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OGUIDO, Ana Paula Miyagusko Taba. Avaliacdo do efeito da naringenina na inibicao da
neovascularizacdo induzida por alcali em olhos de camundongos. 2014. 98f. Tese
(Doutorado em Ciéncias da Saude) — Universidade Estadual de Londrina, Londrina, 2014.

RESUMO

A Naringenina, (4°, 5, 7- trihidroxiflavanona) é encontrada de forma abundante nas frutas
citricas, como “grapefruit’, limdo e laranja; é uma flavanona, classe de flavondide
considerada como um agente antioxidante, anti-inflamatéria e antiangiogénica com papel na
prevencdo doengas neurodegenerativas, arteriosclerose, na geragao de tumores e infecgdes.
Assim, o objetivo do trabalho foi avaliar a inibicido da neovascularizacdo corneana pela
naringenina e seu mecanismo de acdo através da monitoracdo da atividade de
mieloperoxidase (MPQ), n-acetil-B-D glucosaminidase (NAG), dos niveis de IL-1B, IL-6 e IL-10,
da atividade antioxidante através dos ensaios da redug¢do de poder de reducdo férrico
(FRAP), e da capacidade antioxidante total do radical dacido 2,2'-Azinobis-(3-
Etilbenzotiazolina 6-Sulfonico) (ABTS), dos niveis de antioxidantes, a glutationa (GSH) e
proteina sulfidrila (PSH). Os animais foram divididos em grupos controle negativo sem
estimulo neovascular (NaOH 1N), grupo controle positivo com estimulo neovascular tratado
com solugdo fisiolégica, grupo teste com estimulo neovascular tratado com suspensao de
naringenina tépica em diferentes concentragbes (subgrupos 0,08, 0,8, 8 e 80ug) aplicada
duas vezes ao dia por 7 dias, iniciando 3 dias antes do estimulo com NaOH e grupo apenas
com naringenina(80ug) sem estimulo neovascular. A naringenina reduziu o recrutamento de
neutrdfilos e macréfagos de forma dose dependente, sendo mais efetiva na maior
concentracdo e reduziu de forma significativa (p<0.01) a area de neovascularizagcdo. A
naringenina (80ug) inibiu a expressdo de IL-1B, IL-6, de forma significativa (p<0.05) nas
analises realizadas 2, 4 e 6 horas apds o estimulo com NaOH. Em relacdo a IL-10 houve uma
tendéncia de aumento. Além disso, a naringenina inibiu a deplecdo da capacidade total
antioxidante em 4 e 6 horas, e inibiu a deplecdo de GSH e PSH, de forma siginificativas nas
medidas realizadas em 2, 4 e 6 horas. A naringenina demonstrou potencial inibitério da
neovascularizagao corneana através dos mecanismos anti-inflamatdério e antioxidante. O uso
de colirio tépico de naringenina pode ser considerado um promissor adjuvante na
modulacdo da resposta inflamatéria e neovascularizagdo corneana.

Palavras-chaves: Neovascularizacdo corneana. Angiogénese. Cornea. Flavondides. Modelo
animal.



OGUIDO, Ana Paula Miyagusko Taba. The inhibiting effect of Narigenin on alkali induced
corneal neovascularization in mice. 2014. 98p. Thesis (Doctorate in Health Sciences) —
Universidade Estadual de Londrina, Londrina. 2014.

ABSTRACT

Naringenin (4°, 5, 7- trihydroxyflavavone), abundantly found in citric fruits, such as limes,
oranges, and grapefruits, is a flavanone, a flavonoid class. It is considered an antioxidant,
anti-inflammatory, and angiogenesis inhibitor with roles in preventing neurodegenerative
diseases, arteriosclerosis, and creation of tumors and infections.Thus, the goal of this work
was to evaluate the inhibition of corneal neovascularization by naringenin and its
mechanism of action through monitoof the activity of myeloperoxidase (MPQO) and N-acetyl-
B-D-glucosaminidase (NAG); the levels of IL-1B, IL-6, and IL-10; the antioxidant effect on the
Ferric Reducing Ability of Plasma (FRAP); the acid 2,2’-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS); and the levels of antioxidants, glutathione (GSH), and Protein
Sulfhydryl (PSH).The animals were divided into a negative control group without neovascular
stimulus (NaOH 1N); a positive control group with neovascular stimulus treated with a
physiological solution; a test group with neovascular stimulus treated with a topic naringenin
suspension in different concentrations (subgroups of 0.08, 0.8, 8, and 80ug) applied twice a
day over a seven-day period, which began three days before the NaOH stimulus; and a group
with naringenin (80ug) without neovascular stimulus. Dose-dependent naringenin reduced
the neutrophils and macrophages recruitment, being most effective in a major
concentration, and it reduced in significant form (p < 0.01) the area of neovascularization.
Naringenin (80ug) inhibited the expression of IL-1B and IL-6 in significant form (p<0.05) in
analyses performed two, four, and six hours after the NaOH stimulus. In regards to IL-10,
there was a tendency of it increasing. Furthermore, naringenin inhibited the depletion of the
total antioxidant capacity in analyses after four and six hours. It also inhibited the depletion
of GSH and PSH in significant form in analyses performed in two, four, and six hours
afterwards. Naringenin has demonstrated inhibitor potential on corneal neovascularization
through its anti-inflammatory and antioxidant mechanisms. Its eye drop use could be
considered a promising adjuvant in the modulation of inflammatory response and corneal
neovascularization.

Keywords: Corneal Neovascularization. Angiogenesis. Cornea. Flavonoids. Animal model .
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1 INTRODUCAO

A neovasculariza¢do (NV) corresponde a formacdo de novos vasos a partir de um vaso
preexistente (FOLKMAN, 1971). A formaG8o descontrolada desses neovasos foi relacionada com
varios mecanismos das desordens nos tecidos oculares (cOrnea, tecido uveal. retina e corobide), nas
lesBes tumorais e nas metéastases, nos processos isquémicos, inflamatérios e imunolégicos
(CARMELIET, 2005).

No olho, a NV é considerada responsavel pelo mecanismo patolégico das mais
importantes e frequentes doenGas que causam cegueira no adulto, a DegeneraGdo Macular
Relacionada aldade e a Retinopatia Diabética Proliferativa, além da Retinopatia da Prematuridade, a
maior causa de cegueira em crianGas prematuras (CARMELIET, 2005; DACE et al.,, 2008; QAZI;
MADDULA; AMBATI, 2009).

A cbrnea é um tecido ocular com propriedades importantes como a sua transparéncia e
a auséncia de vasos (BICAS, 1997; CHANG et al., 2001; CURSIEFEN; KUCHLE; NAUMANN, 1998;
IMANISHI et al., 2000). A presenca dos neovasos corneanos desencadeiam alteragBes em sua
estrutura, e provocam a perda de sua transparéncia (BEEBE, 2008). Dados da NV corneana na
literatura, demonstraram uma incidéncia de 1,4 milhOes ao ano nos Estados Unidos, e 12% desses
casos sdo responsaveis pela cegueira (LEE; WANG; ADAMIS, 1998). A NV na cOrnea foi considerada a
segunda causa de cegueira e baixa acuidade visual por Whitcher, Srinivasan e Madan (2001). Dentre
as causas de injUrias oculares, 11,5% a 22,1 % foram decorrentes de queimaduras quimicas,
responsaveis por induzir a NV corneanas (ORMEROD; ABELSON; KENYON, 1989), principalmente em
jovens e trabalhadores do sexo masculino (CLARE et al., 2012).

A cOrnea representa um tecido privilegiado em relacdo a resposta imunolQgica nos
transplantes, devido a sua propriedade avascular. A taxa de sucesso dos transplantes corresponde em
torno de 90% (AZAR, 2006; KUCHLE et al., 2002; NIEDERKORN, 2013; STREILEIN et al., 1999). Porém a
ocorréncia da NV representa um dos principais fatores de risco para a rejeiG8o nesses pacientes
submetidos a transplantes de cOrnea (DANA; STREILEIN, 1996; MAGUIRE et al., 1994; CURSIEFEN et
al., 2003). Esse risco de rejei¢do imunoldgica (insucesso) se eleva para indices em torno de 50%,
segundo dados dos estudos clinicos e experimentais descritos por Dana e Streilein (1996).

A NV fisiolOgica estA normalmente presente no processo de cicatriza¢do do tecido e na
proliferacdo endometrial no ciclo ovariano (FOLKMAN; SHING, 1992). Nos danos teciduais, a
formac8o dos neovasos representa uma fase importante que permite a troca e nutrica o entre as

ce lulas metabolicamente ativas nas é&reas lesadas (COHEN, 2006). Sob o estimulo de vérios
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mediadores, as ce lulas endoteliais presentes no interior de capilares periféricos das lesBes, passam
pelo processo de diferenciacdo e iniciam a capacidade de formaG8o de novos tubos capilares e
formacéo de neovasos (FOLKMAN; SHING 1992).

Apesar da NV representar um mecanismo de resposta fisiolOgica e uma forma de reparo
do tecido a estimulos locais, como os traumas mecénicos, quimicos ou infec¢Bes, a manutenc¢do da
qualidade do tecido corneano depende de um equilibrio no sistema de controle angiogénicos
(CHANG et al., 2001). A NV patolQgica corresponde a altera¢do do equilibrio de fatores reguladores,
tais como na Retinopatia diabética proliferativa, no qual o maior estimulo de fatores angiogénicos
levam os vasos retinianos a invadirem o vitreo (TANG et al., 2013); e na DegeneraG¢do macular
relacionada aidade (forma neovascular), os neovasos coroidianos invadem as estruturas retinianas,
através da membrana de Bruch, epitélio pigmentado da retina e fotorreceptores da regido macular,
resultando na perda da acuidade visual (AMBATI; FOWLER, 2012; VAN LOOKEREN CAMPAGNE et al.,
2014).

A lesdo produzida por uma substancia alcalina em contato com a cOrnea leva a danos
oculares, desde o epitélio corneano até as suas estruturas intraoculares, com répida resposta
inflamatdria, isquemia de vasos limbares e de segmento anterior, podendo evoluir para a NV
(WAGONER, 1997).

Os vérios reguladores moleculares da inflamac8o, da isquemia e do estresse oxidativo,
envolvidos na injUria tecidual comandam a liberag¢8o de fatores capazes de induzir o inicio de uma
cascata de eventos que contribuem para a angiogénese (AZAR, 2006; FERRARA; KERBEL, 2005; KIM;
CHUNG, 2013). O conhecimento desses mecanismos e dos fatores envolvidos possibilita uma acéo
especifica, com agentes que atuem em cada etapa da angiogénese.

Desde o inicio da terapia com anticorpos para o fator de crescimento endotelial vascular
(VEGF) ha uma década, considerado um marco na terapia contra o cancer, outras formas de
tratamento moleculares vem sendo descobertas desde entdo, com alvo na sinaliza¢8o da familia do
VEGF (DUDA, 2012). O beneficio dessas novas terapias atingem mais de 500 milh8es de pessoas
(CARMELIET, 2005). Porém, para algumas doengas, a terapia padréo com os anti-VEGF apresentou
certa resisténcia e ineficacia no combate a NV ou na sua progressdo (CARMELIET; JAIN, 2011; DUDA,
2012).

Apesar de existirem opGOes terapéuticas disponiveis para a NV corneana, como o uso de
corticosterdides tOpicos e anti-inflamato rios na o esteroidais (CHANG et al., 2001), esses s3o
limitados devido a pouca eficacia e efeitos colaterais como catarata, hipertensdo ocular e perda da
visdo (COLE et al., 2007).

As novas terapias moleculares com os anticorpos monoclonais como bevacizumab

(Avastin®, Roche, Brasil) (KIM et al., 2014 FERRARI et al., 2013); ranibizumab (Lucentis’, Novarts,
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Suica), pegaptanib (Macugen®, Pfizer, USA)(STEVENSON et al., 2012; DURSON et al., 2012) e
aflibercept (Eylea®, Regeneron, USA) (CHANG et al., 2012) sdo consideradas promissoras, mas ainda
de uso experimental na NV corneana.

Dentre as novas terapias, o estudo em fase mais avan¢ada de comprovacao da eficacia e
seguranca, se encontra na fase Ill de estudos clinicos pelo FDA (Food and Drug Administration)
(CURSIEFEN et al., 2014). Apesar do complexo mecanismo molecular e os fatores envolvidos na NV
estarem sendo vastamente estudados e esclarecidos nesses ultimos anos (CHANG et al., 2012; QAZI;
KEELEY; MEHRAD; STRIETER, 2008; MADDULA; AMBATI, 2009; SIVAK et al., 2011), até o momento nao
existe um tratamento totalmente eficaz para essa patologia (PAPATHANASSIOU et al.,, 2013;
MOHAMMADPOUR, 2013).

Os flavonGides sdo considerados antioxidantes naturais, encontrados nos alimentos, e
sua acdo se deve pela presenca do grupo fendlico hidroxil ligado ao anel fendlico da sua estrutura. Os
flavondides podem agir como agentes redutores, doadores de hidrogénio, varredor de radical
superOxido, quelante de fons metdlicos, além de ativarem enzimas antioxidantes e inibirem as
oxidases (RICE-EVANS; MILLER; PAGANGA, 1996).

A naringenina, uma flavanona da classe dos flavonéides, encontrada em sua maior
concentracdo nas frutas citricas (COELHO et al.,, 2013), tem sido reportada por sua atividade
antioxidante,  anti-inflamat6Oria, imunomoduladora, = neuroproterora, anticancerigena e
antiangiogénica (PELUSO; RAGUZZINI; SERAFINI, 2013; YILMA et al., 2013; CAVIA-SAIZ et a., 2010;
COELHO et al., 2013; XU et al., 2014).

Pelas propriedades ja descritas dos flavondides, a naringenina foi considerada como uma
provavel opcdo terap@utica da NV corneana inflamatéria induzida pela lesdo decorrente de

queimadura quimica, doenca de grande morbidade e importante causa de baixa acuidade visual.
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2 DESENVOLVIMENTO

2.1 Anatomia pa CORNEA

A cornea é um tecido transparente, avascular e de forma asférica, que reveste a parte
externa do globo ocular, juntamente com a esclera. A cdrnea apresenta propriedades especiais, além
da protecdo contra agentes externos, é responsavel por 74% do poder refracional do olho. As
medidas horizontais variam de 11 a 12 mm, verticalmente de 9 a 11 mm, e sua espessura média é de
550 micra. A sua estrutura microscopica é relativamente simples, comparada com outras partes do
corpo, apresentam 3 camadas celulares: epitélio, estroma e endotélio; as interfaces acelulares:
camada de Bowman e membrana de Descemet (KRACHMER; MANNIS; HOLLAN, 2005), e a
recentemente descrita, camada pré Descemet de Dua (DUA et al., 2013).

O epitélio consiste em 5 a 6 camadas de células ndo queratinizada, escamosas e
estratificadas, com 50 micra de espessura. As células das camadas superficiais sdo as mais
diferenciadas e com pouca atividade metabdlica, diferentemente das células basais. A membrana das
células epiteliais sdo compostas por glicoproteinas e glicolipideos embebidos na hidrofébica camada
lipidica. Nas camadas superficiais apresentam particulas especiais denominadas glicocdlices, que
conferem a propriedade hidrofilica das células superficiais.

O estroma é o maior componente (90%) da cérnea, composto por fibras colagenas (tipo
, I, IV e VIl) uniformemente dispostas, e dessa forma, essencial para a transparéncia corneana. E
composto ainda pela matriz extracelular, coldgeno, glicosaminogicanos e ceratdcitos (fibroblatos
corneanos), que correspondem a 3% do volume estromal. Tanto o epitélio como o endotélio sdo
responsaveis para o estado de hidratacdo ideal da cornea.

O endotélio é composto por monocamada de células hexagonais, responsaveis pela
regulacdo da hidratacdo corneana. Essas células apresentam grande atividade metabdlica, devido a
presenca de transporte ativo de ions, para o controle da entrada de dgua no estroma. No adulto
apresentam um numero em torno de 3000 células/mm?, e raramente se regeneram.

A camada de Bowman (entre epitélio e estroma), membrana de Dua (pré Descemet) e
de membrana de Descemet (membrana basal das células do endotélio), sdo interfaces acelulares,
compostas de fibras de coldgeno, principalmente as do tipo IV.

A cérnea de camundongo, de forma semelhante com a dos primatas, apresentam as trés
camadas celulares: epitélio, estroma e endotélio, e as interfaces acelulares, compostas de fibras de
colagenos. A cérnea de camundongos foi considerada um modelo apropriado para as pesquisas

experimentais, apesar de apresentarem diferengcas com a cdérnea humana ou de primatas, como
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maior propor¢ao da camada epitelial (30%), e maior espessura central do que periférica
(HENRIKSSON; BRON; BERGMANSON, 2012). Contudo, os roedores apresentam vantagens como a
facilidade no manuseio (alimentacdo, higiene e acomodacdo); ciclo bioldgico curto
(aproximadamente 2 anos), possibilitando o trabalho simultdneo com varios grupos experimentais e
custo financeiro acessivel.

A cérnea é um tecido externo no globo ocular e naturalmente avascular, portanto
previlegiado do ponto de vista imunolégico. Por essas propriedades, o estudo no tecido corneano
permite o estimulo neovascular e sua andlise (o surgimento de um vaso é conseqiéncia do estimulo
utilizado), além da observacdo direta, acompanhamento temporal e espacial do processo angiogénico
(FECHINE-JAMACARU; FECHINE JUNIOR; MORAES FILHO, 2005).

O modelo de NV corneana foi amplamente utilizado por Folkman e colaboradores nos
estudos do mecanismo da angiogénese, e considerado um marco no esclarecimento desses
mecanismos e atividade dos mediadores envolvidos nesse processo (FOLKMAN, 1971; LI et al., 1991;
KENYON et al., 1996; REGENFUSS et al., 2008).

Os métodos utilizados para o estimulo vascular podem ser aqueles através de
dispositivos ou implantes intracorneanos carregados com diversos agentes, como os fatores de
estimulo do crescimento vascular, ou indiretamente através de toxinas ou estimulos inflamatérios (LI
et al., 1991). Outra técnica utilizada como modelo de indugao angiogénica é a desencadeada pela
inflamacgdo na cérnea, por trauma mecanico, térmico ou uma cauterizagdo quimica (nitrato de prata,
fios de sutura, hidréxido de sédio) (FECHINE-JAMACARU; FECHINE JUNIOR; MORAES FILHO, 2005;
LOPES, 2008), induzida a partir da vasculatura limbar, através de um estimulo neovascular indireto
(SUNDERKOTTER et al., 1991).

