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RESUMO

A Ulcera gastrica € um problema de saude publica mundial, caracterizada por
extensas lesbes na mucosa do estbmago e/ou eséfago que podem se estender por
todas as camadas do 6rgao, causando sérias complicagbes como sangramentos e
perfuragdes que requerem hospitalizagdo do paciente e intervengao cirurgica. Como
principais causas da ulcera gastrica temos o uso de anti-inflamatérios nao esteroidais
(AINEs), que diminuem a producado de muco-bicarbonato gastroprotetor, e a infecgao
pela bactéria Helicobacter pylori. Além da erradicagdo da H. pylori, o tratamento
convencional visa a inibicdo da producéo de acido cloridrico pelo uso dos inibidores
da bomba de prétons (e.g. omeprazol), ou de antagonistas de receptores Hz da
histamina (e.g. ranitidina). Contudo, estudos demonstram que a inibigao da secrecao
acida gastrica esta associada ao aumento do risco de desenvolvimento de diversas
doengas como osteoporose, infecgdes intestinais e até doencga renal crénica. Além da
secregdo acida gastrica, a ulcerogénese € um processo complexo que também
envolve o fluxo sanguineo. Os sistemas endotelinérgico e da via do 6xido nitrico
modulam a microcirculagao bem como a inflamacéao e o estresse oxidativo na mucosa
gastrica. Assim, o objetivo deste trabalho foi avaliar o efeito gastroprotetor e
cicatrizante de drogas vasoativas, mais especificamente da bosentana e da
sildenafila, em modelos de ulcera gastrica aguda e cronica. A administragdo oral de
bosentana (antagonista dual de receptores ETa e ETs) e da sildenafila (inibidor da
fosfodiesterase 5), isoladas ou em associacao foram investigadas no modelo de ulcera
aguda induzida por isquemia-reperfusdo. O efeito cicatrizante da monoterapia com a
bosentana foi investigada no modelo de ulcera cronica induzida por acido acético. Por
fim, o modelo de ligadura do piloro foi utilizado para investigar o efeito da bosentana
na secregao acida gastrica. Na ulcera aguda por IR, o pré-tratamento com bosentana,
sildenafila ou a associacdo de baixas doses de ambos reduziram a area ulcerada,
impediram a deplecdo de muco e das defesas antioxidantes no tecido gastrico.
Complementarmente, esse pré-tratamento reduziu a infiltracdo de neutrdfilos,
importante marcador de inflamacé&o tecidual. No modelo de ulcera crénica induzida
por acido acético foi constatado um aumento na expressao de receptores ETae ETs
na area ulcerada dos animais do grupo veiculo comparado com animais naive. O
tratamento com a bosentana por cinco dias acelerou a cicatrizacdo das ulceras
cronicas, aumentou o conteudo de mucina e a proliferacao de células epiteliais da
mucosa gastrica, reduziu a infiltracdo de neutréfilos e os niveis de citocinas
inflamatadrias, como fator de necrose tumoral-alfa e interleucina 1 beta. Os parametros
plasmaticos da fungdo renal e hepatica ndo foram alterados pelo tratamento sub-
crénico com a bosentana. A partir dos resultados do modelo agudo, conclui-se que o
pré-tratamento com bosentana e sildenafila ou a associagcao de baixas doses dos
farmacos exibe efeito gastroprotetor, e no modelo de ulcera crénica, o poés-tratamento
com bosentana induziu a cicatrizagcao de ulceras cronicas, sem modificar a secrecao
acida gastrica. Nossos resultados reforcam a tendéncia mundial do reposicionamento
de farmacos (uso off label), e de maneira especial este estudo demonstra que outras
vias podem ser exploradas como adjuvantes no tratamento de ulceras gastricas,
contornar os possiveis efeitos adversos do tratamento convencional.

Palavras chaves: Ulcera gastrica, sildenafila, bosentana, endotelina, inflamacéo,
estresse oxidativo.



ABSTRACT

Gastric ulcer is a worldwide public health problem, characterized by extensive
lesions in the mucosa of the stomach and / or esophagus that can extend through all
layers of the organ, causing serious complications such as bleeding and perforations
that require hospitalization and surgical intervention. The main causes of gastric ulcer
are the use of non-steroidal anti-inflammatory drugs (NSAIDs), which decrease the
production of gastroprotective mucus-bicarbonate, and infection by the bacterium
Helicobacter pylori. In addition to the eradication of H. pylori, conventional treatment
aims to inhibit the production of hydrochloric acid by the use of proton pump inhibitors
(e.g. omeprazole), or histamine H2 receptor antagonists (e.g. ranitidine). However,
studies show that inhibition of gastric acid secretion is associated with an increased
risk of developing several diseases such as osteoporosis, intestinal infections and
even chronic kidney disease. In addition to gastric acid secretion, ulcerogenesis is a
complex process that also involves blood flow. The endothelinergic and nitric oxide
pathway systems modulate microcirculation as well as inflammation and oxidative
stress in the gastric mucosa. Thus, the objective of this work was to evaluate the
gastroprotective and healing effect of vasoactive drugs, more specifically bosentan and
sildenafil, in models of acute and chronic gastric ulcers. Oral administration of
bosentan (dual antagonist of ETA and ETB receptors) and sildenafil
(phosphodiesterase 5 inhibitor), either alone or in combination, were investigated in
the ischemia-reperfusion-induced acute ulcer model. The healing effect of bosentan
monotherapy was investigated in the acetic acid-induced chronic ulcer model. Finally,
the pyloric ligation model was used to investigate the effect of bosentan on gastric acid
secretion. In acute IR ulcers, pretreatment with bosentan, sildenafil or the combination
of low doses of both reduced the ulcerated area, prevented mucus depletion and
antioxidant defenses in gastric tissue. In addition, this pre-treatment reduced the
infiltration of neutrophils, an important marker of tissue inflammation. In the acetic acid-
induced chronic ulcer model, an increase in the expression of ETA and ETB receptors
was found in the ulcerated area of animals in the vehicle group compared with naive
animals. Treatment with bosentan for five days accelerated the healing of chronic
ulcers, increased mucin content and proliferation of gastric mucosal epithelial cells,
reduced neutrophil infiltration and inflammatory cytokine levels, such as alpha-tumor
necrosis factor and interleukin 1 beta. Plasma parameters of renal and liver function
were not altered by sub-chronic treatment with bosentan. From the results of the acute
model, it is concluded that pretreatment with bosentan and sildenafil or the association
of low doses of the drugs exhibits a gastroprotective effect, and in the chronic ulcer
model, post-treatment with bosentan induced the healing of ulcers. without changing
gastric acid secretion. Our results reinforce the worldwide trend of drug repositioning
(off label use), and in a special way this study demonstrates that other routes can be
explored as adjuvants in the treatment of gastric ulcers, to circumvent the possible
adverse effects of conventional treatment.

Keywords: Gastric ulcer, sildenafil, bosentan, endothelin, inflammation, oxidative
stress.
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1 INTRODUGAO

1.1 O ESTOMAGO

O trato gastrointestinal (TGI) se estende da boca até o anus, sendo composto
por diversos 6rgaos com fungdes distintas e especializadas. Dentre esses 6rgaos
temos a boca seguida pelo es6fago, o estbmago, intestino delgado, intestino grosso e
anus. O estbmago humano, um 6rgdo muscular oco, € situado logo abaixo do
diafragma entre a jungao do esdfago e o anel pilérico ao lado esquerdo do abdémen.
E formado por uma parte muscular (fundo e corpo) e uma parte secretora (antro)
(FIGURA 1), essa possui glandulas gastricas que realizam a secre¢éo do suco e muco
gastricos, sendo que o suco gastrico realiza o processo digestério dos alimentos
ingeridos, e o muco basico produzido pelas células epiteliais possui a fungao protetora
impedindo a digestdo do tecido gastrico pelo suco gastrico (HASLER; OWYANG,
2015).

FIGURA 1 - llustragao da anatomia gastrica.

Anel

esofagico Cardia

Piloro Corpo “

FONTE: Adaptado de(FORBES, 2019).
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A porcéo funcional do estémago, a regido da mucosa, € composta por células
mucosas superficiais produtoras de mucina, células mucosas do colo responsaveis
pela renovagado das células superficiais e células parietais que produzem o acido
cloridrico (HCI) através das bomba de prétons (H*/K*-ATPase) e o fator intrinseco
(YANDRAPU; SAROSIEK, 2015). Outros tipos celulares presentes no estdmago sao
as células principais produtoras de pepsinogénio, células enterocromafins (EC),
células semelhantes a EC que contém histamina, células G que contém grelina e
obestatina e células D que secretam somatostatina (YANDRAPU; SAROSIEK, 2015).
A producdo do muco protetor é altamente dependente do fluxo sanguineo e
microcirculagcédo (FIGURA 2), ambos mantidos pela agdo vasodilatadora da
prostaglandina E1 (PGE1) produzida constantemente pela enzima constitutiva
cicloxigenase-1 (COX-1), e pela acdo vasodilatadora do oxido nitrico pelas células
endoteliais dos vasos sanguineos do estdbmago (ARAKI et al., 2000; KOCHAR et al.,
2011; MAIN; WHITTLE, 1973; WALLACE; MILLER, 2000; YANDRAPU; SAROSIEK,
2015).

O suco gastrico é secretado pelas células parietais da mucosa em um volume
de cerca de 1,5L por dia, tendo em sua composi¢ao agua, sais, HCI, fator intrinseco e
a enzima proteolitica pepsina (YANDRAPU; SAROSIEK, 2015). O baixo pH (1-3 pH)
conferido pelo HCI possui importantes fungdes como diminuicdo da carga microbiana
ingerida, auxilio na conversdo do pepsinogénio em pepsina, assim como auxilio no
aumento da biodisponibilidade de vitaminas como a B12 € minerais como o ferro e
magnésio (EVENEPOEL, 2001).
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FIGURA 2 - llustragao da produgé&o de mucina e HCI gastricos.

Pepsina H*

Camada muscular
g

Artéria da submucosa @
Veia da submucosa M Mastécitos

FONTE: Adaptado de (YANDRAPU; SAROSIEK, 2015).

1.1.1 Regulacgéo da secregao acida gastrica

O controle da secrecao acida gastrica envolve sinalizagdes distintas como a
neuronal (acetilcolina), hormonal (gastrina) e paracrina (histamina), e é divido em
fases cefalica, gastrica e intestinal. Mediada pelo nervo vago, a fase cefalica ocorre
pela estimulagdo colinérgica e liberagédo de acetilcolina, que atua sobre os receptores
muscarinicos M3 nas células parietais; liberagdo na submucosa de gastrina pelas
células G e histamina pelas células ECL, que por sua vez ligam-se nos receptores H2
para a histamina e CCK2 para a gastrina presentes na célula parietal, induzindo a
insercdo de bombas K*/H* ATPase na membrana apical das células parietais,
aumentando a secreg¢ao de HCI para o lUmen gastrico.

A fase gastrica é o resultado da presenca de alimentos que distendem a parede
gastrica que por reflexos vagais estimulam a liberagdo de acetilcolina, assim como

pela presenca de aminoacidos, peptideos e etanol que estimulam a liberagdo de
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gastrina. Sendo a inibicdo da gastrina € conferida pelo baixo pH do suco gastrico
resultante da secrecao de HCI. Quando o alimento alcanga o duodeno € iniciado a
fase intestinal, em que ocorre a inibicdo da secregao gastrica por meio da liberagcéo
do peptideo inibidor gastrico (GIP), colecistocinina, secretina e do peptideo
semelhante ao glucagon 1 (GLP-1), que através da mediag&o pela somastatina inibem
a secrecgao de acido gastrico (RICHARDSON et al., 1976; YANDRAPU; SAROSIEK,
2015).

1.2 A ULCERA GASTRICA

Assim como os outros 6rgaos do TGl o estbmago é acometido por diversas
doencas e desordens intestinais como ulceras gastricas, sindrome de Zollinger-
Ellison, pdlipos e neoplasias (HUNT et al., 2015). A Ulcera gastrica ou ulcera péptica
constitui uma das mais importantes doengas que acometem o trato gastrointestinal,
caracterizada por uma ruptura da integridade da mucosa gastrica com formacéo de
lesbes necrdticas, isoladas e recorrentes localizadas comumente no estdmago ou
duodeno proximal (DEL VALLE, 2015). Tais lesbes no tecido gastrico penetram a
mucosa, submucosa até a camada muscular, podendo romper a membrana serosa
formando uma perfuragéo no estomago. (FASHNER; GITU, 2015).

Usualmente, a ulcera é resultado de um desequilibrio entre os fatores
ditos agressores e os protetores da mucosa gastrica, sendo 0s agressores
classificados como enddgenos (acido cloridrico e pepsina) e exdgenos (Helicobacter
pylori, anti-inflamatérios ndo esteroidais (AINEs) e consumo de alcool). Por outro lado,
dentre os principais fatores protetores temos a produgdo de muco, sistema
antioxidante endogeno, fluxo sanguineo tecidual e microcirculagao da mucosa (DEL
VALLE, 2015; LANAS et al., 2017). Tais fatores protetores tém uma intima relagéo
com o 6xido nitrico, pois esse exerce uma gama de fungdes no estbmago, como a de
aumentar a secre¢cao de muco e o fluxo sanguineo, diminuir a adesao vascular de
leucdcitos, inibir a apoptose e modular a fungéo da barreira epitelial de modo a manter
a integridade da mucosa gastrica (CALATAYUD et al., 1999; FIORUCCI et al., 1999;
KIM; KIM, 1996; MURAKAMI et al., 1996; PIQUE; WHITTLE; ESPLUGUES, 1989;
PRICE; HANSON; WHITTLE, 1994).
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1.2.1 Sintomas e complicacdes

Entre os sintomas apresentados por pacientes com Ulcera gastrica sao
comumente citados: dor epigastrica, que € exacerbada pelo jejum e aliviada logo apos
as refeigcbes, refluxo gastrico, nausea, dispepsia e pirose (NAJM, 2011). Entretanto a
ulcera gastrica pode ser assintomatica, principalmente em pacientes idosos nos quais
a prevaléncia pode chegar a 35% (HILTON et al., 2001). Com isso, a ulcera pode
evoluir silenciosamente levando a sérias complicagdes como hemorragia digestiva
alta, podendo ser acompanhada de dor epigastrica, tontura e sincope pela hipotensao
e perda de sangue (LU et al., 2004). A hemorragia digestiva alta € a complicagdo mais
comum dentre as citadas, com incidéncia entre 19 a 57 casos em cada 100.000
pessoas (KEMPENICH; SIRINEK, 2018). Diversas drogas foram associadas ao
aumento de risco de hemorragia gastrica, como AINEs, inibidores seletivos da
recaptacdo de serotonina, corticosteroides, antagonistas de angiotensina e
anticoagulantes (MASCLEE et al., 2014). A segunda complicagdo mais comum e mais
grave da ulcera gastrica é a perfuragdo, em que a cirurgia de emergéncia e tratamento
agressivo contra sepse sao os pilares da terapia para essa complicacao (SYREIDE et
al.,, 2015). Nos casos de perfuragcdo, mesmo com cirurgia e antibioticoterapia
combinada, a sepse € responsavel por metade da mortalidade associada a esta
complicagao (KROBOT et al., 2004; SIREIDE et al., 2015). Sua incidéncia € de 4 a
14 por 100.000 pessoas (KEMPENICH; SIRINEK, 2018).

