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Resumo

O desenvolvimento de cepas bacterianas multirresistentes tornou-se uma preocupagéo
global. As plantas medicinais tém sido exploradas como uma fonte potencial terapéutica
para o tratamento de varias doencas e para o desenvolvimento de medicamentos mais
eficazes contra infecgOes bacterianas. Assim, 0 objetivo deste estudo foi avaliar a
atividade antibacteriana do extrato de cascas e folhas de Anacardium humile (St.) Hil,
extrato de cascas de Davilla nitida (Vahl.) Kubitski, e extrato de folhas de Kalanchoe
pinnata (Lam.) Pers. contra bactérias resistentes a multiplos farmacos isoladas de
infeccOes do pé diabético, e também contra cepas de referéncia da American Type
Culture Collection (ATCC). A atividade antibacteriana foi avaliada pelos métodos de
Agar Disco-Difusio (DD), Microdiluicio em Caldo (MC), Ensaio “Checkerboard” e
Ensaio “Time-Kill”. O extrato das cascas de Davilla nitida (Vahl.) Kubitski mostrou
atividade antibacteriana expressiva contra todos os grupos de bactérias testadas. O
método de microdiluicdo em caldo foi mais sensivel que o método disco-difusdo para
determinar a atividade antibacteriana presente no extrato das cascas. O extrato de cascas
inibiu o crescimento de bactérias com altos niveis de resisténcia aos antibioticos, como
Pseudomonas spp. (100,00%), Enterobacter spp. (88,89%), Staphylococcus aureus
(54,55%), Streptococcus pneumoniae (75,00%), Staphylococcus saprophyticus
(92,86%). A combinacdo do extrato das cascas com antibidticos resultou em efeito
aditivo contra a maioria das cepas testadas. O perfil cinético de tempo de morte do
extrato de cascas mostrou propriedades bactericidas tempo-dependentes. N0Ss0s
resultados sugerem a presenca de compostos bioativos nesta planta que podem ser
utilizados para o desenvolvimento de novos agentes antibacterianos. O extrato de folhas
de Kalanchoe pinnata (Lam.) Pers. mostrou atividade antibacteriana contra Citrobacter
spp. (100,00%), Citrobacter youngae (ATCC-29935) (100,00%), Enterobacter spp.
(33,33%), Pseumodonas spp. (66,67%), Pseudomonas aeruginosa (ATCC-27853)
(100,00%). O extrato de folhas quando associado com antibiotico amoxicilina/acido
clavulanico ou cefoxitina ndo evidenciou qualquer potencializacdo da atividade
antibacteriana contra as bactérias Gram-positivas e Gram-negativas, sugerindo que
crescimento bacteriano. Nossos resultados mostraram que o extrato etanolico das folhas
de Kalanchoe pinnata (Lam.) Pers. teve uma boa atividade antimicrobiana contra

algumas bactérias resistentes a multiplos farmacos. Entretanto, estudos adicionais e
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mais especificos sdo recomendados para determinar a eficAcia deste extrato no
tratamento de infecgOes bacterianas. O extrato das cascas e folhas de Anacardium
humile (St.) Hil, tanto no método Disco-difusdo quanto em microdiluigdo em caldo,
inibiu significantemente o crescimento das bactérias Gram-positivas e Gram-negativas,
como também o crescimento das bactérias comumente encontradas em lesbes de pés
diabéticos. Pelo método “Checkerboard”, a combinacdo do extrato das cascas (35,00%)
e folhas (40,00%) sobre as bactérias Gram-negativas apresentaram efeitos sinergicos
semelhantes, enquanto que para as bactérias Gram-positivas, os extratos das folhas
(45,00%) apresentaram um efeito sinérgico mais efetivo do que os extratos das cascas
(17,50%). O perfil cinético “Time-Kill” apresentou atividade bactericida com
propriedades dose e tempo dependente, sugerindo que os extratos das cascas e folhas
podem potencializar os efeitos dos antibidticos, 0 que sugere que 0s extratos de
Anacardium humile (St.) Hil podem ser usados com uma fonte alternativa de pesquisa
para agentes antibacterianos com acdo em bactérias Gram-positivas e Gram-negativas
resistentes a multidrogas. No entanto, o isolamento dos compostos bioativos e estudos
adicionais devem ser realizados para entender os mecanismos de acdo bactericida, para

definir a real eficacia e os efeitos toxicos.

