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RESUMO

ATIVIDADE ANTIBACTERIANA DE PORFIRINAS TETRA-CATIONICAS
FRENTE AS BACTERIAS ISOLADAS DE OTITE CANINA

AUTORA: Marlane Geribone Seeger
ORIENTADOR: Juliana Felipetto Cargnelutti

A otite externa canina ¢ uma doenca multifatorial, comumente encontrada na pratica veterinaria
e estima-se que pode afetar até 20% dos caes. Os agentes bacterianos considerados patégenos
mais importantes como causa de otite externa em caes sdo Staphylococcus sp., Pseudomonas
sp., Escherichia coli e Proteus sp. Nesses casos, cada vez mais tem se isolado bactérias
resistentes aos antimicrobianos tradicionais e, assim, os desafios estdo voltados ao combate
dessas bactérias resistentes, principalmente com o uso de terapias alternativas. A terapia
fotodindmica ¢ um método alternativo que pode ser aplicado na eliminagdo de micro-
organismos em fluidos e solucdes, superficies e materiais contaminados, bem como em
infecgdes, especialmente causadas por agentes bacterianos resistentes aos antimicrobianos
convencionais. Esta terapia utiliza moléculas fotoativas, como as porfirinas, que sdo capazes de
interagir com a luz gerando espécies reativas de oxigénio que alteram estruturas e fungdes de
células e micro-organismos, causando apoptose e/ou inativagdo. Assim, o objetivo deste
trabalho foi identificar as bactérias mais frequentemente isoladas a partir de culturas de suabes
de ouvido de cdes com otite na regido central do estado do Rio Grande do Sul e avaliar a
atividade antibacteriana de duas metaloporfirinas tetra-cationicas (H;TMeP e ZnTMeP) em
bactérias Gram-positivas e Gram-negativas isoladas de otite de cdes e em cepas padrdo. Para
isso, inicialmente foi realizado um estudo retrospectivo nos arquivos do Laboratério de
Bacteriologia da Universidade Federal de Santa Maria, Rio Grande do Sul, no periodo de 2000
a 2018, a fim de determinar os gé€neros bacterianos mais frequentemente isoladas de caes com
otite. Os resultados deste estudo indicaram a predominancia dos géneros Staphylococcus sp.,
Pseudomonas sp. e Proteus sp. Assim, isolados clinicos e cepas padrido desses géneros
bacterianos foram utilizados nos ensaios de atividade antibacteriana. Para isso, uma dose ndo
citotoxica das porfirinas, observada em células MDCK (5uM para H;TMeP e ZnTMeP) foi
incubada com uma concentracdo fixa de cada uma das bactérias selecionadas
(aproximadamente 1x10* UFC/mL), e expostas a luz artificial (25 mW/cm?) por 0, 30, 60 e 90
min para a fotoativa¢do dos compostos. Apds a exposicao a luz, 10uL da solugdo de bactérias
Gram-positivas e 50 pL da solugdo de Gram-negativas foram semeadas e incubadas por 24
horas a 37°C. No dia seguinte, foi realizada a contagem das unidades formadoras de coldnia.
Staphylococcus coagulase positiva e Staphylococcus coagulase negativa foram inativados apos
30 min de exposicao a luz por ambas porfirinas. Para as bactérias Gram-negativas, a inativagao
ocorreu apos 60 min de fotoativacdo utilizando a porfirina H;yTMeP e 90 minutos com a
porfirina ZnTMeP. Além disso, comprovou-se através da utilizacdo de sequestradores de
espécies reativas de oxigénio, que a acdo dessas porfirinas provavelmente ocorreu pela
produgdo de oxigénio singleto. Os resultados demonstram que as porfirinas tetra-catidnicas
H>TMeP e ZnTMeP possuem atividade bactericida frente as principais bactérias isoladas de
otite de caes, e podem ser promissoras opgdes para serem empregadas como alternativa de
controle e tratamento em casos de otites com etiologia bacteriana resistente aos antimicrobianos
convencionais.

Palavras chave: porfirinas; terapia fotodinamica; bactéria; resisténcia antimicrobiana; otite.



ABSTRACT

ANTIBACTERIAL ACTIVITY OF TETRA-CATIONIC PORPHYRINS AGAINST
ISOLATED BACTERIA FROM CANINE OTITIS

AUTHOR: Marlane Geribone Seeger
ADVISOR: Juliana Felipetto Cargnelutti

Canine otitis externa is a multifactorial disease commonly found in veterinary practice and it is
estimated to affect up to 20% of dogs. The most important bacterial agents considered
pathogens as a cause of otitis externa in dogs are Staphylococcus sp., Pseudomonas sp.,
Escherichia coli and Proteus sp. Bacteria resistant to traditional antimicrobials increasingly in
cases of canine otitis, so the challenges are fight against these resistant bacteria. Porphyrins are
photosensitizing molecules capable of interacting with light in order to generate reactive
oxygen species that have the ability to alter structures and functions of cells and
microorganisms, causing apoptosis and inactivation. Photodynamic therapy is a method that
can be applied in many areas, such as the elimination of microorganisms in fluids and
contaminated solutions, surfaces and materials, as well as in infections, especially caused by
antimicrobial resistant bacteria. The objective of this study was to identify the most frequently
isolated bacteria from ear swab cultures of dogs with otitis in the central region of Rio Grande
do Sul state and to evaluate the antibacterial activity of two tetra-cationic metalloporphyrins
(H2TMeP and ZnTMeP) in Gram-positive and Gram-negative bacteria isolated from dog otitis
and standard strains. For this, initially a survey of the genera of bacteria most frequently isolated
from these cases was performed. The most frequently isolated genera of bacteria were
Staphylococcus sp., Pseudomonas sp. and Proteus sp. Antibacterial activity assays were
performed by incubating a non-cytotoxic dose of porphyrins observed in MDCK cells (5uM to
H>TMeP and ZnTMeP) against a fixed concentration of each of the selected bacteria,
approximately 1x10* CFU / mL, and exposing this solution to artificial light (25 mW / cm?) for
0, 30, 60 and 90 min for porphyrin photoactivation. After light exposure, 10 pL of Gram-
positive bacteria solution and 50 uL of Gram-negative solution were seeded and incubated for
24 hours at 37 °C. The following day, the colony forming units were counted. Coagulase-
positive staphylococci and coagulase-negative were inactivated after 30 min of light exposure.
For Gram-negative bacteria, inactivation occurred after 60 min of photoactivation using
H>TMeP and 90 minutes by ZnTMeP. In addition, it has been proven through the use of reactive
oxygen species scavengers that the action of these porphyrins probably occurred by the
production of singlet oxygen. The results show that ZnTMeP and H,TMeP tetra-cationic
porphyrins have bactericidal activity against the main bacteria isolated from dog otitis, and may
be promising options to be used as alternative control and treatment of clinical otitis with
bacterial etiology resistant to conventional antimicrobials.

Key words: porphyrins; photodynamic therapy; bacteria; antimicrobial resistant; otitis.
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1 INTRODUCAO

A otite externa canina ¢ uma doenga multifatorial, comumente identificada na pratica
veterindria e estima-se que afete entre 5% e 20% dos cdes (ROUGIER, 2005). A enfermidade
tem diversos fatores envolvidos no seu desenvolvimento, tais como fatores primarios,
predisponentes e perpetuantes. Os fatores primarios sdo capazes de iniciar a inflamagdo em
ouvido, tais como dermatite atdpica e hipersensibilidade alimentar (PENNA, 2009). Os fatores
predisponentes sdo aqueles que tornam a orelha mais susceptivel a inflamacao que foi iniciada
por fatores primarios, mas que por si mesmos nao provocam otite (ROSYCHUK & LUTTGEN,
2004). Os fatores perpetuantes ou persistentes sdo responsaveis pela continuagcdo da resposta
inflamatoria. A doenga geralmente ocorre como uma complicacdo secundaria de fatores
primarios, que iniciam um processo inflamatdrio no interior das orelhas (PENNA, 2009).