O modelo experimental utilizado neste estudo, foi a indu¢do da neovascularizagdo
corneana por injuria através do alcali NaOH, 1N. Escolhido por ser muito utilizado, facilidade de
reprodutividade e simplicidade. Esse modelo simula uma das principais causas de acidente oculares
(queimadura oculares por alcali), em jovens trabalhadores, com devastadora morbidade, pela NV

corneana e baixa acuidade visual (CLARE et al., 2012).

2.2 MEDIADORES DA ANGIOGENESE INFLAMATORIA

O inicio da NV foi demonstrado estar relacionado com um processo inflamatorio, através
do envolvimento de células e mediadores inflamatorios, apenas modificados de acordo com o local e
sua forma de apresentaGdo, podendo ser fisiolOgica ou patoldgica (CHANG et al., 2001; EPSTEIN et al.,
1987; KEELEY; MEHRAD; STRIETER, 2008).

A inflamacga o pode ser dividida em duas etapas, aguda e crbnica, baseada na duraga o
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e suas caracteri sticas patolo gicas. A resposta inflamato ria aguda, desencadeada por injUrias locais,
biolo gicas, qui micas ou fisicas, apresenta como principais caracteri sticas a vasodilataga o,
aumento da permeabilidade vascular e a infiltraga o celular (parte da resposta imune inata). Nesta
fase ocorre a exsudaga o de fluido e protei na plasma ticas (edema) e o recrutamento de
leuco citos, predominantemente neutro filos, de forma direcionada para os locais alvo. A
inflamaga o crOnica esta associada com a presenca de linfo citos e macro fagos, NV, necrose
tissular, e fibrose. Existem mecanismos anti-inflamatOrios ativos que modulam a resposta e evitam
que ela seja exacerbada (KUMAR et al., 2005).

Na presenca de uma reacdo inflamatoria aguda, os leucOcitos sdo as primeiras células a
se apresentarem e participarem na organizada inter-relagdo das células e dos mediadores da
inflamacg8o (LINGEN, 2001; NALDINI; CARRARO, 2005). Varios s8o os mediadores envolvidos na
resposta inflamatoria, tais como os derivados de precursores plasmaticos (calicreinas-cininas, sistema
de coagulacdo, sistema complemento, plasmina, trombina), de células (neutrdfilos, mondcitos,
linfécitos), substancias préformadas da cascata da ativagdo (grénulos intracelulares como a
histamina), da produGdo de espécies reativas de oxigénio (EROs), Oxido nitrico, derivados de acido
araquidénico (metabolizados tanto pela via das ciclooxigenases, as prostaglandinas ou pela via das
lipoxigenases, os leucotrienos), além das citocinas (CRUVINEL et al., 2010).

No decorrer do processo inflamatdrio (fase crénica) sdo observadas tentativas de
cicatrizaca o pela substituica o do tecido lesado por tecido conjuntivo, atrave s da angiogénese e
pela fibrose tecidual (KUMAR et al., 2005).

O processo inflamatOrio e o complexo processo de angiogénese foram descritos como
interconectados e envolvidos com a geragdo aumentada de espécies reativas de oxigénio (EROs),
onde novos vasos permitem o recrutamento continuo de células inflamatOrias, citocinas e
guimiocinas, fatores de crescimento, mantendo o ciclo da angiogénese e estresse oxidativo (BITEMAN
et al., 2007; GOSTNER et al., 2013; LIU et al., 2000; PILLAI et al., 2008; SAIKA et al., 2005), (GOSTNER
et al,, 2013; REUTER et al., 2010).

Na angiogénese, o estimulo pode ocorrer primeiramente pela via direta através dos
fatores como o VEGF e fator de crescimento de fibroblastos (FGF), ou pela via indireta, através de
estimulo de fatores como o fator de necrose tumoral alfa (TNF-a) e fator de transformac¢do do
crescimento (TGF) (COHEN et al., 1996; FOLKMAN, 1990), interleucinas e quimiocinas, como as
derivadas dos neutrofilos e macrofagos (NOONAN et al., 2008).

No processo de formag8o de novos vasos, as células endoteliais dos vasos (principais
células envolvidas na angiogénese), alinhadas as células sanguineas, sofrem desestabilizacdo da sua
continuidade, que ocorre pela quebra da barreira da membrana basal do endotélio vascular. Esse

mecanismo ocorre através de estimulos de fatores, enzimas e moléculas secretadas principalmente
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pelos macrOfagos ativados (AUERBACH, W.; AUERBACH, R., 1994; LINGEN, 2001). Entre esses fatores,
se encontram o VEGF, TNF-qg interleucinas IL-1 (IL-1), interlucina IL-8 (IL-8), FGF e Fator de
Crescimento Derivado de Plaquetas (PDGF) (NALDINI; PUCCI; CARRARO, 2001; OGAWA et al., 1999).

Uma vez que as células endoteliais alcanGam o espaGo extravascular, migram conforme a
conducdo do estimulo quimiotéxico, estimulados pelos linfGcitos ou macréfagos. A partir do processo
de migragdo celular, as células endoteliais se proliferam em um nUmero crescente a fim de
promoverem a formac¢do dos neovasos; subsequente a essa proliferacdo, em uma nova etapa do
processo, as células endoteliais necessitam se reorganizar para a formagdo da estrutura tubular
(FOLKMAN; INGBER, 1992; AUERBACH et al., 2003, NALDINI; CARRARO, 2005). Nesta etapa, novas
células sdo recrutadas e regulam a remodelagéo tecidual, a resposta imune e a angiogénese. Dentre
essas células incluem as plaquetas, neutrOfilos, células T, células natural killer e macrofagos da
circulagdo (NALDINI; PUCCI; CARRARO, 2001; NALDINI; CARRARO, 2005).

Nessa fase de proliferagdo celular endotelial alguns fatores pré-angiogénicos foram
descritos como o FGF, TGF, Fator de Crescimento Epidérmico (EGF) e o VEGF. A ativacdo dos
macrofagos, mastdcitos e fibroblastos, é capaz de produzir grandes quantidades desses fatores pro-
angiogénicos, incluindo ainda as citocinas inflamatOrias. Essas uUltimas controlam a proliferacdo das
células endoteliais, sua sobrevida e apoptose, assim como a migracéo e ativacfo celular (LINGEN,
2001; NALDINI; CARRARO, 2005). Dentre os fatores pro-angiogénicos envolvidos, o VEGF é
considerado o mais potente indutor da proliferacdo e migrac8o celular, sendo responsével pela
manuten¢8o da sustentaGdo neovascular (COHEN, 2002; FERRARA; KERBEL, 2005; SENGER, 2010).

Os leucécitos e macréfagos contribuem também para a remodelagdo da matriz
extracelular, atuando na liberacdo de enzimas como melatoproteinases (MMs), catepsinas,
plasminogéneos e uroquinases (KUNDU; SURTH, 2012; RUEGG, 2006). Para a proliferacdo de células
endoteliais em direcdo a um estimulo angiogénico, a matriz extracelular deve ser seletivamente
degradada, principalmente pelas MMs, que continuem a mais importante familia de enzimas no
controle deste processo. Na cOrnea, as MMs degradam o coldgeno tipo IV, presente na membrana
basal, permitindo a separaGéo do epitélio das camadas estromais, mediadas por moléculas de adesdo,
as integrinas (VU; WERB, 2000).

Os neutrdfilos foram descritos como uma das mais importantes células na promoc&o da
NV coroidal experimental (ZHOU et al., 2005), uma vez que sdo as células mais abundantes no sangue
periférico e juntamente com macr6fagos atuam ativamente como células apresentadoras de
antigenos, potencializam as respostas de células como linfOcitos e a liberagdo de citocinas pré-
inflamatdrias, como a IL-1, interleucina IL-6 (IL-6), interleucina IL-12 (IL-12), IL-8 e TNF- c(CRUVINEL et
al., 2010; DANA, 2007; DINARELLO, 2009).

Uma situacdo comum nos diversos locais do inicio da NV inflamatdria foi o estado de
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hipdxia tecidual prévio, seguido de um aumento da expressdo dos fatores estimulantes da
angiogénese (SCHAPER; SCHOLZ, 2003). A hipoxia presente no sitio inflamatdrio foi descrita como um
importante estimulo pré-angiogénico, sinalizador dos fatores de ativacdo como do VEGF, do FGF e
TNF- o(GRANGER; SENCHENKOVA, 2010).

As citocinas sdo as principais mediadoras do processo inflamatOrio, imunolbgico e
angiogénico (MESQUITA et al.,, 2010; VARELLA; FORTE, 2001). Em um processo inflamatorio, as
citocinas sinalizam e transmitem informacOes através de receptores de membranas, tanto de células
locais, na sua célula produtora ou célula distante sistémica (CUNHA et al., 2005; VARELLA; FORTE,
2001). As principais células que as produzem sdo os leucOcitos, macrOfagos, fibroblastos em
consequéncia de uma les8o tecidual (CUNHA et al., 2005; SAIKA, 2007; VARELLA; FORTE, 2001).

A IL-1 foi descrita como uma familia composta por 11 citocinas, com dois compostos
proteicos principais, IL-1 «e IL-1 3 e seu receptor antagonista de IL-1 (IL-1ra) (DINARELLO, 1996,
VORONOV et al., 2013, HUISING et al., 2004). A IL-1 é intensamente produzida e secretada por vérios
tipos de células ativadas como os macro6fagos, mondcitos, fibroblastos e célula detriticas, bem como
linfOcitos B, células natural killer e células epiteliais. Essas citocinas tem papel importante na resposta
contra a infecG8o, além de aumentarem a expressdo de fatores de adesdo das células endoteliais
(NALDINI; CARRARO, 2005; VORONOV; CARMI; APTE, 2014). Tanto IL-la como IL-1B foram
consideradas as primeiras citocinas envolvidas na cascata de mediadores do processo inflamatério,
juntamente com o TNF-a, quimiocina L1 (CXCL1) e quimiocinas derivada de queratinécitos (AGGAWAL
et al., 2012; NALDINI; CARRARO, 2005; VERRI et al., 2006).

A IL-1 Bn&o se encontra presente em condi¢Bes homeostéticas, mas foi demonstrado ser
induzida e secretada somente na sinalizagdo inflamatOria, sendo seu precursor IL-1f3
metabolicamente inativo até ser enzimaticamente ativado pela caspase-1 (DINARELLO, 2009). A sua
expressdo € induzida pelo fator de transcricdo nuclear NF-kB, apGs exposi¢do das células imunes a
alarminas, moléculas sinalizadoras de dano celular. A IL-1 3 apresenta sensores citoplasmaticos de
padrBes moleculares associados aos patOgenos ou a danos celulares, que uma vez ativados, funciona
como um complexo capaz de recrutar pré-caspase-1 e promover a formagdo de inflamassomas,
receptores do tipo NOD (NLRs), constituido por um complexo proteico que controla a sua producéo e
a maturacdo (NALDINI; CARRARO, 2005). Essa interleucina foi considerada a mais importante
molécula inflamatoria, por ser extensivamente secretada (VORONOV; CARMI; APTE, 2014).

As agbes pro-inflamatérias de IL-1B sdo semelhantes a ag¢do do TNF-a, como a
modulac¢do da expressdo de células endotelias, diminuicdo da coagulacdo, atividade quimiotaxica no
recrutamento de leucdcitos e estimulo ao metabolismo oxidativo (AGGARWAL; GUPTA; KIM, 2003;
DESCH et al., 1990; MACKAY et al., 1993; NALDINI; CARRARO, 2005; VARELLA et al., 2001;). Além

disso, essas citocinas estimulam a producdo de mediadores secundarios como as quimiocinas,
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ciclooxigenases, prostaglandinas e MMPs, sustentando a resposta inflamatéria, sendo fundamentais
para a angiogénese (VORONOV; CARMI; APTE, 2014). Em estudos prévios, a IL.-13 demonstrou
promover a angiogénese e sua expressado foi elevada nos mondcitos expostos a condicdes de hipdxia
(NALDINI; CARRARO, 2005, VORONOV; CARMI; APTE, 2014; VORONOV et al., 2013; CARMI et al.,
2009).

Wilson e Esposito (2009) reportaram que IL-1 3 estd presente no epitélio intacto das
células epiteliais e sdo liberadas dentro do estroma corneano ap0s uma injUria mecéanica. Hong et al.
(2001) demonstraram que a IL-1 Stem um papel importante na regulacdo da infiltragdo estéril de
células inflamatodrias no epitélio ap0s a injlria mecanica em olhos de coelhos. Ebihara et al. (2011)
demonstraram que a IL-1 Binduziu a produc&o de IL-6 e seu receptor solUvel SIL-6R pelos fibroblastos
da cOrnea.

A Interleucina IL-6 € considerada uma citocina pré-inflamat6ria, com seu receptor solUvel
SIL-6R, regula a inflamagdo, a resposta imune e € produzida por diferentes tipos celulares como
macrOfagos, fibroblastos, células endoteliais e linfécitos (OKADA; MURAKAMI, 1998). Em algumas
doencgas oculares como Sindrome de Sjogren, conjuntivites secas, vernais e nas uveites, a IL-6
apresentou-se em niveis elevados (SIMON et al., 2008; YOON et al., 2007). A IL-6 foi reportada estar
envolvida na cicatrizac8o cuténea (GALLUCCI et al., 2000; GALLUCCI et al., 2001) e da cbrnea, durante
o estimulo da migracdo de células epiteliais (NISHIDA et al., 1992a; NISHIDA et al., 1992b;
NAKAMURA; NISHIDA, 1999). Tanto a IL-1 e IL-6 foram demonstradas estarem dramaticamente
elevadas na reparacdo do epitélio durante os primeiros estdgios da queimadura por &cali na cérnea
(SOTOZONO et al., 1997).

Cohen e colaboradores (1996) demonstraram a induGéo indireta da angiogénese, através
da citocina IL-6 e do estimulo do VEGF mRNA. A expressdo da IL-6 foi demonstrada acompanhar a
vascularizac8o em tecidos de reproduGao, cicatrizag¢do, crescimento de tumores (MATEO; REICHNER;
ALBINA, 1994; MOTRO et al., 1990), edema macular da retinopatia diab ética (FUNATSU et al., 2003;
SHIMIZU et al., 2002) e NV corneana (EBRAHEM et al., 2006).

A IL-10 é produzida por células imunoldgicas, principalmente os mondcitos, macréfagos,
e células T, além dos leuco citos. Esta interleucina regula diferentes fun¢Bes das células imunolOgicas,
através dos complexos receptores transmembrana IL-10R1 e IL-10R2; diminui a produc¢do de
mediadores inflamatOrios dos mondcitos e macrdfagos, como TNF- ¢ IL-1 3 IL-6, IL-8; e apresenta
funcdo inibitoria, de indugdo de tolerancia e sequestradora dos macréfagos (de WAAL MALEFYT et al.,
1991; MOSSER; EDWARDS, 2008; SABAT et al., 2010). Além disso, a IL-10 inibe a apresentacdo de
antigenos (ROERS et al., 2004; WOLK et al., 2002). Sabat et al. (2010) descreveram como especial
relevancia da IL-10, a prevencdo e limitagcdo da expressdo exagerada da reaGdo especifica e

inespecifica da resposta imune, além de ser considerada a mais importante citocina com
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propriedades anti-inflamatorias, ao lado do TGF- 3(SABAT et al., 2010).

Outros fatores importantes envolvidos na cicatriza¢8o tecidual foram descritos como o
Fator de crescimento derivados de plaquetas (PDGF), produzidos pelas plaquetas, macréfagos, células
endoteliais e musculatura lisa (MORI et al., 2002). O PDGF juntamente com VEGF, foi demonstrado ter
um papel importante no desenvolvimento da retinopatia proliferativa (CAMPOCHIARO; HACKETT;
VINORES, 1996; CAMPOCHIARO, 2013; MORI et al., 2002).

Os eicosanOides sdo metabOdlitos oxigenados produzidos pelas células a partir dos acidos
graxos, e possuem a fun¢do de regular a inflamag&o e o funcionamento do sistema imune. O Fator
ativador de plaquetas (PAF), considerado um mediador lipidico, faz parte da familia dos eicosandides,
composta pelas prostaglandinas, leucotrienos, tromboxanos e derivados dos &cidos graxos
hidroxilados. O PAF foi demonstrado ser produzido ap0s estimulacdo inflamat0ria, pelos mono citos,
macro fagos, neutrOfilos, eosinbfilos, basotfilos e plagquetas (CAMUSSI; TETTA; BAGLIONI, 1990). Os
substratos para a formagdo dos eicosanOides s@o o &cido araquidbnico, o &cido dihomo-gamma-
linolénico e &cido eicosapentaendico (KALISH et al., 2013), que frente a um estimulo angiogénico, séo
mobilizados da membrana das células imunes e sofrem a a¢do da enzima fosfolipase A2, através da
vias das ciclooxigenases ou lipoxigenases.

Bazan e Ottino (2002) demonstraram a produGdo de eucosanOides na fracdo
mitocondrial de células da cornea de coelhos, apGs 2 horas da injUria corneana criogénica, com um
aumento de 100% de produtos da ciclooxigenase (COX) como as prostaglandinas.

O PAF tem sido encontrado no processo inflamatério na injUria corneana, bem como nos
nervos terminais sensitivos danificados que exercem influéncia tréfica nas células epiteliais da cOrnea
(BAZAN; OTTINO, 2002). Esses autores ainda demonstraram que a estimulaG8o do PAF dependente do
NF- B, nos receptores de transmembranas (proteina G), na express@o dos genes da ciclooxigenase 2
(COX-2) e 6xido nitrico sintase induzida (iNOS).

O dano na integridade do tecido corneano tem um papel importante na producdo de
mediadores lipidicos como o PAF e metabdlitos como a COX-2. A producdo de outros metabdlitos
lipidicos como lipoxigenase (LOX) agem como mensageiros secunddrios dos fatores de crescimento
epidérmicos durante o reparo tecidual (KENCHEGOWDA; BAZAN, 2010). Os produtos da COX foram
também descritos como contribuintes para a NV na c6rnea (FUJISHIMA et al., 2005; KALISH et al.,
2013; UEDA 1997). A expressdo aumentada de COX-2 resultou na liberacdo de fator de crescimento
angiogénico e foi adjuvante na estimulacdo de células tumorais em humanos (MASFERRER et al.,
2000).