Palavras chave: Anacardium humile (St.) Hil, Davilla nitida (Vahl) Kubitzki,

Kalanchoe pinnatum (Lam.), atividade antibacteriana, infec¢des de pés diabéticos.



Abstract

Development of multidrug resistant bacterial strains has become a global concern.
Medicinal plants have been explored as a source of molecules with therapeutic potential
for the treatment of various diseases and to the development of better drug against
bacterial infections. Thus, the aim of this study was to evaluate the antibacterial activity
of the bark and leaves extracts of Anacardium humile (St.) Hil, bark extract of Davilla
nitida (Vahl.) kubitski, of leaf extract of Kalanchoe pinnata (Lam.) Pers. and against
multidrug resistant bacteria isolated from diabetic foot infections, and also of reference
strains from the American Type Culture Collection (ATCC). Antibacterial activity of
the bark extract was evaluated by agar Disk-Diffusion (DD), Broth Dilution (BD),
“Checkerboard” and “Time-Kill” methods. The bark extract of Davilla nitida (Vahl.)
kubistki showed a significant antibacterial activity against all groups of bacteria tested.
Broth dilution was more sensitive for determining the antibacterial activity of the bark
extract than the Disk-Difusion method. The bark extract inhibited the growth of bacteria
with high-levels of antibiotic-resistance, such as Pseudomonas spp. (100,00%),
Enterobacer spp. (88,89%), Staphylococcus aureus (54,55%), Streptococcus
pneumoniae (75,00%), Staphylococcus saprophyticus (92,86%). The combination of
extract with antibiotics resulted in an additive effect against most of the strains tested.
“Time-Kill” kinetics profiles of bark extract showed bactericidal and time-dependent
properties. Our results suggest the presence of bioactive compounds in this plant that
could be useful for the development of new antibacterial agents. The leaf extract of
Kalanchoe pinnata (Lam.) Pers. showed antibacterial activity against Citrobacter spp.
(100,00%), Citrobacter youngae (ATCC-29935) (100,00%), Enterobacer spp.
(33.33%), Pseumodonas spp. (66.67%), Pseudomonas aeruginosa (ATCC-27853)
(100.00%). Extract of leaf associated with amoxicillin/clavulanic acid or cefoxitin
antibiotics did not show any potentiation of antibacterial activity against both Gram-
positive and Gram-negative bacteria, suggesting that extract and antibiotics have
independent mechanisms related to inhibition of bacterial growth. Our results showed
that the ethanolic leaf extract of Kalanchoe pinnata (Lam.) Pers. had a good
antimicrobial activity against some multidrug resistant bacteria. However, further and
more specific studies, are recommended to determine the efficacy of this extract in the
treatment of bacterial infections. Barks and leaves extracts of Anacardium humile (St.)
Hil, both in the Disk-Difusion and Broth Dilution methods, inhibited the growth of



Gram-positive and Gram-negative bacteria, as well as the growth of bacteria commonly
found in diabetic foot lesions. By the “Checkerboard” method, the combination of bark
extract (35,00%) and leaves (40,00%) on Gram-negative bacteria had similar synergistic
effects, while for Gram-positive bacteria, leaf extracts (45,00%) presented a synergistic
effect more effective than the bark extracts (17,50%). The “Time-Kill” kinetic profile
showed bactericidal activity with dose and time-dependent properties, suggesting that
bark and leaf extracts may potentiate the effects of antibiotics, suggesting that
Anacardium humile (St.) Hil extracts can be used with an alternative source of research
for antibacterial agents acting on multidrug resistant Gram- positive and Gram- negative
bacteria. However, the isolation of bioactive compounds and additional studies should
be performed to understand the mechanisms of bactericidal action, to define real

efficacy and toxic effects.

Keywords: Anacardium humile (St.) Hil, Davilla nitida (Vahl) Kubitzki,

Kalanchoe pinnatum (Lam.), antimicrobial activity, diabetic foot infection
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Apresentacao

O presente trabalho relata o uso de plantas pertencentes ao Cerrado
Tocantinense com o proposito de investigar a atividade antimicrobiana das plantas
selecionadas como alternativa para utiliza-las como fitoterdpicos que melhoram a satde

e 0 bem-estar da populagé@o que é acometida por lesdes nos pes resultantes do diabetes.