Os genéros bacterianos considerados patdogenos mais importantes como causa de otite
externa em caes sao Staphylococcus spp., Pseudomonas spp., Proteus spp. € Escherichia coli,
além da levedura Malassezia spp. (MALAYERI et al., 2010; MARTINO et al., 2016).
Staphylococcus spp. tém alta frequéncia de conjugagdo, que compreende o processo de
transferéncia de material genético, e constantemente adquirem plasmideos contendo genes que
codificam a resisténcia antimicrobiana (MALIK et al., 2005). Pseudomonas aeruginosa ¢ um
patdégeno bacteriano oportunista, que pode ser encontrado em varios ambientes e estd se
tornando cada vez mais importante devido ao seu perfil de resisténcia aos antibidticos
(MEKIC et al., 2011).

O uso indevido e excessivo de antimicrobianos gera pressdes evolutivas seletivas que
aumentam a chance de sobrevivéncia de bactérias resistentes aos farmacos antimicrobianos,
com isso, o tratamento de infecgdes bacterianas comuns tem se tornado um desafio a clinica
médica e veterinaria (SHIN & PARK, 2018). Assim, com o estabelecimento da resisténcia
antimicrobiana, cada vez mais tem se buscado por métodos alternativos capazes de eliminar os
agentes infecciosos (TASLI et al.,, 2018). Nesse cenario, o estudo das porfirinas tem se
destacado como terapia no combate as infec¢des bacterianas (TASLI et al., 2018; BRANCO et
al., 2018).

As porfirinas sdo moléculas fotossensibilizadoras que, quando irradiadas pela luz,
absorvem energia e geram espécies reativas de oxigénio (ALVES, 2014). A terapia
fotodindmica ¢ um método aplicado as diversas areas da satde e tem como base a a¢do de um
composto fotossensivel que, quando ativado por diferentes comprimentos de onda de luz,

produz espécies reativas de oxigénio (ROS), que podem ser radicais livres e/ou oxigénio
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singleto ('O>), e que sdo capazes de induzir a apoptose e/ou morte celular (MACHADO, 2000).
Além disso, foto-oxidam as proteinas, lipideos e DNA, inativando ou alterando diversas
moléculas celulares (CASTEEL et al., 2004).

A terapia fotodinamica antimicrobiana vem sendo reconhecida como uma alternativa
muito promissora ao tratamento com antimicrobianos, especialmente em infecg¢des localizadas
(ALMEIDA et al., 2014). Pesquisas demonstraram sua utilizagdo no combate ao herpesvirus
simplex tipo 1, tanto in vitro quanto in vivo, sendo eficaz no tratamento de pessoas com lesdes
orais (RAMALHO et al. 2015).

O efeito dessa terapia ¢ capaz de inativar células bacterianas sem induzir a resisténcia
em resposta ao tratamento, devido ao modo de acado e ao tipo de alvos bioquimicos (TAVARES,
et al. 2010) e devido a irradiagdo local, ndo afeta a microflora normal do paciente de outras
regides do organismo, ao contrario dos farmacos antimicrobianos de agdo sistémica
(MEEROVICH et al., 2018).

No presente trabalho, objetivou-se contribuir para o desenvolvimento de métodos de
inativacdo de bactérias resistentes aos antimicrobianos tradicionais, isoladas de caes com otite
empregando o uso de terapia fotodinamica, através da investigagdo da atividade antimicrobiana

de porfirinas tetra-cationicas (H;TMeP e ZnTMeP) e determinagdo do seu mecanismo de agao.

2 REVISAO DE LITERATURA

2.1 OTITE CANINA

A otite externa canina ¢ uma doenca multifatorial, comumente encontrada na pratica
veterinaria, especialmente na clinica de pequenos animais. A enfermidade tem diversos fatores
envolvidos no seu desenvolvimento, tais como fatores primarios, predisponentes e
perpetuantes. Os fatores primarios sdo capazes de iniciar a inflamagao no ouvido, incluindo a
dermatite atopica, a hipersensibilidade alimentar, a presenca de corpos estranhos, micro-
organismos e ectoparasitas, bem como doencas metabdlicas, anormalidades de queratinizacao
e as doengas autoimunes (PENNA, 2009). Os fatores predisponentes sdo aqueles que tornam a
orelha mais susceptivel a inflamag¢ao que foi iniciada por fatores primarios, mas que por si
mesmos ndo provocam otite, tais como temperatura ambiental elevada, umidade e erros no
processo de limpeza das orelhas (ROSYCHUK & LUTTGEN, 2004). Os fatores perpetuantes
ou persistentes sdo responsaveis pela continuacdo da resposta inflamatoéria. Infeccdes

bacterianas e fungicas sdo os exemplos mais comuns (BIRCHARD & SHERDING; 2003).
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Os sinais clinicos mais comuns observados em cdes com otite sdo a presenga de
exsudato, eritema, edema, odor desagradéavel, dor e prurido (ROSYCHUK & LUTTGEN,
2004). Os micro-organismos pertencentes a flora microbiana normal da area auricular podem
se tornar patogénicos quando as condi¢des ambientais e causas primarias sdo ideais para
expressar seus fatores de viruléncia (MARTINO et al., 2016).

Os géneros bacterianos considerados patdogenos mais importantes como causa de otite
externa em caes sao Staphylococcus spp., Pseudomonas spp., Proteus spp. € Escherichia coli,
além da levedura Malassezia sp. (MALAYERI et al., 2010; MARTINO et al., 2016). A maioria
das espécies de Staphylococcus sio comensais da pele e mucosas, e transitorias no trato
digestivo de animais e humanos (QUINN et al., 2011). Os membros deste género sdo
frequentemente encontrados em cdes higidos e doentes, produzindo uma variedade de
infecc¢oes, incluindo bacteremia, conjuntivite, pneumonia, abscessos, pioderma e otite externa
(LILENBAUM et al., 2000).

Dentre as espécies de Staphylococcus comumente patogénicas destacam-se
Staphylococcus coagulase positiva (SCP), incluindo: S. aureus, S. pseudintermedius, S.
intermedius, S. schleiferi subsp. coagulans, S. hyicus, S. lutrae e S. delphini (DEVRIESE et al.,
2005), sendo que Staphylococcus intermedius ¢ o mais frequentemente isolado em caes
(LILENBAUM et al., 2000; MALAYERI et al., 2010). Staphylococcus coagulase negativa
(SCN), constituem um grupo importante da microflora normal de seres humanos, caes e gatos,
e sdo considerados importantes patdgenos oportunistas nessas espécies. As espécies de SCN
mais comumente encontradas sdo S. epidermidis, S. simulans, S. haemolyticus e S.
saprophyticus (LILENBAUM et al., 2000).

Bactérias do género Staphylococcus tém alta frequéncia de conjugacdo e
constantemente adquirem plasmideos contendo genes que codificam a resisténcia
antimicrobiana (SCHWARZ & NOBLE, 1999). Este fato exige que o conhecimento de seus
padrdes de resisténcia aos antimicrobianos requeira uma atualizagdo continuada. Tratamentos
empiricos sem o auxilio de resultados de testes de suscetibilidade antimicrobiana podem
resultar em falha terapéutica e selegcdo de cepas multirresistentes (MALIK et al., 2005).

As bactérias Gram-negativas mais comumente isoladas de otite externa canina sdo
Pseudomonas aeruginosa e Proteus mirabilis (BUDGEN, 2013). Pseudomonas aeruginosa é
um patdgeno bacteriano oportunista, que pode ser encontrado em varios ambientes e esta se
tornando cada vez mais importante devido a sua resisténcia aos antimicrobianos tradicionais e
a sua capacidade de causar infecgdes graves em animais € seres humanos. A otite externa

cronica em cdes ¢ frequentemente associada a P. aeruginosa (MEKIC et al., 2011). As bactérias
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Proteus spp., Pseudomonas spp. e Escherichia coli sio geralmente encontradas em casos
cronicos da doenca que ndo respondem adequadamente ao tratamento (FRASER, 1965).
Estudos indicam que Proteus sp. € Pseudomonas sp. nao iniciam a inflamag¢ao, porém sdo os
principais responsaveis pela contaminagao das lesdes primarias do ouvido e maior incidéncia
em cdes que possuiam concomitantemente otite e doenga clinica da pele (FRASER, 1965).

