responsible for
such activity. The organic extracts (cyclohexane — ECCm, ethyl acetate — EACm and ethanol
— EECm) were obtained from the dried aerial parts (500 g) of C. martii. For evaluation of the
gastroprotective activity of extracts (50, 100 or 200 mg/kg; v.0.) male Swiss Webster mice
(25-30 g) were used which had gastric ulcers induced by indomethacin (40 mg/kg, s.c.) or
ethanol (0.2 mL/animal; v.0.). Among the extracts evaluated, EACm exhibited significant (p
< 0.05) gastroprotective activity in the models used. The fractionation of EACm was
performed in a silica gel column 60 eluded with the following compounds: [chloroform-F1
yield (10%)], [chloroform/ethyl acetate (1/1) - F2 yield 6%)], [ethyl acetate - F3 yield (8%)]
and [ethyl/methanol acetate (1/1) - F4 yield (5%)]. Of the fractions described above, the F1
(25 mg/kg; v.0.) had the greater gastroprotective activity (p<0.05) than that displayed by
ranitidine (80 mg/kg; v.0.) in the ethanol-induced ulcer model. The refractionation of F1
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produced 23 subfractions and from these two yellow amorphous compounds were obtained
by recrystallization, Rf: 0.46 and 0.31 (ethyl acetate; chloroform 5:5). The compounds
isolated were characterized by nuclear magnetic resonance spectroscopy (1H-NMR and 13C-
NMR) and identified as flavones: chrysoeriol (yield - 0.43%) and 3°,4’-dimethyloxiluteolin
(yield - 0.58%). Conclusion: flavone 3’,4’-dimethyloxiluteolin is the principal compound
present in the species C. martii and is probably be responsible for gastroprotective activity
observed in this species.

Keywords: gastroprotectant, antioxidant, 3°,4’-dimethyloxiluteolin, Chresta martii, mice

INTRODUCTION

Gastric and duodenal ulcers are associated with the imbalance between the protective
and aggressive factors of the gastric mucosa (De-Sousa et al., 2008). Among the protective
factors are prostaglandins, nitric oxide, mucus and bicarbonate (Araujo et al., 2002; Donatini
et al., 2009). However, the aggressive factors which predispose the emergence of gastric
ulcers are the following: non-steroidal anti-inflammatory medications (NSAIDs),
Helicobacter pylori infections and the chronic use of alcoholic beverages (Almeida et al.,
2012; Ddine et al., 2012). It is known that this imbalance can significantly impact control of
hydrochloric acid secretion by the stomach, whose production has hormonal and neural
influences. Hormonal control (endocrine and paracrine) occurs in a complex manner via at
least three different cell types: enterochromaffin-like cells producing histamine, G cells
producing gastrin; and D cells secreting somatostatin. Neural control is linked to vagal
cholinergic control, which acts on all these cells and parietal cells. Histamine, gastrin and
acetylcholine, the latter released by the vagus, directly and positively influence the production
of HCI by parietal cells. Somatostatin acts in reverse, inhibiting the release of histamine and
gastrin and, consequently, the production of acid (Tobin et al., 2009).

This pathology is the most common chronic illness among adults, affecting 5 to 10%
of the world's population. In children, from four to seven new cases of gastric ulcers are
registered per year in the major pediatric centers (Carvalho, 2000). In both cases the treatment
is carried out using drugs which act by inhibiting the proton pump, neutralizing the acid
secretion (antacids) or blocking the histamine receptors (H2 antihistamines) (Mulholland and
Debas, 1987). Although these medications can produce serious adverse reactions, including
hypersensitivity, arrhythmia, and impotence (Malfertheiner et al., 2009), they are commonly
used for the treatment of gastric ulcers (Ddine et al., 2012). From this perspective,

investigations into the use of medicinal plants is supported by the richness of the Brazilian
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flora, and the search for new anti-ulcerogenic agents, most notably with regard to the
identification of their principal compounds, elucidation of structure and pharmacological
activity (safety and efficacy) have all been the target of constant research (BRASIL, 2011).
Chresta martii (Asteraceae) is popularly known as muricica. In the Xingo region -
Sergipe, Brazil, this species is widely used in the form of a decoction of aerial parts (£10g/L)
for the treatment of gastrointestinal diseases (Almeida et al., 2005a, 2006b). Until now only
two studies, using an experimental model of gastric ulcers, have been published reporting the
gastroprotective activity of a hydroalcoholic extract of C. martii. One of the studies identified
a compound belonging to the class of terpenes (sesquiterpene lactone) (Silva et al., 2012,
2013). Thus, the present study aimed to investigate the gastroprotective activity of different
organic extracts and semi-purified fractions of C. martii in experimental models of gastric
ulcers induced by indomethacin or ethanol in Swiss Webster mice and identify the class and
chemical structure of the principal compounds coming from the product with the best

gastroprotective activity.

MATERIALS AND METHODS

Botanical material

Chresta martii (DC.) H. Rob. was collected in the Xingd region located in Sergipe,
Brazil at coordinates ranging from -9.5563 to -9.5548 latitude, 37.940 longitude and an
altitude of 130 meters) in January 2011. Samples of the material collected were identified by
Dr. Nadia Roque (Institute of Biology in the Department of Botany at the Federal University
of Bahia, Brazil) and plant specimens were deposited at the herbarium HUVA (Sobral, Ceara,
Brazil) under number 14602.

Animal model

Male Swiss Webster mice (25-30 g) were kept at 22 + 2°C under a light/dark cycle of
12/12 h, with water and food ad libitum. Before the experiment (24 h) the animals were fed a
liquid diet (5% glucose solution) and water ad libitum. All treatments and protocols were
carried out according to the “Practical Manual on the Ethical Use and Care of Laboratory
Animals” of the Brazilian Society of Science in Laboratory Animals (SBCAL). The
experiments are in accordance with the Guidelines for the Care and Use of Laboratory
Animals. The research was approved and licensed (# 23076.015207/2012-42) by the
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Commission of Ethics in the Use of Animals (CEUA) of the Federal University of

Pernambuco, Brazil.

Preparation of organic extracts and semi-purified fractions

To obtain the organic extracts, aerial parts of C. martii were used that had been dried
in a convection oven at 50°C and pulverized in a knife mill. Subsequently, the material (500
g) was submitted to extraction by maceration at room temperature using organic solvents of
increasing polarity: cyclohexane (ECCm), ethyl acetate (EACm) and 96% ethanol (EECm), at
a proportion of approximately 10 g /100 mL of solvent. Each extraction cycle lasted 48 hours,
using the residue of the former to perform the next extraction, with three repetitions for each
solvent (Singh, 2008). The extracts were concentrated in a rotary evaporator with reduced
pressure at 50°C and 90 RPM and/or lyophilized. After the determination of yield, the extracts
were stored in amber bottles and kept at a temperature of -20°C (freezer) until the moment of
their use, at which time the material was diluted in saline (0.9% NacCl).

The EACm extract (10 g) was submitted to fractionation, giving rise to four semi-
purified fractions (FI — F4), using silica gel column chromatography (Vetec 0.063-0.20 mm),
eluded with chloroform [Fraction | — F1; yield (10%)], chloroform/ethyl acetate (1:1)
[Fraction Il — F2; yield (6%)], ethyl acetate [Fraction Il — F3; yield (8%)] and ethyl
acetate/methanol (1:1) [Fraction IV — F4; yield (5%)]. The semi-purified fractions were
concentrated in a rotary evaporator with reduced pressure at 50°C and 90 RPM and stored in
amber bottles, at a temperature of -20° C (freezer) until the moment of its use, at which time

the material was diluted in a saline solution (0.9% NacCl).

Isolation and identification of the principal compound(s) of fraction (F1)

The F1 fraction (3 @) underwent refractionation using silica gel column
chromatography (Vetec 0.063-0.20 mm), eluded with chloroform/ethyl acetate initially (9/1),
with a gradual increase in polarity. This procedure resulted in a total of 23 subfractions arising
from the mixing of similar samples as verified by thin-layer chromatography (TLC) - silica
gel 60 F254 (pre-coated sheets of aluminum - Macharey Nagel), revealed with
anisaldehyde/sulfuric acid. The subfractions were dried at room temperature for
crystallization of the compounds. Then the residue was resuspended in acetone for
recrystallization (Costa, 1994) and filtered to obtain pure crystals. These crystals were

identified by nuclear magnetic resonance spectroscopy (NMR).
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Magnetic Resonance Imaging (MRI)

The spectra of *H and *C-NMR were recorded using the Varian Unity Plus model,
300 MHz for *H and 75 MHz for 3C in the Analytical Center of the Fundamental Chemistry
Department — UFPE. The chemical shifts (5) were reported in ppm and the coupling constants
in Hertz (Hz). Tetramethylsilane (TMS) was used as an internal reference standard. The
crystals were solubilized in DMSO-d6.

Study of the gastroprotective effect of the organic extracts and semi-purified fraction of

C. martii

Gastric lesions induced by indomethacin

Gastric ulcerations were induced in Swiss Webster mice (n=6 animals per group) held
under fasting (24 h) by the administration of indomethacin (Sigma®) (40 mg/kg; s.c.). The
animals were pre-treated with extracts (ECCm, EACm or EECm) each in doses of 50, 100 or
200 mg/kg (v.0.), with a positive control of omeprazole (30 mg/kg; v.0.) or a negative control
of saline (5 mL/kg; v.0.), 1 h before the administration of indomethacin. A group containing
mice (n=3) without ulcer induction received only saline (5 mL/kg; v.0.) to be used as the
default physiological group. The doses of extracts were chosen taking into consideration the
prior determination of LD50 (results not presented) and by comparison with the dose used by
Silva et al., (2012 and 2013) for the same plant species and model of ulcer. The animals were
euthanized six hours after the ulcerogenic procedure. Their stomachs were removed and
opened along the greater curvature. The ulcer index was evaluated using the quantitative
method for gauging the extent of erosion and experimental gastric ulcers as described by
Szabo et al. (1985). The percentage of inhibition was calculated in relation to the saline group
according to the following formula: % inhibition = Ult/Uls x 100, where Ult and Uls

correspond to the ulcer indices of the treated and saline groups, respectively.

Ethanol-induced gastropathy

The gastric damage was induced by the administration of 99.9% ethanol (0.2
mL/animal) in Swiss Webster mice (n=6 animals per group) kept under fasting (24 h)
(Morimoto et al., 1991). The animals were treated an hour before induction with EACm (50,
100 or 200 mg/kg; v.0.), or semi-purified fractions F1, F2, F3, F4 (50 mg/kg; v.0.) or only F1
(12.5, 25 or 50 mg/kg; v.0.). The control groups were treated with ranitidine (80 mg/kg; v.0.)
as a positive control or saline (5 mL/kg; v.0.) as a negative control. A group containing mice
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(n=3) without ulcer induction received saline (5 mL/kg; v.0.) to be used as a physiological
parameter group. All the animals were euthanized in a CO2 chamber 30 min after the
injurious procedure. Their stomachs were removed and opened along the greater curvature,
washed in saline, fixed between petri dishes and photographed (Sony Cyber-shot Dsc-h2) at
72 dpi resolution (2816 x 2112 pixels). Hemorrhagic or ulcerative lesions were measured and
compared to the total area of each stomach through computerized planimetry using the Image
J program (National Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland, USA).
The percentage of inhibition was calculated in relation to the saline group according to the
following formula: %inhibition = Ult/UIs x 100, where Ult and Uls correspond to the indices
of ulcers in the treated and saline groups respectively (Morimoto et al., 1991).

Statistical analysis
All values were expressed as mean = SD. For the ulcerative/hemorrhagic area,
ANOVA followed by the Bonferroni test for multiple comparisons were used. The differences

were considered significant when p < 0.05.

RESULTS AND DISCUSSION
The gastroprotective effect of organic extracts (ECCm, EACm and EECm) on gastric
lesions induced by indomethacin is illustrated in Figure 1.