Como objetivo deste trabalho buscamos determinar a atividade antibacteriana e
a eficacia dos extratos brutos das plantas Davilla nitida (Vahl) Kubitzki. (Sambaibinha),
Anacardium humile (St.) Hil (cajuzinho do Cerrado) e Kalanchoe pinnata (Lam.) Pers
(Folha-Santa), pertencentes ao Cerrado do Estado do Tocantins, em bactérias resistentes
a multiplos farmacos, isoladas de lesGes dos pés diabéticos de pacientes atendidos no
Hospital Geral Publico de Palmas Doutor Francisco Ayres, Tocantins, atraves da analise
de Concentracdo Inibitéria Minima (CIM), Concentracdo Bactericida Minima (CBM),

Ensaio “Checkerboard” e Ensaio “Time Kill”.
O presente trabalho encontra-se organizado em trés partes, sendo elas:

Parte | — Introducdo, contendo o referencial teérico, objetivos do trabalho e a

revisdo bibliogréfica;

Parte Il — Os manuscritos submetidos para aprovacdo por revista cientifica,

com no minimo qualis B4;
Parte 111 — Consideracdes finais e conclusdes do trabalho.

A metodologia utilizada encontra-se descrita nos artigos, bem como o0s

resultados e discussao.
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1. Introducéo
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Pé diabético é o termo empregado para nomear as diversas alteracOes e
complicagdes ocorridas, isoladamente ou em conjunto, nos pés e nos membros
inferiores dos pacientes diabéticos. Essas lesdes costumam ser resultado de uma série
de alteracbes metabdlicas, vasculares e neuropaticas, que atuam de forma sinérgica
(CAIAFA et al, 2011; SOCIEDADE BRASILEIRA DE DIABETES, 2015).

De acordo com Lipsky et al (2012) as bactérias Gram-positivas como
Streptococcus B-hemolitico e Sthaphylococcus aureus sdo os patdgenos predominantes
nas infeccdes leves do pé diabético e as infeccGes de moderada gravidade tendem a
apresentar mais de um microrganismo, como 0s cocos Gram-positivos e bacilos Gram-
negativos, por exemplo, Proteus mirabilis, Escherichia coli, Pseudomonas aeruginosa.
Quando as infeccbes séo classificadas como graves, destaca a possibilidade de infec¢bes
polimicrobianas com cocos Gram-negativos e positivos, anaerébios e aerobios, ou
apresentam cepas resistentes a diversos antibidticos (DUARTE, 2011; LIPSKY et al.,
2012).

A crescente incidéncia de infec¢Oes causadas por microrganismos relatadas nos
ultimos anos, principalmente pela diminuicdo progressiva do perfil de sensibilidade aos
antibacterianos, tem levado a verdadeiros dilemas terapéuticos na pratica clinica, pois
essas doencas infecciosas sdo responsaveis por elevadas taxas de mortalidade, inclusive
para pacientes diabéticos portadores de ulceracGes nos pés, e as infeccbes tornam-se
mais complicadas devido o uso indiscriminado de antibidticos, contribuindo para o
aumento do numero de microrganismos patogénicos resistentes aos farmacos
antimicrobianos disponiveis no mercado (RODRIGUES et al., 2011).

A ANVISA implantou como principal medida a Resolugcdo da Diretoria
Colegiada - RDC 20/11, que visa o controle na fase final do medicamento, mas nao tém
o controle no ato da prescricdo médica, uma politica de conscientizacdo para o paciente,
realizacéo de registro em um segundo tratamento em uma falha na antibioticoterapia na
primeira escolha, além de um sistema unificado com registros individuais de cada
paciente, o que resulta em resultados ndo tdo eficazes quanto esperado, ap6s 0s anos de
implantacdo (SOUZA, 2016).

Portanto, em razdo ao aumento da resisténcia bacteriana as mdaltiplas drogas
antimicrobianas surge a preocupacdo e procura por novas alternativas terapéuticas,
como as plantas medicinais, que podem representar uma importante fonte para obtencéo
destes medicamentos (ROSA et al, 2012).
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Produtos naturais oriundos de fontes vegetais parecem ser bastante promissores,
uma vez que plantas produzem uma ampla variedade de compostos com propriedades
terapéuticas (AHMAD; BEG, 2001). Estudos relatam que os antibioticos vegetais
podem conter estrutura quimica que difere daquela dos antibidticos derivados de
microrganismos, podendo regular o metabolismo intermediario de patdgenos através de
varios mecanismos, ativando ou bloqueando reacfes e sintese enzimatica ou mesmo
alterando a estrutura de membranas (MICHELIN et al., 2005).