O diagnéstico da otite canina ¢ baseado na anamnese, exame clinico/otoscopia, citologia
auricular, cultura e antibiograma, biopsia e radiografia (BOJRAB & CONSTANTINESCU,
2005). O tratamento bem-sucedido das otites externas requer identificagdo e eliminacdo de
todos os fatores causais. Por isso, o indicado ¢ a realiza¢do da cultura microbioldgica seguida
do teste de sensibilidade aos antimicrobianos, a fim de direcionar a escolha da droga mais
adequada para o tratamento da infecc¢do e evitar o surgimento de cepas de bactérias resistentes
aos farmacos atualmente disponiveis (LILENBAUM et al., 2000).

Muitos organismos variam na suscetibilidade as diferentes classes de antimicrobianos.
Algumas cepas se tornam resistentes apés um amplo uso por um longo periodo de tempo, ou
apos excessivo uso de uma mesma classe de medicamento em um curto periodo de tempo
(BLUE & WOOLEY, 1977; LILENBAUM et al., 2000). O desconhecimento ¢ o uso

indiscriminado de antimicrobianos favorecem o surgimento e a selegdo das cepas resistentes.

2.2 RESISTENCIA ANTIMICROBIANA

A descoberta da penicilina em 1928 causou uma redugdo significativa nas taxas de
mortalidade em todos os continentes através do uso de antibidticos (LOBANOVSKA &
PILLA, 2017). Na atualidade, os antimicrobianos sdo amplamente utilizados em medicina
humana e veterinaria no tratamento de infec¢des pelos diferentes agentes microbianos. O uso
anual de antimicrobianos foi estimado entre 100.000 ¢ 200.000 toneladas no mundo e, na
Europa, 2/3 destes farmacos sdo empregados em medicina humana e 1/3 sdo de aplicacdo em
medicina veterinaria (EZZARIAI et al., 2018).

A excessiva utilizagdo de antimicrobianos ¢ considerada uma das principais causas da
evolugdo da resisténcia (EZZARIAI et al., 2018; SHIN & PARK, 2018; HAMBLIN &
ABRAHAMSE, 2019). Estudos revelaram que as indicagdes de tratamento, a escolha do agente
e a duracdo da antibioticoterapia sdo inadequadas em 30% a 50% dos casos (ASLAM et al.,
2018).

O uso indevido e excessivo de antimicrobianos gera pressdes evolutivas seletivas que

aumentam a chance de sobrevivéncia de bactérias resistentes aos farmacos. O uso efetivo de



14

um agente antimicrobiano ¢ prejudicado devido a possivel tolerdncia ou resisténcia
desenvolvida desde o inicio do tratamento em que esse composto ¢ utilizado, colocando os
individuos em risco de serem infectados por bactérias resistentes, tornando as terapias
antimicrobianas ineficazes e estabelecendo-se como uma séria ameaga a saude publica (SHIN
& PARK, 2018).

Além disso, a uso inadequado desses farmacos inclui a sua utilizagdo no tratamento de
infeccOes em animais, o uso de sub-doses terapéuticas em animais saudaveis, a sua utilizagdo
na profilaxia de determinadas enfermidades e como promotores do crescimento fornecidos na
alimentacdo e na agua (O'NEILL, 2016). Segundo Aslam et al. (2018) estima-se que cerca de
80% dos antibioticos vendidos nos Estados Unidos sdo apenas para uso como suplementos de
crescimento e para controlar infecgdes em animais.

A resisténcia aos agentes antimicrobianos pode ocorrer com os farmacos usados para
tratar infec¢des bacterianas, virais, fungicas e parasitarias. Varios mecanismos fisiologicos e
bioquimicos podem direcionar ao desenvolvimento da resisténcia. A resisténcia aos
antimicrobianos esté relacionada a capacidade de uma bactéria sobreviver mesmo em contato
com produtos bacteriostaticos ou bactericidas, sendo esta capacidade de sobrevivéncia
dependente da selecdo natural de micro-organismos que possuem determinados genes de
resisténcia (LEVY, 2001). Esses genes podem codificar fatores de viruléncia, os quais resultam
em resisténcia por meio de mecanismos de desativagdo enzimatica e que induzem a modificagdo
ou inativam o antimicrobiano (SILVEIRA et al., 2006; ZACHARY, 2013). A resisténcia
também pode ocorrer através do mecanismo de alteragao de sitios de ligagcdo do antimicrobiano
(BLAIR et al., 2015), por alteragdes da via metabodlica, e por reducao do actimulo de
antimicrobianos no interior da célula bacteriana (ZACHARY, 2013), bem como promover a
reducdo da permeabilidade da membrana ao farmaco e/ou aumento do seu fluxo por bombas de
efluxo da membrana (Figura 1) (SILVEIRA et al., 2006; ZACHARY, 2013; BLAIR et al.,
2015; ASLAM et al., 2018).

Com o estabelecimento da resisténcia antimicrobiana, os desafios estdo voltados ao
combate as bactérias resistentes. A descoberta e identificacao de novos antibidticos ndo ocorre
na mesma velocidade de aparecimento de patogenos resistentes. As pesquisas tém falhado no
desenvolvimento ou descoberta de novos antibioticos, ocorrendo apenas a producdo de novas
moléculas que geralmente sdo uma extensdo das classes atuais de medicamentos (BROOKS &
BROOKS, 2014).

Estratégias multiplas devem ser adotadas para enfrentar esse problema, e ¢

imprescindivel uma educagdo constante, visando a conscientizagdo de estudantes de medicina,
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médicos, farmacéuticos e médicos veterinarios, em relacdo ao uso de drogas antimicrobianas.
Além disso, devem ser implementados regulamentos que exijam um monitoramento rigoroso
do uso de antibidticos. Além dessas abordagens, cada vez mais deve-se priorizar pela busca por
métodos alternativos capazes de neutralizar e/ou eliminar os agentes infecciosos (TASLI et al.,
2018). Alternativas aos antibidticos, como probidticos, terapia fotodindmica e bacteridfagos,

podem ajudar a diminuir o nimero de patégenos resistentes (DAI et al., 2009).

Figura 1 - Mecanismos de resisténcia a antibioticos
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A
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A Modificagdes no
: local alvo

A Antimicrobiano

Fonte: Adaptado de ASLAM (2018).

2.3 TERAPIA FOTODINAMICA

A terapia fotodinamica, tem como base a agdo de um composto fotossensivel que
quando ativado por diferentes comprimentos de onda de luz, produz espécies reativas de
oxigénio (EROS) que sdo capazes de induzir a apoptose das células (MACHADO, 2000) ou
foto-oxidar proteinas, lipideos e acidos nucleicos, inativando ou alterando diversas moléculas

celulares (CASTEEL et al., 2004).



16

A terapia fotodindmica ¢ um método aplicado as diversas dreas da saude, como no
tratamento de tumores, desde a profilaxia antes e apds remocgdo cirurgica do tumor, na
degeneracdo macular da retina, psoriase, arteriosclerose, infecgdes bacterianas e virais, dentre
outras patologias (SIMPLICIO et al., 2002). Além disso, tem sido utilizada na inativacio de
micro-organismos em solugdes/fluidos e superficies (BONNETT, 2000; CARVALHO et al.,
2007).

Este tipo de terapia pode ser dividida em duas categorias de acordo com o método de
aplicagdo: terapia direta, sem a administracdo de um fotossensibilizador, sendo realizada apenas
pela acdo de uma fonte de luz (BONNETT, 1995) e a terapia indireta, que envolve dois
componentes ndo toxicos (o fotossensibilizador e o oxigénio molecular) e uma fonte de luz.
Neste caso, o composto fotossensibilizador ¢ administrado, geralmente, diretamente na lesao
(tumores, lesdes inflamatdrias ou infecciosas) e, em seguida ¢ irradiado para gerar as EROS
que irdo interagir com moléculas orgénicas, alterando estruturas e/ou funcdes celulares que
resultam na morte e/ou inativagdo celular (BECHET et al., 2008).

A luz visivel que ¢ utilizada para excitar o fotossensibilizador tem comprimentos de
onda especificos que coincidem com o comprimento de onda de absor¢do maxima do
fotossensibilizador (AMOS-TAUTUA et al., 2019). Desta forma, quando ativado, ele transfere
energia da luz para o oxigénio molecular resultando na formacdo de EROS que destroem as
células alvo (ALVES, 2014). As reagdes ocorrem no local em que o fotossensibilizador absorve
a luz, assim as respostas bioldgicas ao fotossensibilizador ocorrem apenas nas areas em que o
tecido foi exposto a irradiagdo (DOLMANS et al., 2003).