O fator angiogénico mais importante, estimulador de prolifera¢do, migracéo de células
endoteliais, formagdo de tubo vascular, e envolvidos na inflamag&o € o VEGF, primeiramente descrito

por Ferrara, Poete e colaboradores em 1989 (FERRARA; HENZEL, 1989). O VEGF pode ser produzido
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pelas plaquetas, mondQcitos ativados, células T, células do epitélio pigmentado da retina, astrdcitos, e
células da musculatura lisa (FERRARA, 1999).

As células endoteliais sdo dependentes do VEGF, tanto durante a fase do
desenvolvimento, como nos processos de angiogénese fisioldgicos no ovério e Utero (FERRARA;
GERBER; LEUCOTER, 2003; HOEBEN et al., 2004). O VEGF apresenta func8o importante na
angiogénese patoldgica dos tumores, na artrite reumat6ide, na corbide e retina. VEGF foi
demonstrado apresentar fung¢do na linfangiogénese em camundongos (FERRARA; GERBER;
LEUCOTER, 2003), no estimulo das células endoteliais, incluindo a prote0lise e degradacéo da matriz
extracelular, proliferacéo endotelial, migrac8o e formacdo de tubos vasculares (CHANG et al., 2001;
FERRARA; GERBER; LEUCOTER, 2003; KROLL; WALTERNBERG, 1999).

O VEGF pertence a uma familia de genes que inclui o fator de crescimento placentério
(PIGF), VEGF-B, VEGF-C e VEGF-D. Esses fatores ligam-se aos receptores VEGFR1 e/ou VEGFR2
(CHANG et al., 2001; FERRARA; GERBER; LEUCOTER, 2003).

Nas doencas oculares o VEGF foi descrito ser responsavel pelo aumento da
permeabilidade vascular na Retinopaptia diabética ndo proliferativa e proliferativa, na proliferagcéo
neovascular na Degenerac&o relacionada a idade e na Retinopatia de prematuridade (WITMER et al.,
2003). Na cbrnea houve aumento da sua expressdo na NV induzida em cbrnea de ratos, ocorrendo a
expressdo maxima de mRNA para VEGF em 24 horas (EDELMAN; CASTRO; WEN, 1999). E, além disso,
considerado um fator critico na cascata da angiogénese (AMANO et al., 1998; GUPTA; ILLINGWORTH,
2011).

2.3 Estresse OxipaTIvO

Durante o metabolismo basal das células aerébicas ocorre uma producdo continua de
espécies reativas de oxigénio (EROs) acompanhada por sua inativagdo, através da ag¢do de
antioxidantes, de forma a manter a integridade estrutural e funcional das biomoléculas. O estresse
oxidativo ocorre com o desequilibrio das EROs e as defesas antioxidantes, na qual essas defesas
antioxidantes sdo insuficientes ou incapazes de remover os agentes oxidantes, e consequentemente
ocorre o aumento da formacdo de EROs (HALLIWELL, 1993). A presenca de EROs, considerada
citotoxica, prejudicial para as moléculas bioldgicas e o equilibrio homeostatico celular, levam a
alteracbes como a deplecdo de glutationa (GSH), a peroxidacdo lipidica, danos nas membranas
celulares, quebra de filamentos de DNA, ativacdo de proteases, nucleases e proteina quinases.
Portanto, para permitir a sobrevivéncia das células em ambiente aerdbico, essas EROs devem ser
neutralizadas pelos sistemas de defesas antioxidantes (FENG et al., 2003).

Mecanismos de proteG8o para os danos causados por radicais livres oxidantes incluem os
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sistemas enzima ticos antioxidantes, como a supero xido dismutase, a catalase e a glutationa
peroxidase; assim como os antioxidantes na o enzima ticos, as vitaminas A, C e E e outros
antioxidantes exo genos como o tocoferol, ascorbato, caroteno ides e flavono ides (BARBOSA et al.,
2010; KABUTO et al., 2003; MATSUGO et al., 2000).

As EROs como o ifon supero xido (0,), o pero xido de hidrogénio (H,0,) ou o radical
hidroxila (OH), s8o produtos do metabolismo de oxigénio gerados principalmente pelas mitocbndrias,
por meio da cadeia transportadora de elétrons. Esse processo de formacdo desses radicais ocorre
através de reagOes especificas, catalisadas por enzimas e com a participagdo principalmente dos ions
ferro e de cobre, tanto no metabolismo fisiol6gico ou patolégico celular (BARBOSA et al., 2010;
KABUTO et al., 2003).

O NF- B8 € um dos reguladores centrais da sobrevivéncia celular, a transcricdo de DNA, e
consequente expressdo de muitos genes responsaveis pela reposta imune, inflamatoria,
arteriosclerose e cancer (BOWIE; ONEILL, 2000). O NF- 88 € uma proteina complexa localizada no
nlcleo das células, um fator nuclear de transcricdo induzivel, o primeiro diretamente envolvido no
estresse oxidativo (SCHRECK; RIEBER; BAEUERLE, 1991). Além disso, o NF- 88 € mediado por citocinas
(como o TNF- g a IL-1 e a IL-6), EROs, radiacdo ultra violeta e oxidaGdo lipidica (GUZIK; HARRISON,
2006).

No olho, o NF- B foi relacionado com a atividade mediadora da NV coroidiana (YOSHIDA
et al., 1998).

O endotélio vascular foi considerado um dos primeiros alvos das EROs no estresse
oxidativo, presente nas condi¢Bes inflamatdrias, mediadas por fagdcitos ativados (SHONO et al.,
1996; SHWEIKI et al., 1992; VERCELLOTTI et al., 1991).

O estresse oxidativo foi demonstrado estar envolvido com o processo da inflamacéo e
vem sendo comprovado como importante estimulo de VEGF, migracdo do endotélio celular,
envolvendo o receptor VEGFR2, na sinalizacdo dos componentes antioxidantes, nas repostas
angiogénicas nos crescimento dos tumores (OSHIKAWA et al.,, 2012; SHONO et al., 1996; USHIO-
FUKAI; NAKAMURA, 2008).

A disfuncdo de enzimas envolvidas na producdo de EROs é fundamental para o
mecanismo de estresse oxidativo. A nicotinamida-adenina dinucleotideo fosfato (NADPH) oxidase,
representa uma enzima com papel fundamental nas etapas de formacdao de EROs, e foi detectada
primeiramente em neutrdfilos, com capacidade de geragdo de superdxido de oxigénio e formacéo de
NADPH reduzido (BAEHNER; GILMAN; KARNOVSKY, 1970).

Além da NADPH oxidase, a xantina oxidase, LOX e COX constituem fontes principais de
formac@o de EROs do sistema de enzimas redox (sistema de troca de elétons, nas reagOes de

oxidac&o e reducdo) (SCHRAMM et al., 2012).
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A atividade NADPH oxidase foi demonstrada ser regulada pelas citocinas (TNF- ¢ TNF- 3
IL-1), fatores de crescimentos (EGF, FGF-f IGF-1, PDGF, TGF-Al, VEGF) e hormonios (GUZIK;
HARRISON, 2006; SCHRAMM et al., 2012). A atividade de NADPH oxidase foi encontrada nas células
endoteliais, células dos mUsculos lisos e fibloblastos (KLENIEWSKA et al., 2012).

Na retina, a biodisponibilidade de NADPH foi demonstrada estar diminuida na
patogénese da retinopatia diabética, que negativamente afeta o sistema de defesa da GSH. GSH e
considerado o principal tampa o de oxirredu¢8o intracelular e desempenha uma fungdo essencial na
protecdo celular contra o dano oxidativo (MEHTA et al., 2006; POLAK et al., 1997). Na c6rnea o
sistema de NADPH oxidase contribui para a formacdo de superOxido durante a inflamag&o (O’BRIEN
et al., 2006).

A atividade da enzima GSH redutase, antioxidante que gera GSH (glutationa reduzida) e
sua forma oxidada GSSG, depende de NAPDH. A GSH é um tripepti deo formado por resi duos de
glicina, glutamato e cistei na, sendo esse u Itimo aminoa cido portador do grupo sulfidrila (-SH). O
GSH atua na proteca o contra o estresse oxidativo, atrave s da sua aca o como captadora de radicais
livres e indiretamente como substrato da glutationa peroxidases e glutationa-s-transferase, além de
ser um marcador da viabilidade celular e sua diminuic a o e indicativa de lesa o oxidante.
Normalmente a oxidacdo desses compostos protéicos portadores de grupos sulfidrilas a dissulfetos
mistos e uma resposta prima ria ao estresse oxidativo (KABUTO et al., 2003). Na cOrnea, a GSH foi
descrita como responsdvel por manter sua hidratac@o e transparéncia (GANEA; HARDING, 2006).

A deplecdo de NADPH também diminui a sintese de Oxido Nitrico (NO), um agente
protetor vascular. O NAPDH serve como um cofator para a enzima Oxido nitrico sintase induzivel
(INOS) (OMOLOLA; AYEPOLA; OGUNTI, 2014; VA SQUEZ-VIVAR et al., 1998

NO tem papel importante nos processos moleculares como a inibicdo de ativagcdo de
plaguetas, relaxamento vascular, e a¢do anti-inflamatéria. Sua redu¢do aumenta a inflamacéo e
rompe a integridade de células endoteliais (MEHTA et al., 2006; OMOLOLA; AYEPOLA; OGUNTI, 2014,
VA SQUEZ-VIVAR et al., 1998). Por outro lado, o NO é considerado um fator pré-inflamatoério, em
situa¢Oes anormais de elevada producdo, e importante na formacdo de intermedidrios reativos do
nitrogénio (RNS), na patogénese da inflamacéo vascular e disfun¢éo endotelial (SHARMA; AL-OMRAN;
PARVATHY, 2007).

Os macr6fagos possuem atividade fagocitica intensa e possuem um sistema de digestdo
intracelular com envolvimento tanto de EROs, como RNS (CRUVINEL et al., 2010; THOMAS et al.,
2008). NO foi relacionado com a angiogénese pelos efeitos mitogénicos estimulados por VEGF em
células endoteliais microvasculares (COOKE; LOSORDO, 2002; MORBIDELLI et al., 1996; ZICHE et al.,
1997) e pelo aumento da expressédo de FGF (DULAK et al., 2000).

O mecanismo de peroxidacdo lipidica refere-se & degradac&o de lipideos das membranas
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celulares na presenca de EROs, que leva a les@o dessas membranas, com a alteracdo na
permeabilidade ao fluxo ibnico, altera¢Bes do DNA, oxida¢do das lipoproteinas e comprometimento
dos componentes da matriz extracelular (BALASUBRAMANIYAN; KALAIVANI SAILAJA; NALINI, 2003).
Os produtos finais s@o os reativos de aldeido, como a formagdo de malonaldeido (MDA), mensageiros
secundarios de EROs, considerados indicadores mais comuns da peroxidaca o lipidica (BARBOSA et

al., 2010).

2.4 O MobeLo pEe Estimuro ba NeovascuLarizacAo CORNEANA

A injaria quimica pelo NaOH na cOrnea estimula a formag@o dos novos vasos pelo
mecanismo inflamatoério, partir da vasculatura li mbica. Trata-se, portanto, de um esti mulo
neovascular indireto e inespeci fico (SUNDERKOTTER et al., 1991; KENYON et al., 1996). O modelo de
gueimadura por dlcali na cOrnea em animais € amplamente utilizado nos estudos da NV inflamatoria,
incluindo os camundongos (KUBOTA et al., 2011; SAIKA et al., 2005)

A severidade da queimadura qui mica corneana e dependente do &nion ou ca tion, da
sua concentraga o, seu volume, duraga o do contato e toxicidade inerente ao agente qui mico;
podendo atingir e provocar danos as estruturas intraoculares. O NaOH em contato com a cOrnea
provoca uma reaGdo saponificagdo do anion hidro xido (OH) com os a cidos gordurosos das
membranas celulares, com resultante rotura e morte celular e o ca tion e responsa vel pela
penetraga o do a Icali especi fico. Ca tions reagem com os grupos carboxi licos do cola geno
estromal e dos glicosaminoglicanos e a hidrataga o destes resulta em perda da transparéncia do
estroma (WAGONER, 1997).

Clinicamente, a injlria por &cali pode originar dor severa pela estimulagca o de
terminaCo es nervosas na co rnea, e liberaga o intraocular de prostaglandinas. O potencial
hidrogenionico (pH) do humor aquoso aumenta dentro de 3 a 5 minutos depois da queimadura por
hidréoxido de sédio, retornando ao normal no periodo compreendido entre 30 minutos e 3 horas. O
reparo da lesdo corneana ap0s a injUria pelo &lcali que ocorre através das células epitelias € inibido
pela persistente inflamagdo e dano na membrana basal do epitélio. Além disso, ocorre o crescimento
de epite lio conjuntival na superfi cie corneana, NV superficial e profunda, persisténcia de ce lulas
caliciformes e eroso es epiteliais recorrentes devido a adesa o epitelial anormal da membrana
basal (WAGONER, 1997).

As células epiteliais intactas secretam citocinas como IL-1Ra receptor antagonista e TGF-
b, que inibem a producdo de colagenase tipo | dos ceratécitos do estroma, porém com a injdria
guimica, esse mecanismo homeostético & rompido (STRISSEL et al., 1995). Ap6s 12 horas da injUria

quimica ocorre a infiltracBo das células inflamatodrias (polimorfonucleares e mononucleares) da
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periferia corneana, através dos vasos perilesionais do limbo corneano e conjuntiva. Essas células séo
guimioatraidas pelos produtos das células epiteliais e tecido degradado do estroma.

Se a injUria alcalina € severa, ocorre isquemia ou necrose de vasos limbares, penetracéo
intraocular com isquemia do segmento anterior; além disso, ocorre uma segunda onda de infiltracéo
de células inflamatGrias em torno do sétimo ao décimo quarto dia ap6s a injUria. A infiltracdo de
células inflamat6rias estromais persiste enquanto se mantém o defeito do epitélio corneano, e
conseqUente liberac8o de fatores para o estimulo da formac&o de neovasos corneanos (BROWN et
al., 1970; WAGONER, 1997).

Na injUria por dcali na cbrnea, foi observado um aumento da expressdo da IL-1
(FUKUDA et al., 1997), e esta citocina foi envolvida na infiltragdo de macréfagos e no estimulo a NV
corneana (DANA et al., 2007). Além disso, sua expressdo na cOrnea foi mediada através da sinalizaco
pelo NF-kB de células do estroma e pela COX-2 (KUBOTA et al., 2011; NAKAO et a., 2007; KUWANO et
al., 2004).

A IL-6 também apresentou expressdo elevada na injuria por alcali na cérnea, juntamente
com a IL-1B, e diminuicdo dos niveis de IL-10 (SOTOZONO et al., 1997). Além disso, a NV provocada
por essa injuria, foi inibida pelo anticorpo do receptor solivel IL-6R (SAKIMOTO et al., 2012; SARI, et
al., 2014).

A injUria por NaOH na c6rnea de camundongos induziu estresse oxidativo, pela formacéo
elevada de EROs, que precedeu a inflamacéo, e esse estresse foi considerado o principal ativador da
NV corneana, bem como a ativagdo do fator de trancricdo NF-kB. A inibicdo desse principal fator
nuclear envolvido no sistema redox do estresse oxidativo, suprimiu a infiltrac8o de macroéfagos e

VEGF, nesse modelo (KUBOTA et al., 2011).

2.5 Terapia AnTi ANGIOGENICA NA NEOVASCULARIZAGAO CORNEANA

A inibicdo do processo de NV na cérnea, seguindo os avangos do controle dos neovasos
nos tecidos como a cordide e retina, tem sido amplamente estudada (GUPTA et al., 2011) e alguns
exemplos dos estudos descritos a seguir: da inibicdo do VEGF com anticorpos monoclonais (BUCAK et
al., 2014; DURSUN et al., 2012; FERRARI et al., 2013; KIM et al., 2014; KO et al., 2013; OLIVEIRA et al.,
2010; OSDEMIR et al., 2013; PAPATHANASSAIOU et al., 2013; STEVENSON et al., 2012); da inibi¢cdo de
TNF-a (CADE et al., 2014; DANA et al., 2007; KIM et al., 2013); da inibigdo da IL-1 (COXON et al., 2002;
DANA et al., 2007); da inibicdo da IL-6 (SAKIMOTO et al., 2012); da inibicdo do NF-kB (SAIKA et al.,
2005); da inibicdo das proteinases (JOVANOVIC et al., 2014; DAN et al., 2008; SOTOZONO et al., 1999;
WENRU et al.,, 2011; XIAO et al., 2012); além de estudos com procedimentos através da

fotocoagulagdo a laser de femtosegundo (SIDHU et al., 2014) e a terapia fotodindmica (BUCHER et al.,
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2014).

Apesar do grande interesse nos estudos sobre a NV na cérnea, o seu controle representa
um desafio para a integridade da visdo e restabelecimento da acuidade visual (BACHMANN; TAYLOR,
2013).

Kubota e colaboradores (2011) descreveram a importancia da uma abordagem
preventiva do ponto de vista terapéutico da NV da cdrnea, nos casos de injuria por alcali, com o uso

de antioxidantes.

2.6 FLavONOIDES

Os flavonbides, considerados primeiramente como antioxidantes, sdo metabOlitos
secundarios das plantas, concentrados em sementes, frutos, cascas, raizes, folhas e flores (DORNAS
et al., 2009), e representam um dos grupos mais importantes e diversificados entre os compostos de
origem vegetal.

Os flavono ides possuem uma estrutura comum, consistindo em dois ane is
aroma ticos (A e B) ligados entre si por um anel heteroci clico (anel C). Com base no estado de
oxidac a o, nos grupos funcionais ligados ao anel C e da ligac a o dos ane is B e C, os flavono ides
podem ser divididos em diferentes subclasses: flavondis, flavonas, flavandis, antocianidinas,

flavanonas, e isoflavonas (NARAYANA et al., 2000; PELUSO; RAGUZZINI; SERAFINI, 2003) Figura 1.
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Figura 1 - Estrutura Basica do Flavonoide

Fonte: Adaptado de Egert e Rimbah (2011).