A atividade antimicrobiana de extratos e 6leos essenciais de plantas medicinais
vem sendo comprovada em varios estudos realizados em paises que possuem uma flora
diversificada (HOLETZ et al., 2002; ADWAN et al., 2008; CHEN-LUNG et al., 2012).
O Brasil possui a maior diversidade vegetal do planeta, distribuidas nos diferentes tipos
de biomas: Floresta Amazobnica, Cerrado, Mata Atlantica, Pantanal, Caatinga e
Manguezal (ALBERNAZ, 2010; VIEIRA et al., 2010). O Cerrado é o bioma com uma
das maiores estruturas vegetais, rico em espécies utilizadas na medicina popular, em
funcdo das suas caracteristicas morfoldgicas, como xilopodios e cascas que possuem
substancias farmacologicamente ativas (VILAS BOAS, 2003), o que torna as plantas
pertencentes ao bioma Cerrado uma fonte promissora para a decoberta de novos
antimicrobianos.

Considerando o aumento do nimero de bactérias multirresistentes e o potencial
terapéutico das plantas, o presente trabalho avaliou a atividade antibacteriana dos
extratos brutos das plantas Anacardium humile (St.) Hil (cajuzinho do Cerrado), Davilla
nitida (Vahl) Kubitzki. (Sambaibinha) e Kalanchoe pinnata (Lam.) Pers (Folha-Santa),
pertencentes ao Cerrado do Estado do Tocantins, em bactérias resistentes a maltiplos
farmacos, isoladas de pacientes diabéticos com lesbes de pés e atendidos no Hospital

Geral Publico de Palmas Doutor Francisco Ayres, Tocantins.
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1.1  Plantas medicinais, Cerrado e fitoterapia

O uso das plantas medicinais iniciou-se provavelmente na pré-histéria, quando
os homens as utilizavam nas préticas de salde para minimizar suas enfermidades, e
esses conhecimentos empiricos sobre o seu uso terapéutico foram acumulados e
passados de geracdo para geracdo (FERRO, 2008). Segundo dados da Organizacao
Mundial da Satde (BRASIL, 2006), oitenta por cento da populacdo mundial depende da
medicina tradicional para atender as suas necessidades de cuidados primarios de salde e
grande parte desta envolve o uso de plantas medicinais, através de seus extratos vegetais
ou seus principios ativos (IUCN-Unido da Conservacao do Mundo, 1993).

As plantas medicinais possuem uma diversidade em moléculas com diferentes
estruturas, propriedades fisiologicas e fisico-quimicas, os metabdlitos secundarios
(SIMOES et al., 2004; GOBBO-NETO e LOPES, 2007). Estes metabdlitos secundarios
sdo derivados de processos de biotransformacao de macromoléculas, como carboidratos,
lipideos, proteinas e &cidos nucleicos; os seus produtos garantem vantagens para a
sobrevivéncia das plantas e a perpetuacio das espécies (SIMOES et al., 2004). Deste
modo, as plantas medicinais estdo dentre os produtos naturais, de grande interesse
cientifico devido a possibilidade de emprega-las como fitofarmacos, por
proporcionarem grandes chances de obterem-se moléculas prototipos devido a
diversidade de seus constituintes (DUARTE et al., 2004; MICHELIN et al., 2005;
LIMA et al., 2006).

A fitoterapia, como ciéncia, é a area do conhecimento que busca o tratamento
das doencas através das plantas medicinais, repousa sobre uma tradicdo secular, sendo
amplamente difundida através de raizeiros e curandeiros. Neste contexto, as plantas
medicinais sdo utilizadas sob diversas formas, desde chés, infusdes, banhos até
preparacdes mais elaboradas como extratos, tinturas, solucGes, xaropes, cremes,
pomadas, comprimidos, capsulas, entre outros (SIMOES et al., 2007).

A padronizacdo do uso de plantas medicinais teve inicio na década de 70, na
Alemanha, utilizando-se um marcador quimico ou pelo préprio principio ativo da
planta, para garantir que o paciente que tomasse um medicamento fitoterapico, tivesse a
certeza de que naquele comprimido ou capsula estaria contida a quantidade reprodutivel
e necessaria para fazer o efeito terapéutico. Atraves desta padronizacdo foi possivel
reproduzir medicamentos homogéneos em qualquer lugar do planeta (LAZARINI,

2004). Deste modo, os fitoterapicos, assim como todos os medicamentos, devem
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oferecer garantia de qualidade, ter efeitos terapéuticos comprovados, composi¢do
padronizada e seguranca de uso para a populacdo (ANVISA, 2014). A eficécia e a
seguranca devem ser validadas através de levantamentos etnofarmacolégicos,
documentacdes técnico-cientificas em bibliografia e/ou publicacbes indexadas e/ou
estudos farmacologicos e toxicologicos pré-clinicos e clinicos. A qualidade deve ser
alcancada mediante o controle das matérias-primas, do produto acabado, materiais de
embalagem, formulagéo farmacéutica e estudos de estabilidade (ANVISA, 2014).