A inativacdo fotodinamica baseia-se na producao de ROS, que podem ser radicais livres
e/ou oxigénio singleto ('02). Nas reagdes, o fotossensibilizador é ativado para um estado
singleto excitado (S1). As moléculas nesse estado decaem rapidamente de volta ao estado
fundamental (S(), com a emissao de luz (fluorescéncia) ou calor, ou para o estado tripleto (T1).
O fotossensibilizador, no estado tripleto excitado (T1), pode decair para o estado fundamental
por fosforescéncia ou agir nas seguintes reagdes: reacdo do tipo I, o fotossesibilizador excitado
no estado tripleto (T1) reage diretamente com o substrato (*0»), formando espécies reativas de
oxigénio, tais como os anion superdxido, radicais hidroxila e peréxido de hidrogénio; e na
reacdo do tipo II, o fotossensibilizador excitado no estado tripleto (T1), transfere energia
diretamente para o oxigénio molecular (°0), originando oxigénio singleto ('02). O 'O, é
extremamente reativo podendo interagir com um grande nimero de substratos bioldgicos,

induzindo, assim, dano oxidativo e morte celular (ALVES, 2014).
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O '0s ¢ o principal agente citotoxico, um eletréfilo forte que reage rapidamente com as
ligagdes carbono-carbono insaturadas, nucleéfilos neutros, tais como, sulfuretos e aminas, bem
como anions, podendo reagir com um numero elevado de moléculas bioldgicas, como os
triglicerideos, colesterol, fosfolipidos, aminoacidos, metionina, bases nitrogenadas, entre outros
(DEROSA & CRUTCHLEY, 2002).

A terapia fotodinamica antimicrobiana vem sendo reconhecida como uma alternativa
muito promissora ao tratamento com antimicrobianos, especialmente em infecg¢des localizadas
(ALMEIDA et al., 2014). O efeito dessa terapia ¢ capaz de inativar células bacterianas sem
induzir o desenvolvimento de resisténcia em resposta ao tratamento, e gragas a irradiagdo local,
ndo afeta a microflora normal de outros orgdos do paciente, ao contrdrio dos farmacos
antimicrobianos sist€émicos (MEEROVICH et al., 2018).

Originalmente essa técnica foi utilizada no tratamento do cancer, porém nas tltimas trés
décadas, um niimero crescente de estudos sobre terapia fotodindmica antimicrobiana foram
publicados, mostrando que essa terapia ¢ eficaz contra bactérias Gram-positivas e Gram-
negativas, virus, fungos e parasitas (ALMEIDA et al., 2015). A principal vantagem desta
tecnologia sobre os farmacos antimicrobianos ¢ a acdo multialvo e ndo ha surgimento de
resisténcia bacteriana (ALVES et al., 2015).

As bactérias Gram-positivas e Gram-negativas possuem diferencas fundamentais em
sua estrutura e, consequentemente, na sensibilidade aos efeitos dos farmacos. A parede celular
das bactérias Gram-positivas tem um grau de porosidade relativamente alto. Portanto, vérias
macromoléculas como glicopeptideos e polissacarideos, com peso molecular de até 60 kDa
podem facilmente se difundir através da parede celular. Dessa forma, ndo ¢ uma barreira para
a penetragdo da maioria dos fotossensibilizadores, cujo peso molecular geralmente ndo excede
1,5-1,8 kDa (MEEROVICH et al., 2018).

A parede celular das bactérias Gram-negativas tem um elemento estrutural adicional, a
membrana externa, que possui 10-15nm de espessura localizando-se externamente a rede de
peptidoglicano. Tem uma composi¢@o muito heterogénea, com proteinas com fungao de porina,
trimeros de lipopolissacarideos e lipoproteinas que criam uma pseudo-superficie externa de
cargas negativas fortemente compactadas. Esse sistema altamente organizado impede a
penetracdo de grandes moléculas e facilita a resisténcia aos diferentes compostos quimicos.
Compostos hidrofilicos com uma massa molecular abaixo de 0,6-0,7 kDa podem se difundir
facilmente através dos poros. Somente um fotossensibilizador policationico com um tamanho
bastante pequeno da molécula e peso molecular interage efetivamente com bactérias Gram-

negativas, inativando-as. Para garantir a inativa¢do adequada das bactérias, ¢ necessario usar
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altas concentracdes de fotossensibilizadores durante a sensibilizagdo (MEEROVICH et al.,
2018).

Devido aos problemas crescentes de resisténcia bacteriana aos antimicrobianos estarem
cada vez mais comuns na rotina clinica médica e veterindria, hd a necessidade de pesquisar
métodos alternativos para o controle e terapia das infecgdes bacterianas. Desta forma, a terapia
fotodindmica pode ser um auxiliar no combate aos patdgenos bacterianos resistentes,
potencializando o efeito e/ou a efic4cia antimicrobiana, ou, ainda, sendo utilizado como unica

forma de tratamento as infecgdes bacterianas superficiais.

2.4 PORFIRINAS

As porfirinas sdo compostos macrociclos tetrapirrdlicos composto de 4 anéis
heterociclicos (A, B, C, D) ligados entre si por grupos de meteno (-CH=), aleatoriamente
denominados a, B, v, 6 (RIMINGTON & KENNEDY, 1962). Sao um grande grupo de
pigmentos intensamente coloridos cristalinos fluorescentes de origem natural ou sintética
(AMOS-TAUTUA etal., 2019). As porfirinas podem estar associadas aos ions metalicos, sendo
chamadas de metaloporfirinas (Figura 2).

As porfirinas sdo moléculas fotossensibilizadoras que, quando irradiadas pela luz,
absorvem energia e geram espécies reativas de oxigénio (ALVES, 2014). Elas estdo envolvidas
em muitos processos bioldgicos nos organismos vivos, incluindo transporte de oxigénio e
fotossintese (MONDAL & BERA, 2014).

Estudos evidenciaram que as porfirinas catidnicas sdo mais eficientes em comparagao
as anidnicas ou neutras contra bactérias, principalmente bactérias Gram-negativas (MERCHAT
et al., 1996; SIMOES et al., 2016; MARCIEL et al., 2018; AMOS-TAUTUA et al., 2019). Foi
demonstrado que as porfirinas catidnicas podem atuar contra os dois tipos de bactérias,
provavelmente devido a uma agdo dupla: rompimento da parede celular bacteriana e,
posteriormente, fotossensibiliza¢do da célula (CARVALHO et al., 2007)

As bactérias Gram-positivas possuem uma membrana citoplasmatica cercada por uma
parede celular relativamente porosa composta de peptidoglicano e acido lipoteicdico que
permite a passagem dos fotossensibilizadores (DAI et al., 2009). Dessa forma, a inativacao
dessas bactérias pode ser feita através de fotossensibilizadores neutros, anidnicos e catidnicos
(DAI et al., 2009; AMOS-TAUTUA et al., 2019).

A parede celular da bactéria Gram-negativa contém lipopolissacarideo (LPS) com carga

negativa, o que dificulta a permeabilidade de porfirinas neutras ou anionicas do ambiente
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externo para a célula bacteriana. No entanto, as porfirinas cationicas interagem efetivamente

com essas superficies carregadas negativamente da parede celular de bactérias Gram-negativas

(AMOS-TAUTUA et al., 2019).

Figura 2 - Representagdo da rota sintética para as porfirinas H-TMeP e ZnTMeP

MX;
CH,COOH
120°C

M = Zn(ll) - ZnTMeP

Fonte: Gentilmente cedido por Prof. Bernardo Iglesias.

O fotossensibilizador neutro e anidnico pode inativar de maneira eficiente as bactérias
Gram-positivas, porque esses tipos de fotossensibilizadores podem atravessar facilmente a
parede celular. No entanto, esses fotossensibilizadores sdo ineficientes contra bactérias Gram-
negativas (DEMIDOVA et al., 2005).