40+
35
014 a

ulcer index

Figure 1 — Gastroprotective effect of cyclohexane extract of C. martii (ECCm); ethyl
acetate extract of C. martii (EACm) and ethanolic extract of C. martii (EECm) at
doses of (50, 100 or 200 mg/kg; v.0.) on gastric lesions induced by indomethacin in
mice (n=6). Different letters indicate minimal significance (p < 0.05) Bonferroni test.
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As can be observed, the EACm was the extract which conferred the best gastroprotective
activity. The activity observed in the group treated with EACm (50 mg/kg) was significantly (p <
0.05) different from the control group (saline) and comparable (p > 0.05) to that observed in the group
treated with omeprazole (30 mg/kg; v.0.). A previous study using a hydroalcoholic extract of aerial
parts of C. martii (100 or 400 mg/kg; v.0.) showed significant gastroprotective activity in an ulcer
model induced by indomethacin, with inhibition indices of 54.66 and 81.30, respectively (Silva et al.,
2013). Our results demonstrate superior gastroprotective activity with EACm (100 or 200 mg/kg; v.0.)
(79.89% and 80.83%, respectively) taking into consideration that the second dose of EACm was 50%
less than the highest dose used in Silva et al., (2013).

The best performance observed in our work was due to the extractive process and
choice of solvent. These two factors favored the best extraction of substances present in C.
martii, resulting in significant gastroprotective activity. The ability of indomethacin to induce
ulcers experimentally and in humans has been well documented in the literature (Borrelli and
1zzo, 2000), because it is a potent inhibitor of cyclooxygenases, preventing the biosynthesis of
prostaglandins (Vane, 1971). The reduction in biosynthesis of prostanoids would result in
decreased resistance of the gastric mucosa to the action of HCI and pepsin as it induces an
imbalance between the protective and aggressive factors of the mucosa (De-Sousa et al.,
2008), taking into account the previous knowledge of the mechanism of action of
indomethacin on the gastric mucosa. The likely mechanism of action assigned to EACm can
be deduced to involve the biosynthesis of prostaglandins or mimetic action of the same as
occurs with synthetic analogs of PGE1 (e.g. misoprostol). This mimetic effect can act through
stimulation of secretion of mucus, bicarbonate and/or increased blood flow to the stomach.

Similar to what was verified with the model of gastric injury induced by indomethacin,
EACm (50 mg/kg; v.0.) also presented a cytoprotective effect against ethanol-induced gastric
lesions. The gastroprotective effect was dose-dependent and, in all doses tested, superior to

that verified with ranitidine (Figure 2).
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ulcer index

Figure 2 — Gastroprotective effect of an ethyl acetate extract of C. martii (EACm)
(50, 100 or 200 mg/kg; v.0.) in ethanol-induced gastric lesions in mice (n=6).
Different letters indicate minimal significance (p < 0.05) Bonferroni test.

Ethanol-induced gastric lesions involve different mechanisms such as: a reduction in
bicarbonate secretion, a reduction in mucus production, damage to gastric blood flow and
direct injury to mucosal cells (Birdane et al., 2007; Marhuenda et al., 1993). These lesions are
associated with the excessive production of free radicals, which attack essential cellular
constituents such as nucleic acids, proteins and lipids (La-Casa et al., 2000). The increase of
the content of lipid peroxides and oxygen-derived free radicals results in significant changes
at the cellular level and cause damage to membranes, cell death, exfoliation and epithelial
erosion (Birdane et al., 2007). Studies have demonstrated the presence of flavonoids in
species belonging to the family Asteraceae and this chemical class has been shown to have
important antioxidant properties. This could be one of the forms of action of the compounds
present in EACm in providing significant cytoprotection, given that free radicals are one of
the harmful factors of the gastric mucosa induced by ethanol.

Evaluation of the semi-purified fractions (F1, F2, F3, F4) (50 mg/kg; v.0.) against the
ethanol-induced ulcer model revealed that animals treated with F1 and F2 showed lower rates
of ulcers when compared to the ranitidine control. However, when compared with each other,
F1 presented a significantly lower ulcer index (Figure 3A). Additionally, the gastroprotective

effect presented by F1 was dose-dependent (Figure 3B).
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Figure 3 — Gastroprotective effect of fract ions (F1, F2, F3, F4) (50 mg/kg; v.0.) (A)
and the fraction (F1) in isolation (50, 25 or 12.5 mg/kg; v.0.) (B) obtained from the
ethyl acetate extract of C. martii on ethanol-induced gastric lesions in mice (n=6).
Different letters indicate minimal significance (p < 0.05) Bonferroni test.

After verification of the significant gastroprotective activity of F1, it was refractioned,
giving rise to 23 subfractions in which the presence of bands was determined through TLC,
revealing anisaldehyde/sulfuric acid, characteristics of flavonoids (yellow), steroids (lilac) and
terpenoids (blue) (Figure 4). The existence of a larger number of bands with colors ranging

from orange to yellow can be seen. Two pure substances F1.1 (Rf: 0.31) and F1.2 (Rf: 0.48)

were recrystallized, showing a yellow, amorphous physical appearance.

W A3 127 23 AN A5 260 5120 P18 19 20 21 22 B

Figure 4 — Chromatographic profile by TLC of the eluded fract ion (F1)
(chloroform:ethyl acetate 8:2), revealed with anisaldehyde/sulfuric acid.
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The NMR (*H and 13C) presented peaks from which it was possible to calculate the
chemical shift (3) ppm and the coupling constants Hertz (Table 1).

Table 1 — Data of *H- and *C- NMR of flavonoids (F1.1 and F1.2)
isolated from the F1 of C. martii (300 MHz) in DMSO- d6

tflavonoid (F1.1) flavonoid (F1.2)

Positions Chrysoeriol 3’ 4-Dimethoxyhiteolin

é 'H (J, Hz) 3¢ 8 'H (J, Hz) sc
2 163.7 163.9
3 6.88 (s5) 104.1 6.97 (s) 106.0
4 181.8 181.5
5 162.0 163.0
6 6.19 (d. 1.8) 98.0 6.21(d. 2.1) 98.2
7 164.2 164.7
3 6.52 (d. 1.8) 94.0 6.53(d. 1.8) 94.0
9 157.4 157.9
10 104.0 104.0
I 121.0 120.6
by 7.56 (d. 2.4) 110.0 7.56 (d. 2.1) 109.8
3 148.1 148.0
Ey 150.8 151.7
5 6.94 (dd. 8.4; 2.4) 116.0 7.13 (d. 8.4) 116.2
6 7.55 (dd. 8.4:2.4) 122. 7.68 (dd. 9.6: 1.8) 121.6
5-OH 12.97
8-OH 10.79
4’-0OH 9.96
3’-OCH; 3.89 (s) 56.0 3.85 (s) 56.0
4'-OgH3 3.88 (s) 56.0

From the interpretation of the spectra two flavones were identified: chrysoeriol (F1.1)
and 3’,4’-dimethoxyluteolin (F1.2) (Figure 5 - A and B). The yield of 3’,4’-dimethoxyluteolin
was 0.58% and was higher than that observed for chrysoeriol at 0.43%. It was verified in this
study that the principal compounds present in EACm are flavones.

OMe

OH O OH O

Figure 5 - Chemical structure of chrysoeriol (A) and 3’,4’-dimethoxyluteolin (B)
isolated from Chresta martii

This study is a pioneer in the identification of two flavones of Chresta martii.

According to Van and Lea (1985), flavones present at least four important physiological
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mechanisms: they 1) bind to enzymes in the cell membrane; 2) bind to heavy metal ions; 3)
participate in electron transfer of enzymatic systems; 4) sequester free radicals.

The flavone (3’,4’-dimethoxyluteolin), among other flavonoids, was assessed as to its
gastroprotective and anti-inflammatory potential (in different experimental models of gastric
ulcers and inflammation using rodents). The mechanism of gastroprotective action proposed
for these compounds has been reported to be the metabolic activation of arachidonic acid via
cyclooxygenase activation leading to biosynthesis of prostaglandins, such as PGE2 and PGI2,
both with important protective function of the gastric mucosa. The compounds were
furthermore able to inhibit the activation of 5-lipoxygenase (leukotrienes), which is an
important inflammatory mediator, besides acting in the sequester of free radicals. These
results have given rise to some patents by Yoo et al. (1998) (EPO 004541), Yoo et al. (2000)
(US 6025387), Yoo et al. (2002) (EPO 0915864B1). Similarly, Sadik et al., (2003) verified
potent antioxidant and inhibitory activity of lipoxygenase in culture of rabbit reticulocytes
when different flavonoids were used including luteolin, whose structure is very similar to
3’,4’-dimethoxyluteolin.

However, the fraction (F1) is a mixture (terpenes, flavonoids and steroids) and these
compounds can act synergistically with regard the gastroprotective potential presented here,
possibly involving other mechanisms of action beyond those cited by Yoo et al. (1998a,
2000b, 2002c), such as activation of alpha-2 adrenergic receptors as proposed by Silva et al.,
(2012) when evaluating the hydroalcoholic extract of C. martii in an ethanol-induced ulcer
model.

There is a scarcity of studies that assess the phytochemical profile, at the level of
identifying the principal compounds, for C. martii. Such work was pioneered by Silva et al.,
(2012 and 2013) in identifying two sesquiterpene lactones directly from a hydroalcoholic
extract. The present study documents for the first time identification of two flavones (3°,4’-
dimethoxyluteolin and chrysoeriol) from the genus Chresta, with relevant evidence for these
being the agents responsible for the gastroprotective effect seen in C. martii, given that this
investigation occurred through direct monitoring between gastroprotective pharmacological
activity and processes of extraction, purification and identification of compounds. Finally, the
results presented here provide rational support for the purported use of the species in the
treatment of gastrointestinal disorders, according to ethnopharmacological information.
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5 CONSIDERACOES FINAIS

A totalidade dos resultados alcangados com este trabalho possibilitou a comprovagao
cientifica da atividade gastroprotetora de Chresta martii, fato que respalda a utilizacdo
etnofarmacoldgica dessa espécie pela populacdo do xingé (Sergipe/Brasil);

Contudo, o rastreamento farmacologico e toxicoldgico dos diferentes extratos
demonstrou que Chresta martii apresenta no mesmo perfil de polaridade ativos também
responsaveis pela gastroprotecéo, no entanto, toxicos. Dessa forma, sua administracdo deve
ser criteriosa no que concerne a dose terapéutica;

A identificacdo quimica de uma flavona como composto majoritario, com atividade
gastroprotetora, é de grande importancia haja vista, a maioria dos relatos tratar de
sesquiterpenos lactonas, para essa familia/género, com essa atividade;

A elucidacdo da estrutura quimica dos seguintes flavonoides (Chrisoeriol e do 3°,4’-
Dimetoxiluteolina) possibilitou inferir que essas substancias além da propalada atividade
antioxidante podem apresentar outros mecanismos que possibilitem sua atuacdo como agente
gastroprotetor.

Por fim, com esse trabalho sera possivel contribuir com a politica do uso racional de plantas
medicinais através da difusdo do conhecimneto e da comprovacdo cientifica das propriedades

medicinais de C. martii, bem como disponibilizar op¢bes inovadoras para o mercado de

fitomedicamentos.
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Parecer da Comisséo de ética no Uso de Animais (CEUA) da UFPE

Universidade Federal de Pernambuco
Centro de Ciéncias Biolégicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil

fones: (55 81) 2126 8840 | 2126 8351
“ fax: (55 81) 2126 8350
www.ccb.ufpe.br

Recife, 01 de outubro de 2012.
Oficio n°® 482/12

Da Comiss&o de Etica no Uso de Animais (CEUA) da UFPE

Para: Prof* Maria Bernadete de Sousa Maia
Departamento de Fisiologia e Farmacologia
Universidade Federal de Pernambuco
Processo n°® 23076.015207/2012-42

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Efeito de compostos bioativos de origem vegetal
em roedores.”