A atividade antioxidante esta relacionada, geralmente, com a estrutura quimica do
flavonodide, de acordo com o nu mero de grupos hidroxil presentes na sua constituicdo. Assim,
guanto maior o nUmero de substituintes hidroxilo, mais forte sera a atividade do composto
flavonoide (HAVSTEEN et al., 2002).

As atividades bioldgicas dos flavonGides tem sido amplamente relatadas e seu interesse
esta relacionado aos beneficios demonstrados pelos potentes efeitos antioxidantes (CAMPANINI et
al.,, 2014; CASAGRANDE et al., 2006; GEORGETTI et al., 2013; IVAN et al., 2014; KIM et al., 2004;
MANSURI et al., 2014, MOON; YANG; PARK, 2006; SHEN et al., 2014) através de varios mecanismos
como, eliminagdo de radicais livres, quelacdo de ifons e inibicdo enzimética do sistema redox
(MOJZISOVA; KUCHTA, 2001; PELUSO; RAGUZZINI; SERAFINI, 2013).

Os flavonbides também inibem a peroxidagdo lipidica, a agregacdo plaquetéria,
contracdo da musculatura lisa, e sistemas enzimaticos relacionados & produgdo de eicosanOides,
incluindo fosfolipase A2, COX e LOX, reduzindo assim a produGéo e libera¢do de prostanGides e
leucotrienos (KIM et al., 2004). Devido a essas propriedades e sua significante atividade in vivo, os
flavonodides tem sido considerados como agentes anti-inflamatOrios. Essa atividade anti-inflamatoria
e tambe m resultante da sua capacidade de interagdo com va rias enzimas chaves, envolvendo
citocinas, fatores de transcric a o reguladores e sistemas antioxidantes, além de apresentar um papel
inibidor na via do NF- B8, (GOMES et al., 2008).

Alguns exemplos dos estudos com flavonbides s@o os relacionados com o efeito
cardioprotetor (MOJZISOVA; KUCHTA, 2001); antidiabetogénico (FERNANDES et al., 2009; KONATE et
al., 2014; OMOLOLA; AYEPOLA; OGUNTI, 2014; VAN DAM; NAIDOO; LANDBERG, 2013); neuroprotetor
(MURSU et al., 2008; NAKAYAMA et al., 2011; SINGH; CHOPRA, 2014); protetor do sistema digestivo
(LEE et al., 2005, PARK et al., 2005; GUAZELLI et al., 2013); antidepressivo (PATHAK; AGRAWAL; DHIR,
2013); efeito analgésico (BORGHI et al., 2013, MARTINEZ et al., 2013; WANG et al., 2014);
anticarcinogénico (BENAVENTE-GARCIA; CASTILHO, 2008; YANG et al., 2014); na periodontite
(NAPIMOGA et al., 2013) e na a¢do antiangiogénica (KANDASWAMI et al., 2005; PEPPER et al., 2004;
REN et al., 2003).

A naringenina é um flavondide da classe flavanonas, mais encontrado nas frutas citricas
(COELHO et al., 2013), na forma glicosilada, e quando metabolizado pelo microflora bacteriana do

intestino humano, se transforma na sua forma agliconada (forma livre). Apresenta caracteristica de
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maior facilidade em solventes apolares, ou seja, € lipofilica, devido sua estrutura molecular. O
cara cter lipofilico e importante para seu desempenho, pela penetragcdo, percurso entre a
administracdo e o local de atuagdo (MULLIE et al., 2007; FRANKE et al., 2007, GOMES et al., 2008;
PARK et AL., 2007). Figura 2.

Em estudos prévios dos efeitos da naringenina, foram relatadas a inibicdo dos
mediadores proé-inflamatdrios como o NO e prostaglandinas E2, induzidos por lipopolissacarideos,
através da regulacdo negativa da expressdo de dxido nitrico sintase induzivel e COX-2. Além disso, ela
atenuou a produGdo da citocinas IL-1 3 TNF- ¢ a proteina quimioatrativa de monQcitos MPC-1, pela
supress&o da sua atividade de transcricdo do NF-kB, e pela inibi¢do da formagao de &cido hipocloroso,
uma EROs gerada por macrOfagos e neutr6filos ativados (PARK; KIM; CHOI, 2012; NIE et al., 2012). A
naringenina demontrou ainda efeito inibidor da mieloperoxidase (MPQO), enzima secretada pelos
neutrdfilos ativados e relacionada com a sinalizaGéo celular (NISHIMURA et al., 2013).

O pré tratamento com a naringenina apresentou inibi¢do do estresse oxidativo de células
cardiomioblasticas, através da sinalizacdo da proteina NrF2 (Nuclear factor (erythroid-derived 2)-like
2), importante fator de transcricdo nuclear na ativagdo de genes relacionadas com enzimas
antioxidantes, além da inibicdo da depleco da GSH e da peroxidagdo lipidica (RAMPRASATH et al.,
2014).

A ingesta de mais de 100 ml/dia de suco de laranja (sem adi¢do de acUcar) foi associada
a diminuicdo da expressdo genética de TNF- ¢ IL-6 e receptor IL-1 em células mononucleares do
sangue periférico (COELHO et al., 2013).

A naringenina apresentou associaGdo com atividade anti-inflamatoéria, e antioxidante
(PELUSO; RAGUZZINI; SERAFINI, 2013, CAVIA-SAIZ et al., 2010), capacidade de inibir a proliferacéo de
células cancerosas (ANAND et al., 2012; ARUL; SUBRAMANIAN, 2013; BENAVENTE-GARCIA; CASTILLO,
2008; Ll et al., 2014; LOU et al., 2012; MEIYANTO HERMAWAN; ANINDYAJATI, 2013; MUTHAIAH et al.,
2013; SABARINATHAN; MAHALAKSHMI; VANISHER, 2011), neuroprote¢do, (COELHO, 2013, NIE et al.,
2012; SABARINATHAN; MAHALAKSHMI; VANISHER, 2011), inibiu a asma alérgica (IWAMURA, 2010) e

apresentou aG¢8o imunomoduladora (YILMA et al., 2013).

Figura 2 - Naringenina
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Flavanonas

Fonte: Adaptado de Egert e Rimbah (2011).

No olho, a ac8o da naringenina foi avaliada na retina, nos estudos de Kara et al. (2014), e
demonstrou capacidade de inibir da enzima caspase 3, importante proteina envolvida na apoptose
das células retinianas, na lesdo isquémica. Além disso, a naringenina inibiu a express@o da COX2 e
iNOS na retina, principais fatores envolvidos na inibi¢8o da expressdo do VEGF e inibiu a expressdo do
seu mRNA. A naringenina ainda inibiu a expresssdo das metaloproteinases MMP-2 e MMP-9,
aumentou o fluxo sangliineo coroidiano e preveniu a neovascularizag¢do coroidal (JI; XU; CHIOU, 2009;
SHEN; ZHANG; CHIOU, 2010; XU et al., 2014).

Considerando as evidéncias atribuidas a naringenina em apresentar as atividades anti-
inflamatorias, antioxidante e antiangiogénica, foi estimado que esse flavonbide pudesse exercer tais
efeitos terapé@uticos no modelo de NV na cOrnea.

O modelo de NV corneana induzido pela injUria através do alcali, também considerado
uma das principais causas de cegueira em humanos e ainda sem um tratamento efetivo, apresenta
caracteristicas de inducdo da angiogénese pelo processo inflamatdrio e estes, envolvidos no estresse
oxidativo. Portanto, a efeito da naringenina na inflamacdo corneana, pela avaliacdo da migracdo
leucocitaria e expressao de citocinas inflamatérias, além da capacidade antioxidante e inibicao da NV

corneana foi realizada nesse modelo.
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3.1 OsseTivo GERAL

Avaliar se a eficécia terapéutica da naringenina na reducdo do processo de angiogénese

inflamatdria em cOrnea de camundongos induzida por alcali.

3.2 Oserivos Especificos

Avaliacdo do efeito terapéutico ocular da naringenina tépica sobre o infiltrado de
neutrofilos e macrogafos através de marcadores Mieloperoxidade (MPO) e N-acetil-B-
D glucosaminidase (NAG), no modelo de NV induzida por alcali em olhos de
camundongos;

Avaliar a formacdo da neovascularizacdo corneana clinica pela injdria por dlcali e o
efeito da naringenina topica através da andlise biomicroscépica, pela pelo sistema
digital.

Avaliar o efeito terapéutico ocular da naringenina tdépica sobre a producdo de
citocinas IL-1B, IL-6, IL-10 no modelo de NV induzida por alcali em olhos de
camundongos;

Avaliar o efeito terapéutico tépico da naringenina no estresse oxidativo através da
atividade da capacidade total antioxidante, pelos ensaios do poder de reducgdo férrico
(FRAP), e capacidade sequestradora do 2,2°-Azinobis-(3-Etilbenzotiazolina 6-
Sulfonico) (ABTS), pela manutencdo dos niveis de glutationa reduzida (GSH) e dos
grupos sulfidrila de proteinas (PSH), no modelo de NV induzida por alcali em olhos

camundongos.



33

4 MATERIAL E METODOS

4.1 Anivais ExpeRIMENTAIS

Foram utilizados para este estudo um total de 572 camundongos Swiss machos (20-25g).
Os animais criados no Biotério Central da Universidade Estadual de Londrina — UEL, foram mantidos
no Biotério do Departamento de Ciéncias Patoldgicas da Universidade Estadual de Londrina pelo
menos 2 dias antes dos experimentos. Os camundongos ficaram alojados em gaiolas convencionais
de propileno (300x195x130mm) com tampa de metal e com divisOrias para ragdo e &gua. Os
camundongos tiveram livre acesso a comida (rag¢do especifica para roedores de laborat6rio) e 4gua
(gua da torneira em uma mamadeira especifica para esta finalidade). Quanto & lotag¢do, o nUmero
mé&ximo de camundongos foi de cinco camundongos/por gaiola (&rea de 585mm?). O biotério onde
foram mantidos os animais em suas respectivas gaiolas € equipado com ar condicionado, exaustores
de ar e ciclo claro/escuro de 12h. Os animais foram humanamente tratados e todos os procedimentos
estiveram de acordo com os cuidados aprovados pelo Comité de Etica e Pesquisa em Animais da
Universidade Estadual de Londrina (processo 013/2013). Todos os procedimentos foram conduzidos
sob condicOes estéreis.

Os camundongos foram anestesiados por meio de injeG8o intramuscular com associaGéo
de quetamina 80 mg/Kg (Ketalar —Pfizer, Br) e «xilazina 10mg/kg (Virbaxyl-Virbac, Br),
complementaG8o com anestesia tdpica ocular com cloridrato de propacaina 0.5% (Anestalcon—Alcon,
Br).

ApOs o procedimento anestésico, foi utilizada a solu¢do alcalina (NaOH, 1N) nos olhos de
camundongos. O NaOH foi administrado através de papel filtro de 2 mm de di@metro, embebido de
forma homogénea nessa solucdo por 15 segundos, aplicado na cOrnea por 10 segundos, seguido da
escarificacdo epitelial com lamina 15, e logo ap0s esse procedimento, a cOrnea foi irrigada com 20 ml

de NaCL 0,9% (ORMEROD et al., 1989).

4.2 ProtocoLo ExpERIMENTAL

4.2.1 Naringenina

A Naringenina (98% de pureza) foi adquirida da Sigma-Aldrich, e preparada com solucgédo

isotonica de NaCL 0.9%, imediatamente antes de instilada no olho direito dos animais, nas seguintes

concentracgdes 0,01, 0,1, 1,0 e 10g/L. A suspensdo de naringenina, apds agitar, foi instilada no olho
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direito de cada animal, através da microgota (8ul), duas vezes ao dia, com inicio 3 dias antes do

procedimento de inducdo de NV na cérnea por NaOH, até 7 dias apds a injuria (Figura 3).

Figura 3 - llustracdo da administracao da microgota de 8ul salina ou naringenina nos grupos
controles e tratados

Fonte: Autora.

Foram realizados 4 experimentos distintos para a analise da eficicia da naringenina
tépica ocular: (1) no primeiro experimento foram realizadas as andlises para determina¢do da
atividade de mieloperoxidase (MPO) e n-acetil B-D glucosaminidase (NAG), marcadores da infiltragdo
de neutrdfilos e macréfagos no olho, realizadas no terceiro e sétimo dia apds a injuria alcalina; (2) no
segundo experimento, foram realizadas as analises da NV pela observacao direta, através de imagens
biomicroscépicas digitais, com avaliagGes no terceiro e sétimo dia apds a injdria alcalina; (3) no
terceiro experimento foram realizadas as analises da expressdo das citocinas IL-1, IL-6 e IL-10; (4) no
quarto experimento foram realizadas as andlises de estresse oxidativo da cdrnea, pelos ensaios do
FRAP e ABTS, além das medidas dos niveis de GSH e PSH. Tanto as analises das citocinas como de
estresse oxidativo foram nas medidas realizadas 2, 4 e 6 horas apds a injuria alcalina corneana, como

segue exemplificado abaixo (Figura 4):

Figura 4 - Linha do tempo dos ensaios realizados em relagao a injlria com NaOH e administracdo da
naringerina tépica na cérnea.

Fonte: autora

4.2.2 Determinagao de Infiltragdo de Leucocitos na Cornea
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Para a determinagdo de mieloperoxidase (MPO) e N-Acetil B-D glucosaminidase (NAG),
os animais foram divididos em grupos de cinco animais: 1) controle negativo, sem estimulo
neovascular através da injuria (NaOH, 1N); 2) grupo apenas com naringenina, sem injuria com NaOH;
3) grupo controle positivo com injuria corneana (NaOH), tratado com solugdo fisioldgica (NaCL 0,9%);
4) grupo com injuria corneana tratado com diferentes dose de naringenina naringenina 0,08ug; 5)
grupo com injuria corneana tratado com naringenina 0,8ug; 6) grupo com injuria corneana tratado
com naringenina 8ug; 7) grupo com injuria corneana tratado com naringenina 80ug. Somente o olho
direito dos camundongos foram submetidos a injuria por NaOH e tratados com naringenina colirio
tépico ou NaCL 0,9%. Os ensaios foram realizados através do globo ocular direito eviscerado como
amostra. Apds o sacrificio dos animais, os olhos foram coletados no terceiro e sétimo dia apés o
estimulo neovascular através da injuria na cérnea. Total de animais nesta etapa: 5 animais por grupo

x 7 grupos= 35 animais x 2 etapas x 2 repeti¢cdes do experimentos = total de 140 animais.

4.2.2.1 Determinacdo da atividade da mieloperoxidase (MPO)

A enzima MPO, presente em leucdcitos da linhagem granulocitica e monocitica, tem
papel fundamental na producdo de EROs. A determinacdo da atividade da MPO é utilizada para
avaliar a migragdo de leucdcitos para um determinado tecido (CASAGRANDE et al., 2006), assim, este
teste foi utilizado para verificar o acimulo de neutrdfilos no tecido ocular no modelo de NV
inflamatéria induzida por dalcali através de solugdo de NaOH, 1N.

A amostra do globo ocular, obtida apés a evisceragdo foi colocada em solugdo tampdo de
K,HPO, (pH 6,0), contendo 0,5% de bromido de hexadecil-trimetilamonio (HTAB). As amostras foram
homogeneizadas com auxilio de Polytron® (PT3100) e centrifugadas a 14000rpm, 42C, por 2 minutos
e o sobrenadante coletado e analisado por espectrofotometria de atividade de MPO em
comprimento de onda de 450nm. Brevemente, 10ul de amostra do sobrenadante foram misturadas
com 200ul de solugao tampao de fosfato 50mM em pH 6,0, contendo 0,167mg/ml de dihidrocloreto
de O-dianisidina e 0,015% de perdxido de hidrogénio. A atividade da MPO foi entdo comparada a
uma curva padrdo de neutrdéfilos e o resultado expresso pelo nimero de neutrdfilos x10* /olho

(CASAGRANDE et al., 2006; VALERIO et al., 2007).

4.2.2.2 Determinacédo de atividade de N-Acetil B-D glucosaminidase (NAG)

A determinaG&o da atividade de n-acetil- 3D glucosaminidase, descrita por Navarro et al.

(2013), foi realizada com algumas modificagbes. NAG € usada como marcador indireto de

recrutamento de macréfagos. Brevemente, 40 ( de subrenadante, obtido no mesmo ensaio para
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MPO, foram colocadas placas com 96 pocos, seguida de adi¢do de 80 4 de solucio tamp&o 50 mM
fosfato (pH 6.0). A reacdo foi iniciada pela adicBo de 2.24 mM 4-nitrofenil N-acetil-I- 3D
glucosaminidase. A placa foi encubada a 37°C, para a hidrdlise enzimética do substrato com liberagdo
do ion p-nitrofenilato. A ag¢8o enzimatica foi interrompida com a adi¢co de solugdo tampdo de
adiglicina (pH 10.6). O produto da reac&o foi medido em espectrofotdmetro, em 400 nm, (Multiskan
GO ThermoScientific). A atividade de NAG foi comparada com amostras padrdo de curva de

macrOfagos e apresentada como atividade em nlmeros de macr6fagosx10®/mg por olho.
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4.2.3 Identificacdo da Neovascularizacdo Corneana Através da Avaliacdo Clinica Fotografica Digital

Através Biomicroscépio

A andlise da clinica da NV corneana foi realizada através da fotografia digital pelo
biomicroscépico binocular dptico, com sistema HS 5000 (Sistema de Video e Captura de Imagem -
Huvtz®). Para a andlise da imagem corneana foi utilizado o programa de computador de dominio
publico denominado Imagel 1.45x (Wayne Rasband, National Institutes of Health, USA, Java 1.6.0_02)
e a avaliacdo da neovascularizacdo foi realizada por porcentagem de darea com neovasos, expressos
em mm?, convertidas dos valores em pixel da fotografia digital pelo sistema Imagej (KIM; CHUNG,
2013).