As porfirinas catidnicas podem ser obtidas pela inser¢do de substituintes carregados
positivamente nas posicdes periféricas do anel porfirinco (SOBOTTA et al., 2019). O nimero
de cargas positivas e sua distribui¢ao no nucleo do fotossensibilizador tem um papel importante
na eficiéncia da terapia fotodindmica (SIMOES et al., 2016). O niimero de cargas aumenta o
carater anfifilico do fotossensibilizador, a capacidade de promover a interagao entre moléculas
que apresentam polaridade diferentes, e consequentemente, sua afinidade por bactérias,
promovendo seu acimulo nas células, o que geralmente ¢ acompanhado por um aumento na
atividade fotocitotoxica (SIMOES et al., 2016; MARCIEL et al., 2018).

Os compostos catidnicos sdo absorvidos pela chamada via de captagdo auto-promovida,

o aumento no niimero de cargas aumenta a afinidade do fotossensibilizador com as bactérias, o
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que aumenta a sua reten¢do. As moléculas cationicas tém uma afinidade de 2 a 4 ordens de
magnitude mais alta aos locais de ligagdo na superficie das moléculas de LPS de bactérias
Gram-negativas do que os cations divalentes Ca>* ou Mg?*, e eles substituem competitivamente
esses cations (SIMOES et al., 2016). O deslocamento de Ca?" ou Mg?", leva a uma
reorganizacdo da estrutura da membrana externa e permeabilizacgdo da membrana externa
(EHRENBERG et al., 1985). O dano inicial favorece a penetracdo do fotossensibilizador,
especialmente em bactérias Gram-negativas, aumentando a eficiéncia da fotoinativagdo (DAI

et al., 2009).

2.5 SEQUESTRADORES DE ESPECIES REATIVAS DE OXIGENIO

Espécies reativas de oxigénio sao formadas em organismos vivos como co-produtos em
reagdes bioquimicas. Assim, as bactérias desenvolveram mecanismos de defesa contra essas
espécies, como as enzimas glutationa peroxidase e a catalase. Porém as EROS podem
facilmente superar a atividade dessas enzimas. Algumas EROS, mesmo em baixa quantidade,
sdo problematicos para a autodefesa de bactérias e levam a sua morte (VATANSEVE et al.,
2013).

As principais EROS distribuem-se em dois grupos, as radicalares: hidroxila (HO-),

superoxido (O, "), peroxila (ROO-) e alcoxila (RO-); e as ndo-radicalares: oxigénio singleto
(102), peroxido de hidrogénio (H202) e acido hipocloroso (HCIO). Em lesdes teciduais causadas
por traumas, radiagdes, infecgdes, toxinas, hipdxia, e exercicios extremos ocorre alta producao
de ROS devido a um conjunto de processos, como o aumento de enzimas envolvidas na
formacao de radicais, a ativagdo da fagocitose, liberacdo de ferro e cobre ou uma interrupgao
da cadeia transportadora de elétrons (ROCK et al., 1996).

Baixos niveis de EROS, como superdxido e peroxido de hidrogénio, sdo produzidos
como consequéncia da respiragdo e metabolismo aerobicos, mas mecanismos sensoriais
combinados com defesas antioxidantes constitutivas e induziveis, superéxido dismutase (SOD)
e catalase, evoluiram para neutralizar amplamente esses EROS sem a ocorréncia de danos. No
entanto, grandes concentragdes de superoxido e peroxido de hidrogénio podem sobrecarregar
essas defesas, e pequenas quantidades de EROS contra as quais os organismos nao tém defesas
adequadas, como radical hidroxila e oxigénio singleto pode rapidamente ser fatal para os micro-

organismos (VATANSEVE et al., 2013).
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Viarios métodos foram empregados para distinguir entre os diferentes tipos de EROS
produzidas na terapia fotodindmica. O método mais usado tem sido a utilizagdo de diferentes
sequestradores. Sequestradores sdo moléculas que podem ser adicionadas a suspensdo
microbiana que contém o fotossensibilizador durante a terapia e esses podem consumir ou
desativar as ROS produzidas, diminuindo assim a extensao da inativa¢do microbiana (MARTIN
& LOGSDON, 1987; RYWKIN et al., 1992; VATANSEVE et al., 2013). Desta forma, pode-
se estimar qual ROS estd sendo produzido e, portanto, o mecanismo de agdo do
fotossensibilizador.

A azida sodica tem sido usada como um desativador seletivo de oxigé€nio singleto,
removendo fisicamente a energia do estado excitado e tem sido usada para reduzir a morte
microbiana em varios estudos de terapia fotodindmica (MAISCH et al., 2005). Outros
inibidores para oxigénio singleto incluem histidina e 4cido ascorbico, e para o radical
superoxido pode ser utilizado iodeto de potassio (GUTERRES et al., 2019). Os sequestradores
que sdo usados para radical hidroxila incluem manitol (RYWKIN et al.,, 1992) e
dimetilsulfoxido (MARTIN & LOGSDON, 1987).
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ABSTRACT

Aims: Antimicrobial resistant bacteria have been frequently isolated from canine otitis externa.
Photodynamic therapy using porphyrins as photosensitizing molecules is an alternative to
combat microorganisms in localized infections. We aimed to evaluated the antibacterial activity
of tetra-cationic metalloporphyrin (HoTMeP, ZnTMeP) against Gram-positive and -negative
bacteria isolated from dog otitis, and its action mechanism.

Methods and Results: Two Gram-positive and two Gram-negative bacteria more frequently
detected in cases of canine otitis (Coagulase-positive and -negative staphylococci [CPS and
CNS], Pseudomonas aeruginosa and Proteus mirabilis) were used in antibacterial activity
assays. The non-cytotoxic dose of both porphyrin was incubated with a fixed concentration of
each bacteria and exposed to artificial light for 0, 30, 60 and 90 min. CPS and CNS were
inactivated after 30 min of light exposure. Gram-negative bacteria were inactivated after 60
min of photoactivation by H-TMeP and with 90 min by ZnTMeP. Similar assay was conducted
using ROS scavengers showing that the mechanism for bacterial inactivation is through the
production of singlet oxygen.

Conclusions: Tetra-cationic porphyrins have bacterial activity against bacteria isolated from
canine otitis.

Significance and Impact of the Study: Tetra-cationic porphyrins are promising alternative to
treatment of canine otitis caused by bacteria.

Key-words: porphyrins; photodynamic therapy; bacteria; antimicrobial resistant; otitis

Introduction

Canine otitis externa is a multifactorial disease commonly found in small animal clinic,
especially in pet care, and is estimated to affect between 5% and 20% of dogs (Rougier 2005).

The disease has several factors involved in its development, such as primary, predisposing and
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perpetuating factors. Primary factors are capable of initiating inflammation in the ear, such as
atopic dermatitis, food hypersensitivity, ectoparasites, metabolic diseases, keratinization
abnormalities and autoimmune diseases (Penna 2009). Predisposing factors are those that make
the ear more susceptible to inflammation that was initiated by primary factors, but that cannot
cause otitis alone (Rosychuk and Luttgen 2004). Perpetuating or persistent factors are
responsible for the continued inflammatory response.

The disease usually occurs as a secondary complication of primary factors, which
initiate an inflammatory process inside the ears (Penna 2009). The most common clinical signs
observed in canine otitis are the presence of exudate, erythema, edema, unpleasant smell, pain
and itching (Rosychuk and Luttgen 2004). The most important pathogens causing otitis externa
in dogs are Staphylococcus spp., Pseudomonas spp., Proteus spp, Escherichia coli and
Malassezia spp. (Malayeri et al. 2010; Martino et al. 2016). The most species of
Staphylococcus are found in skin and mucous as a commensal and transient in the digestive
tract of animals and humans (Quinn et al. 2011). However, the pathogenic species include
coagulase-positive staphylococci (CPS) as Staph. aureus, Staph. pseudintermedius and Staph.
intermedius (Devriese et al. 2005). Coagulase-negative staphylococci (CNS) constitute an
important group of normal microflora in humans, dogs and cats and they are considered
important opportunistic pathogens in these animal species (Lilenbaum ez al. 2000).

The most common Gram-negative bacteria involved in canine otitis are Pseudomonas
aeruginosa and Proteus mirabilis (Budgen 2013). Ps. aeruginosa is an opportunistic pathogen
that can be found in many environments and this microorganism is becoming increasingly
important due to its resistance to traditional antibiotics and its ability to cause serious infections
in humans and animals. Chronic otitis externa in dogs is often associated with Ps. aeruginosa
(Mekic’ et al. 2011) and Proteus spp. Pseudomonas spp. and Escherichia coli are usually found

in chronic cases of canine otitis that do not respond adequately to treatment (Fraser 1965).
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Studies indicate that Proteus spp. and Pseudomonas spp. do not initiate inflammation, but are
mainly responsible for the contamination of primary ear injuries and these bacteria have a
higher incidence in dogs with otitis and clinical skin disease (Fraser 1965).