Embora a incidéncia geral de complicagbes esteja diminuindo nas ultimas
décadas, complicagbes como sangramento, perfuragao e obstrugao sao responsaveis
por quase 150.000 hospitalizagdes anualmente nos Estados Unidos, com mortalidade
de cerca de 30% (SYREIDE et al., 2015).

1.2.2 Epidemiologia

A prevaléncia da ulcera gastrica na populagao mundial € estimada entre
5 a 10%, e sua incidéncia entre 0,1 a 0,3% (ARO et al., 2006; KURATA et al., 1992;
LAU et al., 2011; MALMI et al., 2014; NAJM, 2011; ROSENSTOCK; JORGENSEN,
1995). Contudo, os ultimos 20 a 30 anos mostraram uma diminuigdo na incidéncia,
complicagdes, taxas de hospitalizagdo e mortalidade associadas as uUlceras gastricas
(LANAS et al., 2011; MALMI et al., 2014; SONNENBERG, 2007a, 2007b, 2013). Esses
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declinios podem ser associados as novas terapias aplicadas na década de 1990,
como a erradicagao da bactéria H. pylori, uso generalizado de drogas anti-secretoras
como os inibidores de bomba de prétons, que reduzem drasticamente a acidez
gastrico e, ao uso mais racional dos AINES (LANAS, 2016; LANAS et al., 2011; MALMI
et al., 2014).

1.2.3 Etiologia

Infecgdes pela bactéria Helicobacter pylori € uso de anti-inflamatoérios nao-
esteroides (AINEs) sao identificadas como principais causas de Uulcera péptica
(KEMPENICH; SIRINEK, 2018). A infeccdo por H. pylori, costuma ser oral ja na
primeira infancia, ocorre em todo o mundo com uma alta variagdo na taxa de
prevaléncia entre diferentes paises, principalmente por fatores socioeconémicos
(SUERBAUM; MICHETTI, 2002). Em paises em desenvolvimento a prevaléncia da H.
pylori em adultos é superior a 80%, ja em paises desenvolvidos a prevaléncia é de 20
a 50% (MALATY; GRAHAM, 1994).

A idade avangada é um importante fator que aumenta o risco de
desenvolvimento de ulcera crbnica, varios estudos epidemioldgicos na literatura
demonstram que 60% dos pacientes com ulcera duodenal apresentam mais de 60
anos (LAU et al., 2011). Outros fatores que sao associados ao desenvolvimento de
ulceras gastricas sao o tabagismo e o consumo de alcool (KNOLL et al., 1998; KO;
CHO, 2000).

Além disso, também ha possiveis fatores genéticos que podem aumentar a
susceptibilidade ao desenvolvimento de ulcera gastrica (TANIKAWA et al., 2012).
Estudos mostraram uma associagao do uso do acido acetilsalicilico, um AINE, com
risco aumentado de desenvolvimento de ulcera gastrica de pacientes asiaticos que
apresentam polimorfismos de nucleotideo unico do gene da cicloxigenase-1 (A-842G
e C50T), contudo a relevancia clinica desses estudos nao foi determinada devido a
fraqueza da associagao encontrada dos estudos (SHIOTANI et al., 2014; SHIOTANI;
FUJITA; NISHIO, 2015; WANG et al., 2014).

1.2.4 Tratamento farmacologico
Diante da elucidacao da fisiopatologia da ulcera gastrica, particularmente o

descobrimento da fisiologia da secregdo acida gastrica, ha inumeras estratégias
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terapéuticas disponiveis, como descrito na Tabela 1 (adaptado de CAVALLINI et al.,
2006).

Tabela 1 — Classificagao das drogas para tratamento de ulceras gastricas cronicas

ANTIACIDOS Bicarbonato de sdédio, carbonato de calcio,
hidroxidos de aluminio/magnésio

AGENTES CITOPROTETORES ' Sucralfato, bismuto coloidal

DE BARREIRA

ANTAGONISTAS DE RECEPTOR Cimetidina, ranitidina, famotidina, nizatidina
H2

ANALOGO DE PGE1 Misoprostrol

INIBIDORES DE H*K* ATPASE Omeprazol, pantoprazol, lansoprazol,
rabeprazol, esomeprazol, dexlansoprazol
vonoprazan

FONTE: adaptado de CAVALLINI et al., 2006.

Ap06s a década de 90 o tratamento cirurgico para ulcera gastrica se tornou muito
menos necessario, visto que com o tratamento associado de antibidticos com
inibidores de bomba de prétons (IBPs), como o omeprazol, tem alcangado alta taxa
de cura e foi amplamente difundido. Os IBPs agem reduzindo a produg¢ao de acido
gastrico em até 95% através da ligagao irreversivel com a enzima H*/K* ATPase nas
células parietais gastricas (LARSON; SULLIVAN, 1984). Ainda assim, estdo entre as
duas classes de farmacos predominantemente prescritas devido a melhor eficacia e
seguranga comparada com as outras classes (NEHRA et al., 2018; SCHWESINGER,
2001). O omeprazol foi a primeira droga da classe dos IBPs e introduzida no mercado
em 1989 com grande aceitagdo e boa seguranga para o uso. Nos anos seguintes
diversas outras drogas semelhantes, foram langadas, como o lansoprazol, rabeprazol,
pantoprazol, esomeprazol e dexlansoprazol (VAEZI; YANG; HOWDEN, 2017). Desde
entdo, ha uma preocupacgao crescente com o uso de IBPs, pois em muitos paises
como EUA e Brasil é possivel a compra sem receita médica, o que resulta em um facil
acesso para o publico. Além disso, os IBPs também sao receitados para dispepsia,
azia frequente, dor abdominal, inchago, eructacdo excessiva e es6fago de Barrett
(VAEZI; YANG; HOWDEN, 2017).

Os antibioticos empregados tem a finalidade de eliminar a bactéria H. pylori do
ambiente gastrico, sendo usada a combinagao de dois antibidticos como a amoxicilina,
claritromicina, tetraciclina ou metronidazol (SUERBAUM; MICHETTI, 2002). A
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resisténcia de microrganismos devido ao uso disseminado de antibidticos € uma
tendéncia mundial, por isso a H. pylori ja apresenta uma taxa de resisténcia que varia
de 20% na Suécia até 83% na China (HUNT et al., 2011; ZHANG, 2014).

Além dos IBPs, os antagonistas de receptor H2 da histamina também sé&o
capazes de reduzir a secregdo acida gastrico, porém, no caso da cimetidina, com
efeitos colaterais mais proeminentes e maior interagdo medicamentosa com outros
farmacos (RICHTER, 1986). Os efeitos colaterais dessa classe incluem bradicardia,
hipotensdo, confusdo mental e podem até induzir ginecomastia por interagdo com
androgenos, como € o caso da cimetidina (SPENCE; CELESTIN, 1979). O uso intenso
dessa classe foi de 1970 até 1990, caindo em desuso apds a entrada os IBPs no
mercado farmacéutico (ERIKSSON et al., 1995). Os IBPs estédo entre as 10 drogas
que mais representaram custos com a saude nos EUA em 2015, sendo as mais
prescritas para tratamento de ulceras gastricas e doencga do refluxo gastresofagico
(KANTOR et al., 2015; SCHUMOCK et al., 2016). Contudo, o uso dos antagonistas de
receptores H2 tem aumentado gradativamente, devido ao bloqueio menos intenso da
secrecdo acida gastrica tem sido visto na clinica menos efeitos colaterais dos
antagonistas como a ranitidina (PANULA et al., 2015)

Apos o ano 2000, com a quebra de patente e comercializagado de genéricos e
similares dos inibidores de bomba de prétons, houve um aumento consideravel do uso
dos IBPs principalmente na Europa, em que o omeprazol foi a droga mais
comercializada em 2010 na Espanha (LANAS, 2016). Consequentemente, aumentou-
se significativamente o numero de relatos de prescri¢gdes inapropriadas, em que sao
passadas doses acima do recomendado e por um longo periodo de tratamento, tanto
em hospitais e ambulatérios quanto em centros de saude (VAN VLIET et al., 2008).
Em 2015 um novo farmaco inibidor da secrecao acida foi aprovado para uso no Japao,
0 vonoprazan, da classe dos bloqueadores de acido competitivo com o potassio que
inibe reversivelmente a atividade da H*K* ATPase (GARNOCK-JONES, 2015). Seu
perfil farmacoldgico de inicio de acdo mais rapido, exibe uma maior seguranca e
eficacia na inibicdo da secrecao acida gastrica comparado com os IBPs classicos,
demonstrando assim um grande potencial para sua aprovagédo e uso no ambito
mundial para o tratamento de ulceras gastricas e doencgas relacionadas (HUNT;
SCARPIGNATO, 2015). Contudo, mesmo com a superioridade farmacolégica do mais
recente farmaco aprovado (vonoprazan), esses tratamentos ainda se limitam a apenas

uma via fisioldgica que € a inibicdo da secregéo acida.
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A ulcera gastrica impacta substancialmente no cenario econémico dos paises.
Na Alemanha um estudo chegou ao valor de 3,5 bilhdes de doses diarias definidas
para os IBPs no tratamento de Ulceras gastricas e doencas relacionadas (MOSSNER,
2016). Na década de 90 o custo estimado nos EUA tanto direto, quanto indireto pela
perda da produtividade, foi de U$ 5,65 bilhdes anuais, chegando a U$ 11 bilhdes com
as complicacbes da ulcera gastrica contribuindo consideravelmente para tal custo
(FORGACS; LOGANAYAGAM, 2008; NEHRA et al., 2018; SONNENBERG;
EVERHART, 1997). O custo estimado nos Paises Baixos para a ulcera hemorragica
esta foi estimado em €12000,00, ja a ulcera perfurada chega ao valor de €19000,00
e esse valor sobe para €26000,00 quando ambas ocorrem simultaneamente,
considerando que sao estudos de décadas passadas, esses valores de custos tendem
a ser consideravelmente mais elevados (DE LEEST et al., 2004). Contudo dados mais

recentes sobre o impacto econémico de uUlceras gastricas sdo escassos.

1.2.5 Efeitos adversos do tratamento farmacolégico

Como todo medicamento os IBPs nao estao isentos de efeitos adversos pelo seu
uso. A difusdo global do uso de IBPs levou a estudos que relataram o uso
inapropriado, sendo receitado muitas vezes erroneamente sem a real necessidade
pelo paciente (FORGACS; LOGANAYAGAM, 2008; VAN VLIET et al., 2008). O uso
dos IBPs continua a crescer a cada ano no mundo, sendo que esse fendbmeno
evidencia que ha necessidade de reavaliagao das indicagdes corretas dos IBPs, com
melhores diretrizes baseadas em evidéncias (BHATIA et al., 2019; SAVARINO et al.,
2018). Essa prescricao impropria ocorre principalmente em ambiente ambulatorial, em
que foi constatado um desperdicio de U$ 1,5 milhdes em um centro de saude na
cidade de Ann Arbor, MIl, EUA (HEIDELBAUGH; GOLDBERG; INADOMI, 2010).

Embora os IBPs sejam considerados muito seguros para uso terapéutico,
estudos recentes sobre seu uso prolongado tém observado potenciais efeitos
adversos como risco de fraturas Osseas, pneumonia, infecgdo intestinal por
Clostridium difficile, hipomagnesemia, deficiéncia de vitamina B12, doenga renal
cronica (NEHRA et al., 2018; O'CONNELL et al., 2019). Contudo, a maioria das
evidéncias publicadas mostram uma fraca associagao entre o uso de IBP e o risco de

desenvolvimento de efeitos adversos sérios. Assim, quando clinicamente indicado, é
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altamente recomendavel a prescricdo dos IBPs na menor dose efetiva para o controle
dos sintomas, reduzindo o potencial risco de tais eventos adversos.

Dentro os efeitos adversos do uso dos IBPs, em que as evidéncias sugerem uma
possivel associagao causal, estdo a hipomagnesemia, a deficiéncia de vitamina B12 e
um supercrescimento bacteriano no intestino delgado. A hipomagnesemia associada
ao uso dos IBPs foi descrita primeiramente em 2006 em pacientes que faziam uso de
IBPs por mais de 1 ano e apresentavam espasmos musculares dos pés e maos
(carpopedais) (EPSTEIN; MCGRATH; LAW, 2006). Posteriormente, os niveis séricos
de magnésio nesses pacientes retornaram ao valor normal com a interrup¢cao do uso
de IBPs. Uma meta analise de 9 estudos observacionais com 109798 pacientes
reportou-se um risco de 43% para o desenvolvimento de hipomagnesemia em
pacientes recebendo IBPs (CHEUNGPASITPORN et al., 2015).

O acido gastrico € necessario para liberacdo da vitamina B2 de proteinas dos
alimentos e facilitar a absorgao dessa vitamina no ileo intestinal. Com base nisso, um
estudo revelou uma associagdo tipo causativa de um risco de 65% no
desenvolvimento de deficiéncia de vitamina B12 com o IBPs (MILLER, 2018). Outro
efeito adverso com evidéncias de associagao causal com IBPs é o supercrescimento
bacteriano intestinal, condicao a qual resulta em fermentacéo excessiva com inchago
abdominal, diarreia, inflamagéao intestinal, perda de peso, ma absorgao nutricional, e
lesdo celular pela producdo de enterotoxinas e adesdo bacteriana (HOFFMANN;
ZEITZ, 2002; HUSEBYE et al., 1992; KIRSCH, 1990; RANA; BHARDWAJ, 2008;
WILLIAMS, 2001). Segundo metanalise de 11 estudos ha risco de aumento de
supercrescimento bacteriano intestinal com o uso de IBPs, contudo a importancia
clinica desse evento adverso para os pacientes estudados ainda nao foi avaliada (LO;
CHAN, 2013).

Além dos efeitos adversos, estudos relataram associagao entre uso de IBPs com
maior risco de fraturas 6sseas, de infeccao intestinal por Clostridium difficile e com
doencga renal crénica (NEHRA et al., 2018). Em relacao as fraturas 6sseas devido a
osteoporose, essas exibem uma alta taxa de mortalidade, entre 13% a 22% para
homens e 40% a 50% para mulheres (JOHNELL; KANIS, 2005). Com base no estudo
clinico duplo cego, placebo controlado, em que foi contatado uma menor absorgéo de
calcio em mulheres idosas apés uma semana de uso do omeprazol, foi proposto que
o risco de fraturas aumentado poderia estar associado a redugdo da absorgéo

nutricional do calcio e redugéo da densidade mineral 6ssea (O’'CONNELL et al., 2005).