Para esta andlise, os grupos foram dividos os 7 grupos de 5 animais, com a mesma
configuragdo para a andlise de MPO e NAG.1) grupo controle negativo, sem estimulo neovascular
com NaOH; 2) grupo sem estimulo neovascular e tratado somente com 80 Lig de naringenina; 3)
grupo com injlria corneana pelo NaOH, tratado soluGdo isotOnica (NaCL 0,9%); 4) grupo com injUria
corneana pelo NaOH, tratado com naringenina colirio tOpico foi subdividida em 4 grupos: 0,08, 0,8, 8
e 80 ug;

A avaliacdo clinica da NV através do registro fotografico digital pelo biomicroscépio foi
realizada no terceiro e sétimo. Portanto nessa etapa, foram 7 grupos de 5 animais, total de 35
animais, avaliados em 2 etapas, tempo 3 e 7 dias (x2), testes avaliados em 2 repeti¢Ges (x2) . Total de

animais=140 animais
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Figura 5 - Imagem da cornea para a avaliacdo da neovascularizacdo por porcentagem de area,
expressos em mm?, convertidas dos valores em pixel da fotografia digital pelo sistema
Imagej

Fonte: Autora.

4.2.4 Avaliagao da Producdo de Citocinas

A avaliacdo das citocinas IL-1B, IL-6, importantes mediadoras inflamatdrias, foram
obtidas através da modulacdo da sua producdo, além da avaliacdo da citocina IL-10, considerada uma
citocina anti-inflamatédria, tornando-se mediadoras fundamentais na fase de resolucdo desse
processo. Para avaliacdo dessas citocinas, tdo bem como para avalicdo de atividade antioxidante, a
dose escolhida da naringenina para os grupos tratados foi de 80ug. Essa dose apresentou diferenca
significativa na inibicdo da NV na analise clinica pela biomicroscopia digital e valores mais
significativos na andlise de infiltracdo de neutrdfilos e macréfagos.

Os animais foram dividos em 4 grupos de 6 animais: 1) grupo controle negativo, sem
estimulo neovascular com NaOH; 2) grupo sem estimulo neovascular e tratado com naringenina
80ug; 3) grupo com injuria corneana pelo NaOH, tratado solugdo isotonica (NaCL 0,9%); 4). grupo
com injuria corneana pelo NaOH, com naringenina 80ug. As amostras foram obtidas através do globo
ocular eviscerado 2, 4 e 6 horas apds o estimulo neovascular com NaOH. Total de animais utilizados
nessa etapa: 6 animais por grupo x 4 grupos=24 animais x 3 tempos (2, 4 e 6 horas) x 2 repeti¢des dos
experimentos= 144 animais.

A determinac¢do da citocinas foram realizadas pelo método enzimatico de reagdes por
ELISA (enzyme-linked immunosorbent assay) (LEE, 1991) com kits comerciais, que para essas citocinas
sao amplamente disponiveis.

Apds coletados, os olhos foram homogeneizados em solugdo Tampao Fosfato Salina
(PBS) contendo: 0,4M de NaCl, 0,05% de Tween 20, 0,5% de albumina bovina sérica (BSA), 0,1mM de
fenil-metil-sulfonil de fldor, 0,1 mM de cloreto de benzetonio, 10 mM de EDTA e 20 KI ml-1 aprotinina
(Sigma). Apds a homogeneizacdo, as amostras foram centrifugadas (3000 rpm/ 10min) e o
sobrenadante utilizado para avaliar os niveis de citocinas por ELISA.

Brevemente, placas de 96 pocos foram incubadas por toda a noite a 4°C com anticorpos
contra as proteinas de interesse (10 pug/ml). No dia seguinte, as placas foram lavadas e incubadas por
2 horas com uma solucdo a 1% de albumina bovina no intuito de evitar ligaces inespecificas. Apds
esse bloqueio e lavagem das placas, as curvas-padrdo em varias diluicGes ou as amostras (em

triplicata) foram adicionadas e incubadas a 4°C por 24 h. As placas foram lavadas trés vezes com
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tamp3do e os anticorpos policlonais biotinilados diluidos 1/2.000, adicionados (100 pl/pogo). Apds
incubacdo em temperatura ambiente por 1 hora, as placas foram lavadas e 50 ul de avidina-HRP
diluidas 1:5000 foi adicionada. Em seguida (trinta minutos apds), 50 ul do reagente colorido
ortofenileno-diamina (OPD) (solu¢do 0,4 mg OPD — 0,4 ul H,0, — 1 ml tampéo) foi adicionado e as
placas foram mantidas no escuro, em temperatura ambiente, por 15-20 min. A reacdo enzimatica
sera interrompida com H,SO, (1 M, 50 ul pogo -1) e as absorbancias foram determinadas em 490 nm.

Os resultados foram obtidos comparando a densidade dptica com as densidades das curvas padrdes.

4.2.5 Avaliacdo do estresse oxidativo

4.2.5.1 Avaliagdo da Capacidade Antioxidante Total da cdrnea pelos ensaio de ABTS e FRAP

Para os ensaios de FRAP e ABTS, os camundongos foram divididos em 4 grupos: 1) grupo
controle, sem estimulo neovascular com NaOH, 1N; 2) grupo sem estimulo neovascular com NaOH e
tratado naringenina 80ug; 3) grupo com injuria corneana pelo NaOH, tratado com soluc¢do isotonica
(NaCL 0,9%); 4) grupo com injuria corneana pelo NaOH, tratado com naringenina 80ug. As amostras
foram obtidas através do globo ocular eviscerado 2, 4 e 6 horas apds o estimulo neovascular com
NaOH. Total de animais: 6 animais por grupo x 4 grupos= 24 animais x 3 tempos (2, 4 e 6 horas apds
estimulo através da injuria por alcali) x 2 repeti¢cdes dos experimentos= 144 animais.

A capacidade antioxidante total de fluidos bioldgicos, células e tecidos sdo avaliados pela
formacdo de radicais cation 2,2'-azino-bis (3-etilbenzotiazolina-6-sulfon6nico) (ABTS:+). A
determinacdo da capacidade antioxidante total foi realizada por meio das amostras coletadas dos
olhos, imediatamente pesadas em um homogenato preparado com solugdo de KCl 1,15% gelado para
a concentracdo de 20% peso/volume. As amostras foram centrifugadas (200 x g, 10 min, 4°C) e o
sobrenadante foi retirado para andlise pelo ensaio do (ABTS) (KATALINIC et al., 2005). A solugdo de
ABTS foi preparada com384 mg de ABTS + 66,23 mg de persulfato de potassio para 100 mL de solucdo
final (tampao fosfato), mantido a solugcdo em frasco escuro por 16 horas em temperatura ambiente
antes do uso. Essa solucdo foi diluida ABTS com tampao fosfato (pH 7,4) até atingir uma absorvancia
de 0,8 a 730 nm. Aproximadamente 500 puL de ABTS para 20 mL de tampdo. O sobrenadante foi
adicionado a essa solucdo de ABTS+ diluida e as amostras misturadas em vortex. Apds 6 min as
absorbancias das amostras foram lidas em espectrofotometro a 734 nm. A curva padrdo foi
preparada utilizando direfentes concetra¢des de Trolox para posterior cdlculo dos resulatdos em
mMol equivalente de Trolox/g de cérnea.

O FRAP, indica menor capacidade de ligacdo da ferritina ao ferro e, consequentemente,

maior quantidade de ferro livre, capaz de catalisar a geracao de radicais OH", por meio das reagdes de
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Fenton e Haber-Weiss (KATALINIC et al., 2005). Para o ensaio do FRAP, 50 uL do sobrenadante foi
misturado com 150 pL do reagente de FRAP, previamente preparado conforme descrito por Katalinic
et al. (2005), no pogco da microplaca. Apds uma incubacdo de 30 min a 37 °C, as absorbancias das
amostras foram determinadas por espectrofotometria a 595 nm. Para cada ensaio uma curva padrao
utilizando Trolox foi preparada em diversas concentracbes, para posterior calculo dos resultados

expressos em mMol equivalente de Trolox/mg de cérnea.

4.2.5.2 Quantificacdo da Glutationa Reduzida (GSH) e grupos sulfidrilas totais (PSH)

A glutationa é um antioxidante hidrossolivel que pode ser encontrada na forma
reduzida (GSH) ou oxidada (GSSG). Numerosas proteinas contém grupos sulfidrila, ou tiol (-SH) e
esses grupos PSH ou cisteinas também estdo presentes nas células e tecidos. A oxidagao da forma tiol
de uma enzima ou a reducdo da forma dissulfeto pode resultar em ativacdo ou inativacdo da sua
fungdo. Tanto GSH e grupos sulfidrilas PSH sdo considerados marcadores de estresse oxidativo celular.
A determinac3o de seus niveis foi realizado por espectrofotometria (412nm) de acordo com o método
proposto por Titze (1969) e os resultados foram expressos em umol/mg de Proteina.

Para a andlise dos niveis de GSH e PSH, os animais foram divididos em 4 grupos: 1) grupo
controle, sem estimulo neovascular com NaOH; 2) grupo sem estimulo neovascular com NaOH e
tratado com suspencao naringenina 80g; 3) grupo com injUria corneana pelo NaOH, tratado solucéo
isotOnica (NaCL 0,9%); 4) grupo com injUria corneana pelo NaOH, tratado com naringenina 80ug. As
amostras foram obtidas através do globo ocular eviscerado 2, 4 e 6 horas ap0s o estimulo neovascular
com NaOH. Total de animais: 6 animais por grupo x 4 grupos= 24 animais x 3 tempos (2, 4 e 6 horas
ap0s estimulo através da injUria por NaOH) x 2 repeti¢Bes dos experimentos= 144 animais.

A determinac¢do dos niveis de GSH e PSH, foram obtidas pelo amostras do globo ocular
eviscerado, coletado e homogeneizado em EDTA 0,02 M gelado. Ao homogenato foi adicionado acido
tricloroacético 50% (TCA) e as amostras misturadas em vortex e, ap6s 15 min, centrifugadas (1.500 x
g, 15 min, temperatura ambiente). Uma aliquota foi utilizada sem a adic3o de TCA (utilizada para
sulfidrilas totais, PSH), enquanto outra aliquota foi tratada com TCA e utilizada para GSH. O
sobrenadante foi adicionado ao Tris-HCl 0,4 M (pH 8,9) e ao acido 5,5-ditiobis(2-nitrobenzdico)
(DTNB) e em seguida misturado em vortex. O desenvolvimento de cor ocorreu pela reacdo dos
grupos tidis com DTNB, e consequentemente, liberagdaoo de TNB, cujas absorbanciasforam medidas
fotometricamente apds 5 min, a 412 nm. Uma curva padrdo foi preparada utilizando GSH e PSH em
diferentes concentragdes, e os resultados expressos em umol GSH/g cérnea e PSH/g cérnea (SEDLAK;

LINDSAY, 1968).
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5 ANALISE ESTATISTICA

Os resultados obtidos com mais de uma variavel como tempo e tratamentos, assim,
foram analisados estatisticamente utilizando a andlise de varidncia multivariada (ANOVA). As
diferencas estatisticas entre os grupos serdo comparadas por ONE-WAY ANOVA, seguido pelo teste
de comparac¢Bes mdltiplas de Tukey. Para a andlise estatistica foi utilizado o GraphPad Prism 5 (La

Jolla, CA). Foram consideradas significativas diferencas para P<0.05.
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ABSTRACT

Naringenin (4', 5, 7-trihydroxyflavanone), abundant in citric fruits like grapefruit, lemon and
orange, is a flavanone, a type of flavonoid that has been considered as an antioxidant, anti-
inflammatory and anti angiogenic agent playing a role in the prevention of many diseases such as
neurodegeneration, atherosclerosis, tumor generation and microbial infections. We investigated the
effect of topically administration naringenin on eye in a experimental induced corneal alkali model in
mice. Naringenin at the most effective concentration of 10g/L decreased neutrophil and macrophage
recruitment, as determined by myeloperoxidade and n-acetyl-B-D glucosaminidase activity, and
reduced morphological changes in neovascularization using slit-lamp biomicroscopy, corneal digital
photography, and computer-assisted analysis of corneal neovascularization area. Moreover,
naringenin inhibited production of cytokines IL-1B and IL-6 and prevented the down regulation of
anti-inflammatory cytokine IL-10. The treatment with naringenin prevented oxidative stress by
increasing the levels of reduced glutathione and protein-bound sulphydryls, and the antioxidant
potential in FRAP and ABTS assays. The results indicate that there were anti-inflammatory,
antioxidant and anti angiogenic effects with the local use of narigenin in corneal alkali injured model
in mice. Therefore, narigenin seems to be a promising active treatment for inflammatory

neovascularization.
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Neovascularization is a process that leads to formation of new capillary blood vessel as an extension
of existing vasculature®’. When present in the eye, is an abnormality responsible for blindness in
several eye diseases. It is present in proliferative diabetic retinopathy and age-related macular
degeneration, which are the main cause of blindness in adults, and in retinopathy of prematurity, the
largest cause of blindness in premature children®?. The cornea is a tissue with refractive properties
and is totally transparent and avascular. The presence of neovascularization in this tissue leads to loss
of its transparency and thus is considered the second most important cause of blindness and low
visual acuity’. Moreover, neovascularization represents one of the main risk factors for rejection in
patients undergoing corneal transplantation®”’. During neovascularization, several positive and
negative regulators control the cascade of events that contributes to angiogenesis®. Among them,
inflammation plays an important role in pathological neovascularization in several deseases.

The inflammatory response occurs after tissue injury or infecction and leads to recruitment of
neutrophils and macrophages that, in turn, can promote angiogenesis® by secreting pro-angiogenic
factors such as interleukin IL-1B and IL-6". These mediators increase vascular permeability and
facilitate additional recruitment of leukocytes'. Moreover, the new blood vessels generated during
neovascularization exhibit increased vascular permeability which also contributes to sustain the
inflammatory response. Thus, the production of the anti-inflammatory cytokine IL-10 represents an
important step that controls inflammation and, consequently, the pathological neovascularization. In
fact, several diseases have been associated to lower levels of this cytokine®.

Oxidative stress increases during inflammation and has also an important role in angiogenesis™®.
Studies show that oxidative stress is involved in pathways that lead to neovascularization'***, by
inducing the migration of endothelial cells as occurs on angiogenic answers in tumor growth®*,
Additionally, reactive oxygen species (ROS), which are considered one of the culprits of oxidative
stress, can activate both nuclear factor-kappa B (NF-kB) and NLRP3 inflammasome, inducing the
expression and maturation of IL-1B, respectively. Through these pathways, many inflammatory and

pro-angiogenic mediators are produced, including IL-6%.
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Naringenin (1) is 4', 5, 7-trihydroxyflavanone, a flavanone found abundantly in vegetables and citrus
fruits that exhibits several protective effects’”’®. It had been demonstrated that 1 inhibits
myeloperoxidase activity, an enzyme secreted by activated neutrophils’®, downregulates NF-kB
activity, and reduces the production of NF-kB-related cytokines such as IL-1B and IL-6%%.
Furthermore, 1 reduces neutrophil-derived ROS and also enhances ROS detoxification by triggering
the synthesis of reduced glutathione, the most abundant non-enzymatic antioxidant in cells®. In the
eye, 1 inhibited choroidal neovascularization?*?

Several therapeutic options are currently available to treat corneal neovascularization like
corticosteroids and nonsteroidal anti-inflammatory eye drops and photocoagulation, all with limited
efficiency and harmful side effects®®. Expectations are that combined inhibition of different
pathways may lead to better treatments for corneal neovascularization®. In this sense, flavonoids
have been considered promising candidates for a new category of anti-inflammatory drugs.

Motivated by the pressing need for improved treatment options, and considering the emerging

2223 \ve investigated the

literature reporting the protective effects of 1 in choroidal neovascularization
protective effects of naringenin eye drops in alkali (NaOH)-induced corneal neovascularization in

mice, as well as its effects on the inflammation and oxidative stress present in this model.
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RESULTS AND DISCUSSION

Naringenin (1) Reduces Myeloperoxidase and N-acetyl-B-D-glucosaminidase Activity in the Cornea
of Mice with NaOH-induced neovascularization. Several lines of evidence indicate that infiltrating
leukocytes play a crucial role in the development of neovascularization in different ocular tissues® .
In this sense, the effect of daily treatment with 1 eye drops (0.08, 0.8, 8 and 80 ug) on NaOH corneal
injury-induced leukocyte recruitment was investigated (detailed in the experimental protocol of the
experimental section). In the present study we assessed the leukocyte recruitment to the cornea by
measuring the activity of myeloperoxidase (MPQO) and N-acetyl-B-D-glucosaminidase (NAG). MPO is
an enzyme mainly found in cytoplasmic granules of neutrophils, but also monocytes. NAG, on the
other hand, is a lysosomal enzyme present in high levels in activated macrophages. Together, MPO
and NAG serve as good markers of neutrophil and macrophage infiltration in tissues, respectively, and
inflammation®*'. NaOH (1N) significantly increased MPO and NAG activity in the cornea when
compared to saline 3 (Figure 1A and B) and 7 days (Figure 1C and D) after corneal injury. Treatment
with 1 (80 pg) alone did not present significant difference the activity of the enzymes with cornea
control (Figure 1A-D) of mice without NaOH corneal injury. Only the doses of 8 and 80 ug of 1
inhibited the increase in MPO activity 3 and 7 days after NaOH injury (Figure 1A and C). NAG activity
was reduced by 0.8 - 80 pg of 1 3 and 7 days after NaOH injury (Figure 1B and D). The highest dose of
1in reducing MPO and NAG activity in both time periods assessed (3 and 7 days) was 80 pg, thus this
dose was chosen for the following experiments of the study. The results indicate that daily treatment
with 1 eye drops can inhibit both neutrophil and macrophage recruitment to the cornea in this model
of corneal neovascularization. This may be an important anti-angiogenic mechanism of 1, since
accumulating evidence indicates that infiltrating inflammatory cells possess direct angiogenic ability.
In corneal and choroidal neovascularization, studies have shown that infiltrating neutrophils and

macrophages can induce neovascularization? %, In fact, studies show that the inhibition of neutrophil

and macrophage recruitment, results in diminished neovascularization in the cornea and choroidea?.
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Thus, it was investigated in the next set of experiments if the inhibition of neutrophil and

macrophage recruitment by 1 would also result in reduced neovascularization in the cornea.

Naringenin (1) Reduces corneal neovascularization induced by NaOH injury. To investigate if daily
treatment with 1 eye drops would reduce or inhibit corneal neovascularization, biomicroscopic
images of the corneas were obtained and the area of neovascularization in the cornea was
determined 3 and 7 days after NaOH-induced corneal injury. NaOH induced significant increase in the
area of neovascularization in the cornea 3 and 7 days (Figure 2), which was reduced significantly by
daily treatment with 1 (80 pg) 3 and 7 days after NaOH injury was induced. 1 (80 pg) alone compared
with control group did not induce neovascularization in the cornea (Figure 2). These results evidence
the ability of 1 (80ug) to reduce neovascularization in the cornea. This finding is in agreement with
previous studies that have demonstrated that 1 prevents the formation of laser-induced

neovascularization in the choroidea **.