Concluimos que os procedimentos descritos para a utilizagdo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentagdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais sé@o
adotadas como critérios de avaliago e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que trata da questdo do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a
serem realizados.

Origem dos animais: Biotério do Departamento de|
Fisiologia e Farmacologia - UFPE; Animais.i
camundongos e ratos; Sexo: fémeas e machos; Idade: 45 |
dias; Peso: 25 - 30g; Numero de animais previsto no!
protocolo: 120 ratos e 180 camundongos. Atenqiosamente,

V/Wj,t{u,u cehi
Prof* Marcia Vasconcelos
Vice-Prasidenie &

UFPE T SIAPE 2199635

CCB: Integrar para desenvolver
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Parecer da Comissdo de ética no Uso de Animais do Centro de Pesquisas Aggeu

ANEXO -B

Magalhées/ Fundagéo Oswaldo Cruz (CEUA/CPgAM)

i
o

et § 40 S0 Ot Crna

Aot e Pasiguine A Nag s i
COMISSAO DE ETICA NO USO DE ANIMAIS

Certificado de Aprovagao

Cerficamos que o projeto infitulado INVESTIGAGAD DO POTENCIAL
MUIAGENICU  EOU  GENOIORICD UE  PRODUTOE  NATURAIS,
COMPOSTOS QUIMICOS E BIOLOGICOS, QUE INTERFIRAM NO AMBITO
DA SAUDE HUMANA E MEIO AMBIENTE, ATRAVES DE MODELOS
EXPERIMENTAIS IN VIVO E IN VITRO. Protocolado sob n® 352012 pelo (3)
pesquisador (a) D* Mana Eliane Bezerra de Mélo. Esta de acordo com & Lei
11.794/2008 e foi aprovado pela COMISSAO DE ETICA NO USO DE ANIMAIS
do Centro de Pesguisas Aggeu MagahdesiFundagdo Oswaldo Cruz
(CEUACPgAM) em 30012013 Na presente versdo, este projeto estd
licenciado e tem validade até 31 de janewo de 2017

"' Quantitativo de Animats Aprovados
' “Eagece T S WdeAniman
| Camundongos (Mus musculus) Swiss |
webster femeas 400
Camundongos (Mus musculus) Swiss
 webster machos 400

We certiy that project entitled INVESTIGACAO DO POTENCIAL
MUTAGENICO E/OU GENOTOXICO DE PRODUTOS NATURAIS,
COMPOSTOS QUIMICOS E BIOLOGICOS, QUE INTERFIRAM NO AMBITO
DA SAUDE HUMANA E MEID AMBIENTE, ATRAVES DE MODELOS
EXPERIMENTAISIN VIVO E IN VITRO Protocol n® 35/2012), coordinated by
Mara Eliane-Bezerra de Melo. Is according to the ethical panciples in animal
ressarch adopted by the Brazlian law 11.784/2008 and g0 was approved by the
Ethical Committee for Animal Resaarch of the Centro de Pesguasas Aggou
MaganaeaFundaco Oswaido Cruz on January, 30. 2013, In present verson
this project i§ licensed and vakd untll December, 31, 2017,

Recife (PE, Brazd) January, 30, 2013

il ; - Lacayg
_’:ﬁ_aa-‘an-éééun“ ‘“-‘-‘..
Dr* Laura Helena a7
Coordenadara CCUA/CPgA

Ay Prodesaecy Morses Mege, ain - Cdade Unssestarts ~ Currpes on LTPE
Roate - PE - CEF S087C420
Tolefona: (313 F101-25002 1012600 Fax 187) 4530
W Cpoam Boonas b
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Carta de aceito do artigo submetido ao Journal of Toxicology and Environmental
Health, Part A: Current Issues

Journal of Toxicology and Environmental Health, Part A: Current

Issues

Preview

From: sam.kacew@uottawa.ca
To: eryvelton_franco@hotmail.com
CC:

Subiect: Journal of Toxicology and Environmental Health, Part &: Current Issues - Decision on Manuscript
ject: ID UTEH-2014-0365.R1

Body: 30-Dec-2014
Dear Dr Franco:

Ref: EMALUATION OF THE ACUTE TOXICITY, CYTOTOXICITY AMD GENOTOXICITY OF Chresta
martii (ASTERACEAE)

Qur reviewers have now considered your paper and have recommended publication in Journal
of Toxicology and Environmental Health, Part A: Current Issues. We are pleased to accept yvour
paper in its current form which will now be forwarded to the publisher for copy editing and
typesetting. The reviewer comments are included at the bottom of this letter.

You will receive proofs for checking, and instructions for transfer of copyright in due course.

The publisher also requests that proofs are checked through the publisher’s tracking system and
returned within 48 hours of receipt.

Thank you for your contribution to Journal of Toxicology and Environmental Health, Part &:
Current Issues and we look forward to receiving further submissions from you.

Sincerely,

Dr Kacew

Editor in Chief, Journal of Toxicology and Environmental Health, Part A: Current Issues
sam.kacew@uottawa.ca
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Instrucdes aos autores para submissao de artigo ao Journal of Toxicology and
Environmental Health, Part A: Current Issues

Instructions for authors

\RONE M
This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review manuscript submissions. Please read the guide for
gc{mlarﬂne authors before making a submission. Complete guidelines for preparing and submitting your manuscript to this journal are provided
elaw.

Please note thatJournal of Toxicolegy and Environmental Health, Part A uses CrossCheck™ software to screen papers for unoriginal material. By
submitting vour paper to Journal of Toxicology and Environmental Health, Part A you are agreeing to any necessary originality checks your paper
may have to undergo during the peer review and production processes.

Submission of Manuscripts

Journal of Toxicology and Environmental Health, Part A receives all manuscript submissions electronically via its ScholarOne Manuscripts site
located at: hitp://mec.manuscriptceniral.com/jteha. ScholarOne Manuscripts allows for rapid submission of original and revised manuscripts, and
facilitates the review process ang internal communication between authors, editors, and reviewers via a web-based platform. ScholarOne technical
support can be accessed athtip://scholarone.com/services/support/. If you have any other requests, please contact the journal’s editor, Sam Kacew,
at Sam. Kacew@uOttawa.ca.

Each manuscript must be accompanied by a statement that it has not been published elsewhere and that it has not been submitted simultaneously for
publication elsewhere. Authors are resphonsible for obtaininf]{:emﬁssion to reproduce copyrighted material from other sources and are required to sign
an agreement for the transfer of copyright to the publisher. All accepted manuscripts, artwork, and phetographs become the property of the publisher.

All parts of the manuscript should be typewritten, double-spaced, with margins of atleast one inch on all sides. Number manuscript pages
consecutively throughout the paper. A cover page should be included containing all authors’ full names, addresses, phone and fax numbers, and email
addresses. Authorsshould also supply a shortened version of the title suitable for the minning head, not exceeding 50 character spaces. Each article
should be summarized in an abstract of not more than 250 words. Avoid abbreviations, diagrams, and reference to the text. Authors must also supply
the names and email addresses of four potential referees.

References

References should be aiPhabetizedb author and compiled in a separate section at the end of the manuscript. Cite in text by author and date. Please
use The Chicago Manual of Style, 14th ed., for correct reference style.

Rapid Communications

Manuscripts of less than 1,500 words (includil;% abstract and references), with no more than one table and one figure, may be submitted for expedited
peer review and publication within 3 months of acceptance. Follow standard preparation guidelines and identify the submission on the title page asa

Rapid Communication.
Color Reproduction.
Color art will be reproduced in color in the online publication at no additional cost to the aunthor. Color illusirations will alsobe considered for print
publication; however, the author will be required to bear the full costinvelved in color art reproduction. Please note that color reprints can only be

ordered if print reproduction costs are paid. Print Rates: $goo for the first page of color; $450 per page for the next three pages of color. A custom quote
will be provided for articles with more than four pages of color. Artnot supplied at a minimum of 300 dpi will not be considered for print.

Tables and Figures

Tables and fi should not be embedded in the text, but should be included as separate files. A short descriptive title should appear above each
table with a clear legend and any foomotes suitably identified below. All units mustbe included.

Figures

should be comgletely labeled, taking intoaccountnecessala’size reduction. Captions should be typed, double-spaced, on a separate sheet. All original
figures should be clearly marked in pencil on the reverse side with the number, author’s name, and top edge in icated.

Page Charges

Part of the publication costis covered by a page charge of $43.50 per printed page. If these charges are paid, the author will receive 50 reprints of the
artic}e. The acceptance and publication of papers are not dependent on the payment of charges. To register, please access Rightslink at the time of page
proofreview.

Proofs

One setof proofs is sent to the anthor. Proofs should be carefully checked and returned promptly. Authors will be charged for excessive changes. Proofs
for Rapid Communication articles are sent only to the Editor-in-Chief.

Complimentary Policy and Reprints

Authors for whom we receive a valid email address will be provided an opportunity to purchase reprints of individual articles, or copies of the complete
printissue. These authors will also be given complimentary access to their final article on Taylor & Francis Online.

Taylor & Francis

Author Services

Visit our Author Services website for further resources and guides to the complete publication process and beyond.
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ANEXO -F

Instrucdes aos autores para submissédo de artigo a Evidence-Based Complementary and
Alternative Medicine

Author Guidelines

Submission

Manuscripts should be submitted by one of the authors of the manuscript through the online Manuscript
Tracking System. Regardless of the source of the word-processing tool, only electronic PDF (.pdf) or Word
(.doc, .docx, .rtf) files can be submitted through the MTS. There is no page limit. Only online submissions are
accepted to facilitate rapid publication and minimize administrative costs. Submissions by anyone other than
one of the authors will not be accepted. The submitting author takes responsibility for the paper during
submission and peer review. If for some technical reason submission through the MTS is not pessible, the
author can contact ecam@hindawi.com for support.

Terms of Submission

Papers must be submitted on the understanding that they have not been published elsewhere and are not
currently under consideration by another journal published by Hindawi or any other publisher. The
submitting author is responsible for ensuring that the article’s publication has been approved by all the other
coauthors. It is also the authors’ responsibility to ensure that the articles emanating from a particular
institution are submitted with the approval of the necessary institution. Only an acknowledgment from the
editorial office officially establishes the date of receipt. Further correspondence and proofs will be sent to the
author(s) before publication unless otherwise indicated. It is a condition of submission of a paper that the
authors permit editing of the paper for readability. All enquiries concerning the publication of accepted papers
should be addressed to ecam@hindawi.com.

Peer Review

All manuscripts are subject to peer review and are expected to meet standards of academic excellence.
Submissions will be considered by an editor and “if not rejected right away” by peer-reviewers, whose
identities will remain anonymous to the authors.

Concurrent Submissions

In order to ensure sufficient diversity within the authorship of the journal, authors will be limited to having
two manuscripts under review at any point in time. If an author already has two manuscripts under review in
the journal, he or she will need to wait until the review process of at least one of these manuscripts is comiplete
before submitting another manuscript for consideration. This policy does not apply to Editorials or other non-
peer reviewed manuscript types.

Article Processing Charges

Evidence-Based Complementary and Alternative Medicine is an open access journal. Open access charges
allow publishers to make the published material available for free to all interested online visitors. For more
details about the article processing charges of Evidence-Based Complementary and Alternative Medicine,
please visit the Article Processing Charges information page.

Units of Measurement

Units of measurement should be presented simply and concisely using System International (SI) units.

Title and Authorship Information
The following information should be included

» Paper title

» Full author names

» Full institutional mailing addresses
» Email addresses
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Abstract

The manuscript should contain an abstract. The abstract should be self-contained and citation-free and should
not exceed 200 words.

Introduction

This section should be succinct, with no subheadings.

Materials and Methods

This part should contain sufficient detail so that all procedures can be repeated. It can be divided into
subsections if several methods are described.