26

Em estudo coorte retrospectivo com 851631 criangas foi constatada associacdo do
uso de IBPs com maior risco de fratura, que se mostrou amplificado pela maior
duracéo do tratamento (MALCHODI et al., 2019). Em uma metanalise de 18 estudos
observacionais foi relatada uma associagao de risco 33% maior de fraturas ésseas
pelo uso de IBPs (ZHOU et al., 2016). Contudo, ha estudos que ndo encontraram
diferencgas significativas na densidade e estrutura 6ssea pelo uso de IBPs por 5 anos,
o que denota a fraqueza da possivel associagcao (TARGOWNIK et al., 2017). Estudos
sugerem que ha uma ligagao entre infec¢ao por Clostridium difficile e uso de IBPs, o
que guiou o FDA (Food and Drug Administration) a alertar sobre o risco de infec¢ao
intestinal pela terapia com IBPs e indicar sempre a menor dose efetiva (NEHRA et al.,
2018). Tal recomendacédo € baseada na metanalise de estudos observacionais que
constataram aumento de risco da incidéncia e recorréncia de infec¢des intestinais pelo
uso de IBPs, além de que outro estudo relacionou a alteragdo da microbiota intestinal
pelo isso de IBPs também com maior risco de infecg¢ao pela C. difficile (FREEDBERG
et al.,, 2015; JANARTHANAN et al., 2012; KWOK et al., 2012; PARK et al., 2019;
TARIQ et al., 2017).

Relatos levantaram preocupagdes em relacdo a associacdo de lesao renal
cronica e aguda e uso de IBPs. A primeira hipétese foi levantada a partir do estudo
prospectivo de comunidades com risco de desenvolvimento de aterosclerose com
funcado renal normal, com duracdo de 13,9 anos (LAZARUS et al., 2016). Apés uma
analise ajustada os resultados revelaram que o uso de IBPs aumentava em 50% o
risco de desenvolvimento de doenca renal crénica. Outro estudo de base populacional
de 290.592 pacientes com mais de 65 anos encontrou um aumento de 2,5 vezes no
risco de desenvolvimento de lesdo renal aguda e um risco trés vezes maior de nefrite
intersticial aguda entre pacientes idosos que recentemente iniciaram a terapia com
IBP (ANTONIOU et al., 2015).

Foi observado em camundongos que IBPs podem interagir com enzimas cerebrais
como a gama secretase 1 (BACE1), o que leva a uma menor degradagao proteica
lisossomal na micréglia pela inibicdo da H*/ATPase vacuolar, impedindo a depuragao
de peptideos beta amiloides e levando a deméncia da doenga de Alzheimer (BADIOLA
et al., 2013). Estudos observacionais com 3076 pacientes idosos sem histérico de
deméncia foi relataram um risco maior de 38% de desenvolvimento de deméncia e
44% para doenca de Alzheimer com uso de IBPs (HAENISCH et al., 2015). Um

achado semelhante foi obtido em um estudo de coorte com 73679 individuos idosos,
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em que se encontrou um risco 44% maior de desenvolvimento de deméncia associado
com IBPs (GOMM et al., 2016). Contudo esses achados contrastam com o estudo
posteriores, com o estudo prospectivo de 13864 mulheres de meia idade e idosas, em
que nao foi contatada a associagao do uso de IBPs com queda na fungdo cognitiva
(LOCHHEAD et al.,, 2017). Em uma metanalise com 642000 pacientes nao foi
constatada relagédo entre o uso de IBPs com desenvolvimento de deméncia na doenca
de Alzheimer (SONG et al., 2019).

Visto os efeitos adversos mais comuns com o uso, ha também efeitos adversos
incomuns como a sindrome da hipersecregcdo acida gastrica de rebote, que ocorre
com a interrupgéo do tratamento com IBPs (LEROTIC et al., 2011). Por mecanismo
de inibicdo por retroalimentacédo, a secregcdo de acido gastrico inibe a secrecéo
endocrina de gastrina pelas células G. Na redugao da secregao de HCI, as células G
aumentam a secrecao de gastrina, levando ao quadro de hipergastrinemia. Como a
gastrina € um hormdnio que estimula a proliferacdo de varias células estomacais,
como das préprias células parietais secretoras de HCI. Entdo, com a interrupcao do
tratamento com IBPs a produgédo acida gastrica € intensificada, levando ao quadro de
hipercloridria. Visto que HCI € um agente agressor da mucosa, o excesso de sua
producao juntamente com diminuicao dos fatores protetores da mucosa pode resultar
em lesdo gastrica que pode evoluir para Ulcera gastrica (LEROTIC et al., 2011;
TEIXEIRA, 2011; WALDUM et al., 2010).

1.3 ULCERA GASTRICA: ALEM DA INIBICAO DA SECRECAO ACIDA

A supressdo acida gastrica tem sido o foco do tratamento farmacologico
desde a década de 1990. Contudo, estudos com animais e com humanos tém
observado que além da secrec¢ao acida gastrica, outros fatores como a reduc¢do do
fluxo sanguineo também contribuem para o processo de ulcerogénese. Um importante
sistema enddgeno, representado pela sinalizagdo endotelinérgica, merece ser melhor
explorado (KREJCI et al., 2003; LAZARATOS et al., 1995), uma vez que existem
poucos estudos demonstrando o envolvimento do sistema endotelinérgico na

ulcerogénese, particularmente tratando-se de ulceras gastricas crénicas.
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1.3.1 Sistema endotelinérgico

As endotelinas sao peptideos enddgenos que desde sua descoberta em 1988,
sdo os vasoconstritores mais potentes conhecidos, e sua denominagao foi devido a
primeira fonte descrita, o endotélio (YANAGISAWA et al., 1988). Nos mamiferos ha
diferentes isoformas, como a endotelina-1 (ET-1), que é mais abundante e de maior
relevancia bioloégica, endotelina-2 (ET-2) e endotelina-3 (ET-3) (INOUE et al., 1989;
SAIDA; MITSUI; ISHIDA, 1989). Tais peptideos ligam-se em duas subclasses de
receptores acoplados a proteina G, o receptor ETa e o receptor ETs, que através de
uma sinalizagao por Ca?* culmina na ativagéo da fosfolipase C (DAVENPORT, 2002).
Predominantemente, ambos receptores ETa e ETs s&o encontrados em todo sistema
circulatério, como na musculatura lisa vascular, enquanto o receptor ETs € encontrado
apenas no endotélio vascular (MAGUIRE; DAVENPORT, 2015).

Todas as isoformas de ETs ligam-se com a mesma afinidade ao receptor ETs,
enquanto apenas a ET-3 possui baixa afinidade ao receptor ETa (RUBANYI,
POLOKOFF, 1994). Os receptores ETa e ETs compartilham sinalizagao por proteina
Gg11, com uma sustentada liberagdo de Ca?* dos estoques intracelulares seguida da
entrada extracelular de Ca?*, (RUBANYI; POLOKOFF, 1994).

Além do endotélio diversos outros tipos de células sintetizam as endotelinas,
como células musculares lisas, epiteliais renais, neurdnios, fibroblastos,
miofibroblastos, mastocitos, mondcitos, macréfagos, leucdcitos e células dendriticas
(FINSNES et al., 2001; HOUDE; DESBIENS; D’ORLEANS-JUSTE, 2016; IWATA et
al., 2009; JUERGENS et al., 2008; SHI-WEN et al., 2006; SPRAGUE; KHALIL, 2009;
SUTCLIFFE et al., 2009). A expressao de ET-1 pode sofrer influéncia de diversos
fatores, como os que aumentam sua expressao, como a trombina, bradicinina,
angiotensina Il, fator B de transformacao de crescimento, hipoxia e miRNAs (FRIES,
2019; RUBANYI; POLOKOFF, 1994; VON BRANDENSTEIN; RICHTER; FRIES,
2012).

Ha também fatores que podem diminuir a expressao de ET-1, como o éxido
nitrico e estresse por forga de cisalhamento (GRATTON et al., 1997; RAPOPORT,
2014). A degradacgédo de ET-1 livre € dependente dos mastocito dependente por
atividade intracelular da carboxipeptidase A3 (SCHNEIDER et al., 2007). Ja a ET-1
ligada ao receptor ETe € degradada pela internalizagcdo do complexo seguida de
digestéao lisossomal (BREMNES et al., 2000).
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A ativacéo dos receptores de ET, que induz um aumento sustentado no Ca?*
citosélico, influencia em uma variedade de segundos mensageiros, como a via da
proteina quinase ativada por mitdgeno (MAPK), via da rho-quinase e adenilato ciclase
(IVEY; OSMAN; LITTLE, 2008). Como exemplos especificos, através da MAPK,
fatores de transcricdo c-fos e c-myc a ET-1 atua como mitdgeno nas células
musculares lisas, assim como inibidores de MAPK, c-Src, PI-3K e Janus tirosina
quinase anulam o efeito vasoconstritor de ET-1 (BOBIK et al., 1990; FUJITANI et al.,
1995). Isso denota que as ETs podem exercer muitos outros efeitos além da
manutencdo da pressdo sanguinea, como por exemplo em condicbes de doencgas

cardiacas e pulmonares, insuficiéncia renal e tumores (DAVENPORT et al., 2016).

1.3.2 Endotelina-1 e estresse oxidativo

A ativagdo de receptores ETA/ETs por ET-1 é capaz de induzir estresse
oxidativo, por via de fosfato de dinucleotideo de nicotinamida e adenina (NADPH)
dependente de Ca?*, o qual resulta na produgdo de anion superoxido (O2-) seguido
de dano oxidativo, demonstrado tanto in vitro quanto in vivo (DUERRSCHMIDT et al.,
2000; MONTEZANO et al., 2010; WEDGWOOD et al., 2001). Essa relacao é fortificada
pela demonstracdo que inibindo a atividade da NADPH oxidase diminui-se a
vasoconstricdo mediada por ET-1 (LOOMIS, 2005; MEYER; BARTON; PROSSNITZ,
2014).

Similarmente a relagdo ET-1 com estresse oxidativo foi demonstrada por
sua injecao intravenosa, que induziu intensa e persistente vasoconstricao, levando a
isquemia de 6rgaos e geragao de espécies reativas (DONG et al., 2005; LOOMIS,
2005; LOPEZ-SEPULVEDA et al., 2011; THAKALI et al., 2005). Tal estresse induzido
por ET-1 resulta na reducdo da glutationa intracelular (GSH) e aumento da
peroxidagao lipidica pelo aumento de geracédo de lipoperoxidos (SCALERA et al.,
2002; VISWANATHA SWAMY et al.,, 2011). Ambos receptores ETA/ETs estédo
envolvidos com a geracao de espécies reativas, e o bloqueio desses receptores com
antagonista diminui os danos oxidativos (BRIYAL; PHILIP; GULATI, 2011; DONG et
al., 2005; ELMARAKBY et al., 2005; XU; LIN; YUAN, 2003).

Em pacientes com doencga arterial coronariana, o antagonista peptidico
do receptor ETa, 0 BQ123, que apresenta meia vida curta, foi capaz de reduzir a

producdo de Oz, com provavel envolvimento da NADPH oxidase, fato relacionado
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com preservagao da vasodilatagdo dependente do endotélio (CERRATO et al., 2012).
Em relagcdo ao antagonista peptidico do receptor ETs BQ788, também foi mostrado
uma redugao da producéo de espécies reativas de oxigénio (EROs) em ganglios do
sistema nervoso simpatico de ratos hipertensos (DAl et al., 2004). No mesmo estudo
foi constatado um aumento na expressdao do receptor ETs devido ao quadro
hipertensivo, o que explica em parte o efeito do antagonista ETs. Outro estudo
demonstrou o efeito do antagonista peptidico seletivo para o receptor ETs, 0 BQ788,
que reverteu o quadro hipotensivo e reduziu o estresse oxidativo induzidos por
lipopolissacarideo (LPS) em ratos (PIECHOTA-POLANCZYK; GORACA, 2012).

1.3.3 Endotelina-1 e o processo inflamatario

Muitos estudos tém demonstrado a participacdo da ET-1 em processos
inflamatorios, nos quais o peptideo € responsavel pela ativagdo de fatores de
transcricdo como o NF-kB e expressao de citocinas pro inflamatérias como TNF-a, IL-
6 e IL-1 (YEAGER et al., 2012). Adicionalmente, foi demonstrado que esses fatores
pré-inflamatérios, como NF-kB, também podem estimular a produgdo de ET-1
(VIRDIS; SCHIFFRIN, 2003). Essa relagdo ET-1 com citocinas inflamatérias é
evidenciada por diversos estudos, como no que avaliou o antagonista seletivo ETa
BQ123, que foi capaz de bloquear o aumento de TNF-a e IL-13 em modelo de
enfisema pulmonar em ratos. (CHEN et al., 2010).

Em pacientes com esclerose sistémica foi constatado um aumento sérico de
ET-1 e citocinas inflamatérias como IL-2, IL-6, IL-8 e IFN-y, as quais tiveram seus
niveis reduzidos pelo tratamento com a bosentana, o antagonista de receptores
ETA/ETs (BELLISAI et al., 2011). Em estudo com pacientes pds-cirurgicos de ponte
de safena, o antagonista BQ123 foi capaz de reduzir os niveis de TNF-aq, efeito o qual
foi associado a melhor desfecho cirurgico para o paciente (FORD et al., 2008). A
producao de EROs foi aumentada em diferentes tipos celulares por vias dependentes
de NF-kB, COX e NADPH oxidase (DONATE et al., 2012; KLENIEWSKA et al., 2013;
PIECHOTA; GORACA, 2011).

O inibidor de NF-kB, o BAY 11-7082, preveniu o edema e estresse
oxidativo induzidos por ET-1 exdgena nos tecidos pulmonar e hepatico, demonstrando
a relacdo de ET-1 com mediadores inflamatorios (KLENIEWSKA et al.,, 2013;
PIECHOTA; GORACA, 2011). O tratamento com bosentana em um modelo de artrite



31

reumatoide mostrou efeito anti-inflamatério pela reducao de infiltracdo de leucécitos,
reducdo das citocinas pré-inflamatérias IL-13, TNF-a e IL-17, conjuntamente com
melhora do quadro geral da doengca (DONATE et al., 2012). Tanto o BQ123 quanto
BQ788 foram capazes de melhorar a hemodinamica e diminuir a peroxidagao lipidica
plasmatica induzidas pelo LPS em ratos, mas apenas BQ123 reduziu o aumento do
marcador inflamatério TNF-a no plasma (PIECHOTA-POLANCZYK; GORACA, 2012).

Com isso, o aumento dos niveis de citocinas inflamatorias ativam a
producdo de prostaglandinas durante o processo inflamatério em diferentes tipos
celulares, como células endoteliais vasculares e musculatura lisa. Através da atividade
da cicloxigenase (COX) ocorre a produgao das prostaglandinas, por processo que se
inicia na catalise do acido araquiddnico pela fosfolipase A2, esse por sua vez serve
de substrato para COX na producdo de prostaglandinas. A COX-1 é a isoforma
constitutiva expressa em condicdes fisiolégicas normais na maioria dos tecidos, ja a
isoforma COX-2 é expressa apenas quando ha um processo inflamatério. Estudos
recentes mostraram que ET-1 é capaz de induzir a expressao de COX-2 e elevar a
producao de PGE:2 por via MAPK e NF-kB (LIN et al., 2013).