Confirming the antioangiogenic activity of 1, in an Ehrlich
ascites carcinoma tumor model, the protective effect of 1 was attributed to its ability to inhibit
angiogenesis ¥,

Neovascularization in the cornea occurs as a result of the disequilibrium between angiogenic
and antiangiogenic stimulus®. During and after corneal injury, corneal epithelial and stromal cells and
leukocytes recruited into the injured cornea release a series of factors, such cytokines (IL-13, TNF-a,
TGF-B, among others) and growth factors (VEGF, basic fibroblast growth factor (bFGF)***3, shifting the

balance towards angiogenesis and neovascularization formation3**

. Among these many factors,
cytokines seem play an important role in inducing both inflammation and neovascularization™****?®, In

this context, the effect of 1 on cytokine production induced by NaOH corneal injury was assessed.

Naringenin (1) reduces IL-1B and IL-6 and increases IL-10 production in the cornea of mice with
NaOH-induced neovascularization. The effect of daily treatment with 1 (80ug) on the levels of IL-1[,

IL-6, and IL-10 in the cornea of mice with NaOH-induced neovascularization was assessed. Treatment
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with 1 (80ug) alone did not increase IL-1B and IL-6 or reduce IL-10 levels, compared with control
group in the cornea of mice without NaOH corneal injury. NaOH significantly increased IL-1f (Figure
3A, D, and G) and IL-6 (Figure 3B, E, and H) levels in the cornea 2, 4, and 6 h, compared with control
group, after cornea alkali injury. Also, NaOH reduced IL-10 levels (Figures 3C, F, I) in the cornea 2 and
6 h, but not 4 h, after cornea alkali injury. Treatment with 1 eye drops (80 ug) reduced the increase in
the levels of IL-1B and IL-6 at all time points assessed and prevented IL-10 reduction only at 6 h
(Figure 3l). The reduction in pro-inflammatory cytokines IL-1B and IL-6 by 1 is consistent with
previous studies that also observed that this compound can prevent cytokine production induced by
inflammatory stimulus®®?,

Studies have shown that IL-1p and IL-6 are important in the induction of neovascularization in
the cornea and inhibition in their production can reduce neovascularization in the cornea®?.
Cytokines, among them IL-1B and IL-6, can induce the expression of VEGF, which in turn induces
angiogenesis”®*2, Thus, the modulatory effect of 1 on pro-inflammatory cytokine production may be
important in the inhibition of neovascularization in the cornea.

Although IL-10 is an immune-modulatory cytokine that can suppress the production of pro-
inflammatory cytokines®, in the present study 1 prevented the depletion in IL-10 levels only 6 h after
NaOH injury (Figure 3l), thus the reduction in IL-B and IL-6 levels does not seem to be dependent on
IL-10 modulation, at least not in the first time point assessed (2 h) (Figure 3A-C). The reduction in IL-
1B and IL-6 levels by 1 may be attributed to the reduction in neutrophil and macrophage recruitment,
since these cells are the main source of pro-angiogenic and inflammatory cytokines in corneal and

choroidal neovascularization®?%

. Also, because pro-inflammatory cytokines further estimulate
leukocyte recruitment and activation, the reduction in cytokine production may also contribute to the
reduced leukocyte recruitment into the cornea of 1 treated mice (Figure 1).

In addition to leukocyte recruitment and the production of cytokines by these cells (Figure 1),

another mechanism that seems to play important role in corneal neovascularization is oxidative

stress'*, In this sense, in the following experiments, the effect of 1 on oxidative stress induced by
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NaOH injury was investigated.

Naringenin (1) eye drops prevents the alkali-induced decrease of antioxidant capacity in the cornea
of mice. Oxidative stress has been proposed to play an important role in the pathogenesis of
inflammatory corneal disease and is related to neutrophil infiltration within the inflamed cornea.
Concentrations of endogenous antioxidants were decreased significantly in inflammatory
neovascularization cornea experimental model*.

To measure the antioxidant capacity in the cornea related to electron transfer, the ABTS
(radical cation scavenging) and FRAP (ferric reducing ability) assays were chosen. Both tests evaluate
the total antioxidant capacity in the samples and present a strong correlation between each other,
because the redox potencial similar®. Corroborating this observation, a correlation between the FRAP
and ABTS assays in cornea samples was reported herein (Figure 4). NaOH reduced the antioxidant
capacity ABTS radical cation sacvenging, of cornea tissue 2, 4, 6 h (Figure 4A, C and E), while reduced
the ferric reducing potencial of cornea tissue 4 and 6 h (Figure 4B, D and F). The 1-treated group
showed a significant increase in antioxidant activity, by ABTS scavending, when compared to the
cornea control group (Figure 4A,C and E). However, this prevention of antioxidant decrease, by ferric
reducing potencial of cornea tissue was not observed in the eye drops of 1, in 2 hours measure, by
FRAP assay.

The reduced gluthatione (GSH) is the most abundant cellular antioxidant molecule and plays
important roles in cell integrity. Therefore, the effect of eye drops 1 on the corneal GSH levels was
evaluated using the treatment protocol shown in experimental section. The general redox status was
also evaluated by measuring protein-bound sulfhydryl (SH) groups. The samples of corneal injured by
alkali from control group showed significant reduction in GSH levels at 2, 4, and 6 h after stimulus
compared to the negative control group (experimental section) (Figure 5A, C and E). The mechanism
by which GSH quenches radicals is related to its ability to transfer a hydrogen atom. In Figure 5

treatment with 1-80ug significantly prevented GSH depletion induced by alkali (Figure 5A, C and E),
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preserving the tissue from oxidative damage that characterizes neovascularization cornea. The
treatment with eye drops showed to prevent GSH depletion, there was statistical difference
compared to the cornea control group (Figure 5A, C and E). The treatment with 1 also improved
antioxidant status of samples, suggesting that antioxidant enzymes (protein-bound sulphydryls) may
contribute to its protective effects during oxidative stress (Figure 5B, D and F).

The recruitment and activation of neutrophils during acute inflammation contribute to the
overproduction of reactive oxygen and nitrogen species that overwhelms the tissue antioxidant
protective mechanisms, resulting oxidative stress, which perpetuates inflammation of the cornea®.
Furthermore, it was demonstrated that neutrophils depleted of ROS display reduced chemotaxis,
indicating that ROS are essential factors modulating neutrophil recruitment* .Thus, a rapid inhibition
of free radical generation could have contributed to a lower level of neutrophil infiltration into the
inflamed tissue, thus preventing cornea tissue from inflammatory cellular infiltration.

Treatment with eye drops of 1 was able to prevent the inflammatory process in the
experimental cornea model used here. This report showed a significant reduction in neutrophil and
macrophage recruitment (MPO and NAG activity), and biomicroscopical damage scores in the cornea
when compared to control group. Furthermore, this treatment also down-regulated the levels of the
pro-inflammatory cytokines IL-1B and IL-6, prevented the anti-inflammatory cytokine IL-10 reduction,
and preserved the endogenous antioxidant levels in the cornea of mice with NaOH injury.

These protective effects and mechanisms had not been reported by the treatment with
flavonoid naringerin in this model of neovascularization. Thus, the therapeutic effects of eye drop
naringenin in experimental model must be considered a promising active treatment for inflammatory
neovascularization cornea. In summary, the present study showed that eye drops with 1 reduced the
inflammation in the cornea in alkali-induced neovascularization model by a mechanism dependent on
inhibition of pro-inflammatory cytokine production and the preservation of antioxidant defenses and
the anti-inflammatory cytokine IL-10, resulting in reduced neovascularization. Therefore, it is

envisaged that this novel formulation containing 1 merits further preclinical and clinical investigation
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on its applicability in inflammatory neovascularization corneal disease. Conceptually, this study also

raises the importance of flavonoids in pharmaceutical development.

EXPERIMENTAL SECTION

General Experimental Procedures. The following materials were obtained from the sources indicated:
naringenin (1) (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in isotonic solution (NaCl 0.9%)
immediately before eye drop administration to 0.01-10g/L concentrations. NaCl 0.9% (Fresenius Kabi
Brasil Ltda. Aquiraz, CE, Brazil), NaOH (Universidade Estadual de Londrina, Brazil), ketamine (Ketalar
-Pfizer, Brazil), xylazine (Virbaxyl-Virbac, Brazil), hydrochloride propacaina 0.5% (Anestalcon-Alcon,
Brazil).

Animals. 572 Male Swiss mice (20-25g) were obtained from the Central Vivarium of Universidade
Estadual de Londrina (UEL) and were kept at the Animal facilities of the Department of Health
Sciences of UEL for at least 2 days before the experiments. Mice were housed in propylene cages
(300x195x130 mm) with metal cover, in a temperature-controlled room (21°C) under a light/dark
cycle of 12:12 h, with free access to food and water. The maximum number of mice was of five
mice/per cage (area of 585 mm?). This study was approved the Research and Ethics Committee of

UEL (process 013/2013) and the animals were handled according to guidelines.

Experimental Protocol.

Corneal neovascularization in the right eye of mice was induced by alkaline solution (NaOH, 1N) as
previously described®”. The animals number was 6 per group. First, mice were anesthetized by
intraperitoneal injection with ketamine (80 mg/Kg) and xylazine (10 mg/kg) and topical ocular
anesthesia was induced by hydrochloride propacain 0.5%. The group control negative was treated
only vehicle (saline) instilled for 10 days. Another group was treated only with 1 (80ug)eye drop
instilled for 10 days. Groups treatments was injured with 2 mm diameter filter paper disc uniformly

soaked with NaOH, 1N solution applied to the cornea of the right eye for 10s, then irrigated with 20
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ml of 0.9% saline solution and finally, the epithelia was mechanically scrapped. The right NaOH-
injured eye of mice were treated twice a day with 0.08, 0.8, 8 and 80 ug of 1 (8 pL of 0.01-10 g/L
suspension) or vehicle (saline). Daily treatment with 1 or saline started 3 days before the stimulus
with NaOH solution (1N) and continued up until 7 days, when the animals were euthanized and of the
right eyes were collected for testing. The best dose of 1 was determined by assessing leukocyte
recruitment to the cornea myeloperoxidase (MPO) and N-acetyl-B-D-glucosaminidase (NAG) activity
assays, 3 and 7 d after NaOH (1N) stimulus, and by significant inhibited area of neovascularization in
the cornea, determined by biomicroscopic images, and analysed by digital program and NaOH-
induced corneal neovascularization was assessed 3 and 7 days also. Cytokine (IL-1B, IL-6, and IL-10)
levels in the eye tissue were determined 2, 4 and and 6 h after NaOH (1N) stimulus. Oxidative stress
was assessed by determining the ferric reducing antioxidant power (FRAP), ability to scavenge 2,2'-
Azinobis-(3-Ethylbenzothiazoline 6-Sulfonic acid) (ABTS) and the levels of reduced glutathione (GSH)

and protein sulphydryls in the cornea 2, 4, and 6 h after NaOH injury.

MPO activity assay. The neutrophil recruitment to the corneal tissue was evaluated by an adapted
MPO kinetic-colorimetric assay*®. Samples were collected in 200 pL of 50 mM K,HPO, buffer (pH 6.0)
containing 0.5% of Hexadecyltrimethylammonium bromide (HTAB), and homogenized using Tissue-
Tearor (Biospec®). After that, homogenates were centrifuged at 16100 g for 2 min at 4 °C. The
supernatant was collected. Briefly, 50 uL of supernatant was mixed with 200 pL of 0.05 M K,HPO,
buffer (pH 6.0), containing 0.0167% o-dianisidine dihydrochloride and 0.05% hydrogen peroxide. The
absorbance was determined after 5 min at 450 nm (Multiskan GO Microplate Spectrophotometer,
ThermoScientific, Vantaa, Finland). The MPO activity of samples was compared to a standard curve of

neutrophils and presented as MPO activity (number of neutrophils x 103/mg of tissue.

NAG activity assay. NAG activity was determined by an adapted colorimetric method previously

described™and used as indirect marker of macrophage recruitment. Briefly, 40 ulL of supernatant,
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obtained in MPO activity assay, was placed in a 96-well plate, followed by the addition of 80 pL of 50
mM phosphate buffer (pH 6.0). The reaction was initiated by the addition of 2.24 mM 4-nitrophenyl
N-acetyl-lI-glucosaminide. The plate was incubated at 37°C and initiated by adding glycine buffer (pH
10.6). The enzymatic activity was determined spectrophotometrically at 400 nm (Multiskan GO
ThermoScientific). NAG activity of samples was compared with a standard curve of macrophages and

presented as NAG activity (humber of macrophages x10%/mg of tissue).

Corneal neovascularization assessment. Biomicroscopic images of the corneas were obtained and the
area of neovascularization was assessed in the cornea was determined 3 and 7 days after NaOH-
induced corneal injury. Clinical evaluation through digital photography biomicroscopy. Mice were
submitted to clinical assessment of neovascularization using the digital photographic record by
biomicroscope. The area of neovascularization and analysis of corneal image was performed using
biomicroscopy (HS 5000 video system — Huvtz), and analyzed by program Imagel1.45x (Wayne

Rasband, National Institutes of Health, USA, Java 1.6.0_02)3 and 7 days after NaOH injury.

Cytokine measurement. The corneal tissue samples were homogenized in 1 mL of saline.
Concentrations of TNF-a, IL-1b, IL-6, and IL-10 levels were determined using enzyme-linked
immunosorbent assay (ELISA) Ready-SET-Go! (eBioscience, San Diego, CA, USA) according to the
manufacturer’s specifications. The results were obtained by comparing the optical density of samples
at 450 nm (Multiskan GO ThermoScientific) with standard curves and expressed as picograms (pg) of

cytokine per mg of tissue.

ABTS and FRAP assays. The ability of samples to resist oxidative damage was determined as free
radical scavenging ability (ABTS assay) and ferric reducing ability (FRAP assay). The tests were adapted
to a 96-well microplate format from previously described assays®. Corneal tissue was homogenized

with 500 pL of 1.15% KCl. The homogenates were centrifuged (10 min x200 g 004 °C) and the
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supernatants were used in both assays. For ABTS assay, ABTS solution was diluted with phosphate
buffer saline pH 7.4 (PBS) to an absorbance of 0.80 at 730 nm. 200 pL of diluted ABTS solution were
then mixed to 10 plL of sample and 40 pL of H,0 Milli Q plus in each well. After 6 min of incubation at
25 °C, the absorbance was measured at 730 nm. For FRAP assay, 20 uL of supernatant was mixed with
and 30 puL of H,0 Milli Q plus and 150 uL of FRAP reagent freshly prepared. The reaction mixture was
incubated at 37 °C for 30 min and the absorbance was measured at 595 nm. The results of ABTS and
FRAP assays were equated against a Trolox standard curve (0.02—20 nmol). The results are expressed
as nmol of Trolox equivalents per mg of protein in both assays.

GSH and protein-bound SH levels assay. The levels of GSH in the corneal tissue were determined
using a spectrophotometric method*. Samples were homogenized using Tissue-Tearor (Biospec®)
200 pL of EDTA 0.02 M. Aligquots of 50 pL were used in protein-bound SH assay. For GSH assay,
homogenates were treated with 25 plL of trichloroacetic acid 50%. After 15 min, the homogenates
were centrifuged at 1500 g for 15 min. Both the homogenate (aliquots) and supernatant were used in
the next steps, where 50 plL of each sample was added to a solution containing 200 pL Tris 0.4M (pH
8.9) plus 10 ul of DTNB. After 5 min, the measurements were performed in 412 nm against a blank
control [UV - vis spectrophotometer (UV-1650, SHIMADZU)]. The results were presented as nmol of

GSH or PSH per mg of protein

Data analyses. Results are presented as means +SEM (n = 5, 6); each experiment was performed at
least twice. Two-way ANOVA was used to compare the groups and doses at all times when the
parameters were measured at different times after the stimulus injection. The analyzed factors were
treatments, time and time versus treatment interaction. One-way ANOVA followed by Tukey’s
multiple comparison tests was performed for each time. All statistical analyses were performed using

Graph Pad Prism 5 (La Jolla, CA).The level of significance was set at p < 0.05.
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Figure captions

Figure 1. Naringenin (1) reduces neutrophil and macrophage recruitment to the cornea induced
by NaOH corneal injury. Neutrophil and macrophage recruitment to the cornea was determined
by assessing myeloperoxidase (MPO) (Panel A and C) and N-acetyl-B-D-glucosaminidase (NAG)
(Panel B and D) activity, respectively, 3 and 7 days after NaOH injury. Results are provided as
means + SEM of five mice per group per experiment and are representative of two separate
experiments [*p < 0.05 compared to the saline group (negative control); #p < 0.05 compared to
vehicle treated group with NaOH corneal injury; **p < 0.01 compared to vehicle treated group
with NaOH corneal injury; ##p < 0.001 compared to vehicle treated group with NaOH corneal
injury. One-way ANOVA, followed by Tukey’s multiple comparison test].
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Figure 2. Naringenin (1) reduces neovascularization in the cornea induced by NaOH corneal injury.
Representative digital images of the cornea were obtained by biomicroscopy (Panel A: negative control
cornea 3 (a) and 7 days (al); NaOH-induced corneal injury treated with vehicle 3 (b) and 7 days (b1); NaOH-
induced corneal injury treated with 0.08 (c and c1), 0.8 (d and d1), 8 (e and el), or 80 ug (f and f1) of 1, 3
and 7 days after stimulus, respectively; and 1 (80 pg ) control group 3 (g) and 7 days (g1). The area of
neovascularization in the cornea was determined (Panel B and C, 3 and 7 days after NaOH-induced corneal
injury, respectively). Results are provided as means + SEM of five mice per group per experiment and are
representative of two separate experiments [*p < 0.05 compared to the saline group (negative control); #p
< 0.05 compared to vehicle treated group with NaOH-induced corneal injury. One-way ANOVA, followed by
Tukey’s multiple comparison test].
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Figure 3. Naringenin (1) modulates cytokine production in the cornea induced by NaOH corneal
injury. The levels of IL-1 (Panels A, D, and G), IL-6 (Panels B, E, and H), and IL-10 (Panels C, F, and
I) was determined in the corneal tissue 2, 4, and 6 h after NaOH-induced corneal injury. Results
are provided as means + SEM of six mice per group per experiment and are representative of two
separate experiments [*p < 0.05 compared to the saline group (negative control); #p < 0.05
compared to vehicle treated group with NaOH-induced corneal injury. One-way ANOVA, followed

by Tukey’s multiple comparison test].
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Figure 4. Naringenin (1) inhibits the depletion in total antioxidnt capacity in the cornea induced
by NaOH corneal injury. Total antioxidant capacity was assessed by determining the ability to
scavenge 2,2'-Azinobis-(3-Ethylbenzothiazoline 6-Sulfonic acid (ABTS) (Panel A, C, and E) and
Ferric Reducing Potential (FRAP) (Panel B, D, and F) of the corneal tissue 2, 4, and 6 h after NaOH-
induced corneal injury. Results are provided as means + SEM of six mice per group per
experiment and are representative of two separate experiments [*p < 0.05 compared to the
saline group (negative control); #p < 0.05 compared to vehicle treated group with NaOH-induced
corneal injury. One-way ANOVA, followed by Tukey’s multiple comparison test].
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Figure 5. Naringenin (1) inhibits the depletion in reduced glutathione and protein sulphydryl
levels in the cornea induced by NaOH corneal injury. The levels of reduced glutathione (GSH)
(Panel A, C, and E) and protein sulphydryl (Protein SH) (Panel B, D, and F) in the corneal tissue was
determined 2, 4, and 6 h after NaOH-induced corneal injury. Results are provided as means + SEM
of six mice per group per experiment and are representative of two separate experiments [*p <
0.05 compared to the saline group (negative control); #p < 0.05 compared to vehicle treated
group with NaOH-induced corneal injury. One-way ANOVA, followed by Tukey’s multiple
comparison test].
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7 CONCLUSOES

Neste modelo de indugdo da NV corneana induzida pelo NaOH, a inflamagdo corneana
foi demonstrada através da infiltracdo de neutréfilos e macrdfagos pela analise dos marcadores MPO
e NAG; e pela presencga da expressao elevada das citocinas IL-1B, IL-6 de forma siginificativa. O
estresse oxidativo foi demonstrado através da reducdo da capacidade do poder de reducdo do ferro
(FRAP) e pela redugdo da capacidade sequestradora do ABTS, além da deplec¢do de antioxidantes GSH
e PSH, nesse modelo de injdria pelo NaOH.