To obtain a successful treatment of otitis externa in dogs it is necessary the identification
and elimination of all causal factors. Therefore, it is recommended microbiological culture
followed by antimicrobial susceptibility testing in order to select the appropriate drug for the
treatment and, consequently, to prevent the emergence of bacteria resistant strains to drugs
commercially available (Lilenbaum et al. 2000).

The susceptibility to different classes of antimicrobials range among the
microorganisms and misuse of antimicrobials further the emergence of resistant strains
(Ezzariai et al. 2018; Shin and Park 2018; Hamblin and Abrahamse 2019). The antimicrobial
resistance is related to the ability of bacteria to survive even in contact with bacteriostatic or
bactericidal drugs, and its survival capacity is dependent of natural selection of microorganisms
that carry resistance genes (Levy 2001).

Photodynamic therapy (aPDT) is a method applied in some areas of human health. This
therapy can be used to treat tumors, retinal macular degeneration, psoriasis, arteriosclerosis,
bacterial infections, among other conditions (Simplicio et al. 2002). In addition, it has been
used to inactivate microorganisms in solutions, fluids and surfaces (Bonnett 2000; Carvalho et
al, 2007; Basso et al. 2019). PDT is based on the action of a photosensitive compound that it
activated by different wavelengths of light and produces reactive oxygen species (ROS), as free
radicals and/or singlet oxygen (Amos-Tautua et al. 2019), that can to induce cell apoptosis
(Machado 2000) or interact with proteins, lipids and DNA, inactivating or altering various cell
molecules (Casteel et al. 2004).

Porphyrins are photosensitizing molecules that, when irradiated by light, absorb energy

and generate reactive oxygen species (Alves 2014). They are involved in many biological
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processes in living organisms, including oxygen transport and photosynthesis (Mondal and
Bera 2014). Studies have shown that cationic porphyrins are more efficient to inactivate
bacteria, especially Gram-negative, compared to anionic or neutral porphyrins (Merchat et al.
1996; Simoes et al. 2016; Marciel et al. 2018; Amos-Tautua et al. 2019).

Antimicrobial aPDT has been recognized as a very promising alternative to
antimicrobial treatment, especially in localized infections (Almeida et al. 2014). The most
benefit effect of this therapy is due to inactivate bacterial cells without develop/induce
resistance, as well as it does not to affect the normal microflora of the patient, unlike
antimicrobial drugs of systemic administration (Meerovich et al. 2018). Then, the goal of this
study was to evaluate the antimicrobial activity of tetra-cationic porphyrins (H2TMeP and
ZnTMeP) against the main bacterial agents isolated from canine otitis and determine its

mechanism of bactericidal action.

Materials and methods

Experimental design

This research evaluated the antibacterial activity of two tetra-cationic porphyrins
(H2TMeP and ZnTMeP) against the main bacteria isolated from canine otitis externa. Initially,
a retrospective study was carried out in archives of Laboratério de Bacteriologia da
Universdade Federal de Santa Maria (LABAC/UFSM) from 2000 to 2018, to determine the
main bacteria involved in canine otitis and their susceptibility pattern to antimicrobial drugs.
After, the cellular toxicity of the porphyrins was investigated by MTT assay and a non-cytotoxic

concentration of compounds were used in vitro antibacterial tests.
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Gram-positive and Gram-negative bacteria involved in the etiology of canine otitis and
their respective standard strains (ATCC®), were incubated with each porphyrin and exposed to
light at different periods (0, 30, 60 and 90 min) or remained in the dark (control without
exposure). The solutions were then seeded in Petri dishes containing culture medium for 24 h
at 37 °C. The antibacterial activity of porphyrins was determined by counting colony-formed
units (CFU) of test samples and compared with controls. The porphyrin mechanism of action
was determined by the addiction of scavengers of reactive oxygen species in the antibacterial

assays.

Microorganisms and culture conditions

For the antimicrobial studies, it was used two Gram-positive and two Gram-negative
bacteria selected according the most frequently agents involved in canine otitis that were
identified in retrospective study performed in archives of LABAC/UFSM between 2000 and
2018 (Table 1). Then, all assays were performed using four bacteria species isolated from dogs
with otitis and four American Type Culture Collection (ATCC) strains: Proteus mirabilis (SBP
65/18 and ATCC 29900), Ps. aeruginosa (SBP 65/18 and ATCC 25853), CPS (SB 107/08 and
Staphylococcus aureus [ATCC 25923]) and CNS (LM 138/19 and Staphylococcus epidermidis
[ATCC 12228]). The microorganisms were maintained on culture medium with glycerol and
cooled at —20 °C. To antibacterial assays, the samples were unfrozen, inoculated on Muller

Hinton Infusion agar (MH) and incubated for 24 h.
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Photosensitizers (PS)

The meso-tetra-(4-N-metilpiridinium) porphyrin (H2TMeP) and metalloporphyrin
(ZnTMeP) were purchased from Sigma-Aldrich (Figure 1). All porphyrins tested in this study

are water soluble and stable in this solution.

Cytotoxicity assay

The cytotoxicity of the compounds to canine cells was determined by the MTT assay as
described by Mosmann (1983), in order to conduct future in vivo studies. For the MTT assay,
three 96-well plates were prepared with Madin-Darby Canine Kidney cells (MDCK, ATCC®
CCL-34™)_ After 24h, each porphyrin was added at different concentrations (2, 4, 5, 10, 20,
40 and 80 uM) and the plates incubated in a CO> incubator at 5% for 72h. MTT was added
(50uL) and the cells were incubated for 4h in a CO; incubator at 5%. After the formation of
violet staining all the supernatant was removed and 200ul of dimethyl sulfoxide (DMSO) was
added. The reading was performed in a spectrophotometer with a wavelength of 550nm, the
results were analyzed and to each porphyrin, the compound was considered non-toxic when the

cell viability was higher than 80% (Mosmann 1983; Oliveira ef al. 2018).

Antibacterial activity of porphyrins assays

The antibacterial activity of porphyrins was evaluated against two Gram-positive
bacteria (coagulase-positive staphylococci [CPS] and coagulase-negative staphylococci [CNS])
and two Gram-negative bacteria (Pseudomonas aeruginosa and Proteus mirabilis). The isolates

used in the in vitro tests were obtained from the laboratory diagnostic routine from ear swabs
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of dogs with otitis (SBP 65/18, SB 107/08 e LM 138/19). Additionally, one ATCC® strains of
each species were submitted to the same analysis.

The tests were performed using approximately 1x10* CFU/mL assay for all Gram-
positive and Gram-negative bacteria. The bacterial suspension was incubated with the highest
non-cytotoxic concentration of each porphyrin, and then exposed to artificial light for different
periods: 0, 30, 60, and 90 min. After this period, the suspensions were seeded in Petri dishes
containing the bacterial-specific culture medium (MacConkey agar to Proteus mirabilis;
Mueller-Hinton agar to CPS, CNS and Pseudomonas aeruginosa) and incubated at 37°C for 24
hours. Following that, bacterial colonies were counted to determine the number of colonies
forming units (CFU) after treatment with porphyrins (Figure 3).

All procedures were performed in triplicate, and each time replicate had a non-
porphyrin-treated and light-exposed control, and a non-porphyrin-treated control without light
exposure. Artificial light is important for activating porphyrins, then it was used LED strips
containing 25 mW/cm?. The distance between the light source and the microtube containing the

bacterial solution and porphyrin was 5 centimeters.