ET-1 é capaz de aumentar a expresséo de proteina de adesao celular
VCAM-1 no endotélio vascular e estimular a infiltracdo de neutrdfilos
polimorfonucleares, contribuindo para inflamacao e disfungdo endotelial (LI et al.,
2003). A infiltracdo de neutrdéfilos no processo inflamatorio contribui para a geragéo de
EROs, proteases e metabdlitos do acido araquidbnico, como demonstrado em dano
por isquemia-reperfusdo em miocardio de modelos experimentais (HANSEN, 1995).
Estudos indicam que ET-1 causa acumulo de neutrdfilos, seguido da geragédo de
EROs, producéao de proteases e disfungdo da mucosa intestinal em ratos (OKTAR et
al., 2000). Com isso, foi relatado que o bloqueio dos receptores endotelinérgicos ou
knock-out de ET-1 atenuou a infiltracdo de neutréfilos apds isquemia no miocardio
(ANGGRAHINI et al., 2009; GONON et al., 2001). A propria geragao de EROs contribui
para a disfungao endotelial na aterosclerose, como mostrado em modelo experimental
e em humanos, em que o aumento da producdo de ET-1 foi relacionado ao
desenvolvimento da placa aterosclerética (BARTON; TRAUPE; HAUDENSCHILD,
2003; DASHWOOD; TSUI, 2011; HAUG et al., 1996). Achados como esse foram
corroborados por estudos posteriores, como em que se verificou estresse oxidativo e
infiltracdo de mondcitos e macrofagos em camundongos com superexpressao de ET-

1 endotelial. Contudo, deve-se atentar neste estudo a maior importédncia da ET-1
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tecidual em relacéo a plasmatica, como mostrado no estudo em que a quantidade de
ET-1 tecidual aumentada € capaz de predizer a formagao de placa aterosclerética em
pacientes com doenga renal cronica (NOSHAD et al., 2009). EROs induzidos por ET-
1 sdo um importante fator no desenvolvimento de doengas, como a aterosclerose. Foi
proposto que antagonistas de receptores de endotelinas podem ser uteis na
prevencao de doencgas vasculares, visto que a superexpressao de ET-1 pelo endotélio
vascular € acompanhada de aumento na sensibilidade da ativagdo de canais de
potassio voltagem dependente, prejudicando a vasodilatagdo dependente do
endotélio (KITADA et al., 2009; KITADA; OHKITA; MATSUMURA, 2012; MIAN et al.,
2013).

Vale notar que em determinadas condigbes como a sepse, estratégias anti-
inflamatdérias com corticosteroides, anti-TNF-a, terapias baseadas em IL-1 e
ativadores de proteina C nao se mostraram promissoras para essa doenca (XIE et al.,
2014). Devido a isso, a modulagcao da via endotelinérgica tem sido proposta como

uma alternativa viavel para melhorar quadros inflamatérios.

1.3.4 Sistema endotelinérgico e ulceras gastricas

As primeiras pesquisas a explorar a relagao do sistema endotelinérgico com
a ulcerogénese demonstraram que ET-1 exdgena é capaz de induzir hipdxia no
estdbmago e comprometer a integridade da mucosa gastrica, efeito esse impedido pelo
pré-tratamento oral com a bosentana em modelos animais (KREJCI et al., 2003;
LAZARATOS et al., 1995). Com isso, deu-se inicio da pesquisa com antagonistas de
endotelinas, como a bosentana, em modelos experimentais de ulceras gastricas
induzidas por AINEs, estresse e a lesao por isquemia reperfusao. Nesses modelos, o
efeito do pré-tratamento com a bosentana reduziu significativamente a area ulcerosa
e diminuiu a atividade da mieloperoxidase, um marcador de infiltragcao de neutrofilos
(DU et al., 2013; HASSAN; KASHIMURA; MATSUMARU, 1997; MATSUMARU, 1997;
PADOL; HUANG; HUNT, 1999). Assim como relatado em estudos com modelos
animais, constatou-se efeito gastroprotetor do pré-tratamento com a bosentana
também em humanos, tanto contra danos por ingestdo de alcool como pelo AINE
acido acetilsalicilico (DUGGAN et al., 1999).
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1.3.5 Uso off-label de farmacos vasoativos

Cerca de 30% até 50% dos pacientes com esclerose sistémica sao afligidos
por ulceragdes dolorosas nas extremidades das maos conhecidas como ulceras
digitais (AMBACH et al., 2009; CHUNG, 2007; HACHULLA et al., 2007). Essas
ulceracdes sao desencadeadas pelo fenbmeno de Raynaud, em que devido a
vasculopatia de pequenos vasos sanguineos ocorre uma intensa e prolongada
vasoconstricdo, causando hipoperfusdo e hipdxia tecidual, levando a necrose das
extremidades afetadas e podendo levar até a amputagdo do membro afetado (ROSS;
NIKPOUR, 2019). Outros eventos ocorrem em paralelo, como vasoespasmo
secundario ao fendmeno de Raynaud, fibrose da tunica intima vascular e trombose
arterial, de modo que quando iniciado, o processo de ulceragao tende a progredir pelo
membro ou local com auséncia de qualquer processo cicatricial (CHUNG;
FIORENTINO, 2006).

A fisiopatologia das ulceras digitais na esclerose sistémica é complexa e ndo
esta completamente elucidada. Contudo, um fator que foi intimamente relacionado
com a severidade das ulceras digitais foi o elevado nivel de ET-1 nos pacientes
(YAMANE et al., 1992). Durante um estudo clinico com a bosentana 125 mg/dia para
hipertensao arterial pulmonar em pacientes com esclerose sistémica constatou-se
que, como efeito secundario ocorreu a cicatrizacdo de Uulceras digitais nesses
pacientes de modo jamais visto em estudos anteriores (HUMBERT, 2003). Estudos
de caso posteriores reforgaram tal evidéncia, em que demonstram que além de induzir
a cicatrizacao das ulceracdes a bosentana foi capaz de prevenir a formagao de novas
lesdes em pacientes com histérico de ulceras digitais (KORN et al., 2004). Com base
nesses estudos de caso, estudos clinicos foram realizados atestando a efetividade da
bosentana na cicatrizagdo e prevencgao de ulceras digitais na esclerose sistémica,
sendo recomendado seu uso off-label com seguranca e efetividade (KORN et al.,
2004; MATUCCI-CERINIC et al., 2011). Em paralelo, outras drogas vasoativas foram
testadas em estudos clinicos e observacionais partindo-se do uso off-label com
bloqueadores de canais de calcio, iloprosta e dentre eles a sildenafila isoladamente e
a associacdo da bosentana com sildenafila. Esses pacientes apresentavam
adicionalmente uma menor produgdo de Oxido nitrico, o qual foi relacionado
intimamente com o surgimento e progressao das ulceras digitais, denotando assim a

relevancia da manutengao do fluxo sanguineo tanto para prevencédo quanto para
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cicatrizagdo dessas graves lesbes (AMBACH et al., 2009; FREEDMAN; GIRGIS;
MAYES, 1999; KOWAL-BIELECKA et al., 2017). Em virtude disso, estudos clinicos
partiram do pressuposto que aumentando a disponibilidade de 6xido nitrico nesses
pacientes poderia se obter uma melhora do quadro de ulceras digitais, como foi
constado por um estudo clinico piloto com a sildenafila nos pacientes com esclerose
sistémica (BRUECKNER et al., 2010; HACHULLA et al., 2016).

1.3.6 Bosentana: Antagonista duplo de receptores de endotelina

Em 2001, a bosentana (Tracleer®) foi o primeiro antagonista duplo de
receptor ETA/ETs registrado nos EUA como tratamento oral para pacientes com
hipertenséo pulmonar funcional de classe Ill e IV (DUPUIS; HOEPER, 2008; MOTTE;
MCENTEE; NAEIJE, 2006). Diversos estudos clinicos demonstraram a efetividade da
bosentana
na melhora significativa da capacidade de exercicio e na hemodinamica por analise
de Doppler e ecocardiograma (MONTANI et al., 2013; MOTTE; MCENTEE; NAEIJE,
2006). Outros importantes parametros também foram melhorados pela bosentana,
como aumento da microcirculagao de érgaos internos e tecidos periféricos, diminuigao
da superexpressao de ET-1, INOS e COX-2 (ISKIT et al., 2004; KELLER et al., 2006;
KREJCI et al.,, 2003). Além da bosentana outros antagonistas foram lancados
posteriormente, como antagonista duplo tezosentana, antagonistas seletivos para o
receptor ETA como a macitentana, ambrisentana, atrasentana, sitaxsentana sao
alguns exemplos (BURNIER et al., 2010; MONTANI et al., 2009; SIDHARTA; VAN
GIERSBERGEN; DINGEMANSE, 2013).

1.3.7 Sildenafila: Inibidor da fosfodiesterase tipo 5

Em 1998 o citrato de sildenafila foi aprovado pela Food and Drug
Administration dos EUA e pela Agéncia Europeia de Medicamentos para o tratamento
sob demanda de disfuncéo eréctil, sendo o primeiro inibidor da fosfodiesterase tipo 5
(PDEDb) licenciado para tal indicagao (GIULIANO et al., 2009). A eficacia e seguranga
da sildenafila no tratamento da disfuncao erétil foram estabelecidas em mais de 120
ensaios clinicos pelo fabricante (Pfizer Limitada, Sandwich, Kent, Reino Unido),

atingindo uma exposi¢cdo cumulada de mais de 14 mil pacientes, somando outros
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estudos independentes (LATIES; SHARLIP, 2006; SALONIA; RIGATTI; MONTORSI,
2003). Contudo, efeitos adversos de intensidade leve a moderada foram relatados,
como cefaleia, congestao nasal e rubor facial, sendo considerada uma droga com alta
segurancga para o uso (BROCK et al., 2002; HELLSTROM et al., 2002, 2003). Tais
efeitos adversos foram relacionados tanto com o tratamento com sildenafila quanto
com outros inibidores de PDES5, como vardenafila (Levitra ® , da Bayer AG,
Leverkusen, Alemanha) e a tadalafila (Cialis ® , Eli Lilly Nederland BV, Houten, Paises
Baixos) com diferenga nao significativa entre as drogas descritas (CAMPBELL, 2005;
GRESSER; GLEITER, 2002).

A sildenafila e outros inibidores da PDES agem na via do 6xido nitrico
que é gerado pelas células epiteliais a partir do aminoacido L-arginina e oxigénio
molecular. O 6xido nitrico entdo se difunde até o citoplasma das células musculares
lisas vasculares, local onde ativa a enzima guanilato ciclase soluvel (GCs), que por
sua vez a GCs converte o trifosfato de guanosina (GTP) em monofosfato de guanosina
ciclico (GMPc) ativando a proteina quinase dependente de GMPc (PKG). Em seguida
a PKG fosforila multiplas proteinas, como a fosfatase da cadeia leve da miosina, a
RhoA, o receptor IP3, a fosfolipase C entre outras, culminando na diminuigdo do Ca?*
citosolico e abrindo os canais de potassio ATP dependente, que hiperpolarizam as
células musculares lisas vasculares, induzindo assim o relaxamento da musculatura
lisa vascular (vasodilatacdo) e aumento do fluxo sanguineo (FRANCIS; BUSCH;
CORBIN, 2010; FRANCIS; CORBIN, 2005).

Em virtude do seu efeito vasodilatador, foram realizados estudos clinicos
com a sildenafila na cicatrizagao de ulceras digitais. Um estudo unicéntrico com 19
pacientes com Uulceras digitais decorrentes de esclerose sistémica, em que foram
tratados com sildenafila na maxima dose tolerada (até 150 mg) por 6 meses, mostrou
um efeito cicatrizante nas ulceragdes existentes e reduziu formacao de novas ulceras
(BRUECKNER et al., 2010). Igualmente em outro estudo clinico com 83 pacientes, o
tratamento com 60 mg/dia de sildenafila induziu cicatrizacao significativa das ulceras
digitais quando comparada com placebo (HACHULLA et al., 2016).

Contudo, o efeito da sildenafila assim como da bosentana vai muito além
do aumento da vasodilatagdo e aumento do fluxo sanguineo. Estudos mostraram que
a sildenafila é capaz de diminuir a geracdo de EROs e diminuir o dano tecidual
isquémico em diversos 6rgaos como intestino, figado, ovario, rim, pulmao e coragéo.
(GUERRA-MORA et al., 2017; INAN et al., 2013; INCEBIYIK et al., 2015; MOHEY et
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al., 2016; WANG et al., 2015). De forma semelhante, parametros inflamatorios foram
melhorados com o tratamento com sildenafila em modelos in vitro, in vivo e em
humanos (LAXMI et al., 2019; TAIBI et al., 2010; VLACHOPOULOS et al., 2015;
ZAHRAN et al., 2015). Tratando-se do estdmago, o pré-tratamento com sildenafila
exibiu de forma similar protecdo em modelos de lesdo gastrica induzidas por AINEs
como a indometacina, etanol e acido acético, em que alguns autores consideram tal
efeito intimamente associada a via do NO (AYDINLI et al., 2007; DUFFIN; SHAW;
ROSSI, 2008; MEDEIROS et al., 2008; MOUSTAFA et al., 2013; SANTOS et al., 2005;
SARAC et al., 2017). Contudo, ha uma caréncia de estudos com modelo de Ulcera
gastrica aguda por isquemia reperfusdo com a sildenafila, visto os inumeros estudos
com tal modelo para outros 6rgaos.

No caso de ulceras digitais, tanto bosentana quanto a sildenafila exibem
efeitos vasodilatador e cicatrizante por vias farmacodinémicas distintas. Estudos
levantaram a hipdtese de que se poderia obter um sinergismo farmacoldgico com
combinagdo de ambas as drogas, como foi visto no estudo de caso em que a
monoterapia com a bosentana (125 mg/dia) nédo exibiu efeito clinico satisfatorio para
cicatrizagao de ulceras digitais, contudo o efeito cicatrizante foi visto adicionando de
modo sustentado com baixa dose de sildenafila (12,5 mg/dia) (AMBACH et al., 2009).
Outro estudo de caso semelhante constatou o mesmo efeito sinérgico do tratamento
combinado da bosentana com a sildenafila para cicatrizacdo de ulceras digitais
(OMARJEE et al., 2017). Enquanto ainda ha poucos estudos com a combinacao de
ambas as drogas (bosentana e sildenafila) para ulceras digitais, para hipertensao
arterial pulmonar ha muito mais evidéncias de eficacia na combinacdo. Como
mostrado no estudo retrospectivo com pacientes com hipertensao arterial pulmonar,
em que a bosentana foi combinada com diferentes inibidores da PDES, inclusive a
sildenafila, foi constatado o beneficio clinico dessa combinagéo (SITBON et al., 2016).
Interessantemente, em estudo anterior, pacientes com hipertensao arterial pulmonar
em tratamento com 250 mg/dia com bosentana, tiveram essa dose diminuida para 125
mg/dia e combinada com 50 mg/dia sildenafila, obtendo-se um resultado clinico
superior @ monoterapia (AMIN et al., 2015).