Results and Discussion

This section may each be divided by subheadings or may be combined.

Conclusions

This should clearly explain the main conclusions of the work highlighting its importance and relevance.

Acknowledgments

All acknowledgments (if any) should be included at the very end of the paper before the references and may
include supporting grants, presentations, and so forth.

References

Authors are responsible for ensuring that the information in each reference is complete and accurate. All
references must be numbered consecutively and citations of references in text should be identified using
numbers in square brackets (e.g., “as discussed by Smith [9]”; “as discussed elsewhere [9, 10]7). All references
should be cited within the text; otherwise, these references will be automatically removed.

Preparation of Figures

Upon submission of an article, authors are supposed to include all figures and tables in the PDF file of the
manuscript. Figures and tables should not be submitted in separate files. If the article is accepted, authors will
be asked to provide the source files of the figures. Each figure should be supplied in a separate electronic file.
All figures should be cited in the paper in a consecutive order. Figures should be supplied in either vector art
formats (Illustrator, EPS, WMEF, FreeHand, CorelDraw, PowerPoint, Excel, etc.) or bitmap formats
(Photoshop, TIFF, GIF, JPEG, etc.). Bitmap images should be of 300 dpi resolution at least unless the
resolution is intentionally set to a lower level for scientific reasons. If a bitmap image has labels, the image and
labels should be embedded in separate layers.

Preparation of Tables

Tables should be cited consecutively in the text. Every table must have a descriptive title and if numerical
measurements are given, the units should be included in the column heading. Vertical rules should not be
used.

Proofs

Corrected proofs must be returned to the publisher within 2-3 days of receipt. The publisher will do everything
possible to ensure prompt publication. It will therefore be appreciated if the manuscripts and tigures conform
from the outset to the stvle of the journal.
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Copyright

Open Access authors retain the copyrights of their papers, and all open access articles are distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and
reproduction in any medium, provided that the original work is properly cited.
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Apéndice - A

ARTIGO PUBLICADO NO J. NAT MED - 2013

J B Med 2007 &2143-151
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Protective effect of Chresta martii extract against
indomethacin-induced gastric lesions in mice

Al AL B Sillva - ML M. Bererm = H. V. Chawes = E& M. AL Perdra -
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Abstract  Chresa marml (Astencess) is a plam foond in
the: Xingd region (semi-arid arm) in Mortheastenrn Brawil,
and is ren grizedby the local popolation asa trad it onal hesh
meed o freat gastric diseses. This is the fimt report of the
chemical composition, aome fowiciy, and gasnoprotect ve
effect in mice of the hydroalaoh olic extmct (HAE) from the
aerial parts (leaves and flowers) of Chress marmi. Animals
moeived HAE doses from 10 do 2000 mgfg, ip. or 50 o

3000 megfkg, pao) and were obsarved aver £8 b for o icaty
signs and mosality; sohechromc owicty was evalosted
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tromgh 14 days deatment with once-daily HAE dioses
(400 mgfeg ., po ) The g troprotect ve effect of HAE was
demomsinaied on the indomethacindndoced gaine oloer
miode] after the acdministration of evtracts. Dot comparison
of mleer index avemges betwemn saline and HAE (100 or
A0 mgfkg, o) groops shooed igmificant (P« 0.01)
imhihitiom {71.73 and T6.72 %, nespectively) of indomesha-
cin-indoced gasinc kesions. Histological amlyses s hooed
significant (P « (L05) inhititon of leokocyis migration in
HAFE:treaird groops. A fingespont of the HAE ohiined by
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T i W d 200 T) ET 143150

HPLCATV3S analy sis showed major peales chamcies shc of
s quiterpene laoones. Compoond | was solaied and doc
dafed a5 a new matmal podoct Bs mpaciy io prevent leo-
ooy chamaotaris was demonstrated in vitrn, anmoborating
the plamamilogical effects aheerved for . marndl HAE.

Keywords Chresta mardi - Asteacene - Sesqmiiespens
lactomes - (rastric oloer

Tnbrasd e tien

Despite progress in diagnosis and teatment, peptic okoer
dissase remaims 2 common mason for hospialimton and
apemiion. (asinc oloers may arse from several fciom
inchoding infection {Helimbacser pplon) ingether with a
imbal an o hetween aggressive (acid, pepsing and protective
fictors (prostaglandin, mooos and himrbomate, gastrc
mzcesa] blood flow and modlay )y [1].

The corent medicml freatment of pepiic ok is gen-
arally hased om the inhihiton of gastric acid seoretion by
Hymcepior anagonists (mmtdine, cimetidne and ant-
muscarmics, a5 well as on acid<dndependent dheapy pro-
vided by socmalfate and bismuoth. I the case of A pdan
infection, antbiotics are alsn oeed. Dmogs providing ant-
saTedinry activity oooplad with cyiopmieative effets ooald
Epresent a promising approach for the soocessfol restment
of peptic gasinic mleer [2]

In recemt years, there has been gmwing imensst in
dlternaive therapies and the mse of matmal prodocs,
esspecially dhose defived from plants. I traditional medi-
ane, several planis and herts have been meed o drend

Im #his mgard, Chresa mardl (O H. Roh. (Astea-
ceae), foond in dhe Xingd region (semiard asa) o
Mortheasiern Brazil, whose geoms is considessd a symomym
for Argyrovermomia (4], is remgnized by the loml popo-
lation = a tadiiom] herh oeed o teat gasiic dissases
[5=T]. This plamt has recemty been sndied hotani mly and
orm sidered % 3 mew species [§] and this is the first eport of
its chemim] profiling and plamamlogia] properties. The
acmie ity pmfile of hydroalooho bic extract (HAE) from
C mard, the evalmtion of its antolkcerogemc offect, o=
wall as its phytochemical analysis with the isolstion of a
mew active matoral pmdoct s reporied here.

Maeriak and methods
Arpmals

Male Swiss mice (25=3) g) wes hoosed at 22 4 290
mnder a 12124 lightdark cycle, and fond and water wers

&) Springer

sopplisd ad libitom. Ammak were fased for 18<24 b
hefore the sian of expaiments. All efiosds were made to
mminimire amimal soffesing and the momber of animals med.
Al animal treatments and sorgical procedomes wens per
formed in accordance with the “CGoide for the Care and ise
of Labomiory Animals” from e Bazilin Sdene Soci
ety in Laboraiory Animals (SBCAL)Y All expariments wene
in aconndance with the (emddines for the Cae and ise of
Laboratory Amimals and were approved by Commities on
Ammal Ehic (EAEC), Federa] University of Pemambuoco
(process & ZRITGO09E ] S20005-04).

Plant material and evimcot preparation

Aenial parts {leaves md flowers) of C mami wee col
lecied on 31 Foly in the Xingd region, Semgipe, Brazil
(longimde =37940 and hfinds ranging fiom =9.5553 1o
=9 5548, aliimde 130 m) After its asthenficaton by
Dor. Kidia Rogue {Botny Department o f Biok gy Instimie—
Federal Univemity of Bahia, Brazil) a wodher spsomen
{profocal # 14602 we deposied In Vale do Acrei Soe
Uiniversity harharom Sabral, Grasl, Bazdl).

Airdred and powdered aerial pasis of the plant {100 g)
wer exincied msing 30 % ethanol at room Eemperatome
(22 L 3%) for &8 b After fileation, the dark geen
salotion was concentrated at 50 “C onder redmesd prescome
0 drymess and kept in a feezer. Fesh dilotion of dmed
exiract in salinesolotion §.9 5% Na(l) was prepared on the
day of experiments, and adminisered orally or imtmper
wwmally in different doses.

Acaie rmicity smdy

The intapesiionen] §.p) or entem] (o) acmes towicity
LDy, of . marrdl HAE was evaloated i mice {m = 104
gromp) & described pevicmsly [9). Fanging doses
(10=2000 mgdfeg, ip. or S0=3000 mgfkg, p.o) or saline
salofion (5 mlfkg po) wers administesd to the animals
as g single dose Ammals were abmerved over o £8:h parind
for bty &igns and moratty.

Sub-chmmic ioxicity stady

Body mass koss, liver weight alterstion, hlond @11 comnt
alerations and the biodiamical parameders aspartses ami-
notmmsierase (AST), alinine aminotansferase (ALT),
amylase and lipase ware evaloaded afier onoe-daily sob-
chromic teatment of HAE (40 mghg, po) or saline
salofion (5 ml/kg pao) for fooreen consecotive days. Om
the 15th day, all the animak wer anesthetizad with
bromoegancl (30 mgkg, ip), md blood samples wene
collecied from the retro-orbital plems. Hemaology aml
yeis was peformad osing an amiomated hematalos gy
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malyzer (Pemtra 80, Horlba ABX, Mongpellier, France)
Blood samples were analyzsd o messore e following
pEramaters: eryiirocyte coont, hemoglobin oonoen tration,
hemadncrt, platels coont, leokooy e coont, and di farential
el oot inentrophils, monocytes and lymphocyies). For
semum hiochemisiry amalysis, the hlood was centrifoged =
E0g for 15 min after onlection. The semom samples were
siored ® =80 °C poor to analysis. The following semom
hinchemisry parameters were determined by enrymatic
md colonmetric sk from Labiest Diagnéstica (Lagoa
Sanitn /845G, Brazil AST, ALT, amylase and lipase. Afier
lclling, the liver was removed and weighed. Spleen, bdney
md heant were maxroscopially malyesd for possihle
nkentive kesions or hemomhaging .

Ihdomethadn-indnosd gasinc lesiomns

(asiric nkention was indoced in 24:h fased mice by the
adminisimton of ndomethacin [40 mgfcg, sobomananoshy
iw.c)]. Mice (6 per gmuop) were prectmated with HAE {100
ar 200 mgfeg, po), omepmzole (30 mgh g, po), osedasa
positive aomtral, or saline (SmLlikg; po) 1 b hefore the
dallengs. A nonreated groop (oo ndomethacn) was
meed as oomtral for hisinlogical amalyses. The animals were
dlled in a OO chamber & h afier the olemgenic proce:
dore The stomach was ramowved and opened alomg o
Frenier aorvatme. The olcer index was evalmaed osing the
quntinfive mathod for assescing the evient of expen-
menia] gastric anosions and oloers & described by Smbo
a al [10). The percentage inhibition was mlmlaed in
mhtion o the saline groop acoonding to the following
fommola: Sanhibition = URAMs x 100, where Utand Uk
ammespond 0 ok index of treated and wleer index of
saline gromps, mspacdvely.

Hisio pashalogical analysis

The Hé Extaimed gasiric samples wem semi-goantitsiwely
evalnzed for inflammainy infikation o povide a (0=3)
oo gEdes {, mo infilaton; 1, very mild infilraton; 2,
mild infikration; 3, modemte infltration; and 4, mased
infilration. Thess observations were made by an expen-
mced pathologist who was blinded o the Testment
prodncial .

Samistical mnalvsis

All valoes are expressed s mean £+ SEM. For macmoe
scopic (olcer index) and histological assessment, the
Erosial=-Wallis nonparametric test was meed, folloeed by
Dronm'*s fest for muoktiple comparisons. Sodent's ses was
meed to evaloate sohchronic towicity data. P« 005 was
onn sidered safistically sigmficant

HPFLOCUNIAPCT-MS anal ysis

The HFLCANWAPCTMS amalysis of C. marril HAE was
perinmmed on an HP- 1100 ligod chromstography systam
(Hewles-Packard, Palo Ao, CA, UISA) equipped with a
hinay pomp, a DAD and an antcampler. M5 amalyses
wer made on a Fimigan MAT San Jose, CA, UISA)
LG ion trap mass with an atmesphesic pressore demical
ionization (APCT) imterface, with the follbwing oomdi-
tioms: capillary emperatore, 150 % vaporizer empem-
tore, 370 °C; posiive mode; shemth gos flow, 60 psi
(414 kPa) coroma needle coment, 5§ pA; collision energy,
15 &V, The separation was achieved on o Waters Mova-
Pak Cyy colomn (250 » 46 mm id; § pm) ehoted with o
linear gradient of mefanol-water onfining 0.1 % for-
mic acid foom 1090 to 1000 @ &40 min. The flow rae
was | mLimin; UV spectm were moonded o 2 10, 254 and
i mm.