A instilacdo tdpica ocular da suspensdo da naringenina dos camundongos inibiu a
infiltracdao de neutréfilos e macrofagos, demonstrados através dos marcadores MPO e NAG de forma
significativa. Esta inibicdo demonstrou caracteristica dose dependente, no terceiro e sétimo dia de
tratamento, no modelo de NV induzida por alcali.

O tratamento com a suspensdo naringenina instilada topicamente inibiu a formacao de
neovasos corneanos no modelo experimental de NV na cérnea induzida por dlcali em olhos de
camundongos, demonstrados nas analises das imagens digitais pelo programa Image;j.

A instilacdo topica ocular da suspensdo da naringenina inibiu de forma significativa, a
presenca de citocinas IL-1B, IL-6, apds o estimulo da injuria por alcali, nas medidas realizadas 2, 4 e 6
horas apos o estimulo. Em contra partida a IL-10, anti-inflamatdria, apresentou-se elevada de forma
significativa na hora 6, apos tratamento

A instilacdo tépica ocular da suspensao da naringenina preveniu de forma significativa, a
capacidade antioxidante demostrados pelos ensaios de FRAP e capacidade sequestradora do ABTS, e

preveniu a deplec8o do antioxidante GSH.
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ANEXO B

ACS Publications
V Ko Trestsd [Mest @i=d, (et iecd ].{ODI.(A

Preparation and Submission of Manuscripts
(Revised May 2014)

Contents (click on the topic)

Preparation and Submission of Manuscripts — Title Page — Abstract — Introduction — Results
amd Discussion — Experimental Section — Acknowledgments — References — Momenclature —
Abbreviations — Graphics — Chemical Structures — Tables — Figures — Table of Contents Graphic

Recommendations for Crystal Structure Papers — Published Manuscript — Reviewer's Material
| Supporting Information | Jounal Publishing Agreement | Author List | Professional
Ethics | Manuscript Submission — Web Submission — General File Preparation — Currenthy
Acceptable Word Processing Packages | ACS Policies for E-prints and Reprints | Galley
Proofs | Corrections

Title Page

The title should appear on a separate page and should be followed by the author names and the
mnstitntion name and address. The title, author name(s), and affiliations should all appear on their
own respective line of text. Place an asterisk after the name of the author to whom enquiries
regarding the paper should be directed and include that author’s telephone and fax mumbers and
e-mail address. Author affiliations must be foomoted using the following symbols in order
(which should be used as superscripts): ¥ ¥+ 17" _In article titles, the words “new” or “novel”
{with the latter referning specifically to a compound based on an unprecedented carbon skeleton)
should not be included, and the number of new substances obtained should not be specified.

Abstract

The abstract, detailing, in one paragraph, the problem, experimental approach, major findings,
and conclusions, should appear on the second page. It should be double spaced and should not
exceed 200 words for Full Articles and Reviews or 100 words for Notes and Rapid
Compmmications. Compounds mentioned in the abstract, and given as specific Arabic numerals
that are bolded in the text, should also be accompanied in the abstract by the same bolded
numerals. The abstract should be on a separate page and should be provided with the bolded and
capitalized heading “ABSTRACT™.

Intreduction

The mamscript should include an untifled introduction stating the purpose of the mvestigation
and relating the manmscript to similar research.

Results and Discussion

The “Results and Discussion”™ should be presented as a coberent whole section, m which the
results are presented concisely. The discussion should interpret the results and relate them to
existing knowledge in the field in as clear and brief a fashion as possible. Tables and figures
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should be designed to maximize the presentation and comprehension of the experimental data.
Authors submitting a mamscript as a Note should omit the heading “Results and Discussion”™.
For Full Articles of unusual length, subheadings may be inchuded within the “Results and
Discussion” section. The major heading “RESULTS AND DISCUSSION™ should be bolded and
capitalized , with the text starting on the line following. Subheadings are indented, followed by a
period, and are a mix of uppercase and lowercase letters. The text follows on the same line as the
subheading.

Bolded structural code numbers should only be used for new compounds and for those known
compounds for which new biclogical data or spectroscopic values are being reported. Other
known compounds should be referred to in the text by name, wherever necessary. Sugar units in
glycosides should not be inferred as por cbased solely on NME. data analysis, but should be
determined by supporting experimental work such as measurement of their optical rotations
following acid hydrolysis or by the preparation of chiral denvatives and companson with
stanﬂardsumgachmmalﬂgmphcaml}rhmlmeﬂmd_Iftheagljrmnenfag]}tu-&ama]ma
new compound, then 1t should be isolated and its physical constants and

parameters stated. Authors are advised to use comectly the terms ‘Ielztweaudabsnlute
configuration” mstead of “relative and absolute stereochemistry™. In, for example, a carbocyclic
compound, only a stersogenic carbon of a stereogenic element, such as an axis, possesses
configuration. Substituents such as methyl groups are either alpha or beta onented and are not
alpha or beta configured. Care should be taken not to make erronecus configurational
conclusions via NME. NOE associations from nng to side-chain protons of, for example, sterols
and tetracyclic triterpencids. The term “spectral”™ should be aveided in a structure elucidation
dizcussion, when “spectroscopic” or “spectrometric” are meant instead.

In mamuscripts that present results of biclogical studies with tumoer cell lines or animal-based
tumor models, authors should pay special attenfion to the 1U.5. National Cancer Institute (INIH)
guidelines for cancer dmg discovery studies. Compounds that suppress the growth of, or kill,
isolated tumeor cell lines grown in culture should be referred to as either “cytostatic™ or
“cytotoxic”, as appropriate. Only compounds that mhibit the growth of tumors in animal-based
models should be called “anfitomor™. The term *“anticancer™ should be reserved for
that show specific activity in buman-based clinical studies (see Suffness, M.; Douros, J. J Nat.
Prod. 1982, 43, 1-14). Some flexability in this system is afforded in the descniption of
compounds that show activity in molecular-targeted antitimor assays. Compounds should be
compared against a suitable positive control substance and follow accepted guidelines when
as “active”. For example, a cytotoxic pure substance when tested against a cancer
cell line would exhibit an IC 5, value of =10 gM (or 45 pg/ml).
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Experimental Section

The presentation of specific details about instruments used, sources of specialized chemicals, and
related expenimental details should be incorporated into the text of the Expenimental Section as a
paragraph headed General Experimental Procedures. The general order for inclusion should be as
follows: melting points; optical Totations; UV spectra; ECD and/or VCD spectra; IE. spectra;
NMF. spectra; mass spectra; and chromatographic and other techmigues.

In a separate paragraph, experimental biological material should be reported as authenticated if
cultivated or from a natural habitat, and the herbarium deposit site and voucher number should
be recorded. The month and year when the organisms were collected should be stated, and it 1s
recommended that the exact collection location be provided using a GPS navigation tool. All
microorganisms used experimentally should bear a strain designation mmmber and the culture
collection in which they are deposited. The scientific name (gemus, species, authonty citation,
and family) should be presented when first mentioned in the body of the manuscript. Thereafter,
the authonty should be eliminated. and the generic name should be reduced (except in tables and
figure legends) to the first capital letter of the name (but avoid ambiguity, if two or more genenic
names have the same first letter).

If the biological material has not been identified as to species, the manusenipt will not be
considered for publication unless a special protocol has been followed. Thus, a voucher
specimen of the organism should be deposited with a recognized taxonomist for the particular
group of organisms in question. The taxonomist should then assign to the specimen an
identifying mumber umique to the organism so that any additional collections of the same
organism would bear this same number. The number will be retained until the organism is
completely 1dentified The taxonomist should write a brief taxonomic description to be ncluded
in the mamnusenipt, which should state how the orgamism in question relates morphologically to
known species. Contributors should use DNA sequence analysis to assist with the taxonomic
identification of unknown microorganisms, and to deposit these data in GenBank
(http:/www . nebi nim. nib gow’). Photographs of incompletely identified organisms may be
mcluded as Supporting Information. Authors should be aware of the fact that the large-scale
collection of marine or terrestrial organisms may have negative ecological effects. Authors
descnbing an investigation denved from large-scale collections should thus include a statement
m their manmseript (in the “Biological Matenal™ paragraph of the Expenmental Section)
explaining why the collection had no significant adverse ecological effect or justifying such
effect in terms of the benefit from the resulting work.

Authors who purchase dried “herbal remedies™ or other materials from companies mmst make
provision for their proper deposit in a herbarium, for access by future workers. When a
commercially available extract is obtained, the extraction procedure from the orgamism of cngin
mmst be specified. The identification of the extract should be supported by an HPLC trace of
known secondary metabolite constituents of the organism, which should be included with the
mamscript as Supporting Information.
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When physical and spectroscopic data are presented in the body of the manusenpt, the following
general style must be used (with the vanious commonly nsed techniques presented m this same
order):

Rommcosine (1): colorless needles (CHCLY, mp 152-153 °C; [a]*. -110 (¢ 0.4, CHCL): UV (EfDH)
A_(log £) 135 (4.23), 275 (4.18), 292 (sh) (3.52). 325 (3.41) mm; TR, (Nigjol) v 1680, 1040, 920 cm;
‘H NME. (CDCL,, 400 MEz) § 8.11 (1E. 4, J= 7.6 Hz, B-11), 7.54-7.28 (2, m, B9, B-10), 727 (1E,
m, H-8), 6.50 (1H, 5, H-3), 6.10, 5.97 (each 1H, d, J= 1.5 Hz, OCH:0), 4.86 (1H, dd, J=13.7, 4 4 Hz,
H-fa). 444 (1H, m. H-5a), 3.77 (GH. 5, NCODCH:), 3.06 (1H, m, H-Ta), 200 (1H, m, H-54), 1.81 (IH,
m. H-Th), 282 (1H, m, H-4a), 261 (1H, m. H-$h); "C NMR (CDCLs. 100 MHz) § 155.8 (C.
NCOOCH:), 146.8 (C. C-2), 143.0 (C. C-1), 135.8 (C. C-Ta), 130.7 (C, C-11a), 128.7 (CH, C-5).
127.79 (C. C-3a), 127.78 (CH. C-9), 127.2 (CH. C-10). 127.0 (CH. C-11), 125.6 (C. C-3k), 1173 (€.
C-1a). 107.6 (CH, C-3), 100.8 (CH=, OCH=0), 52.7 (CHs, NCOOCH), 51.7 (CH. C-5a), 30.2 (CHz, C-
5).34.5 (CH, C-T), 30.4 (CHz, C-4); EIMS miz 313 [M]' (98), 308 (28). 292 (5. 262 (20). 248 (21),
236 (813, 235 (100, 206 (17), 178 (27). 88 (17); HEEIMS myz 323.1152 {calcd for CriE04N,
323.1158).

The cormect presentation of NME. spectroscopic data is shown in the table below.
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The cormrect format to present elemental analysis data is: anal. C 72.87, H 11.13%, caled for
CaHaQ:, C 73.02, H 11.18%. The structures of compounds are expected to be supported by
high-resolution mass spectrometry or elemental analysis. Melting point determinations should
not be provided for compounds described as “amorphous selids™. The unit of concentration to be
used for optical rotation measurements is grams per 100 mI.. UV extinction coefficient data
should be provided as log e values, to two places of decimals. In reporting 'H NMR. data of
diasterectopic methylene protons, the one at lower field should be listed as the “a™ proton and
that at the higher field as the “b"™ proton, as in “H-10a" and “H-10b", respectively. If two proton
or carbon signals in an NME. spectrum appear at the same chemical shift but are sl
distinguishable, an additional decimal place (three for "H NMR data and two for C NMR. data)
may be used to designate the resonance m question. Carbon-13 NMR data should be reported to
the nearest 0.1 ppm with the number of attached protons designated using the C, CH, CH,, and
CH;notation.

Acknowledgments

The Acknowledgments section should include credits [initial(s) and last name] for technical

assistance, financial support, and other appropnate recognition. Dhuring mamseript submission, the

submittmg author 1s asked fo select fimding sources from the hist of agencies mcluded m the FundRef

Remstry hitp: oo crossref crgfundred!.

References

Beferences to the hiterature and all notes, regardless of their nature, should be numbered in order

of appearance in the manuscnpt and cited in the text with superscnpt numbers. Each reference

may have its own citation mmmber, or alternatively, references refarming to the same topic may be

grouped under a common number using alphabetical subdesignations (e.g., 1a, 1b, 1c, etc). Each

note should be assigned its own mumber. References and notes should follow the format shown:
(1) Dumdei, E.; Andersen B_ J. J Naf. Prod 1993, 56, 792794,

(2) Cordell, G. A. Infroduction to Alkaleids: A Biogenetic Approach; John Wiley & Sons:
New York, 1981; p43.

(3) Pelletier, S. W.; Mody, N. V. In The Alkaloids; Rodrigo, R. G. A., Ed ; Academic
Press: New York, 1981; Vol. 18, Chapter 2, pp 100-216.

(4) Zheng, G.; Kakisawa, H. Chin. Sci. Bull. 1990, 33, 1406-1407; Chem. dbsfr- 1991,
114, 43213m.

(3) Meyer, B. N. Brine Shnmp Toxicity: Certain Components of Stapelia, Coryphantha,
Lupinus, and Quinoa. Ph.D. Thesis, Purdue University, West Lafayette, IN, 1983, p 35.
(6) Davis, B ULS. Patent 3,708,591, 1998,

(7) The biogeographic zone compnsing Madiera, the Canary Islands, the Cape Verde
Islands. and the Azores.

For additional information on the reference and note format to use, see The ACS Style Guide, 3rd
ed (2008) (http.//pubs.acs.org/books), available from Oxford University Press, Order
Department, 2001 Evans Road, Cary, NC 27513 (http:/'www.oup.com).

86



The author is respensible for the accuracy and completeness of all references. In particular,
authors noust cite all of the references from their own work on a particular topic, such as all
papers published or submitted on the constituents of a given crganism under consideration.
Because subscribers to the Web edition are now able to click on the “CAS™ tag following each
reference to retmeve the comesponding CAS abstract, reference accuracy is cntical. Journal
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Source Index (CASSD) 1907-2004].
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consideration.

Nomenclature

It 15 the responsibility of the authors to provide comect nomenclature. All nomenclature noust be
consistent and tmambiguous and should conform with current American nsage. Insofar as
possible, authors should use systematic names sinilar to those used by Chemical Abstracts
Service, the International Union of Pure and Applied Chemistry, and the International Union of
Biochemistry and Molecular Biology.

Chemical Abstracts (CA) nomenclature rules are descnibed in Appendix IV of the Chemical
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generation service is available for a fee through CAS Client Services, 2540 Olentangy River
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* Nomenclature af Organic Chemisiry, Sections A-F and H; Pergamon Press: Elmsford,
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* Compendium of Macromelecular Nomenclaturs, Blackwell Scientific Publications:

Omxford, England, 1991

* Biochemical Nomenclature and Related Documenis, b ed ; Portland Press, Ttd.:
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* Selected IUPAC recommendations can be found on the Web at
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* The ACS Web site has links to nomenclature recommendations: hitp://chemistry org.
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Abbreviations

Abbreviations are used without periods. Standard abbreviations should be used throughout the
mamscript. All nonstandard abbreviations should be kept to a minimum and must be defined m
the text following their first use. The preferred forms of some of the more commonly used
abbreviations are mp, bp, °C. K, s, min, b, ml., uI. kg, g mg, ug. cm, mm, nm, mol, mmol,
pmol, ppm, TLC, GC, NME_ MS, UV, CD, and IF. For further information, refer to The ACS
Style Guide (2006).

Graphics

Figures, Schemes, and Charts are numbered with Arabic numerals. Blocks of chemical stroctures
should not be designated as “Figures™. Each graphic must be identified outside the frame of the
graphic. The quality of the illustrations depends on the quality of the oniginals provided.
Graphics cannot be modified or enhanced by the joumnal production staff The graphics must be
submitted as part of the mamuscript file and are used in the production of the Joumal (material
deposited as Supporting Information will not be published in the print edition). The preferred
submission procedure is to embed graphics in a Word document. It may help to print the
manuscript on a laser printer to ensure all artwork is clear and legible.