A partir desses achados elaborou-se a hipdétese de que tanto a
monoterapia quanto a combinagdao da bosentana e sildenafila poderiam exibir um
efeito gastroprotetor contra ulceras gastricas agudas, assim como acelerar a

cicatrizagao de ulceras gastricas cronicas.
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Abstract

Introduction: Several factors are known to induce gastric ulcer in the postoperative period, due
to gastric ischemia-reperfusion injury (IR), which can cause serious complications.
Conventional treatment for gastric ulcers caused by IR is based on inhibition of acid secretion
with proton pump inhibitors (PPIs) due to omeprazole. Recent studies have shown correlations
between the use of PPIs and complications such as intestinal infections in a hospital setting.
Vasoactive drugs, such as bosentan and sildenafil, have a gastroprotective effects without
change gastric acid secretion, thus avoiding risks associated with PPIs. Therefore, this study
aims to analyze the gastroprotective effect of bosentan and sildenafil isolated or in association
against gastric ulcers induced by IR. Methods: In male Wistar rats, gastric ulcers were induced

by 1h of ischemia by celiac artery occlusion and one hour of reperfusion. The rats were orally
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pretreated with vehicle (1 ml/kg), omeprazole (40 mg/kg), bosentan (3, 10 or 30 mg/kg),
sildenafil 1 or 5 mg/kg) or the combination of bosentan (3 mg/kg) and sildenafil (1 mg/kg) at
the lowest ineffective doses. The efficacy of pretreatments was measured by ulcer area and of
gastric mucus. The neutrophil infiltration level, an inflammatory parameter, was measured by
myeloperoxidase activity. The gastric oxidative stress was measured by quantification of
reduced glutathione, lipid peroxides, and antioxidant enzymes superoxide dismutase,
glutathione S-transferase and catalase activities. Results: Pretreatment with bosentan, sildenafil
or low-doses combination decreased the injury area by IR and neutrophil infiltration in gastric
tissue, as well as preserving gastric defenses such as mucus and endogenous antioxidant and
decreased the oxidative stress. Conclusion: Bosentan and sildenafil were effective in promoting
gastroprotection against IR gastric injury. Both of these drugs have effects of preventing
protective gastric mucus depletion, decreasing the infiltration of inflammatory neutrophils and
preventing depletion of enzymatic and non-enzymatic endogenous antioxidants. Therefore, this
research shows that other pathways besides gastric acid secretion are involved with
gastroprotection, such as the endothelergic system and the nitric oxide signaling, pathways that

do not interfere with gastric acid secretion.

1. INTRODUCTION

Protective factors of the gastric mucosa such as gastric mucus, blood flow,
microcirculation, and endogenous antioxidant defenses are essential for tissue defense against
aggressive factors of the stomach such as ethanol, non-steroidal anti-inflammatory drugs and
ischemia-reperfusion (IR) [1,2]. Gastric IR injury is a clinical problem caused by multiplus
events such as shock, acute gastric dilation, vasculitis, atherosclerosis, esophageal hernia,

disseminated intravascular coagulation, and as a postoperative complication [3—8]. Despite the
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low rate of occurrence, IR gastric injury may require a long period of hospitalization and is
associated with an increased risk of death [9]. The pathogenesis of IR injury involves leukocyte
adhesion, neutrophil infiltration, and intense oxidative stress. [10—13].

Conventional pharmacological therapy for acute gastric lesions is based on the
inhibition of gastric acid secretion using predominantly proton pump inhibitors (PPIs) [14].
PPIs are available for sale without a prescription in several countries such as Brazil and the
USA [15,16]. The widespread use of PPIs has led to several observational studies bringing
evidence of the association of PPI use with increased risk for osteoporotic fracture development,
intestinal bacterial overgrowth, intestinal Clostridium difficile infection, vitamin B12
deficiency and even increased risk of death. [14,17-20].

Seeing that the potential outcomes harmful to health due to gastric acid inhibition, it is
remarkable the importance of exploring other pharmacological targets for gastroprotection of
acute injuries to avoid such adverse possible effects associated with the use of PPIs. The
maintenance of blood flow and microcirculation are essential for gastroprotection, vasoactive
drugs such as endothelin receptor antagonists and phosphodiesterase 5 inhibitors, such as
bosentan and sildenafil respectively, have demonstrated gastroprotective effects in animal
models of acute gastric ulcer caused by multiple factors, such as non-steroidal anti-
inflammatory drugs, ethanol, and stress [21-27]. These studies denote the involvement of the
endothelergic system and the nitric oxide pathway on gastric injury by these ulcer models, but
not for the IR model yet. Therefore, this study aims to explore the gastroprotective effect of

bosentan and sildenafil alone or in low-doses combination for treatment to IR ulcers.
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2. METHODS

2.1. Animals

Male Wistar rats supplied by the BSU of Federal University of Parana, Curitiba, Parana,
were used in all the in vivo experiments. The rats were housed in cages at 22 + 2 °C, light/dark
12h/12h cycles and free access to water and food. All in vivo experimental protocols were
approved by the Animal Ethics Committee of Biological Science Sector of Federal University

of Parand (CEUA/BIO-UFPR) on number 1054.

2.2. Acute gastric ulcer by ischemia-reperfusion injury

As described by Wada (1997), the acute ulcer was induced with some modifications.
Rats kept fasted for 18 h before gastric ulcer induction. The rats were orally pretreatment with
vehicle (water, 1 mL/kg), omeprazole (40 mg/kg), bosentan (3, 10 or 30 mg/kg - Actelion
Pharmaceuticals Ltd. Allschwil, Switzerland - PubChem CID: 104865), sildenafil (1 or 5 mg/kg
— PubChem CID: 135398744) or low-dose combination of bosentan (3 mg/kg) and sildenafil (1
mg/kg), prior 30 minutes before the gastric ischemia. The rats were underwent general
anesthesia by ketamine (100 mg/kg i1.p.) and xylazine (10 mg/kg i.p.) and an incision was made
in the abdomen. The celiac trunk was identified and clamped with a small clamp on holding
force 145g for 1 h. After this period, the reperfusion was initiated by clamp removal. After 60
min of reperfusion, the animals were euthanized by a lethal dose of ketamine (100 mg/kg) and
xylazine (100 mg/kg), then the stomachs were removed and opened along the lesser curvature

to determine the lesion area.
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2.3. Preparation of gastric samples

IR induced gastric ulcers were homogenized in 200 mM phosphate potassium buffer pH
6.5 and centrifuged at 9.000g for 20 min at 4°C. The homogenates were used for lipoperoxides
(LPO) quantification. The supernatants were used for quantification of reduced glutathione
(GSH), glutathione S-transferase activity (GST), catalase (CAT) activity and superoxide
dismutase (SOD) activity. The pellets were used for myeloperoxidase (MPO) activity

measurement.

2.4. Determination of gastric mucus quantification

The gastric mucus was measured according to Corne et al (1974). The gastric mucus of
the glandular segment of the stomach was complexed with a dye solution of 0.1% Alcian Blue
for 2 h. After, the tissue was washed with 250 mM sucrose twice for 15 and 45 min respectively,
and then the complex mucus-dye was extracted adding 500 mM magnesium chloride and stirred
intermittently for 2 h. The solution extracted was mixed with the same ether volume and
centrifuged for 10 min at 3600g. The aqueous layer was separated to measure the absorbance

at 580 nm and the results were expressed in pg Alcian blue/g of glandular tissue.

2.5. Determination of myeloperoxidase actividy

The myeloperoxidase (MPO) activity, an enzyme present in neutrophils, was measured
by the method of Bradley and Priebat, 1984, modified by De Young et al., 1989 [28,29]. The
ulcer samples were homogenized in 200 mM phosphate potassium buffer pH 6,5 and
centrifuged at 9000 g for 20 min at 4 °C. The pellets were resuspended with 1 mL of phosphate
potassium buffer in the presence of 0.5% hexadecyltrimethylammonium (HTAB). The samples
were sonicated for 1 min and centrifuged at 11.000 g for 20 min at 4 °C. In 96 well plates, 30

pL of the supernatant was added in 220 pL of a solution containing: 100 uL of 80 mM potassium
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phosphate buffer, 85 uL of 22 mM sodium phosphate buffer and 15 pL 0.017% of H2O». The
reaction was started with the addition of 20 pL of tetramethylbenzidine (TMB) and incubated
for 3 min at 37 °C. The reaction was interrupted by 30 puL of 1.46 M sodium acetate (pH = 3.0)
and the enzyme levels were determined in a spectrophotometer at 620 nm. The results were

expressed as a unit of optical density (O.D.)/mg protein.

2.6. Determination of reduced glutathione content

The method of Sedlak and Lindsay (1968) was used for gastric GSH content. In 50 pL
of homogenates was added 40 pL of 12,5% trichloroacetic acid, vortexed briefly and
centrifuged at 9000 g for 15 minutes. Then, in a 96-well plate, 40 pL of the supernatants were
added in 290 pL of Tris-HCI buffer (0.4 M, pH 8.9) and 5 pL of DTNB (0.01 M, 5,5'-dithiobis
(2-nitrobenzoic acid)). The procedures were performed at 4°C. Subsequently, the absorbance
was measured by spectrophotometry at 415nm. The values obtained were interpolated with a

standard curve of GSH and results were expressed as pg/g of tissue.

2.7. Determination of glutathione S-transferase activity

The determination of glutathione-S-transferase activity (GST) was performed based on
the method of Habig et al. (1974). The specific activity of GST was determined by the
conjugation of dichloro-nitrobenzene with GSH, forming a thioether which can be monitored
by increasing absorbance. Thus, 100 pl of the supernatant was added to 200 pl of reaction
solution containing 3 mM dichloro-nitrobenzene (diluted in ethanol) and 3 mM GSH (diluted
in phosphate buffer). The activity of the GST was quantified in intervals of 10 s for 1 min, in a

spectrophotometer at 340 nm and expressed in pmoles/mg of protein/min.
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2.8. Determination of superoxide dismutase activity

According to the method of Marklund and Marklund (1974) and Gao et al (1998), the
superoxide dismutase activity was determined. The method is based on the inhibition of
pyrogallol autoxidation by superoxide dismutase. Thus, 20 ul of supernatant was mixed with
25ul of 1 mM of pyrogallol and 300uL of 200 mM Tris HCI-EDTA buffer solution at pH 8.5,
at room temperature for 20 min. The reaction was interrupted by the addition of 12.5 pl of 1M
HCI and centrifuged for 4 min at 14000 g. The absorbance was measured at 405 nm using a
microplate reader. The amount of superoxide dismutase that inhibited the oxidation of
pyrogallol by 50%, relative to the control, was defined as one unit of SOD activity. The

enzymatic activity was expressed as U/mg of protein.

2.9. Determination of catalase activity

The catalase activity was determined by measuring the rate of H>O> conversion
to Oz at room temperature (Aebi, 1984). In a 96-well UV, the microplate was added 5 pl of
supernatant in 295 pl of phosphate buffer pH 7 and 30 mM H>O». The absorbance was measured
for 1 minute at 240 nm in a microplate reader. The molar extinction coefficient of H2O» 43.6

cm™! was used to determine the catalase activity, expressed as U/mg of protein.

2.10. Determination of lipoperoxides content

Ulcer tissue homogenates were diluted in 90% methanol (1:1) pH 6.5, sonicated and
centrifuged at 14000 g for 15 min at 4°C. The number of lipoperoxides was determined by the
FOX method described by Jiang et al. (1992). The FOX method is based on the oxidation of
Fe?" (ferrous ammonium sulfate) to Fe** by lipid hydroperoxide, in acidic medium, in the
presence of a complex of Fe** (III) pigments of xylenol orange. Aliquots of the sample (30 pl)

will be incubated for 30 min at room temperature with 270 pl of the reaction media containing
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1 ml xylene orange, 250 uM FeSO4, 25 mM H>SO4 and 4 mM BHT (Butylated Hydroxytoluene)
in 90% methanol. The absorbances were measured at 560 nm in a spectrophotometer. The

results were expressed in mmol of hydroperoxide/mg of tissue.

2.11. Statistical analysis

Results are expressed as mean + standard error of the means (S.E.M). Therefore,
statistical comparisons were performed by one-way analysis of variance (ANOVA), followed
by Bonferroni’s multi-comparison pos-hoc test for comparison of more than two groups.
Unpaired ¢-test was used for comparison between two groups. The analyses were performed
using GraphPad Prism® version 6.0 (GraphPad Software, San Diego, USA). Differences were

considered as statistically significant when *P < 0.05.

3. RESULTS

3.1. Bosentan, sildenafil or low-doses combination exhibited a gastroprotective effect
against gastric ischemia-reperfusion injury

Oral pretreatment of the animals with bosentan significantly reduced the lesion area in
51.1% and 61.3% at doses of 10 and 30 mg/kg respectively when compared to the vehicle group
(190.7 + 24.9 mm?) (Fig. 1A). Sildenafil treatment at dose 5 mg/kg significantly reduced in
66.2% when compared to the vehicle group (204.0 £ 11.0 mm?) (Fig. 1B). Low-doses
combination of bosentan 3 mg/kg and sildenafil 1 mg/kg significantly reduced in 51.0% when
compared to the vehicle group (182.1 = 20.2 mm?) (Fig. 1C).

Representative photographs of gastric tissues reveal extensive tissue injury by IR in the
vehicle group (Fig. 2B), bosentan 3 mg/kg (Fig. 2C), sildenafil 1 mg/kg (Fig. 2D) or low-dose

combination (Fig. 2E).
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Fig. 1 Effect of bosentan and sildenafil on ulcer area on ischemic-reperfusion acute gastric ulcer
in rats. Ulcer area (mm?). A-B: Animals were orally pre-treated with vehicle (V), omeprazole
(O: 40 mg/kg), bosentan (3, 10 or 30 mg/kg), sildenafil (1 or 5 mg/kg) 1h prior to ischemia
induction. The results are expressed as mean = S.E.M. (n=7). One-way ANOVA followed by

Bonferroni’s test. *P<0.05 when compared to the vehicle group (V).
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Fig. 2 A: Effect of bosentan, sildenafil or low dose combination on ulcer area on ischemic-
reperfusion acute gastric ulcer in rats. Ulcer area (mm?2). Animals were orally pretreated with
vehicle (V), bosentan (B3: 3 mg/kg), sildenafil (S1: 1 mg/kg) or low-doses combination
bosentan (B3: 3 mg/kg) and sildenafil (S1: 1 mg/kg) 1h prior to ischemia induction. The results
are expressed as mean = S.E.M. (n=7). One-way ANOVA followed by Bonferroni’s test.
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*P<0.05 when compared to the vehicle group (V). B-E: Representative macroscopic
photograph of ulcer area on ischemic-reperfusion acute gastric ulcer in rats. Animals were
orally treated with vehicle (Panel B), sildenafil (1 mg/kg; Panel C), bosentan (3 mg/kg; Panel
D) or low-doses combination (bosentan 3 mg/kg and sildenafil 1 mg/kg) (Panel E), 1h prior to

ischemia induction.