Cemtrifogal partition chromaingraphy

Factomton was condocted on a countercomrent chro-
matograph OO0 (Pharma:Tedh Research Corpome-
tiom, Baltimore, WD, TRSA) eqoi pped with dynamic coils of
G50 mL tom] wvolome. The moimbion speed was ==t at
1000 rpm. Tws LE-300 pomps Scientific Systams Inc.,
Sae Collge, PA, [ISA ) werne need o pomp & ther opper or
loever plase imin the onils at a flow @ie of 3.0 mlfmin for
each phase. The HAE was diloed in 50 ml. of a mixtoe of
mpper and lower phases {1:1) and introdoced throogh e
imjedtion lnop. Code evtract (9 g) was chromatographed
msing the solent sysem chlonoform=methmol-water
(451 144y with the opper phase as the mohile phase, fol:
lowed by phase inversion after § h By this method, the
exiac was first factomied nio seven major fractons
(A= AN

Cnlomn hgmid chromatograpby

Faction ALl 2 g) was chmmaingmphed on a siio gl 60
(63%=200 pm, Merck, Germany) colomn (750 » 30 mm).
The mohile phase consisied of hexane, shyl aeaie and
methanaol in ncrensing polarity proportons. From ghe 24
factons obiined, compomnd 1 {50 mg) ooold be isolued
(Fig. 3

MNMR analyses

'"H and "'C KME specim wee recoxded on a Uity Inova
500 spectmmeder at 500 and 125 MHz, respectivey, with
the compoond dissolved in CDR(1:. Chemim] shifts were
recorded in ppm with § relstive to erametylsflane (ThS)
a5 intermal standard.

£) Springer
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Compeorand 1 fom thesaline groap (Table 1) Thebody mass corve of the

'"HNMR (500 MHz), CDuCL: 8 136 (3 H, &, H-15), 138
0 H, 5, He14), 204 (1H, ddd, B ), 251 (1H, m, H-1), 254
{H, d, H-2), 262 {H, dd, H-3), 273 (IH, ddd, H-5), 283
(1H, dd, H5), 451 @H, d, H-13), 543 (1H, d, H-6), S8
(1H, s, HA)

“ICNMR (125 MHz), CDoClac 8 26.7 (- 14), 272 {C- 15),
D C-2), 30T (C-1), 47.5 (C-5), 560 (C-1%), 672 (C-4),
TAT (A0} A2 (Cd), 1136 (C9), 1216 §C-11), 1451
(C8), 1467 (C-T), 1685 (C-12), 2131 (C-3).

HRESIMS 295,152 M+H]*, calcolaed for CiaHig0e.

Inavito inhdhition of namrophi] dhemotms

C mardi HAE and compoand | were investigated for thar
ghility to inhibit nemirophil dhemotms in vitn, This
ovalogion was perfomed osing Boyden's method [11]
modified by Zigmond and Hirsch [12].

The callaction of demotctic facor, the ool lecton and
preparation of nemmphils and the determination of ther
migmiion Srongh the flies wene conduocied as previonshy
desarifbed [13].

Rendings wes @ken for 10 fields of twa filbers for eadh
sample, and the resolt was expessed a5 mean £ SD. The
dhemaotaxis experimant was amalyzed ming Smdent's ¢ iest
P05 was comsidered simistically significant, and
Pz (L00] was considered highly signifimnt.

Rsudis
Aomie towidfy assy

HAE (50, 100, 2000 or 3000 mghg) administesd onally
{p.n.) did mot resolt in morality or aliered pathognomonic
behavior of the cemmal nervoos sysem Similarly, low
doses of HAE (10ar 100 mgfg) mjected imtraparitoneally
fip) did mot change amimak’ helavior. However, HAE
(1000 mgfg, ip.) camsed 2 deaths wp o 6 h afier the
trentment Forthermore, HAE (2000 mgkg; ip) oosed
more than 50 % of morality op o 6 b afier the reatment,
folowed by Zand | deths over 24 and 36 b, nespectivedy,
from the beginming of the assay. All deaths were preceded
by redoation of looomotion and eyelid piosis.

Babh-chromic towicity essay

HAE @00 mgikg, po) remment for 14 days did not alter
hikond el commt s, hemog kobvin , hemaincrit, or Bver mass. Ko
macrsoopic alieratons were observed in inermal omgans.
Idicators of panoreatic fonction @amylase and hpase) were
mot abered . ALT and AST val nes were significantly diffesnt

£ Springer

HAE:treated gromp was not signi ficantly di fferent from that
of the salinedwated groop Fig. 1)

Effact of HAE on nlcer index

Indomethacin admimistration (40 mghg, sc) prodoced
aonte hemorrhagic damage HAE {100 or 200 mgfkg, po)
sigmificandly redmced (P <2 (L001) the gasiric lesion soore
compared to the saline groop. Gasirc protection by HAE
was similir o the effecs obseved with omeprazole
{30 mgfeg. p.a) (Table 2.

Hisopashalogical malysis

When compared in the non-imaded gmop (no ndometha-
cinj (Fg. Za), the gasiic mocosa of the maline gmmp
(maline + indomethacin) showed maried inflammatnny @11
axumuolhtion ingether with dismpton of the soperfidal
layers (Fig. Zh). HAE (100 mg'kg) atenmisd moonzal
emzion as shown in Figoe 2o, Hisinlogical snalysis of
omepramle (3 mghg, p.o) and HAE (100 and 400 mgfhg)
groapes revenled a significant (P < 0U05) decrmse im
inflammatory cell infil e [1 (D=1}, 1 {0=0} and 1 {0=1}],
respeatively (Tahble 3.

Phyinchemical analysis

A fingerprint of the HAE obfined by HFLOUV3AS analysis
is presemied in Figome 5. Major peaies wer dedected in the
exmac and the pesence of favonoids was exchoded Com-
poonds presemied similar TV spectra with a maximom at
c. 280 nm and a shight shoolder at 220 nm, which is charac-
teristic of sesqnitespene hoiones [ 14]. The mass specima of
some componnds, sochas 1, showerd 2 looy hase peak 217951,
cormborating the mnge of mass for ssaquitepens lhoiomes.

Compomnd 1

Compomnd 1 comld be ponfied and elocidaed a5 2 new
senquierpens hotone hased on the amlyses of il specs
tromcopic dutn. The "H and "'C NME dann, together with
HMBC comelations, are presemed in Table 4.

Im=vitm inhdhition of nenmophil chemo@is

When mvestiggied for dhe ability o mdoor lenkocye
migration in vitro, HAE signifimntly redoced the migration
disance (P 2005 & 100 pgfml. At the same comcen-
trafion, the isolated sesqnitempens lactone {compoond 1)
was able to inbibit leskocyle migration with high =ignifi-
cance (P -2 (L0011}, which was comparable to the positive
comtral indomedhacin (Fig. 4.
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a1 Ea ;;'T‘EE Y P —— Sulinc (S ml g po) HAE {400 mgliy po.)
:: ‘:_*:::: 1‘-‘-““ AST (1VL) 408 = 4.3 RS BT
S —— .ﬂuﬁ' ALT ML) SL% = 55 G179+ 2.42*
o sabrr satn fo Gt Asyloe (UL 712 = 1143 05+ 1792
Gmdendive dupd RLiguci { LWL 2D £ 556 265+ 1173
B phocepie (10F i) TE% =00 1793+ 0.0
Heatogbibam (Al 1284 = 0M 1114+ 030
Hemam e (%) 1a =10 4026 = 1.0
Tootad Toakcrp st {eeTbimm: ) 2080 = 1960 1471 = 293
M toph ik o T 2013 = 4535 1813 6639
Dt e pre semiend i Lyagphicyis, (cclliana’) 1431 = 3620 1974+ 2121
meim £ SEM Smdealsd 0 g s o Mgt 4773 = 9571 4= 7283
A Phicics | == 01,300 = 4137 SMAST = 56340
:’:ﬁ;‘f;:; gy L () 2190 = 06T 1925 = O.0E%
Hy Saine abnormal signs, hehavioral changes, or macroscopic aliex-
= HAE 400 makg tioms at amy time doring the ohssvation period However,
- HAEat the highest doses (1000 nd 2000 mg/kg) given inta-
&1 periomeally cansed death preceded by obsarvahle adverss
= sympioms. Thess doss are, nespectively, 10 md 20 Smes the
g minimum doee which gave gasmic pmtection (100 mgikg
2 na) in e experimenta] nkermadelnssd This sggeststhat
= the extract has a wide safety window. The absence of amy
E 104 deleterions sympioms with ora] osedeno tes bow ioca ty for
this prepamtion when adminisimted in single doses.
Serom ALT and AST aciivities am osed as indiminm of
o T T 1 chemically indnced Hver damage [15]. The ALT and AST
s Day " ¥ vales of oo contral {saling) gmup were similar o ofher

Fig | Body s wbisen of s beaiel wilh HAE (@00 spflog)
B 4 i Boudes e e pasicaad i pooem g e of sl s snsn
Thee e weres e g el ) (Bl i Betweoen s e el HAE Joe atel

g durany the e ppesmenl

Talbde 2 Effecs: of HAE on e alos mdey | Sl sbomopa: aalya)
s alley mnadians i i o Balle aye

T e T e % lobidatam
Saler a2nEili -
Derpannde W sglig. po. 31 =20 Al
HAE IO gy, g g = 1lE& REN -
HAE 400 a5, pus 4 =12 aL30=

Fotacde - W T mvmpinsmn et il (ol ol oy D’ 2 il Wi il
[t migliede compa thond of StEsoopa ot

HAE Chreria moaridl By dioakochoi: oo

*F 00 vom wle g

Diiscussion

In the acole towicity sindy, all the animals reated orally
ermainad alive and did not manifest any signifimnt visible
signs of owiciy & the doses evalmied There wer no

repos [ 16, 17]. Resolis of the sob-dronic sindy revealed
that there wers signifimm (P« 005) incmases in e
mears of ssrom ALT and AST leves in the HAE gmop
when compared io the saline groop. The |feratome shoos
that 2 to J-fald ncreases in ALT lewvels above the opper
Imit of normal are needed to be congidered mdiotive of
hepaincellnlar injory [18]. Oor sndy =mis did not rech
thess valnes (1. T8 and 1.3 Smes fhe saline valoes of ALT
and AST, respeciivel v, and we onmpared it i mean, not io
upper limis. Moreover, thess parameders cannot be eval-
maied in isolation. The determimation of this kind of dmg-
indoced towic effect most e hased on the magnitmds of e
changes in all comcorenily evalmied parsmeters [15].
(her parameters evalmied in o smb-dwronic esay
{macToscopic organ evalmtion, serom hpase and amylase,
body mass changes in tme, blood paameders and bver
mass ) did mot shown any aberations. Forthemmaore, the dose
meed in sohechmnic iocdty was 4 tmes the therapentic
dose meed I dhis repost (00 vs. 100 mgfcg). Pancreatic
fonction indicators, amylase and lipase, did oot difier
hetween e HAE and saline groops. These con siderations
indicaie a smifhle safedy margn for the ol admin srafion
of HAE.