O uso da fitoterapia na atencdo primaria de salde tem sido estimulado,
principalmente em paises em desenvolvimento, com o aval da Organizacdo Mundial de
Saude, como uma estratégia politica para minimizar desigualdades sociais e tornar a
salide um bem universal (AKERELE, 1988). Estudos de Alonso (1998) demonstraram
que a utilizacdo de fitoterpicos, nos paises desenvolvidos e nos paises em
desenvolvimento tem razbes diferentes. Nos paises considerados desenvolvidos a
utilizacdo dos fitoterapicos é ocasionada por uma resposta da populacdo aos efeitos
agressivos e iatrogénicos dos medicamentos de sintese, inclusive no combate a doengas
infecciosas (KUETEA et al., 2008), e nos paises pobres, o uso da fitoterapia € um
recurso tradicional enraizado culturalmente na populacdo. Neste contexto, tém-se
registros de que o uso de plantas no combate a doengas microbianas é praticado desde a
antiguidade e vem crescendo cada vez mais (RIOS; RECIO, 2005).

O Brasil possui a maior diversidade vegetal do planeta, com aproximadamente
55 mil espécies de plantas superiores, distribuidas nos diferentes tipos de biomas:
Floresta Amazonica, Cerrado, Mata Atlantica, Pantanal, Caatinga e Manguezal
(ALBERNAZ, 2010; VIEIRA et al., 2010). O Cerrado (savana neotropical) € o bioma
com uma das maiores estruturas vegetais, com mais de 7.000 espécies nativas de plantas
vasculares, e uma area de 2 milhdes de km? compondo um cenério de exuberante
diversidade bioldgica e influente arcabougo cultural das populagdes que nele vivem
(ALBERNAZ, 2010; VIEIRA et al., 2010; ROCHA et al., 2011). Constitui o segundo
maior bioma da América do Sul depois da Floresta Amazonica (GARCIA, 2008). E
bastante rico em espécies utilizadas na medicina popular, em funcdo de caracteristicas
morfoldgicas, como Xilopddios e cascas, que acumulam reservas e, com frequéncia,
possuem substancias farmacologicamente ativas (VILAS BOAS, 2003). Além disso,
este bioma apresenta grande diversidade como ordem, familias e géneros e quanto
maior for a diversidade taxondmica em niveis superiores, maior é o distanciamento

filogenético entre as espécies e maior é a diferenca e diversidade quimica entre elas,
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demonstrando assim sua importancia para pesquisas com plantas medicinais
(FARNSWORTH, 1988). Apesar da caréncia de estudos voltados para a identificacdo
de plantas Uteis do Cerrado, principalmente quando comparada a diversidade e a area
ocupada, grande parte da flora do Cerrado tem sido amplamente explorada pelo
conhecimento popular (FELFILI et al., 1998).

No Brasil, o Ministério da Saude divulgou uma lista contendo 71 plantas
medicinais que poderdo ser usadas como medicamento pelo Sistema Unico de Sadde
(SUS). Entre elas foram selecionadas plantas com potencial para serem usadas contra
diabetes, artrites, Ulceras, hipertensdo, inflamacGes e outras doencas cronicas
(VENTURA, 2012). Desde 2007 o SUS financia medicamentos fitoterdpicos feitos a
base de espinheira santa (Maytenus ilicifolia), para gastrite e Glceras, e guaco (Mikania
glomerata), para tosses e gripes, em apresentacfes na forma de capsulas, comprimidos e
xaropes, entre outras. Estes integram as listas de distribuicdo de medicamentos em 13
estados brasileiros. Em 2010 foram inclusos seis novos fitoterapicos, a fim de ampliar
as opcdes terapéuticas para a populacdo, a saber: alcachofra (Cynara scolymus L.),
aroeira (Schinus terebenthifolius Raddi), cascara sagrada (Rhamnus purshiana DC.),
garra do diabo (Harpagophytum procumbens), isoflavona da soja (Glycine max (L.)
Merr.) e unha de gato (Uncaria tomentosa (Willd. ex Roem. e Schult.). Estas sdo a¢des
do Programa Nacional de Plantas Medicinais e Fitoterapicos cujos objetivos sao inserir
com seguranca, eficacia e qualidade as plantas medicinais, os fitoterapicos e servicos
relacionados a Fitoterapia no SUS. Estes medicamentos também sdo extraidos de
espécies cultivadas no Brasil ndo ameacadas de extin¢do seguindo a recomendacdo da
Organizacdo Mundial de Saiude (OMS) de que 0s paises devem usar 0s recursos naturais
disponiveis no proprio territorio para promover a atencdo primaria a satde e contribuir
para o uso sustentavel da biodiversidade nacional (BRASIL, 2011).