3.1. Bosentan, sildenafil or low-doses combination preserves gastric mucus barrier against
gastric ischemia-reperfusion injury

The quantification of gastric mucus after gastric IR revealed that pretreatment with
bosentan at doses of 10 or 30 mg/kg significantly preserved at 70.6% and 54.9%, respectively,
when compared with the vehicle group (893.7 + 80.0 pg of Alcian Blue/g of tissue) (Fig. 3A).
Sildenafil at dose 5 mg/kg significantly preserved 74.6% when compared to the vehicle group
(966.4 + 34.5 pg of Alcian Blue/g of tissue) (Fig. 3B). The low-doses combination (bosentan 3
mg/kg and sildenafil 1 mg/kg) significantly preserved mucus in 56.4% when compared to the
vehicle group (758.1 + 42.8 pg of Alcian Blue/g of tissue) (Fig. 3C).
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Fig. 3. Effect of bosentan, sildenafil or low dose combination on mucus content on ischemic-
reperfusion acute gastric ulcer in rats. A-C: Mucus content (ug of Alcian Blue/g of tissue).
Animals were orally pre-treated with vehicle (V), omeprazole (O: 40 mg/kg), bosentan (3, 10
or 30 mg/kg), sildenafil (1 or 5 mg/kg) or low-doses combination bosentan (B3: 3 mg/kg) and
sildenafil (S1: 1 mg/kg) 1h prior to ischemia induction. The results are expressed as mean +
S.E.M. (n=5-8). One-way ANOVA followed by Bonferroni’s test. *P<0.05 when compared to
the vehicle group (V), #P<0.05 when compared to the naive group (N).
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3.2. Bosentan, sildenafil or low-doses combination prevent neutrophil infiltration to ulcerated
gastric tissue

The myeloperoxidase content, an enzyme present in neutrophils infiltrated into the
gastric mucosa due to IR injury, was significantly reduced by treatment with bosentan at doses
10 and 30 mg/kg in 42.3% and 38.8% respectively, compared to vehicle group (4.3 £ 0.3
mO.D/mg of protein) (Fig. 4A), while sildenafil at a dose of 5 mg/kg significantly reduced by
29.9% when compared to the vehicle group (4.5 = 0.2 mO.D/mg of protein) (Fig. 4B), and the
combination of bosentan and sildenafil at doses 3 mg/kg and 1 mg/kg respectively, significantly
reduced in 42.2% when compared to the vehicle group (4.5 = 0.4 mO.D/mg of protein) (Fig.

4C).

o
l

o P
1]
a )

(5]
+*
g
H
o

w
*

MPO {(DO/mg of protein)
(%)

MPO {DO/mg of protein)
[*)

|_|
H
_|
_|

LX)
L
L)
N

MPO (DO/mg of protein)
N

-
-
L

-

(=)
=]
(=]

N v o] 3 10 30 N v o] 1 5 v 51 B3 S51+B3

Bosentan Sildenafil
{mg/kg, p.o.) {mg/kg, p.o.}

Fig. 4. Effect of bosentan, sildenafil or low-dose combination on neutrophil infiltration on
ischemic-reperfusion acute gastric ulcer in rats. A-C: Myeloperoxidase activity (MPO DO/mg
of protein). Animals were orally pretreated with vehicle (V), omeprazole (O: 40 mg/kg)
bosentan (3 (B3), 10 or 30 mg/kg), sildenafil (1 (S1) or 5 mg/kg) or low-doses combination
bosentan (B3: 3 mg/kg) and sildenafil (S1: 1 mg/kg) 1h prior to ischemia induction. The results

are expressed as mean = S.E.M. (n=5). One-way ANOVA followed by Bonferroni’s test.
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*P<0.05 when compared to the vehicle group (V), #P<0.05 when compared to the naive group

(N).

3.3. Bosentan and sildenafil alone and in combination prevent endogenous antioxidant system
depletion and reduce lipid peroxidation

Pretreatment with bosentan at doses of 10 mg/kg and 30 mg/kg was able to significantly
prevented the gastric GSH depletion in 56.3% and 50.5% respectively when compared with the
vehicle group (144.1 £ 6.3 GSH/g tissue) (Table 1). Sildenafil at a dose of 5 mg/kg was able to
significantly prevented the gastric GSH depletion in 52.3% when compared to the vehicle group
(142.8 +29.9 ng GSH/g tissue) (Table 2). The low-dose combination of bosentan 3 mg/kg and
sildenafil 1 mg/kg significantly prevented the gastric GSH depletion in 42.2%, when compared
with the vehicle group (144.8 = 8.0 ug GSH/g tissue) (Table 3).

The GST activity was significantly preserved in 58% and 54.3% by pretreatment with
bosentan at doses of 10 mg/kg and 30 mg/kg respectively, when compared with the vehicle
group (133.1 £ 13.5 nmol/mg of protein/min-1) (Table 1). Sildenafil pretreatment at dose 5
mg/kg prevented the decrease of GST activity by 37.6%, when compared with the vehicle group
(116.2 = 10.1 nmol/mg of protein/min-1) (Table 2). The low-dose combination significantly
prevented the decreased of GST activity by 30.2%, when compared with the vehicle group
(120.5 £ 6.2 nmol/mg of protein/min-1) (Table 3).

The bosentan at 10 mg/kg and 30 mg/kg, sildenafil at dose 5 mg/kg and low dose
combination pretreatments significantly prevented the increase of SOD activity, when
compared to the respectively vehicle group (46.2 + 4.0 U/mg of tissue) (Table 1), (50.4 £ 2.7
U/mg of tissue) (Table 2), and (40.6 = 1.7 U/mg of tissue) (Table 3). The increase of CAT
activity was prevented by pretreatment of bosentan at 10 mg/kg and 30 mg/kg, sildenafil at dose

5 mg/kg and low dose combination significantly, when compared to the respectively vehicle
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group (3.8 = 0.3 mmol/mg of protein/min™') (Table 1), (13.4 £+ 0.2 mmol/mg of protein/min™"),
(Table 2), (15.4 £ 1.0 mmol/mg of protein/min™') (Table 3).

The LPO content was reduced by bosentan at 10 mg/kg and 30 mg/kg in 21.7% and
26.9% respectively, when compared with the vehicle group (4.3 + 0.2 pmol/mg of protein). At
dose Smg/kg, the sildenafil pretreatment significantly reduced the LPO content in 36.2%, when
compared to the vehicle group (4.1 £ 0.2 pmol/mg of protein) (Table 2). The low-dose
combination of bosentan 3 mg/kg and sildenafil 1 mg/kg significantly reduced the LPO content

in 31.9%, when compared to the vehicle group, (4.2 £+ 0.4 pmol/mg of protein) (Table 3).

Table 1 — Effect of bosentan on GSH level, GST, SOD and CAT activity and LPO level on

ischemic-reperfusion acute gastric ulcer in rats.

Bosentan (mg/kg)
Naive Vehicle | Omeprazole
3 10 30
GSH
(ug/g | 234.0£11.9 | 144.1463# | 226.1+14.4% | 117.4424.9 | 225.3£9.0% | 216.9+22.9%
tissue)
GST

(nmol/mg of | 242.1£19.9 | 133.1£13.5# | 224.1+23.2* 156.2+1.4 210.3+18.5% 205.4+13.1*
protein/min’")
SOD

(U/mg of 29.2+1.6 46.2+4.0# 30.0+1.4* 41.0+1.2 34.443.9* 28.7+1.5%
tissue)
CAT

(mmol/mg of 2.0+0.1 3.8+0.3# 2.8+0.1%* 3.3+0.3 3.0+£0.2%* 2.8+0.1*

protein/min-')
LPO

(pmol/mg of 2.1+0.25 4.3+0.28% 3.2+0.37* 3.1+0.3 2.5+0.27* 2.6+£0.26*

protein)

The results are expressed as mean £ S.E.M. (n=6-8). One-way ANOVA followed by
Bonferroni’s test. *P<0.05 when compared to the vehicle group (V), #P<0.05 when compared

to the naive group (N).



Table 2 — Effect of sildenafil on GSH level, GST, SOD and CAT activity and LPO on ischemic-

reperfusion acute gastric ulcer in rats.

Sildenafil (mg/kg)
Naive Vehicle Omeprazole
1 5
GSH
. 284.6+15.6 142.8+29.9# 236.44+9.0* 184.9+13.9 217.5+7.9*
(ng/g tissue)
GST
(nmol/mg of 166.9+£5.7 116.2£10.0# 177.0£15.4% 121.7£7.5 159.9+7.4*
protein/min-')
SOD 35.6+1.0 50.4+2.74 39.342.3% 474539 | 39.6:1.48*
(U/mg of tissue)
CAT
(mmol/mg of 10.1£0.7 13.4+0.2# 10.5+0.8* 12.3+0.8 10.4+0.9*
protein/min-')
LPO
(pmol/mg of 2.3+0.2 4.0+0.2# 2.4+0.2% 43+0.4 2.6+0.4%
protein)

The results are expressed as mean + S.E.M. (n=6-8). One-way ANOVA followed by

Bonferroni’s test. *P<0.05 when compared to the vehicle group (V), #P<0.05 when compared

to the naive group (N).

Table 3 — Effect of sildenafil, bosentan and combination on GSH level, GST, SOD and CAT

activity on ischemic-reperfusion acute gastric ulcer in rats.

Sildenafil Bosentan Sildenafil + Bosentan
Vehicle (mg/kg) (mg/kg) (mg/kg)
1 3 1+3
GS.H 144.848.1 170.0+16.7 168.5+£16.6 209.9+6.9*
(ng/g tissue)
GST
(nmol/mg of 120.5+6.2 121.7+8.9 139.7+£6.4 156.9+4.2*
protein/min-')
SOD 40.6+1.7 35.742.0 36.842.9 31,2041 4%
(U/mg of tissue)
CAT
(mmol/mg of 15.4+1.0 13.8+0.5 14.5+0.8 10.7+£1.1%
protein/min')
LPO
(pmol/mg of 4.2+0.4 3.9+0.3 3.9+0.2 2.9+0.1%*
protein)
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The results are expressed as mean + S.E.M. (n=6-8). One-way ANOVA followed by
Bonferroni’s test. *P<0.05 when compared to the vehicle group (V), #P<0.05 when compared

to the naive group (N).

4. DISCUSSION

The maintenance of blood flow in gastric ulcers is crucial for toxins removal and
buffering the acid penetrates in lamina propria through the epithelium. The reactive hyperemia
increases the protection of aggressive factors and allows the reconstitution of gastric epithelium
[30]. Furthermore, vasoactive drugs such as bosentan and sildenafil, have vasodilation effects
and increases stomach blood flow. These other effects include gastroprotection against the
aggressor agents by maintaining protective factors such as mucus, endogenous antioxidant
defenses and preventing inflammatory cell infiltration in the affected organ.

The analysis of the lesioned area showed that bosentan 10 or 30 mg/kg, sildenafil 5
mg/kg or combination of low doses protected the mucosa against IR injury, that can be observed
by in the small lesioned area (Figure 1). The protection of bosentan and sildenafil in damaged
tissue by IR is not limited to the stomach, such as in this study, as well seen in studies such
protection occurs other organs, such as in the kidney [31], liver [32], skeletal muscle [33],
testicles [34] e myocardium [35].

The gastric IR injury causes depletion of the stomach's defense mechanisms, such as the
mucus barrier, which is the first defense against aggressive factors such as pepsin and HCI
[2,36]. The pretreatment with bosentan, sildenafil or low-dose combination preserves the
gastric mucus barrier during IR (Figure 3). These effects could associate with the vasodilator
effect of bosentan and sildenafil that increase gastric blood flow, which maintains the mucus
production, as well as sildenafil increases the intracellular cGMP concentration in gastric

epithelial cells [2,37-39].
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During IR lesion, endothelial cells produce and release ET-1, which stimulates VCAM-
1 expression and neutrophil-like cells migration from the bloodstream to the tissues, performing
the respiratory burst with a massive generation of ROS [40,41]. NO is involved, via activation
of guanylyl cyclase and cGMP production, is responsible to inhibit expression of P-selectin on
the vascular endothelium and the -2 adhesion molecules on neutrophils [42]. Decreased
neutrophil infiltration during IR injury is closely related to a minor gastric injury on both acute
and chronic ulcer models [43—45]. Therefore, treatment with bosentan, sildenafil or low-dose
combination decreased neutrophil infiltration into the stomach (Figure 4A, B and C), which
may have contributed to lower oxidative stress and gastric damage [46,47].

Gastric IR injury causes an extensive depletion of non-enzymatic and enzymatic
antioxidant defenses in the stomach [48]. During oxidative stress in the tissues, intracellular
GSH is consumed to neutralize ROS and free radicals, preventing them from causing cell
damage and death, such as membrane lipid peroxidation [48]. Lipid peroxidation in IR occurs
due to the oxidation of membrane phospholipid double bonds by the superoxide anion
generating lipoperoxide byproduct [49]. Therefore, increased lipoperoxide levels indicate major
cellular damage by oxidative stress. Thus, both bosentan, sildenafil and the low-dose
combination showed protection against oxidative stress in IR ulcers. Our results bosentan
(Table 1), sildenafil (Table 2) or low-dose combination treatments (Table 3) prevents the GSH
depletion and lipid peroxidation (LPO). Equally important, the GST enzyme is responsible for
restoring the GSH depleted by gastric IR [50]. However, IR damage, depending on the intensity,
may deplete GSH levels to the point that GST is unable to restore its amount due to cellular
oxidative damage sustained [51,52]. In the stomach, the SOD enzyme performs the superoxide
anion (O7) dismutation into H>O», converted next to H>O and O> by the CAT enzyme [53].
Erythrocytes contain large amounts of SOD and CAT enzymes and IR injury causes vascular

damage with blood leakage from vessels to tissue, increased activity of these enzymes along
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with oxidative damage in injured tissue [54]. Thus, the lower activity of such enzymes in gastric
tissue is justified by the smaller area IR injury, as seen in models of tissue damage by IR and
NSAID [55,56]. Therefore, the minor SOD and CAT enzymes activity in the stomach by

bosentan and sildenafil pre-treatments indicates a lower degree IR injury (Table 1-3).