&) Srainger



Apéndice

96

J Neg Med Q003) 67.143-151

Fig 2 Phocescgeels o gotse suose 3 smdcgol goup
with saresd conbembn o mosa b sdee goup (esmad Bul
mocival sdoar s 4 salinc) howag los of pupliec confamea.
G, wih cpahchal dompoe md grx Moo oalseconent,
¢ minghi rogol wilh mloucluce + HAE 00 sypfiy downg
st Wotdly suiomacd onfiengan, pervilon of papdiac aal
pots: kasad spax (HEE « 10)

Tadde 3 Eoxw of HAE ce gossc hitohyicd wocwaos aler
mloardace challoyy:

Troasens Tl ssnagoey ool
woe 0-4)

Not wewat® o

Safme 2(1-3)

Omcpranle 30 sy /fig I -1y

HAE 00 sy/iy 10y

HAE 400 ag /g Iy

Duga eow e we molums wilh sassves ad stac s oo slowe
= bewclen. Kaidkd-Walls aonpusencese wod followal by Dumn's
ot wis ol e suligle cospastiom: of Bk il ascseral
HAE, Chresta masil by drode dvolbc exisas

P Q05 e saline grogpy

* Neoawea! grouwp rocsival 2o mdomedu e

Our =mis dearly demonsraed the HAE poeas
against indomethxin.indoced gastric muonsal lesions in
mice, as shown by 2 significant decrease in the mean scares
in companson to the saline group. The inegrity of gastric
mummal defense depends on comtinmous generaton of
prostag landin B, (PGE,) and prstacydin (PGI,), mediated
by cyclhaxygenases 1 (COX1) and 2 (COX2), which cat
alyze the rate Jimiting step in the conversion of arachidonic
add to posaglanding (PGs) PGE:; and PGI: are both
potent vasodiletors and contol many aspeas of gatic
muonsal defense and healing [ 19, 20]. These prostag landins
phy an important role In mainenance of gasric mocosa
blood flow, stimuliion of mucus seceton, inhibition of
neutrophil adherence and activation, and iIn e ahility to
protect the stomach against uloerogenic agents [21-24].
Leukotrienes, having the same precursor as PGs (arachi.
donic acyd), play an impostant role in gastrc mucosa pro-
ectve foncSons. Lenkotiene pmduction is relaed to
vasoconstriction and newtmphil chemoattmcton [25).
Inbibition of COX causes an imhalance In muocosal levels
of lazkotrienss and prostaglandins, favaring fe prodoction
of the former [14]

According o Souza et al [26], indomethacin dnduced
gastric lesions are dependent on nentrophi]l infitmtion and
nitric oxide (NQ) genemtion $hrongh the inducible nizic
oxide pathway. Our mmis of the hisnlogial assessment
revenl the HAE (100 or 400 mghg, p.o) redoced
inflammatwry cell mignaton o $he gxtic muocom
(Table 3). Thiz reducSon in neutrophils may, perhmps,
contribute 10 the gastroprotection exhibited by the HAE

Previous smdies [27] showed that reactive axygen
species (ROS) phy a vial ol in mdomethacin dndoced
gasric damage via owidaton of impartant cellolar
biomolecules soch as lipads, proteins and DNA. The ROS
medizted degradaton of $he cell membrane results in the
formation of lipid peroxides and initiases a2 vanety of
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ddederions events, mduding mocosal lesions, ncreased
vasonlar permeability and deplation of the mooos layer
[28]. Konprotan soléhydry]l goops, sdh a5 ghoathione,
promote cytoprotection by preventing fresaadical oxidas
tive damage m varioos fisspes, inchoding the gasinc
muoecsa [29] hdometharin canses gasinc snosions with
incrensed hipid pemwidation and decrmsed ghotathions
proxidase actnaty [27].

Some species from Aseracas gemera | Erewsan e
arphropappus, Racharis illinira and Baccharis rrimen,
Smario brasilimsis) hove demonstrsied and-okaogenic
activity withomt deleterions side sffects [3, 30<32] Actvwe

i

™™ =

fﬁ”’f’

“ S

Fig- 4 Elincp of HAE ind compoind | e m-sle aoubogial
g By, B s o e B it (Tpapoily o iemle) g e
i By e ity chemn il ek deipry - Podaies coate ol e
B o (U, *RF o DUl

o

o

compoands of varioos plants, soch as favonoids, Titer
penes and temins, may be regarded as possible aciive
sohshances aganst gasinic lesions [33). In oor stody, we
demonsrated the pressnce of sssgoitespens laciones in
C mardi HAE. Some amthors have demomnsmaded that
seqqoierpens lactones have gastoprotective offeds im
experimantal models of oleer [3=3]. In fact, sesgmoiter-
pene laciones are relaied o pressrvaton of endogenoos
non-protein solftydryl groops soch as ghotatioone [20].
These compoaonds @mn be rehed o the gasroprotective

€] Springer
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affect observed iIn oor stody. The isolated sesqmterpens
laatone | was able o significantly inhdhil newiop b
migation I 2 Boyden chamber inaifro assay. This recoh
aomohomtes the by pothesis the seaqmierpene leiomes of
this kind ar= responsible for the ohserved gastropmiection
of HAE.

Im comchosion, the loo tooicity and the gosroprotect ve
affeat of C mardi HAE were demonsrated in mice, sop-
porting the taditional mee of this plamt o tea gastnc
disorders. This plant provided 2 new sesqoierpens lacinne
with namrophi] antichemaotctic activity. Aoording i the
HPLCAMWIMS fingesprintof O meardd HAE, this new plam
spedies seams 0 he promising in providing new sesgois
iegpene hcions in be investigaied imdnidoally for ghar
anmpl e simoctore slocidation and mechamsms afaction in
EETC proecton.
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Protective effect of Chresta martii extract on ethanol-induced gastropathy
depends on alpha-2 adrenoceptors pathways but not on nitric oxide,
prostaglandins or opioids
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AA Rodrpers i« 5o e ol foumal of Esin op Aarmacndogy 142 (20 12) 28212 o

In s regard, spedes of e Chresta (Argyrovemonia) gemms
| Rohinson, 1580) ane recognized by | oral popolations as maditonal
herhs meed To el gaemic dissases and disorders. According o
Indoamagion fman the bocal comm onity, Se deral parrad O mannl
s prepared as a devodtion | ~10g) and consamed D Tt gastro-
inesmnal dishmbances. However, 2 iteme sorey ind i@es no
presions phamacological validaion of this plant (Agra et al,
I00E, 05, 200G) Dor recent shody (Sika o al, in press) i the
it nepant showing ans loer effents in other @emopathy models
In this paper gasmoproedive effars were oboereed without

Castuc pioers may ariee from damagng Qonars, ncloding
infscman (Hedbabacer ppled) and imbalances in acd or pepsin
amnd prodtecm e Qomors, ndoding pros@glandin, mooss and hecr-
honane, gasmic mocosal blood flow and mosliny (Soemes eral,
2010} Muooosal defense mechanioms agains Bunrs
can b dividsd into keal and neorohormonal mechanisms
Az local medhanisms, the wasodilmors nitrc cafde (M0} and
proctacyclin (PG ) nedeased by epitislial oolls proeor mocosa
by inhabiting wassoonsirionors (e, kenkodrens C4, thromboaane
AZ and endoielin | and prevenong plaeder and rokooyte adhe-
son o wascolar walls (Tolssay and Herssfnyl, 20100 MO o
inhibirs ackd saoretion by parkal cells (Berg et al, 200S)
Proctaglanding can inhibdt gaomic ackd secmtion and srimol ane
misass and hicarbonare sacretion inthe stamach (Wallace 200
Megrohormonal machanioms indude gasmin, cholsyankinin,
opkcdd s, sympa e and paosympahens neunstorem igers.

The cennml] nereo 5 556 B nagol 3hes Moo s s acetion Sroagh
the wagos nere, and cenmal opiodd raceptor acivarion enhanoes
muoccsa defense (Tolizmay and Hersdémyl 30010) In addinion,
jperipheral and possibly central Jipha-2 a stim ulamon
can mediane anS-saoeinry amon with gasec potaaion affeacs
([ Gyms eral, 2000} This shody themdone aemps to Socdae the
mechanism of aoion ondarlying the gasmoprotectve ofiscr of
Threcha maardl] (D) H Rob (Asteraceas ) an an =thanol-indocsd
gasmopathy modal

Z Mawralk and methods
Z.1. Pl muaierial

Specimens of Cwesta murdl (D) H Rob. were collscted fram
the Xangh regon in Sargipe, Brazl (longitods 37540 and Ltimde
ranging fram -9.5553 i —9.554E, atimde 130m ) in Anguest 2010
After it identificarion by Dr. Midia Roque | Botany Deparmment of
the Biology Instime—Federal Uniersity of Bahia, Brazidl) a
woncher spedimen was deposited in e Herbariom HUVA({ Sobral,
Ceari, Brazl) with the nomber 14502

2.7 Exart prepasmmrion

Alr-dried and powdered aenial pars (laaves and flowes jof the
plant (100g) were acraced osing 506 athanad (1 g 100 ml) at
rmmrcﬂ'p:rmﬂﬂil“ﬂu-ﬂhﬂﬂﬁlnrhnrh:dnt
green 5o wion was concemiraad af 50 C onder reduced pres sure
o dryness and storad in a freerer. Afresh dilogon of drisd eoract
in zaline solotion (095 Mad) was prepared on dhe day of
experimen s, and adminksterd by gavage (pojar different doses.
The exmachion yield was TL

Z.3. Animals
Bl Bevitns mice (3540 7 ) weere haeed oeing standand comdithans

(Z2+2°C onder 2 12126 light) dark oycle; ond and warer were ad
litsimom ). A ks were Gsed dor 24 hibedore the s@r of sxperimenTs.

All s wew made to minimize animal suffenng and the nomber
of animals oeed All andmal e mments and WS
performed I accordance with fhe "Gmde for the Cae and Use of
Latemmry Anidmalks” from she Braziian Shence Secety o Laboranay
Animais (SBCALY All espesimens wer apprveed by the Commizes
o Animal Ethics (EAEC) Federal Unieemity of Femamibucs, Brazil
[ pcecess o FROTEIEE 13 HIE-04 ).

Z4 Drugs and chemlomic

Raitdine was porchassd fom Achd laborasries Fam-
ackurices S.A (Goarolhos, SF, Brazl) Morphine and nalocme
were obined foom Cristilia Prodwns Qimi coes Fanm acoricos
LTDW (apira, 5P, Bozl} Conidine was porchassd from Boehmn-
ge7 Ingedheim do Brasil Quimia « Farmacoria Lida (lapecerna
da S=ra F, Brazdl] Yohimbine was porchased from Apsen
Famadusca (Santo Amara 5, Bozl) while S550difddis-
(| 2-nitro-benzoic acd) (DITME), indomeshacin, M, -Diimo-L-argnine
metyl eser hydechlonide [LMAME and L-arginine meshyl
ester ditydroch lonide (L-ATE) were obfained from Aldrich
(5t lomis, 8D, USA} Ehanol, fomaldshyde ertylensdamines-
traacetic acid (EDTA} and michloroacsfic acdd were porchassd
from Vew: Quimica Fna lida (Dogoe de Caxias, Bl Brasl)
Misoqrastol was acguied from Biolh Searle (Indspenddncia, 5F,
Bmzil} and M-a S Eine was ased froam Fam bom Laber-
atéeics Farmacoricss (S0 Faok, %, Bozill All of the drogs,
except M-acetyl-cEEine, were solubiized in 09 sherlle Nall
{saline} The srzymatc kifs wsed for eval urion of tooe hema-
glohin wer poxhassd fom Labest Diagnosts (Lagaa Santa, MG,
Emzil} All ather chemicals were of anabytical gade.