Scavengers of reactive oxygen species experiments

In order to determine the mechanism involved in the phototoxicity of H;yTMeP and
ZnTMeP, antibacterial assays using Gram-positive and Gram-negative bacteria were performed
in the presence of specific scavengers of ROS. Initially, it was determined the toxicity of the
compounds/scavengers to the same bacteria used in the porphyrin’s assay (CPS, CNS, Proteus
mirabilis and Pseudomonas aeruginosa). The ROS scavengers used in the test were dimethyl
sulfoxide (DMSO) and mannitol (to scavenge hydroxyl radical species), ascorbic acid (to

singlet oxygen species) and potassium iodide (superoxide species).
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In this assay, approximately 1x10* CFU/mL was used for all Gram-positive and Gram-
negative bacteria. The inoculum was incubated with a solution containing the highest non-
cytotoxic dose of porphyrin and 10 mM of each scavengers (non-cytotoxic scavenger
concentration). After this, each solution was exposed to artificial light for different periods: 0
and 30 min to Gram-positive bacteria; 0 and 90 min to Gram-negative bacteria. Later, the
suspensions were seeded in Petri dishes containing the bacterial-specific culture medium and
incubated at 37°C for 24 hours. In the next day, the bacterial colonies were counted to determine
the CFU number after treatment with porphyrins and scavengers. The procedures were
performed in triplicate, and each time replicate had a porphyrin-treated and light-exposed

control and porphyrin-treated control without light exposure.

Results

The retrospective study performed in the laboratory archives from 2000 to 2018 showed
that the most prevalent bacteria in cases of canine otitis were coagulase-positive staphylococci
(CPS), coagulase-negative staphylococci (CNS), Proteus sp. and Pseudomonas sp. (Table 1)
that were resistant to one or more antibiotics from different classes. Then, one sample of each
bacterial genus was selected to use in antibacterial assays.

In the MTT tests performed with MDCK cells, the non-cytotoxic dose chosen to each
porphyrin was 5 pM. The porphyrins, HyTMeP and ZnTMeP promoted cell viability greater
than 80% when these concentrations were used (Figure 2).

Initially, all antibacterial assays were performed using samples of bacteria isolated from
dogs with otitis obtained from diagnostic routine of a Laboratério de Bacteriologia of central
region of Rio Grande do Sul, Brazil. aPDT using 5SuM of ZnTMeP porphyrin was effective in

completely inactivate CPS (SB 107/08) after 30 min of light exposure, while without
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irradiation, a reduction in bacterial concentration was not occurred after 90 min of incubation.
Similarly, the use of H2TMeP porphyrin at SuM promoted complete inactivation of CPS (SB
107/08) after 30 min of light exposure. The bacterial concentration obtained without exposure
to light remained similar to control at 0 min of irradiation (Figure 4).

Using ZnTMeP or H2TMeP porphyrin, the CNS (LM 138/19) was inactivated after 30
min of light exposure, while without irradiation the bacterial concentration was not altered until
90 min (Figure 4).

Pseudomonas aeruginosa isolate (SBP 65/18) was inactivated after 60 min of light
exposure of the solution containing HyTMeP and after 90 min with ZnTMeP. The control
without irradiation light presented a slight decrease in bacteria concentration after 90 min
(Figure 4).

H>TMeP porphyrin was also efficient to inactivate Proteus mirabilis (SBP 65/18),
where the completely inactivation occurred after 60 min of irradiation, whereas ZnTMeP
porphyrin reach the maximal bacteria inactivation only at 90 min of light activation. There was
not significant alteration in bacteria concentration of control solution without light exposure
when tested both porphyrins.

Antibacterial assays using standard bacterial strains (Staph. aureus [ATCC 25923],
Staph. epidermidis [ATCC 12228], Ps. aeruginosa [ATCC 25853] and Pr. mirabilis [ATCC
29906]) demonstrated similar results to those obtained with bacteria isolates from dogs with
canine otitis (Figure 5).

In order to investigate which reactive oxygen species are involved in the photo-
inactivation process, antibacterial assays were carried out adding the reactive oxygen species
scavengers. In the presence of ascorbic acid, porphyrins were unable to inhibit Gram-positive
and Gram-negative bacterial growth (Table 2). These data show that probably the predominant

ROS that is acting in the photo-oxidation process is the species of singlet oxygen. The use of
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other ROS scavengers (mannitol, DMSO and potassium iodide) did not interfere in bacteria
inactivation. Then, hydroxyl radical and superoxide species probably are ROS not involved in

photo-inactivation of evaluated bacteria.

Discussion

Otitis externa is an important disease of dogs mainly caused by bacteria (Lilenbaum e?
al. 2000), and over the years, the number of antimicrobial-resistant bacteria isolated from ear
conduct is rapidly growing (Martino et al. 2016). Therefore, it is necessary the search for new
alternatives to combat/threat this infectious disease. In our study, the main objective was to
determine the most frequently/resistant bacteria isolated from canine otitis in the last years and
investigate an alternative method to treat affected animals. For this, a retrospective analysis was
performed in the archives of Laboratério de Bacteriologia of central region of Rio Grande do
Sul, Brazil.to select all reports of canine otitis samples received between 2000 and 2018. The
results of this investigation show that the most frequent and resistant bacteria isolated from
dogs with otitis were Pseudomonas sp., Proteus sp., coagulase-positive staphylococci (CPS)
and coagulase-negative staphylococci (CNS) (Table 1). Our findings are consistent with
previous studies where Staphylococcus sp. and Pseudomonas aeruginosa are the most common
ear pathogen isolated from dogs around the world (Oliveira et al. 2008; Penna et al. 2010;
Bourély et al. 2019). Variabilities between results can be explained by the differences between
sample selection, size and the method of strain collection (Malayeri et al. 2010).

The establishment of antimicrobial resistance created challenges to fight against
resistant bacteria. Search for alternative methods capable of neutralizing and/or eliminating

infectious agents should be prioritized (Tasli et al. 2018). Alternatives to antibiotics, such as
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probiotics, photodynamic therapy, and bacteriophages, may help decrease the number of
resistant pathogens (Hamblin and Hasan 2004; Aslam et al. 2018)

Staphylococcus spp. are members of the normal flora of the ear, the fact that they were
obtained in pure culture from dogs indicates their importance in the pathogenesis of otitis. CNS
are considered as important opportunistic pathogens in dogs and cats (Lilenbaum ef al. 1998).
CPS, such as Staph. intermedius and Staph. aureus as the most frequent staphylococci isolates
in otitis externa of dogs (Kiss et al. 1997). Gram-negative bacteria involved in canine otitis
externa are frequently Ps. aeruginosa, although Pr. mirabilis, or other such as E. coli,
Klebsiella sp. and Enterobacter sp., may occur. Our results indicated that Pseudomonas spp.
are the most prevalent bacteria in canine otitis and it was manifested the most resistance against
antimicrobial drugs, similar to observed by Malayeri ef al. (2010). Malayeri (2010) and co-
workers carried out the identification and analysis of patterns of antimicrobial susceptibility of
bacteria causing otitis externa in dogs and in this study, Pseudomonas genus presented the most
resistance against antimicrobial drugs.

After to determine the most frequently and important bacteria involved in canine otitis,
we investigated an alternative method of treatment, using the photodynamic therapy (aPDT)
with tetra-cationic porphyrins (H2TMeP and ZnTMeP) against Gram-positive and Gram-
negative bacteria. This study also determines the mechanism involved in the phototoxicity of
these porphyrins by use of ROS scavengers.

In PDT, it is used a photosensitizer (PS) with desired properties, such as non-toxic effect
in living cells, being only activated with light and having maximal antimicrobial activity in the
broad spectrum (Hamblin and Hasan 2004). PS compounds, as porphyrins, are activated by
irradiation with visible light of wavelength compatible with its absorption spectrum, even
sunlight. Upon light activation, the photosensitizer generates active oxygen species, which can

modify many biological molecules and eventually lead to cell death (Ergaieg et al. 2008).
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At antibacterial assays using two tetra-cationic porphyrins, Gram-positive bacteria and
Gram-negative bacteria were completely inactivated after in vitro PDT. Both porphyrins
(H.TMeP and ZnTMeP) were able to inactivate both bacteria isolated from clinical samples
and standard strains (ATCC), but the time to completely inactivate these agents was different
between Gram-positive (30 min) and Gram-negative bacteria (60 to 90 min).

Gram-positive bacteria are sensitive to photosensitization by many different dyes, while
Gram-negative bacteria are more resistant, being destroyed only after increasing the
permeability of the outer membrane either by pre-treatment with different chemical or by
employing cationic photosensitizers (Ergaieg et al. 2008). Earlier studies suggested that the
porphyrin with positive charge favors the binding of the photosensitizer molecule at critical
cellular sites that once damaged by exposure to light cause the loss of cell viability (Jori and
Brown 2004).