Additional acceptable fila formats are TIFF, PDF, EPS (vector artwork), or CDX (ChemDraw
file). Labeling of all figure parts should be present, and the parts should be assembled info a
single graphic. (For EPS files, ensure all fonts are converted to outlines or embedded in the
graphic file. The document settings should be in RGB mode.)

TIFF files should have the following minimum resclution requirements:

Black and white line art 1200 dpi
Color art (R.GE mode) 300 dm

Color graphics submitted in CMYE or at lower resolution may result in poor-quality images.
Save graphic files at the final resolution and size using the program used to create the graphic.
The inclusion of a color photograph is particularly recommended for manuscripts based on the
constituents of crganisms that are not 1dentified beyond the genus level. Digital photographs are
accepted. Photographs that are single or double column width so that they will not have to be
rednced work best.

Lavout. In prepanng structures for publication, layout is critical. Figuress, Schemes, Charts, and
blocks of structures are presented in the Journal either in one-column or two-column format.

For efficient use of journal space, single-column illustrations are preferred.
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| single (preferred) | double

width
minimum 300 pts (4.16 in.)
maximum | 240 pts (3.33in) | 504 pts (7 in)

maximum depth | 660 pts (9.16in) | 660 pts (9.16 in.)

Authors are advised that stctural matenial labeled as a “Figure™ is placed at the top or bottom of
a page, as 15 all two-column material All structural matenial that should immediately follow
certain text must be designed to fit the one-column format, and its location in the text must be
ndicated in the mamscript. Structures, arrows, and compound designators should be armanged so
as to make maximum use of the width afforded by the one-column or two-column format.

For best results, illustrations should be submitted in the actual size at which they should
appear in the Journal. Consistently sized letters and labels in graphics throughout the
mamscript will help ensure consistent graphic presentation for publication. Lettering should be
no smaller than 4.5 points. (Helvetica or Anal type works well for lettering ) Lines should be no
thinner than 0.5 point. Lettering and lines should be of uniform density. If artwork that should be
reduced must be submitted, larger lettering and thicker lines should be used so that, when
reduced, the artwork meets the above-mentioned parameters.

Complex textures and shading to achieve a three-dimensional effect should be avoided To show
a pattern, a simple cross-hatch design should be used.

Content. Abbreviations such as Me for CHs, Et for C:Hs, and Ph (but not ¢ for CaHsare
acceptable. Make liberal use of “R. and X groups™ in equations, schemes, and structure blocks to
avold the repetition of similar structures. Do not repeat a stucture; the number alone of an earlier
stmcture can be used if a compound occurs several times. Within graphics, structures should be
numbered with boldface Arabic mumerals, consecutively from left to right. top to bottom,
regardless of the crder in which the compounds are discussed in the text. It is not necessary to
give reagents and conditions in complete detail, since this detail is contained in the Experimental
Section. Where needed. numbers such as NME. chemical shifts may be included directly on
structural formulas.
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Chemical Structures

Structures should be produced with the use of a drawing program such as ChemDiraw. Structure
drawing preferences (preset in the ACS Stylesheet in ChemDiraw) are as follows:

(1) As drawing settings select:

chain angle 1207

bond spacing 18% of width

fixed length 144 pt (0.508 cm, 0.2 1)
bold width 20pt(0.071 cm, 0.02781n)
line width 0.6 pt (0.021 cm, 0.0084 in)

margin width 1.6 pt (0.056 cm, 0.0222 in.)
hash spacing 2.5 pt (0.088 cm, 0.0347 in.)

(2)  As text settings select:

font AnalHelvetica
size 10 pt
(3) Under the preferences choose:

umits points
toleTances 3 pixels
(4) Under page setup choose:

Paper  US Letter
Scale 100%
(3) Using the ChemDraw rler or appropriate margin settimgs, create structure blocks,
schemes, and equations having maxinmm widths of 11.3 cm (one-column format) or
23.6 cm (two-column format). Note: if the foregoing preferences are selected as cm
values, the ChemDraw ruler is calibrated in cm. ChemDraw graphics will be reduced
to 75% during production.

(6) Embolden compound numbers, but not atom labels or captions.
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(7) Authors are urged to use only a single configurational descrptor (heavy line or dashed
line, but not both) when defining a stereccenter in a chemical structure. Atoms should
be kept outside of nngs wherever possible. Father than rectangular solid and dashed
lines, authors should use solid and dashed wedges to indicate configurations, as shown
below. Dots at ing junctions intended to represent hydrogen atoms should not be used.
Stmctores should be drawn in a neat manner ready for direct reproduction, and should
not be cluttered or overlapping. Any armmows and numbering used for atoms in figures
should not come into contact with bonds or nng systems. See an example of a
prepared structure using ChemDraw with the specified preferences below. In
molecules contaiming a chiral biphenyl axis, it is recommended that one of the
aromatic nings be drawn in the plane of the paper and the second one be rotated out of
the plane of the paper, to reflect the P or M conformation about the biphenyl bond (see
below for example).

OH OoH
m’ﬁ‘gu )
l:,;-l."\-.j\a-" o A
i 2 A
oR OCH;0CcHy
oN
oM COH

When the structure of a chiral compound is flipped horizontally, the stereodescriptors
should be changed at every stereogenic carbon, otherwise the enantiomer of the
relevant compound would be depicted. This is depicted below for the p-D-
glucopyranoside of phenol. The 1 to 2 honzontal flip is incorrect since the depicted
glucopyranosyl moiety belongs to the L-senes of glucopyranoses. The 1 to 3 honzontal
rotation through 120°/adjustment of the tetrahydropyran nng is correct and shows the
descriptor changes required to retain the D-confisuration of the glucopyranocse moiety.
Alternatively, in the “planar™ presentations the 4 to 5 horizontal flip is incorrect and
the 4 to & horizontal rotation is correct, showing the proper descriptor changes. Please
note that presentations 4 and 6 are InChI (International Chemical Identifier) compliant,
while 1 and 3 are not.
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4 3 pD-ghoopyrancelds & 1 p-D-glocopyranoside

Anthors using other drawing packages should, in as far as possible, modify their program’s
parameters so that they reflect the above gudelines.

Tables

These should be numbered consecutively with Arabic numerals and should be placed as they
should appear in the paper. Footnotes in tables should be given lowercase letter designations and
be cited in the table by italic superseript letters. The sequence of letters should proceed by line
rather than by column If a footnote is cited both in the text and in a table, insett a lettered
foomote in the table to refer to the mumbered foomote in the text. Each table should be provided
with a descriptive heading, which, together with the mdividual cohmmn headings, should make
the table, as nearly as possible, self-explanatory. In setting up tabulations, authors are requested
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to keep in mind the type area of the jounal page (17.8 = 25.4 cm) and the column width (8.5
cm), and to make tables conform to the imitations of these dimensions. Arrangements that leave
many columns partially filled or that contain much blank space should be avoided.

Table of Contents/Abstract Graphic

A graphic must be included with each manusenpt that will be used for both the abstract and the
Table of Comtents (TOC) of the Web edifion of the Journal issue in which the Commmumication,
Review, Full Article, or Note will appear. This graphic should capture the reader’s attention and,
in conjunction with the mamuscript’s title, should give the reader a quick visual impression of the
type of chemistry descnbed and/or the biological results obtained. Structures in the TOC graphic
should be constructed as specified in the *Chemcal Structures” section above. The TOC graphic
should be submitted at the actual size to be used and should be no larger than 325 in. (8.5 cm)
wide and 1.75 . (4.75 cm) tall. (See detailed mstruchons at

hitp:/‘pubs acs ore/pase/dauthors/submissionhowtosubmit html } Text should be limited to
labels for compounds, reaction arrows, and figures. The use of color to enhance the scientific
value is highly encouraged. The TOC graphic should be inserted on a separate page at the end of
the mamuscript file. The title and author list will be added dunng production.

Recommendations for Crystal Structure Papers

Although the results of crystal structure determinations are frequently of interest to readers of the
Journal, details of erystal structure expeniments are generally not. Eesults appropnate for the
Journal are not, however, sufficient to allow referees to assess the quality of an X-ray structure
determination. Thus, it is recommended that manuscripts involving such determinations be
accompanied by material provided for the benefit of the reviewers only. Authors should submit
the following minimum matenials, in tabular form where possible, for each compound for which
X-ray crystallographic supplementary data are available.

Published Manuscript:
(1) Crystal data, including chemical formula, formmula weight, erystal system and space
group, cell dimensions (with uncertainties), munber of formulas per unit cell,
calculated density, radiation used, and wavelength.

(2) Final fractional atomic coordinates. Hydrogen atom coordinates should be included
only if they have been expenmentally determined or refined. Calculated coordinates
should be provided as reviewer’s material.

(3) A brigf outline of procedures used for data collection and refinement, including the
method used for intensity measurement, 0 limits, portion of the full sphere collected,
handling of absorption (if applicable), method of refinement, mumber of reflections
used in the refinement and criteria for their choice, treatment of hydrogen atoms, and
final R factor.

{4) A perspective diagram (perhaps prepared by OETEP, PLUTO, or similar programs)
that gives the atom-mmmbering scheme if it 15 not unambiguous from the remamder of
the paper. If the figure is a stereoview, it should be provided reduced to comect size,
about 5560 mm between images.
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Besides a description of the structure, other information (1.e., important distances, torsion angles,

results of best plane caleulations, etc.) may be included if appropriate. A note should be cited at

an appropriate place in the manuscript and included in the References and Notes Section:

“Crystallographic data for the structure(s) reported in this paper have been deposited with the

Cambridge Crystallographic Data Centre. Copies of the data can be obtained, free of charge, on
ion to the Director, CCDC, 12 Union Road, Cambnidge CB2 1EZ, UK (fax: +44-

(001223-336033 or e-mail: deposit@ecde.cam acuk). ™

Conflict of Interest Disclosure. A statement descobing any financial conflicts of inferest or lack
thereof 1s published with each mamseript. Duning the submission process, the comesponding author
mmst provide this statement on behalf of all authors of the mamsenpt. The statement should describe
all potential sources of bias, including affiliations, fimding sources, and financial or management
relationships, that may constitute conflicts of interest (please see the ACS Ethical Guidslines to
Publication of Chemical Research). The statement will be published in the final article. If no conflict
of Interest is declared, the following statement will be published in the article: “The authors declare
no competng financial mterest.”

Reviewer's Material:
(1) Any calculated coordinate (e.g., hydrogen atoms).

(2) A full list of bond distances (and their uncertainties).
(3) A full list of bond angles (and their uncertamties).

All tables should be clearly legible, the contents nonredundant, and their interpretation
mmmediately obvicus. Authors must provide this information in the form of a Crystallographic
Information File (CIF) for each compound for which X-ray crystallographic data are determined,

Authors will deposit the tables of final fractional atomic coordinates and the full list of bond
lengths and angles at the Cambridge Crystallographic Diata Centre (CCDC) prior to the
submission of their paper. The CCDC deposition number must be incladed in the submitted
mamuscript. A checklist of data items for deposition is available at hitp://www.code.cam. acuk.

Supporting Information
Authors are encouraged to provide Supperting Information in order to keep their manusenipts to
a reasonable length. The Web edition of this journal can accommodate almost any type of
supplementary data (e.g., reproductions of spectra, expenmental procedures, tabulated
spectroscopic/spectrometric data, expanded discussion of penipheral findings, caleulational data).
ing Information must be subnutted at the same time as the mamseript and uploaded
separately to the ACS Paragon Plus environment. A list of acceptable file types is available on
the Web. All Supperting Information files of the same type should be prepared as a single file
(rather than submitting a senies of files containing individual images or stroctures). For example,
all Supporting Information available as PDF files should be contained in one PDF file. The title
page information (title, authors, institutions) should be presented in the same manmer as on the
ﬁﬂe(faﬂe}pageufthgmamscﬁpt.]tisamaﬂdatmmﬂrmmtforaﬂhﬂmtﬂdﬂpo%
NMP tra for all new in the 5 Information with at least the H and
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NMRE. spectra inchuded. A typical caption for a spectrum would be: “S1. 'H NME. (400 MHz,
CDCls) spectrum of the new compound xx”. A short “Supporting Information Available™
paragraph that describes the material must be placed at the end of the mamscript text.
Supporting Information pages should be consecutively numbered.

When submitting spectra, please consider the following guidelines:

A caption should be ncluded on the spectnum, noting the muclens being measured, the solvent
(formmla preferred. e.g., CDCL;), and the field strength. A representation of the compound should
be included on the spectnum; please use ChemDraw or a related program The compound
identifier used in the mamscript should be included. The largest peak m the "H NMR spectrum
should normally arise from the compound, not the solvent. All peaks in the "H NMR

should be mmtegrated Chemical shift values should be included The solvent peak should be
clearly labeled on the spectnim All peaks should be wvisible on the spectum. Insets are
encouraged to show expanded regions. At minimum the spectral window should be -1 ppm to 9
ppm for 'H NMP. and -10 ppm to 180 ppm for *C NME. The font should be clear and large
enough to read (minimum of 10 point). Honzental onentation is preferred for spectra.

DO NOT UFLOAD FIGURES AND TABLES THAT ARE TO BE PUBLISHED IN THE
ARTICLE.

Eelevant compounds reported i Supporting Information are indexed for Chemical Absiracts and
assigned Registry Numbers, even if they are not mentioned in the published paper. The
Supporting Information is available free of charge at http://pubs acs org.

Journal Publishing Agreement

A properly completed and signed Joumal Publishing A greement must be submitted for each
mamscript. ACS Paragon Plus provides an electronic version of the Agreement that will be
available on the My Authoring Activity tab of the Comresponding Author’s Home page once the
manuscript has been assigned to an Editor. A PDF wersion of the Agreement is also available, but
Aunthors must use the electronic Journal Publishing Agreement. If the PDF version is used,
all pages of the signed PDF Agreement must be submitted. If the Comesponding Author
cannot of should not complete either the electronic or FDF version for any reason, another
Author should complete and sign the PDF version of the form Forms and complete instructions

are available at http://pubs. acs. orz/page/copymight/ joumalsindex hitml.

Assistance with English Language Editing

Authors may want to have their mammscripts edited professionally before submission to improve
clanty. The ACS ChemWorz Enghsh Editing Service can assist you in improving and polishing
the langnage in your manuscript. You can leam more about the services offered. at

litp:/fes acschemwork acs ofg.

Author List

During manuscript subnussion, the submitting author mmst provide contact information (finll
name, e-mail address, institutional affiliation, and mailing address) for all of the co-authors.
Because all of the author names are automatically imported into the electronic Jounal Publishing
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example, 1 (one) and 1 (ell), 0 (zero) and O (oh), x (ex) and = (fimes sigm). Check the final copy
carefully for consistent notation and comect spelling.

The mamscnipt should be assembled in the following order and should consist of one file: Title
page; abstract; all sections of the body of the paper, including figures, schemes, charts, and
tables; acknowledgments; Supporting Information paragraph (if needed); references; TOC
graphic. Slwomgmformhmshmﬂdhepmudedmammteﬁle It is best to use the fonts
“Times™ and “Symbol”. Other fonts, particularly those that do not come bundled with the system
software, may not translate properly. Ensure that all special characters (e.g., Greek characters,
math symbols, etc.) are present in the body of the text as characters and not as graphic
representations. Consult the documentation for the specific software package being used on how
to detect the presence of graphics in the files, and replace them with the appropriate text
characters. Tables may be created using a word processor’s text mode or table format feature.
The table format feature is preferred. Ensure each data entry is in its own table cell. If the text
mode is used, separate columns with a single tab and use a line feed (retum) at the end of each
TOW.

Currently Acceptable Word Processing Packages
Macintosh: WerdPerfect 3.5, Microsoft Word, 98 and higher.

IBM and compatibles: WordPerfect, up to version 9.0, Microsoft Word, 97 and higher.

LaTeX users should follow the guidelines given at the Author & Reviewer Resource Center
//pubs acs org/dauthors).

ACS Policies for E-prints and Reprints

Under the ACS Articles on Fequest policy, the Society will provide (free of charge) to all
confributing authors a unique URL within the ACS Web site that they may e-mail to colleagues
or post on external Web sites. These author-directed links are designed to facilitate distnbution
of an author’s published work to interested colleagues in lien of direct distribution of the PDF
file by the author. The ACS Articles on Fequest policy allows 30 downloads within the first year
after Web publication and vmlimited access via the same author-directed links 12 months after
Web publication.

The ACS AuthorChoice option establishes a fee-based mechanism for authors or their research
fimding agencies to sponser the open availability of their articles on the Web at the time of
online publication. Effective January 1, 2014, ACS AuthorChoice will be expanded to offer
authors a wider range of open access license options, such as Creative Commeons licenses and
provisions for immediate or 12-month embargoed open access, both coupled with a new ACS
Certified Deposit service. For complete details see hifpo/acsopenaccess opo!.

When authors are sent the proof of their paper, they will receive a link to a website where they
may order author reprimts. They may also call Cierant Corporation (366-305-0111) from 9:0:0
AM. to 5:00 PM. EST. Beprints will be shipped within two weeks after the issue publication
date. Neither the Editors nor the Washington ACS Office keeps a supply of repnints; requests for
single copies of papers should be addressed to the comesponding author of the paper concemed.
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Galley Proofs

The comesponding author of an accepted manuseript will receive e-mail notification and
complete instrections when page proofs are available for review via a secure Web site. Authors
will access the secure site through ACS ChemWomx and will need an ACS ID. To obtain an ACS
ID or to reset your password, go to www.acschemwork org. Routine rephrasing of sentences or
additions are not permitted at the page proof stage. Alterations should be restnicted to senious
changes in mterpretation or comrections of data. Extensive or important changes on page proofs,
ncluding changes to the title or List of authors, are subject to Editorial review.

It is the responsibility of the commesponding author to ensure that all authors listed on the
manuscript agree with the changes made on the proofs. Galley proofs should be returned within
48 hours of receipt In order to ensure timely publication of the manuscript.

The ASAP date is the recorded publication date. All intellectual property and patent details must
be resolved prior to ASAP publication.

Corrections

If errors of consequence are detected in a published paper, the author should send a comection to
the Editor-in-Chief for publication as an “Addition and Cormrection™.

98