2.5 Phammacedogion rrals

Z.5). Etwmal-indwed gocogpasy

fasmc dmag was indooed in 24h Gared mice by e admin-
istmmon of eth anol 9956 (0.2 milj andmal, puo). Mice (Sigroap) werne
jpre-eearad wath Jurecs mard] bydro 2 kool excimar (HAE) (S0, 100
o 200 mgficg, o, Enisdine [ S0mgiog, puo. ) or saine (5mifig o)
1h bafore ethanol . An addisoral goup S WS not
challenged consised o mice Teaed with saline only. The animals
wer sufanaized ina 00y chamber 30min aer e damaging
prooedure. The somachs wer removed and opened along the
greer oorvamre, washed with saline fiosd in gass plaes and
phategraphed Cyber-shar Dechl) & T2dpl msdutian
(ZE16 = 2112 poceis ). HemomhaTe o oleramve RCions wer mal-
sured and compared to the toral area of sach somach oEng a
planimary progam (mage]; Maionad Insstoes of Health, S000
Rodicwille Pikez, Barhesda, Mangand, 1EA)L

257 Risnparholsgical shudies

Far hisrdl ogical assessment, the glandolar somach was fosd
im 10 mesneral ol ered fonmalin solarion for 24 b, seorkoned, and
then embedded in paraffin Seofions 4 pm Sick wers depagifi-
nied, srained with hemamoaylin-ecsin (HRE)] and examinsd
under 3 bght micmsoope. The spedmens were then assessed
arcording to the qiteria of Laine (19E8). Briedly, a 1 an segment
of sach histdogcal sacDon was aswesced for spithedial ool loss
(scare: 0-3) edema in the opper mooos | soore: 0-4), hemor-
rhagic damage (smore: 0-4) and the presence of inflammatony
ool s [ zoome: 0-3

253 T hemogiobin detrrmingion

A sandard ki containing Drabiin's reagent for hemoglobin
(Hh) detesminasion (labTest) was wsed Portions o fresh gasmic
tissue (S0-100mg) were homogenized in Drablin's reagent
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soluticn | 100mgim}, prepared according i the manofoorers
msrocions. The fobes were cenmifuged ar 10,000rpm for
l0min. The sopematant was witid@wn, firaned throogh
30 pm filbers and then ceni foged again. The Hb conceniraion
jper 100 mg of tissee was determined by abeorbanoe comparison
with a srandard Hb J furion ar 580 nm.

254, Nom-podin sulfndryl group { MP-TH) assay

MP-SH, such a5 glhumSions, [nam anes CpToproEsomon by e
ing e radical cosdative damage in @now rEsnes, induding She
gasmic Mmoo (Smba o al, 1992) To evalmae the antiocdant
actviy in e presence of HAE, mice (5 goup) mosved athanal
(SEL56E) 1 besfiore: HAE {100 migficg, pua ) or saline (5 mifig, o, or

F0min bafare M-acenyl-opsieine (MAC) 300 mgfig, Lp) adminisra-
mon. A saline-mnly-Teaed goup was dio indoded in the acsay. The

animals were smharatzed in 3 O0; chamber 30min after Se
ukengenic procedone, and e somachs were remoesd MP-SH
lewels weere measured sng 3 prEwonsly dernted method (Sedlik
& Lindsay, 1968 Brifly, 50-100 mg of fresh geic tisme
were homogenized in Sceen OO0Z M EDTA (1 mif100 mg rissoe)
Then, 200l of e homogenate was mised with 320l of distilisd
water and E0pl of S0% TCA to pRdpioe e footen The tobe
were neotcermifged ar 3,000 = f S 15 min ar 4 °C_ Finally, 400l
of SupsTarant was mibed with S00 pi 0.4 84 Teis bofler (pH 29) and
Z0pl of IUME, and he micmre was shaben or 3 min The absor
bance was mad witin Smin of e addision of DTNE ar 412 nm
FganEt 3 magent hlank with no homogenae. Tiesoe kel of MP-SH

were Epanted 35 Mgk tisme.

255 Prohbing the mechasiom of antisn

2551 Ivalvemet of opiedd recepines in HAE gusidc paodection

M } wer maEd with maphine (Smgkg sc) HAE
(100 mglkg, po) or abine (5mifkg, po) Efand dallge was
Zen periomed 1 h after S HAE or saline teaiments o 30 min after
morphine adminisTation. The pantcparn of opibid BT W
evaluard by naloane (2 Mg, Lp) adminisrarion 15 min before
the memens desoribed ahowe. The stamachs were fen analyzed a5
presicushy desmited.

2552 Hole of prosimglandie: (PGs)in HAE gesiric prafecrion. Mic
(| Gigroup) were meated with HAE {100 mgfig, ol misopmestol
(SOpghg po) or sabine (Smifkg po) 1h before sthanol
challenge. Indomethadn (10 mgks, po) was adminisered 2 h
bedore HAE, miscprostol, or saline adminismason Afer 30 min,
the animals were smthanatzed, and e s mmachs were anabyzed

a5 desoribed previoushy.

2553 Role of mitric acdde (N0 in HAE gusiric prosecdon. Mice (6]
o) weere meated with HAE (100 mgficr. po), L-A0g (600 mgfcr,
Lp), o saline (Smificg, po). Bhand dallnge was performed 1h
aerHAEar saline mearmen s or 30 min afer L-Argadminismaian.
L-MAME (20 mg/ig, Lp) a nonspecfic inhibior of nifmic code
syTifase (MO} was administered 15min befoes the meaments
desmibed abose. The animals were earhanatized in 2 O0; chamber
30 min afier sthand challenge, and e Somacts were remosed

and anaiyzed according i the methods desoibed previously.

2554 Hole of aiphs 2 adrenocepiors in HAE prafecti Alpha-2
adrencceptars imvdvement was accessed by e adminismson of
yih im bine | 2 Mg, 5.0} inmice | Sigoup) 20 min before HAE( 100
200 o 400 mgficg, fua ), comidine | S0mg L pa ) o saline (5 mif,
pou) Erhanol challsnge was pefamed 1h afier thess meamens.
The animals wes estharaszed in a O0p cambs 30min afer

ettand challerge and analyzed & desoribed previoesty.

A A Fodrjper ¢ Tiea e al | fourmad of Enmopformmoeobgy T2 (A12)] 2 08-212

25 Sradciom) anatysis

All walues am exprezsed 26 rhe means + SEM. For oloeraive
lasion ama assEsEment, an ANMDVA e was weed dollowed by
I frrioerid™s et o b s oo s o il smdogica | s nans
ment, the Krosial-Wallis nanparametric st was wsed fdllowed by
IDvonns et dor minlEple com panisorne. Diflarences were Considened
i e gl can twehen P OU05

3 Resulis
3.1 Profectie offect of HAE in sthamol dnduced grorapary

Ettanc] administmson (02 mifmice) produced oo hemor-
rhagc siation:s in the g mocosa (R 1) HAE (50 mgfoy) did
nol proed S gasTic mooosl againg ethanol damage when
oom pared o fhe saline-meared goap (17.7+ 37 weroos 216+ 34
injured area T} HAE (100 or Z00mgg) simificandy redoced
[Pz 0LO5 ) the peroent area of gasimic kesions com pared o the saline
reated goup (49412 and 30+ 14 vemos 216134 injored
area s }as didranisdine (53 + 19 versus 216 +3.4 injued area X

37 Risopathelgpion shulis

Table 1 amd Ag 2 demonsmmie the capacty of ahanol o
Imdooe a high degee of spifidial ol loss and edema as well
resmiarrhagic patch fanmation on the gamc Sssoe S dhaerea-
thoms wene significandy redoced (P0UOS) 0 animals admings-
tered HAE [ 100 or 200mglk )

3.2 Tisae Hb omd NP-SH afermainntdsn

Tahle 2 shows that HAE (100 mgfig) meament signifiansy
inmeased (P <05) the gasmc mocosal MP-3H levels and pro-

moied a marioed redoorion in Hb leses when comparned ro saiine-
treatad andmalks

LI
3 T
I T
H
k|
3 10 * "
1 T |2 »
PO ;e
&  oF &
ﬁ HAE |mgig)
Fitarnl fifl 3%

Fig. L. Dt of BAL on sh el Mirs wew owaned  arally
wich mine [Sal] cmodine or FEL. Afsr & mn, shniuoe sdunaol [L2ml g
armmd [ wan Th maoed with mime . Conmc
dam e wan e it ad s ] mun The e o e e s oo ch @ mean = 50
for mch prup of tix mee. T <0E n reloon @ e shmol+sdine poup
ANTA followsd by Bon i’ Mulogs Comprson Temo
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Table 1
Prooec ww sifier of (vado mare b ydo- slboho e e ens (HAT) oo stfuncl<nd uced mic oeopic demuge 1 the gatr s TRcons.
Expermental poap (1.6) Moz i da mage Tdewa Tpitwtial ool lonn o e e ary cwlile Totsd
(ware 0% | (voamw 0-4) (rnow 0-3) (wecomw 0-) (ncare 0-14)
Saime o o a a o
Iouna - Sane 2(0-4) 214 J2-4) a 6(3-11)
[l + R medoe (50 oygkg) 0(0-3) 10-21 10-21 a 2(0-71
T Sunak + MAT (50 mg kx) 1(0-4) 2(1-3) I2-3) a 55 (3-10]
Ezok + NAL (100mghy) o oo 1(1-2) 2(0-21* L] 2504
T Sumal + HAL (00mghx) oo o(o-af* T3 a 1011
The tabie shows vz ol by and oo (0 K deal - Wallix o onpur am ece ot b lowed by Duno's oee

* F< 008 corpuned to e etum le wine prap .

Mg 2 Mosmcmgraphs of gaoec mucoe (100 < and decal in bax 2 430 « | (2] Sslaeonty: () Bhanol+ salow, showing dempoos of the gaoec ghod w1 pef cal

pon Wi epthelal odl oy, henoshage and aderis 0 copmatve adacmt Sous (o] Eduncl +oamados (80 mplior) (d] el <M (SOmpkg):
()] Exfumol+ AR (100 myglicgl & dmoe whece pow af e of the n
almant P of e margh dlagc o of thw

3.4 Imvobement of gpiodd recepron h HAE gastac protectba

Morphine (5 mgkg sc)tmamment showed 3 ZasTo-proecive
efiecr on ethanol-induced gastropathy tha was readily revesed
by mloone Zmgks WD) HAE (100 mghg) sgnficandy
reduced (P« 0.05)the edanol-ind uced damages with or without
prior naloxone injecion (491 12 versus 216+ 34 and 41109
vesus 21.6 £ 3.4 injured 33 X respeciely) (Fig 3}

3.5 Role of prosmglandins in HAE gusoric prosc son

The protecive offect of misoprostol (SO ugkg pa) o
etand ndoced @atrapahy was counteqaed by indomethacn

+VAX (200m gl s owag

(10 mz/¥z. po.) Erhand -and eanol plosi ndomethacin-indoced
damages were significantly (P <0.05) reduced by HAE (100 mg/
kg) (2074 3.6 versus 49+ 12 and 247+ 2.8 verses 52+ 22
injured ama X respacehely) (g 4).