According to Hamblin (2016), cationic charges as one of the most important attributes
of antimicrobial photosensitizers. Studies reporting that meso-substituted cationic porphyrins,
as used in this study, can inactivate not only Gram-positive (Enterococcus seriolicida, Sthaph.
aureus) but also Gram-negative bacteria, such as Vibrio anguillarum and E. coli (Merchat et
al. 1996). Cationic porphyrins act against both types of bacteria, probably due direct damage in
bacterial cell wall and, subsequently, cell inactivation (Carvalho et al. 2007).

The genus Pseudomonas is the most frequently microorganism involved in canine otitis
externa (Mekic ef al. 2011). The antimicrobial-resistant pattern of Pseudomonas spp. isolates
showed that this microorganism developed/acquired several mechanisms to survive even in
contact with large-spectrum and very potent antimicrobial drugs (Mekic et al. 2011; Martino
et al. 2016). At our assays, Pseudomonas aeruginosa (SBP 65/18) recovered from clinical cases
of otitis in dogs, that present resistant to one or more antimicrobial class (not shown), were

more difficult to inactivate by PDT than standard strains (ATCC). However, even though
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exposure to light needed to be prolonged, both porphyrins were able to inactivate this resistant
bacterium opening the possibility of using this therapy in cases unresponsive to conventional
antibiotic treatment.

The microbiological experiments showed that there was a significant difference between
the inhibition of porphyrins under light and dark conditions. All porphyrins exhibited a lower
number of colonies forming units when exposed to light source, however in the dark conditions,
the concentration is higher when comparing with treatment in light exposition. This shows that
the growth inhibitory effect of porphyrins occurred when the microorganism was exposed to
light, explaining the photodynamic mode of action of porphyrins (Merchat ez al. 1996; Simdes
et al. 2016; Talis et al. 2018).

The experiments performed to the light control (bacterial suspension with light without
porphyrins) and to dark control (bacterial suspension with porphyrins without light exposure)
indicate that the reduction on bacterial concentration was due to the porphyrin’s treatment.
Gram-positive inactivation occurred after 30 min of light exposure and to Gram-negative, the
inactivation occurred after 60 to 90 min. The results of this study corroborate with effect of
porphyrins on E. coli (Simdes et al. 2016), Staph. aureus (Talis et al. 2018) and rapidly growing
mycobacteria (Guterres et al. 2019).

The mechanism of action of aPDT were evaluated using ROS scavengers. We observed
that in the presence of radical species scavengers, the values found for CFU were close to those
presented for all bacteria in the absence of the porphyrins. As for the presence of ascorbic acid
(oxygen singlet scavenger), we can notice a significant increase of the CFU values to CPS and
Proteus sp., in relation to the values observed in the absence of ROS scavengers. These data
show that probably the predominant species that is acting in the photo-oxidation process is the
species of singlet oxygen. Singlet oxygen is thought to play a key role in photosensitized

inactivation of bacteria by porphyrins (Henderson and Dougherty 1992) and tetra-cationic
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porphyrins have moderate values for the generation of this type of reactive oxygen species
(Merchat et al. 1996). The singlet oxygen has been considered the main ROS through which
the photossentizer can exert the photodynamic action, it reacts with proteins, cholesterol of cell
membranes and DNA bases (Amos-Tautua et al. 2019).

This work demonstrates that tetra-cationic porphyrins (ZnTMeP and H;TMeP) may be
considered as promising photosensitizer for the inactivation of Gram-positive and Gram-
negative bacteria from canine otitis. The mechanism of action of these porphyrins is through
the production of singlet oxygen. Both porphyrins showed a bactericidal activity in light
exposure and lower cytotoxicity in MDCK cells becoming an interesting option to development

of future in vivo research in photodynamic therapy to dogs with bacterial otitis.
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614  Table 1 The most prevalent bacteria in dogs with otitis identified at Laboratdrio de
615  Bacteriologia da Universidade Federal de Santa Maria (LABAC/UFSM) from 2000 to 2018
616  that were resistant to one or more antimicrobial from different classes

617
Number of resistant
Microorganism Antimicrobial drug? isolates/Total of isolates
(%0) 619
Gram-positive
Staphylococcus  Ampicillin 7/11 (64) 620
sp.* Sulfamethoxazole/Trimethoprim  5/9 (55)
Erythromycin 3/11 (27) 621
Rifampin 1/11 (0,1)
622
Coagulase- Penicillin G 10/11 (91)
positive Ampicillin 18/47 (38) 623
staphylococci  Sulfamethoxazole/Trimethoprim ~ 14/42 (33)
Erythromycin 11/46 (24) 624
Rifampin 5/47 (11) 625
Coagulase- Sulfamethoxazole/Trimethoprim  4/6 (67) 626
negative Ampicillin 4/8 (50)
staphylococci  Erythromycin 3/8 (37) 627
Gram-negative 628
Proteus sp. Polymyxin B 25/30 (83)
Ampicillin 15/31 (48) 629
Rifampin 14/31 (45)
Streptomycin 12/30 (40) 630
Sulfazotrim 8/28 (28)
Neomycin 7/32 (22) 631
Gentamicin 3/32 (9)
632
Pseudomonas ~ Ampicillin 51/54 (94)
sp. Rifampin 51/54 (94) 633
Sulfamethoxazole/Trimethoprim  34/43 (79)
Cephalexin 9/12 (75) 634
Streptomycin 40/56 (71) 635
Chloramphenicol 15/22 (68)
Neomycin 31/58 (53) 636
Gentamicin 16/57 (28)
Amikacin 9/56 (20) 637
638  *The coagulase test was not performed; *“Antimicrobial drug used in the antimicrobial susceptibility test.
639
640
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Table 2 CFUs values for tetra-cationic porphyrins (H-TMeP and ZnTMeP) incubated with or
without ROS scavengers at light irradiation conditions (30 min to coagulase-positive
staphylococci and 90 min to Proteus mirabilis)

Without With ROS scavengers
scavengers
Microorganism Porphyrin Bacteria and Bacteria Ascorbic .. . Potassium d
hri and L Mannitol iodide® DMSO
porphyrin medium* ¢t odide
Coagulase- HTMeP 0 3.857 3.623 0 0 0
positive ZnTMeP 0 3942 3732 0 0 0
staphylococci
Prot rabili HTMeP 0 3.716 3.604 0 0 0
rores MITAsIS 7 TMeP 0 3.770 3778 0 0 0

*Logio CFU/mL; *Scavenger of singlet oxygen; "Scavenger of hydroxyl radical.; ‘Scavenger of superoxide
species; 9Scavenger of hydroxyl radical.
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M = Zn(ll) - ZnTMeP

Fig. 1 Synthetic route representation for H,TMeP and ZnTMeP porphyrins used in this study.
Source: Own authorship.
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Fig. 2 Cell cytotoxicity test (MTT) using ZnTMeP and HoTMeP porphyrins in MDCK cells.
* Cell viability higher than 80%.
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716

717  Fig. 4 Antimicrobial activity of porphyrin H2TMeP (5 pM) and ZnTMeP (5 uM) against
718  coagulase-positive staphylococci, coagulase-negative staphylococci, Pseudomonas aeruginosa
719 and Proteus mirabilis.
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Fig. 5 Antimicrobial activity of porphyrin HyTMeP (5 uM) and ZnTMeP (5 uM) against
Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228),

Pseudomonas aeruginosa (ATCC 25853) and Proteus mirabilis (ATCC 29906).
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4 CONCLUSAO

As porfirinas tetra-catidnicas (H;TMeP e ZnTMeP) podem ser consideradas como
fotossensibilizadores promissores para a inativagdo de bactérias Gram-positivas e Gram-
negativas envolvidas na otite canina e avaliadas nesse estudo. O provavel mecanismo de agdo
dessas porfirinas ¢ através da produgdo de oxigénio singleto. Ambas porfirinas demostraram
atividade bactericida na exposic¢ao a luz e baixa citotoxicidade nas células MDCK, tornando-se
uma op¢ao interessante para o desenvolvimento de futuras pesquisas in vivo na terapia

fotodinamica de caes com otite bacteriana.
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