5. CONCLUSION

Based on the results presented in this paper, we can conclude that vasoactive drugs such
as bosentan and sildenafil or low-dose combination exhibit prominent gastroprotective effect
against ischemia-reperfusion gastric injury. This protective effect occurs due to the
maintenance of mucosal defenses, such as gastric mucus, endogenous antioxidant defenses and
the reduction of factors that contribute to injury, such as neutrophil infiltration and cellular

damage caused by oxidative stress.
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ABSTRACT

The incidence of gastric ulcers and its complications remains a worldwide health
problem. The long last inhibition of gastric acid secretion by conventional ulcer treatment with
PPIs or H» antagonists, leads to diverse adverse effects and is associated with the development
numerous pathologies. Beyond the gastric acid, the endothelins are one of the many signaling
systems that can contribute significantly to the development and persistence of chronic gastric
ulcer. The present study was conducted to investigate the potential new use of bosentan, a non-
selective ETA/ETs, for the healing chronic gastric ulcers. Additionally, we showed the impact
of bosentan on the acid gastric secretion. Chronic ulcers were induced in male Wistar rats by
serosal application of 80% acetic acid, and treatments starting 2 days after ulcer induction. Rats
were orally treated with vehicle, omeprazole or bosentan (3, 10 or 30 mg/kg), twice daily for 5

days. The gastric secretion was evaluated by pylorus ligation method. After the end of
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treatment, the gastric tissue and blood samples were collected for analysis. The bosentan
treatment accelerates the gastric healing, increased the cell proliferation and increased the
gastric mucus layer on the 7" day following ulcer induction. In agreement with the ulcer healing
results, bosentan treatments reduced both neutrophils infiltration, increased prostaglandin E2,
and inflammatory cytokines levels (TNF-o and IL-1B) in ulcerated tissue. Immunoblotting
analysis revealed that the relative protein expression of ETa and ETg receptors were increased
in ulcer tissue in the vehicle-treated group. Nevertheless, in contrast to omeprazole, the volume,
pH and total acidity of acid gastric secretion were unchanged by bosentan. Plasma samples
revealed no alterations on biochemical markers of renal and hepatic function. The results
indicate that the bosentan treatment accelerates the gastric mucosa healing without antisecretory
mechanisms. Further, these findings suggest a potential off-label use of bosentan for healing

gastric ulcers, avoiding the adverse effects of inhibition of gastric acid secretion.

Keywords: gastric ulcer; bosentan; endothelin; ETa receptor; ETg receptor; inflammation;

cytokines.

1. INTRODUCTION

Chronic gastric ulcer is a necrotic lesion in gastric mucosa, with a delimited border that
penetrates through the entire thickness of the epithelium and through the muscular layer [1].
Gastric ulcers emerge from the imbalance between aggressive factors (gastric acid
hypersecretion e.g.) and protective factors (gastric mucus bicarbonate production, e.g.), and the
impaired mucosal microcirculation of the mucosal layer plays a key role in the gastric ulcer
development [2,3]. The main exogenous aggressive factors that develops gastric ulcer are the
use of non-steroidal anti-inflammatory (NSAIDs) and Helicobacter pylori infection, and as risk

factors are psychological stress and ethanol consumption [2—4].
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The reduction of acid gastric secretion, by proton pump inhibitors (PPIs) or H» receptor
antagonists, is the major purpose of the conventional pharmacological treatment, but the long-
term inhibition of acid secretion leads to several health issues, such as vitamin B12 deficiency,
anemia, osteoporosis-related fractures and gastrointestinal infections [5—7]. In addition to these
adverse effects, studies showed that’s gastric acid secretion is an increased risk for the
development of numerous diseases, such as chronic kidney disease, dementia and spontaneous
bacterial peritonitis [8—10]. Despite the advances in gastric ulcer treatment until the 90’s, this
disease remains a worldwide public health problem, which incidence and its complications
varies across the world [11-13]. Therefore, there is a need for a new anti-ulcer drug, which
presents a higher efficacy, low or no toxicity and no adverse effects associated with inhibition
of gastric acid secretion. Thus, it is natural to think about new molecular targets, such as the
endothelinergic system, which studies indicate its participation in ulcerogenesis [14—16].

The endothelin-1 (ET-1), produced by endothelial cells, was identified as the most
potent vasoconstrictor peptide [17]. ET-1 effects are mediated through activation of the
endothelin receptor A (ETa) and endothelin receptor B (ETg) is widely distributed in the tissues,
including the gastric tissue [18-20]. Physiologically, the activation of these receptors by
endothelins maintain the vascular tonus of the vessels and regulates the microcirculation in
tissues, including the gastric tissue [21]. Nevertheless, the function of endothelins goes beyond
a vasoconstrictor peptide, it performs as a cytokine-like molecule with multiple cellular
functions [22].

Emerging evidences show that endothelins may play a critical role in pathogenesis and
inflammation on numerous diseases, such as systemic sclerosis, asthma and chronic kidney
disease [23-25]. Endothelins exacerbate the gastric lesions and contribute to the gastric
mucosal inflammation and microcirculatory disturbances in animals [26,27]. Similarly in

humans was reported an significant elevation of ET-1 in plasma and gastric tissue, by acute
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ethanol consumption [28]. Consequently, pharmacological antagonism of ETa or ETg or both
receptors was used in research in the role of endothelins in numerous pathological processes,
reviewed by Barton [29]. Bosentan, a non-selective antagonist of ETA and ETB receptors, was
initially approved by FDA for pulmonary arterial hypertension, and subsequently for off-label
use for healing and prevent digital ulcers, a complication in patients with systemic sclerosis
provoked by hemodynamic disturbances [30,31]. The off-label drug uses provide the initially
evidences to drug repositioning researches programs, such as the Discovering New Therapeutic
Uses for Existing Molecules Programme, by the National Centre for Advancing Translational
Sciences in USA [32]. Compare to the new drug discovery the drug repositioning is remarkably
superior in many aspects, such as a lower cost, time and a higher safety in the preclinical and
clinical trials [33].

In acute gastric ulcers bosentan showed a notable gastroprotective effect, preventing the
mucosal lesions and the reduction in gastric blood flow [28,34,35]. However, there is a lack of
studies on the effect of bosentan in chronic gastric ulcers. Thus, it was hypothesized that
bosentan, in addition to the gastroprotective effect in acute models, could have a healing effect

on chronic gastric ulcers, which may contribute to a future drug repositioning.

2. MATERIAL AND METHODS
2.1. Animals

Male Wistar rats (180-200 g) supplied by BSU of Federal University of Parana, Curitiba,
Parand, were used in all the in vivo experiments. The rats were housed in cages at 22 + 2 °C
12h/12h cycles and free access to water and food (Nuvital®, Curitiba-PR, Brazil). All in vivo
protocols were approved by Animal Ethics Committee of Biological Science Sector of Federal

University of Parand (CEUA/BIO-UFPR) on approval number 1054.
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2.2. Induction of chronic gastric ulcer by acetic acid

The used model of chronic ulcers by acetic acid that proposed by Okabe, Roth & Pfeiffer
[36], with some modifications. The animals were anesthetized with ketamine (100 mg/kg i.p.)
and xylazine (10 mg/kg i.p.) and the stomachs were exposed by an incision in the abdominal
wall. A plastic cylinder of 6 mm of diameter was topically applied to the serosa stomach and
80% solution of acetic acid (v/v, 0.5 mL) was instilled into the cylinder. The acid was aspirated
after 1 min and the stomach was washed with sterile saline. Afterward, the stomach was
reinserted into the abdominal cavity and the incision was sutured. After anesthesia recovery,
the animals were remained fasten, with water ad /ibitum until the next day. During the diet
period, the food was offered twice daily for 1h for seven days. Forty-eight hours later the ulcer
induction, the rats were orally treated with vehicle (water, 1 mL/kg), omeprazole (40 mg/kg) or
bosentan (3, 10 or 30 mg/kg - Actelion Pharmaceuticals Ltd. Allschwil, Switzerland - PubChem
CID: 104865), twice daily for 5 days. On the eighth day after ulcer induction, the animals were
euthanized by a lethal dose of sodium thiopental and the stomachs were removed for the ex vivo

experiments. The ulcer diameter was measured (mm?).

2.3. Determination of EAA/ETg receptors expression by immunoblotting

The hole stomachs were homogenized in cold RIPA buffer (1% Triton X-100/1%
sodium deoxycholate/0.1% NaDodSO4/150 mM NaCl/50 mM Tris HCI, pH 7.4) with the
addition of a proteinase inhibitor cocktail and phosphate inhibitor cocktail (Sigma, MO, USA)
and centrifuged at 12.000 g for 10 min at 4°C. The supernatants were collected, and protein
concentration was estimated by Bradford protein assay kit (Biorad Laboratories, Hercules, CA,
USA). An equal amount of protein (50 pg) was loaded on to 12% SDS-PAGE gel
electrophoresis and wet-blotted onto a nitrocellulose membrane (Bio-Rad Laboratories, United

States). The blocking of non-specific signals was minimized with 5% non-fat milk in TBST.
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Then, the primary antibodies were incubated overnight at 4°C, 1:200 rabbit anti-ETa receptor
(sc-33535 Santa Cruz Biotechnology, USA) 1:200 goat anti-ETg receptor 1:200 (sc-21196,
Santa Cruz Biotechnology), 1:4000 mouse anti-GAPDH (sc-32233, Santa Cruz Biotechnology,
USA). After, the membranes were washed four times with TBST and the secondary antibodies
were incubated for 1h at room temperature following 1:4000 mouse anti-rabbit IgG-HRP (sc-
2357, Santa Cruz Biotechnology, USA), 1:7500 rabbit anti-goat [gG-HRP (sc-2768, Santa Cruz
Biotechnology, USA), 1:8000 goat anti-mouse IgG-HRP (A4416, Sigma, USA). Then, the
membranes were washed four times and SuperSignal West Pico chemiluminescent substrate
was added (Thermo Fisher Scientific, IL, USA). The immunoreactive bands were detected by
Amersham Imager 600 (GE life sciences, UK). To quantify the immunoreactive bands was used

Image J® software.

2.4. Assessment of gastric ulcers and mucin-like glycoproteins content by
histological analysis

The chronic gastric ulcer tissue was fixed in 10% formalin, 85% ethanol, 5% acetic acid
for 24 h. After fixation, the tissues were dehydrated in ascending grades of ethanol, cleared in
xylene and embedded in liquid paraffin wax. Sections of 5 pm of thickness were cut from blocks
and mounted on homemade gelatin coated microscopic slides. The sections were dewaxed in
xylene, rehydrated through graded series from ethanol to water and stained with hematoxylin
and eosin (H&E) for pathological analysis, or periodic acid Schiff (PAS) for quantification of

mucus content.

2.5. Immunohistochemistry for gastric epithelial cell proliferation
Paraffin-embedded sections were dewaxed in xylene, rehydrated through graded

series from ethanol to water followed by antigen retrieval with citrate buffer (10 mM, pH 6.0).
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To block were unreacted aldehydes the slides were incubated in 0.2 M glycine solution for 3
minutes. The endogenous peroxidase activity was blocked in 3% H>O> in methanol for 10
minutes. The slides were incubated with the primary antibody 1:200 goat anti-PCNA (sc-9857,
Santa Cruz Biotechnology, USA) overnight at 4 °C in a humidified chamber. The HRP-
conjugated secondary antibody 1:200 rabbit anti-goat HRP (sc-2768, Santa Cruz
Biotechnology, USA) was incubated on the slides for 1 h in a humidified chamber and staining
with chromogen diaminobenzidine solution (DAB substrate BD pharmigen™). The sections

were counterstained with hematoxylin and mounted with Entellan® (Merk Millipore, USA).

2.6. Assessment of gastric inflammatory parameters

2.6.1. Determination of neutrophils infiltration by myeloperoxidase actividy

The actividy of neutrophil-specific myeloperoxidase was measured by the method of
Bradley [37] and modified by De Young [38]. The ulcers samples were homogenized in 200
mM phosphate potassium buffer pH 6.5 and centrifuged at 9000 g for 20 min at 4 °C. The pellets
were resuspended with 1 mL of phosphate potassium buffer in the presence of 0.5%
hexadecyltrimethylammonium (HTAB). The samples were sonicated for 1 min and centrifuged
at 11000 g for 20 min at 4 °C. In 96 well plates, 30 puL of the supernatant was added in 220 pL
of a solution of 100 pL of 80 mM potassium phosphate buffer, 85 pL of 22 mM sodium
phosphate buffer and 15 pL 0.017% of H20.. The reaction was started with the addition of 20
pL of tetramethylbenzidine (TMB) and incubated for 3 min at 37 °C. The reaction was
interrupted by 30 pL of 1.46 M sodium acetate (pH = 3.0) and the enzyme levels were
determined in a spectrophotometer at 620 nm. The results were expressed as a unit of optical

density (O.D.)/mg protein.
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2.6.2. Gastric cytokines and plasma PGE-2 determination by ELISA

The stomach homogenate samples were prepared as described above (Section 2.3.
Determination of ETA/ETB receptors expression levels by immunoblotting). The levels of
interleukin 1 beta (IL-1pB) and tumor necrosis factor alpha (TNF-a) were measured by rat IL-13
Standard ABTS ELISA development and, murine TNF-a standard TMB ELISA development
kit, respectively, strictly according to the manufacturer’s protocol (Peprotech®, Rocky Hill, NJ,
USA). The absorbances were measured in a Synergy HT microplate reader at 405 nm with
wavelength correction at 605 nm for IL-1P and at 450 nm with wavelength correction at 620
nm for TNF-a (Bio-Tek, Winooski, VT, USA). The cytokines measured in the samples were

extrapolated from a standard curve and results were expressed as pg/mL.

2.7. Acid gastric secretion determination by pylorus ligature

A pylorus ligature was carefully done in rats under general anesthesia [39]. Briefly, the
pylorus was located and ligated with suture to maintain the gastric content into the stomach.
The animals were orally treated with vehicle (water, 1 ml/kg), omeprazole (40 mg/kg, p.o.) or
bosentan (3, 10 or 30 mg/kg, p.o.) 1 h before pylorus ligature. Four hours after pylorus ligature,
the animals were euthanized, the stomachs were opened and the gastric acid secretion collected.

Measurements of volume, pH and total acidity were evaluated.

2.8. Effect of bosentan on renal and hepatic functions.

After the oral treatments period in the chronic gastric ulcer model, blood samples were
collected and centrifuged at 1500 g, the plasma samples were analyzed using a commercial kit
(Bioclin/Quibasa, Belo Horizonte, MG, Brazil), for the creatinine, urea, aspartate

aminotransferase (AST) alanine aminotransferase (ALT).
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2.9. Statistical analysis

Results are expressed as mean + standard error of the means (S.E.M). Therefore,
statistical comparisons were performed by one-way analysis of variance (ANOVA), followed
by Bonferroni’s multi-comparison pos-hoc test for comparison of more than two groups.
Unpaired ¢-test was used for comparison between two groups. The analyses were performed
using GraphPad Prism® version 6.0 (GraphPad Software, San Diego, USA). Differences were

considered as statistically significant when *P < 0.05.

3. RESULTS

3.1. ETa and ETg receptors are overexpressed in chronic gastric ulcer

The immunoblotting of ETa and ETp corresponds to a molecular weight of
approximately 69 kDa and 50 kDa, respectively (Fig. 1A and 1B). The immunoblotting band
densitometry showed a relatively increased expression on both ETa and ETg receptors by 5.9
and 6.9 folds, respectively, when compared acetic acid-induced gastric ulcer to naive gastric

tissue (Fig. 1C and D).
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Fig. 1. Expression of endothelin ETA and ETg receptor protein by immunoblotting. (A) ETa
receptor bands. (B) ETg receptor bands. (C) ETa receptor expression levels. (D) ETg receptor
expression levels. Receptor expression levels of naive group (N) and ulcerated vehicle treated
group (V). Protein levels were expressed relative to GAPDH to account for protein loading
differences per lane. The results are expressed as mean = S.E.M. (n=3). Unpaired t-test.