3.6 lovohemmt of NO tn HAF gastric pratection

Bhanol-induced g mopathy was reversed by treasment with
ranitidine. Smultaneous admi nestation of esanal and LNAME
(20 mg/kg Lp) prodoced hemarhagic damage that cauld he
partilly reversed by LArg (600 mghky Lp) injecion In both
Stuions, with or without LNAME pe-treasment HAE (100mg i)
significangy (P« Q05) mduced the damaged ama (491 12 wmas
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Iec of Jwrxo moral pd m-alcofnlie & oss [FAL] on ooue concer e of
L] s P kel o (MP-I| adfter sciun ol (999 4] T
ciudiFm e T
IpemaaalFmga=5] Teuslb Thwar NF-5H m o T
(100 myg elwar] = SEM.  [mggl =SEM
Llemr 24 £07 o TR
Tz amal <Ssl=as 125 =03 a8 =70
e Bl =N A - IO =171
e Bl AL (100 ki) 905 = 04" o= o

The cebie shorws meem = M. ANCYA folowed by Bonfermm's Mulogs Com-
FAION B
" cl0S onpewd m e & ol +aalne o

g

-

=
P

i

u AL
#fﬁ»ﬁ'

& & ﬁ; &
&
W v 2 mggd

Ethansl §5.5%

Fig. 1 Lk of ivaolvemess of o pard n HA g imam
mexlel The mice wre oecal olly wich sdioe
(Sl marphine (3 mypiop | or FAK (100 mygion | A secomd 1ar of mice wich maelh xone
(2 iy | e wacmee wam uwed m -5 5 im FARL sifarm.
The sl ew sxcpoened e meun valle = S for sech g of 2x mice
T <lls n weoom tothe el +sine pog P in meaton @t
mhma+mlrome-nline Foup N0V hibwved by Bmfemnis Mukple
Companiam Tex

Injured aroa of o shomach (%)

216141 and 75+ 1.4 wemm Z10 +37 injuesd area X, mespec-
ety (RE. 51

37, bvatvenmt of alphs -2 adrensceminrs in HAE fasik poodacten

Comidine (S0mg kg, po.) pr-Teatment significantly (F <005)
jproected the mones shomachs aginet ohana challengs (35 +1.1
wersns 123 + 3.4 imjured area X ) Pre-adminisratian of
(Zmglg s rewersad the danidine and HAE (100 or 200 mgfg)
proecie ofers (170410 wrsos 104+ 16 155+ 14 and
124+ 35 injured area X, respectively ) Howeser, admin israion
of higher doses of HAE (400 mglkg) resored irs proecwe ofect
(41 +09vemuos 170+ 10 injored area X )(Bg &)

A e s Shom

Whe explored the gasmoproter tve propertes of Coeds mentd
(Asremceae) hydro-aicoholic eorad (HAE) in mice. Bhanod
ingeston & cramoreszed by the dewslopment of gomic moomsal

2
-Em- - 8
: éiﬁfﬁ&é 'ﬁ&

Imdomethasin (o marg)

Fthannl #% A%

Fig. 4 Lk of i bersmt of procegiewdng in BAL paropmbetion. i
mhmal xiry mxld The mre wew owaoed orally wch seline
(S} mmpmmml 5 pniy] or BAL (100 mglygl & ssood o of moe wich
ilomechemn (10 mpky] resucmes wan wed o evallee  pncepiaskin
Famriganon in FAL sifem. Thereulo aw g o e meen values = S0
for mach poup of tix mire. "W 0LE n reloon @ che shnol+naine poup
Fpo0iB n meaton @ e et ol indom e s -+ oline pup ANDVA fal-
[ = M gl o Timt.

J=choires ini hormanes L2 ine amcd Wheins iedn, 1SR ) In e oo s ad
in iz sody, absolue efanol s e main Qoor Sar kads o
inense damage of S gasinc mooosa and inducss mulople
hemarrhagic red hands parhes) of difleren rsizes along e lang
axis of e glandular stomach (Minds & al, 1995) Castec injury
induced by ethanod i lnked i coygen free radical prsduction in
guntitias Shar are dirersy proposional to the afhianol dooe. The
damage of the gasmic cells b closely linked with the inensity of
S0 peroade amkon prodootan (Monoh et al, 1990), which indoces
imraceliolar cocidamee smess and minchondrial depolarization,
resulting in mocosa cell deash (Hirokawa e al, 1998) Other
mechanisms of injory inclode the release of nflammanory med -
Latars, indodng swscoonsmcoon and mciemia followed by ool
deat In addition, gasmic bleod flow s@sis and mioosmscolar
dismuption kead to hemanthage and nemotic Sssoe injury | Sabo
ot al, 1585

Oor resuls showed a protecoe offad dor HAE in an 2@hanod-
induced gastopathy mode. Hb conceniration in mocosal tisoe,
wihich & indicaowe of mooosal blsding, was dimindshed in the
HAE-meared groops. In addition, HAE aiso showed promcive
efleas Swough @ manerance of NP-3H lvels in maceonad
gasmie mocosa The roke of endogenous MPSH in muocosa
protacson has already been demonem@ned in models of emanol-
induced gastric injury (Loguemis o al, 1993). N-aceylopsteine
(MAC) the acerdated sarant of e amino 206 Loyseine, is a
mtﬁﬂ'ﬂﬂﬂiﬁwaﬂﬂcmhﬂthﬁﬂﬂm
metabolies cpable o simulating gloathione (G3H) symsiess
The pressnce of CSH promotes detoxification, and G3H @n ad &
2 free radical smvenger, spedfi@ily for naacive ooygen Spedes
[ Wedly, 1599E) Thenedore, the effactod HAE an NP-3H lewels in e
FAFTH MoEsa may be an impoarant slament in HAE prodeaiees
action. The significant mdocson obeerved i adema and hemor-

rhaghs sonnes @ well 35 the preservation of stamach epitheli om in
samp s from animais treated with HAE arne also evidence o IS

FASTOprober e Joiny.
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L-MAME =3 mgug)

Fig. & Lk of involemrsmt of MO m BAD 1\ an #wh el

Ethanel #8.9%

model The mice v oeated orally wich saellne [Sal| L-Aoy (S0 0my Ty |

o AR [ 1K) e | A secamd wes wich L-MAME (5] oo | e

-] of MO m FAL siflecms. The remdoy aow s e

e e valuen = SIM Bor ach ool ix mice "F - L 0 elstonm S sdunal +mine poup f 0LE n edadonm g el + b PR I+ sllne o ARCREA

Fallowed by Bon frmm's Mulogles Compason Teac
H__
2l T

15 4

10 -

Injured area of the stomach (%)

& F &

A
jj Jf‘mi-ﬂﬂi:'

Yohimbine (2mohg)

Ethanod 33.5%

of slphe-2 im FLAD nm
ity meddl The mre wew owaced orally wch saline
[l clomtchoe (80 myg kgl or FAD (100 mgfiol (2 e |
memt prevermed FAL (1 md 550 mpky] geoopmocoon. For omen dw
mimmal paoopmrecoys doae of FAL (L, -] T
o aw openaed o e mean velue - S o saxh poup of ax mre
Pl in maon m e scuno+aiine o Fpo0MH in melation o te
mhmal+ymhmmessine pop. SMNOVA fDlibvwd by Enfemms Muopie
Compariaon Tex.

g &P
-

Bazad on thess meolts, we decided o determine the lowest

{100 mgficg) HAE dose with 2 sipnificant pateate effect to hedp
idenitify a poesible mech ani smoof aoron.

Dpodds havee bewn found no e proeanive afieos onethanod-
Induced lesions, and both mu and daita opicdd recepiors wers
thoaght tobe irmolved in moooeeal proseoiee 3oon (Gyines o1 al,
20 In owr smody, the muoossal proeeaion exemed by manphine
was readily antagondzed by She non-eslaoiee opiold receptor
antagend st raloaone. Mearsdhile e protectve offea of HAE
remained despie pre-meanment with this antagonist

IG5 are a claes odmedisnor peoeduced by ©poloomeyTanace anoymes
1amd 2 (00X-1 and COX-2). PLs poasess important rodes in the
gastmdn estinal tract, srmolating mooos and b cashon ate seme-
thon in the somach and mediating the malmerance of an apomal
PH gadient & the mocosal sorface. The benefidal effas of
peetagandin analogs, soch a5 missproend (an analog of POE; |,
im tmmans have been oberesd 2 doses that pmd ooe signifi cant
Inhibition of gasmic acd sacretion (Wallace, 2002, Palilo and
Kauonitz, 2011} Dwr resolts showesd that HAE gastmprones Son
remained aven with the prior administrarion of indomeashacin (2
doal i nhibdror of ODX-1 and COX-2 | Fonthenmoe, HAE protas son
wWas 5 bmilar o thar ol erved wath misopncend adm inkstration.

MOexhibers many of the same fonoions in the gasnmin esrinal
tract & prosqglandin, indoding s muolation of Mmoo saoremon
as well as pomogng haling and maintenance of the mocosa
blood flow (Wallice, 2006; Tolissay and Herspdéogl, 20100
N s symthesized by the ooneersian o L-aginine to agoimolar
amaons of L-cimolline and M0 (Moncda and Higes, 1993 ) Oor
work demonsirated Sia the gasmprotecson of HAE d6d not
diractly depend on N0 generason, because it was the same
regardiass of pror administgiion of the MO synsiesis (nhibinor
L-MAME. Moraower, aomonding to e nesolis, we can aese that
the HAE proecdiee acfwity does not depend opon PGs or the
ofpil odd system.

Ini oor shody, prewions dmin iemation of pohi mbine, an alpha-2
adrenooeptar antagenist, resersed the gasroproedive Siacs
of by doses of HAE (100 and 200 migl g Quadnopling she dooe



Apéndice

106

nz AA Rodrjnar o« Miva it al | founal of ESmopharmcobygy 142 (3I12] 2 08212

of HAE to 400 mg/kg rullified the effect of yohimbine The
oo et o o I nergi o necaptars poessibiy Swoned the hinding
of exTac mokscoles & inoreasing dos es. 1Tk well esgblished thar
alpha2 adrenergic moephon mediane @riou reponss in e
gasointesonal mao, sodh & gaemc acid semeton, and effec-

treedy inkhdbi boah chemically and physically indoced gastmic
lesioms. Therafome, hecanee lpha-2 ageniss, soch a5 clonkdine,
ar effedive agained a warery of mooosal kesons, 3 oompbe
mechianism of gasmoprotarDon i prapossd In this machanism,
aghanon of apha-Z reoepion moosr Meely overcomes ol ople
e and smes of resnlt (Cyres o all, 20G0)

Baoth cemml and penipheral apha-2 adrencceptors play an
impoaramt rade in the modolaion of gasmic 30d sarmakon. Whils
e i Than ks By Wil hoen mal alpha-2 adnencd splars pram oe
e infibition O a0d Q0oL remain poody Ondersnod, ar e
peripheml kel it was shown Sar presymapdc Apha-2 adnemo-
oo, boared on cholinergie ermEnals of the wagus nanee,
micdo Lare ga:nm © sacrerion rhnoagh e inhi higon of aceayicdholine
release (Blandiza o al, 1995). A racent newkew (Soiobert, 2009 )
shoered thar aoetyhoh oline, nedsassd irom poceiga Mo N Smnans,
diretly stimuolass She panetal ool via mosanne-3 (M) racsp-
o Thils process & couplsd @ e aoivasan of phiospholipase C
with @ geneqiion of inos ol mmiphoesphae and an noesse in
imtrac el olar cakcium coneeniraion that leds 1o ackd semedon
Acetylcholine ales aas indiredly by acgvamon of MZ and M4
TECERIDrs O Somaostain-moniaming D olls of @ gands
infdbdEn g somaEoEoiin Sacmrion and Thios remoang the nanie
e maint axerted by this pepride on paneal celis. Dor recols may
indicare an inhibdtion of acayicholine relase, among odher
[pacesibi lges, laading D deoreased ackd sacmtion Opon e e
adion of HAE with alpha-2 adrenooepors. Finally, oor shody
shored thar oral adminierasan of the smallesr doses of HAE
(100 amd 200mZhiegl in an expesmensl model of ssancl-
induced marmpahy had gasmoprotectve oiers in 1005 of e
animals mraatad Thess resols commoboraned Se maditanal oee of
C mawdl 1o fnesr | disorders and indicaed s
e el o jpovientila v i s o oo ne i ga ete o o ool beshones.

5 Comd el o

HAE possesses gas moproedive efieds in an afhand-4ndoed
FasTopasy modE in mics, corrobo@ting e raditonal e of
this Gmily d plamts © e @emc disordsrs. This acivity i
mediated by alpha-2 adrenacespinrs acsvatan, bat mot by mionic
omkde relaaee, opicdd recsmEar JOWASoN oF prostagandin syneh-
esis HAE aleo has andoaidant aofwiy S & thooght o either
jplaya moke in rhis biodogical 3oy o 1o be-a byjprod oo Of apha-
2 adrensngic oo ple a0vaSon.
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