*P<0.05 when compared to naive group (N).



73

3.2. Bosentan treatment increases gastric ulcer healing

The oral treatment of the animals with bosentan on doses 10 and 30 mg/kg significantly
reduced ulcer area in 37.6% and 33.5% respectively, when compared to the vehicle group
(173.6 mm?) (Fig. 2A). On the other hand, the bosentan dose of 3 mg/kg did not reduce the
ulcer area significantly. Oral treatment with omeprazole (40 mg/kg), a reference antiulcer drug,
also resulted in a reduction of ulcer area by 60.9% compared to the vehicle group (Fig. 2A).

The representative macroscopic and microscopic photographs of gastric tissues reveal
an extensive lesion induced by acetic acid in the vehicle group (Fig. 3B. Panel V). The
omeprazole (Fig. 3B. Panel O), bosentan 10 mg/kg (Fig. 3B. Panel 10) and bosentan 30 mg/kg

(Fig. 3B. Panel 30) photographs showed a gastric healing process by a minor central lesion area.
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Fig. 2. Effect of bosentan on ulcer area on acetic acid-induced chronic gastric ulcer in rats. (A)
Ulcer area measurement. (B) Representative macroscopic photograph and photomicrography
of histological HE stained sections. Animals were orally treated with vehicle (V), omeprazole
(O: 40 mg/kg) or bosentan (3, 10 or 30 mg/kg) twice daily for five days after the gastric ulcer
induction. The results are expressed as mean + S.E.M. (n=8). One-way ANOVA followed by

Bonferroni’s test. *P<0.05 when compared to the vehicle group.

3.3. Bosentan increases the epithelial cell proliferation

The PCNA immunohistochemical staining on chronic gastric lesions showed an
immunoreactivity on the groups, characterized by brown nucleus color.

Oral treatment with omeprazole (40 mg/kg) or bosentan (10 or 30 mg/kg) showed a
significant increase of positive PCNA immunoreactivity cells by 191%, 138%, and 183%,
respectively, when compared to the vehicle group (0.78 x 10° number of proliferation cells)

(Fig. 3A).
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Fig. 3. Effect of bosentan on epithelial cell proliferation. (A) Quantification of gastric PCNA
positive cells (B) Representative photomicrography of immunoreactivity of PCNA in gastric
lesions induced by acetic acid. Animals were orally treated with vehicle (V), omeprazole (O:
40 mg/kg), bosentan (10: 10 mg/kg) or bosentan (30: 30 mg/kg) twice daily for five days after
the gastric ulcer induction. The results are expressed as mean + S.E.M. (n=3). One-way

ANOVA followed by Bonferroni’s test. *P<0.05 when compared to the vehicle group.

3.4. Bosentan increases the gastric mucin-like glycoproteins content

The representative microphotographs of periodic acid Schiff staining of groups showed
the mucin-like glycoproteins staining (magenta color) on gastric mucosa (Fig. 4B). The mucin-
like glycoproteins quantification showed a significant increase in omeprazole and bosentan
groups (10 and 30 mg/kg) when compared to the vehicle group (25.9 + 1.3 pixels x 10%/field)

(Fig. 4A).
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PAS. (B) Representative photomicrography of stomach lesions induced by acetic acid using the
histochemical stained for mucin-like glycoproteins. Animals were orally treated with vehicle
(Panel A), omeprazole (O: 40 mg/kg; Panel B), bosentan (10 mg/kg; Panel C) and bosentan (30

mg/kg; Panel D), twice daily for five days after the gastric ulcer induction.

3.5. Bosentan ameliorates the inflammatory parameters of the gastric ulcer

The myeloperoxidase actividy, an enzyme from inflammatory cell infiltration, from the
gastric mucosa, was significantly reduced by 40.3% by omeprazole (40 mg/kg), 64.7% by
bosentan (10 mg/kg) and by 59.7% by bosentan (30 mg/kg) when compared to the vehicle group
(22.9 + 3.3 O.D/mg of protein) (Fig. 5SA). The plasma PGE2 quantifications reveled that the
bosentan treatment (10 mg/kg) increased significantly the plasma PGE2, compared to the
vehicle group (147.9 pg/mg of protein) (Fig. 5B).

The inflammatory cytokine TNF-a in ulcerated gastric tissue was decreased by oral
treatment by omeprazole (40 mg/kg) and bosentan (10 mg/kg), in 39% and 67% respectively,
when compared to the vehicle group (204.8 + 13.3 pg/mg of protein) (Fig. 5C). Further, the IL-
1B cytokine was significantly decreased by bosentan (10 mg/kg) in 70%, but not by omeprazole
treatment (40 m/kg), when compared to the vehicle group (42.2 + 7.9 pg/mg of protein) (Fig.

5D).
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Fig. 5. Effect of bosentan on inflammatory parameters. (A) Neutrophil infiltration measurement
by myeloperoxidase activity. (B) Plasma PGE2. (C) TNF-a. (D) IL-1B. Animals were orally
treated with vehicle (V), omeprazole (O: 40 mg/kg) or bosentan (3, 10 or 30 mg/kg) twice daily
for five days after the gastric ulcer induction. The results are expressed as mean + S.E.M. (n=8).

One-way ANOVA followed by Bonferroni’s test. *P<0.05 when compared to the vehicle

group.
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3.6. Evaluation of acid gastric secretion

Oral treatment with bosentan (10 or 30 mg/kg) did not alter the acid gastric secretion
volume (Fig. 6A), pH (Fig. 6B) or total acidity (Fig. 6C), when compared to the vehicle group.
On the other hand, omeprazole caused a significant inhibition on all parameters of acid gastric

secretion compared to the respective vehicle group.
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Fig. 6. Effect of bosentan on hypersecretion induced by acute pylorus ligation for 4 h in rats.
(A) Gastric secretion volume. (B) Gastric secretion pH. (C) Total acidity. Animals were orally
treated with vehicle (V), omeprazole (O: 40 mg/kg) or bosentan (10 or 30 mg/kg). The results
are expressed as mean = S.E.M. (n=7). One-way ANOVA followed by Bonferroni’s test.

*P<0.05 when compared to the vehicle group.

3.7. Analysis of renal e hepatic functions
Biochemical analyses reveal that no oral treatments with omeprazole or bosentan caused

alterations on biomarkers of renal and hepatic functions (Table 1).
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Table 1. Effect of bosentan on biochemical analysis of markers of renal and hepatic function

in plasma on acetic acid-induced chronic gastric ulcer in rats.

Creatinine

Group Urea (mg/dL) AST (U/L) ALT (U/L)
(mg/dL)

Vehicle (1 mL/kg p.o.) 0.71 £ 0.08 3233 £ 1.58 1258 £ 9.12 57.61 += 2.15

Omeprazole (40 mg/kg p.o.) 0.69 + 0.04 30.13 £ 092 1299 + 13.80 51.85 = 1.77
Bosentan (3 mg/kg p.o.) 0.74 + 0.07 29.26 £ 290 1055 + 922 5514 + 1.52
Bosentan (10 mg/kg p.o.) 0.76 £ 0.05 3091 + 1.01 96.68 + 6.68 5130 = 1.65

Bosentan (30 mg/kg p.o.) 090 + 0.09 34.04 £ 349 9485 + 5.16 5139 + 0.81

The results were expressed as mean + S.E.M. (n=8). One-way ANOVA followed by

Bonferroni’s test.

4. Discussion

Gastric ulcers have a global incidence and their complications can lead to hospitalization
and increased risk of death. Beyond the numerous adverse effects of reducing gastric acidity,
by the use of PPIs such as omeprazole, there is an increased risk for the development of various
diseases [8—10]. Due to these facts, is notorious the need for pharmacological treatments for
chronic gastric ulcers, that avoid the adverse effects and associated risks. Considering the
participation of endothelins in ulcerogenesis, the number of studies of endothelin receptors
antagonists in chronic gastric ulcer is still scarce.

In other diseases, such as scleroderma which patients present high levels of ET-1 and
digital ulcers, clinical trials showed a healing effect in digital ulcers by chronic oral treatment
with bosentan [31]. According to with these healing effects of bosentan, our group showed that
oral treatment with bosentan accelerates the gastric lesion healing, by minor ulcer area and a
higher PCNA-positive cell on the gastric epithelial layer, a tissue marker of cell proliferation

[40]. The gastric mucus production contributes crucially for epithelial cell proliferation,
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protecting the epithelial layer against the chloridric acid injuries and allowing the gastric
healing [41]. In this study, an increased in mucin-like glycoproteins on ulcer borders in bosentan
group treatment indicated a gastroprotective effect, similar effect to that observed with
treatment with the omeprazole.

During the ulcer formation occurs recruitment and activation of neutrophils and
macrophages, leading to ROS generation and pro-inflammatory cytokines production, such as
TNF-o and IL-1pB [40,42,43]. Neutrophils synthesize ET-1 on physiological and inflammatory
processes, which has both autocrine and paracrine actions on activation of ETg receptors present
on these cells, which induce the expression of the integrin CDI11b, dependent of TNF-q,
contributing to the neutrophils infiltration on inflamed tissues [44]. A reduction of neutrophils
infiltration in gastric tissue is related to the reduction of ROS generation and ulcer healing [45].
In this study, the marker of neutrophils infiltration (MPO) was decreased by bosentan treatment
on doses 10 and 30 mg/kg, which indicates a minor inflammatory cells infiltration on ulcer area
and corroborates with the minor ulcer area. Increased plasma PGE2 from bosentan treatment
may indicate increased angiogenesis due to up-regulation of VEGF by prostaglandins [46,47].
Treatment with a COX-2 selective inhibitor decreased PGE2 level and decreased the VEGF
expression [48].

Furthermore, in gastric ulcer the macrophage migration with inflammatory cytokines
IL-1PB and TNF-a production, play an important role in gastric ulcerogenesis [49,50]. Drugs and
natural compounds that decrease these cytokines production, attenuates gastric inflammation
and accelerates the healing of gastric ulcer lesions [51,52]. In other animal models, such as
inflammatory pain model, the endothelin antagonists treatment also showed a decrease of IL-
1B e TNF-a production and a minor disease index, denoting an involvement of endothelin on

inflammation persistence [53].
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Our results showed primarily the increase expression of ETa and ETg receptors in
chronic gastric ulcer. In other in vitro and in vivo studies inflammatory process, the ETa and
ETg receptors also showed increased expression, such as in severe pulmonary hypertension
patients and, in smokers and chronic obstructive patients [54,55]. In this study by Milara [55]
bosentan treatment in human small intrapulmonary arteries, previously exposed to cigarette’s
smoke or ET-1, restored the normal the upregulation of ETa and ETg expressions and attenuates
the ROS generation. Wang [56] showed an upregulation of c-Jun N-terminal kinase and DNA
binding of c-Jun and C/EBPJ by ET-1 treatment, which induces overexpression of ETa and
ETs receptors, following apoptosis activation. TNF-a signaling also activates and induces the
overexpression of the c-Jun N-terminal kinase, which causes a significant increase in ET-1
production [57-60].

These studies and our results indicating a positive regulation of ETa and ETg receptors
in pathologies, it may be possible to establish a link between the elevation of ET-1 in gastric
tissue, reported in humans by laquinto [28] and in rats by Michida [15], with increased
expression of ETa and ETg receptors reported in chronic ulcer of this study.

The ET-1 contributes to the development of inflammatory response involving the
expression of proinflammatory cytokines including IL-1, IL-6 and TNF-a, but little is known
about ET-1 synthesis in this context [61]. Some studies indicated that immune cells like
macrophages and lymphocytes, due to inflammatory stimulation, synthesize ET-1[62-65].
Bosentan exhibited a notable anti-inflammatory, anti-nociceptive and joint protection effects,
in acute and chronic arthritis mice models denoting the involving of ETs in these processes
[66].

The long last inhibition of gastric acid secretion, with PPIs or H» antagonists, lead to
adverse effects and increased risk for the development of numerous diseases, such as chronic

kidney disease and dementia [9,50]. Interestingly, we have demonstrated that bosentan
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successfully accelerated the gastric mucosa healing without antisecretory mechanisms,
maintaining the physiological acid gastric secretion, avoiding the long last inhibition of gastric
acid secretion adverse effects. Based on these results, bosentan may be a new alternative and

off-label use for the treatment of gastric ulcers.

5. CONCLUSION
Our results show, in the chronic gastric model, that bosentan accelerated the ulcer
healing, was also able to decrease inflammatory parameters without inhibiting the acid gastric
secretion. The overexpression on both ETA/ETg receptors on the chronic gastric ulcer denotes

the involvement of endothelinergic system and ulcerogenesis.
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4 CONCLUSAO E CONSIDERAGOES FINAIS

Dentre as conclusdes desse trabalho, considera-se que nao se pode ignorar
os constantes estudos que denotam os riscos associados a inibigdo da secregao acida
gastrica, que configura o tratamento farmacolégico convencional para ulceras
gastricas. Visto a complexidade fisiopatologica da ulcerogénese, outros sistemas além
da secrecao acida gastrica possuem um potencial a ser explorado, como o sistema
endotelinérgico, em que estudos ja demonstraram seu envolvimento em diversas
doencas crénicas.

A partir dos achados nesse trabalho, conclui-se que tanto o sistema
endotelinérgico quanto a via do 6xido nitrico s&o potenciais vias a serem consideradas
para tratamento de ulceras gastricas agudas. A base para tal constatacao é de que
farmacos vasodilatadores como a bosentana (antagonista duplo de receptores de
ETA/ETg) e a sildenafila (inibidor da fosfodiesterase 5) exibiram relevantes efeitos
gastroprotetores no modelo de ulcera por isquemia-reperfusdo. Dentre eles, obteve-
se: a manutencao dos fatores protetores da mucosa gastrica, como o muco gastrico e
as defesas antioxidantes, menor grau de dano celular por estresse oxidativo e menor
grau inflamatdrio no tecido gastrico. De modo interessante, esses efeitos também
foram observados com pré-tratamento em associagdo da menor dose nao eficaz da
bosentana e sildenafila, as quais isoladamente n&o possuem efeito significativo.
Assim, essa combinagdo demonstra um efeito gastroprotetor sinérgico de ambas as
drogas vasodilatadoras.

Este trabalho demonstrou de modo inédito que na ulcera crénica gastrica ha
uma expressao aumentada dos receptores endotelinérgicos ETa/ETs, o que
demonstra a participacao de tal sistema na ulcerogénese. Tal dado € corroborado com
os resultados desse trabalho, de que o tratamento com a bosentana acelerou a
cicatrizagdo de ulceras crbnicas em ratos, assim como diminuiu os parametros
inflamatorios no tecido gastrico. Esses efeitos foram obtidos com a manutencao da
secrecao acida gastrica, o que contorna os efeitos adversos do uso dos IBPs.
Portanto, o uso off-label de farmacos vasoativos para ulceras gastricas pode ser uma
alternativa promissora, devido a sua seguranga comprovada pelo uso clinico em

doencgas crénicas, evitando-se os efeitos adversos da terapia com IBPs.
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