Dentre as plantas propostas pelo Ministério da Saude para uso pelo Sistema
Unico de Salde estdo a Davilla nitida (Vahl) Kubitzki (Sambaibinha), a Kalanchoe
pinnata (Lam) Pers (Folha-Santa), a Anacardium humile St Hil (cajuzinho do Cerrado),
que sdo pertencentes ao Cerrado do Estado do Tocantins e objetos de estudos do

presente trabalho.
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1.1.1 Davilla nitida (Vahl) Kubitzki - Sambaibinha

A familia Dilleniaceae ¢é formada por aproximadamente 300 espécies,
exclusivamente tropicais, e sua maioria é formada por cipds e arbustos. No Brasil a
espécie ocorre na Amazoénia, Cerrado e Mata Atlantica, nos Estados de Roraima,
Amapa, Para, Amazonas, Tocantins, Acre, Ronddnia, Maranhdo, Piaui, Ceara, Paraiba,
Pernambuco, Bahia, Goiés, Distrito Federal, Minas Gerais e Rio de Janeiro (FRAGA,
2012). Schultz (1984), relatou a distribuicdo da espécie dos géneros Davilla, Curatella,
Tetracera e Doliocarpus, nos Cerrados e em todo o Nordeste. Na Bahia, algumas
espécies desta familia sdo nativas e possuem aplicacdes como plantas medicinais pela
populacdo (DAVID et al., 2005). Entretanto, estudos fitoquimicos na literatura com
espécies brasileiras ainda so raros e realizados de forma parcial.

Davilla nitida (Vahl) Kubitzki (figura 01), é uma planta conhecida popularmente
como sambaibinha, cipd-de-fogo e lixeirinha de rama. E um arbusto de hébito trepador,
também encontrado no Cerrado e pode atingir até quatro metros de altura. E
amplamente utilizada pela populacéo brasileira no tratamento de diferentes distarbios,
tais como, elefantiase, inchaco dos membros, Ulcera, e atividade antimicrobiana
(COIMBRA, 1942; CORREA, 1984).

Fonte: Perim (2016)

Kushima et al. (2009) demonstraram que 0s extratos metanolicos de Davilla
elliptica e de Davilla nitida possuiam atividades gastroprotetora, sendo a atividade de
Davilla nitida mais proeminente em relagdo a Davilla elliptica. Apesar desta diferenca,
o perfil fitoquimico qualitativo foi muito semelhante entre as duas espécies, constituido
basicamente por polifendis como flavondides, taninos condensados e derivados do acido
fendlico (acido galico).
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Fracdes do extrato hidroalcoolico de Davilla rugosa Poir foram avaliadas em
cobaias (BACCHI, 1986; GUARALDO et al.,, 2001) e demonstrou-se que as
substancias das fragdes mais polares auxiliavam na protecdo contra Ulceras gastricas.
David et al. (2005), também demonstraram que o extrato de caule de Davilla rugosa
apresentou atividade de protecdo para desenvolvimento de Ulceras gastricas e que as
substancias ativas estavam nas fragdes mais polares.

Alguns trabalhos também demonstram que os extratos das folhas e casca de
Davilla elliptica possuem atividade antimicrobiana contra Bacillus subtilis, Bacillus
cereus, Shigella spp e Candida albicans (MICHELIN et al., 2005) e, em adicdo, 0
extrato de cloroférmio das folhas de Davilla elliptica sugerem efeito terapéutico
potencial no controle microbiol6gico da tuberculose (LOPES et al., 2007).

1.1.2 Kalanchoe pinnata (Lam.) Pers — Folha-Santa

A Folha Santa (Kalanchoe pinnata (Lam.) Pers, Bryophyllum pinnata) (figura
02) é uma planta medicinal da familia das Crassulaceae (Crassulaceae J. St-Hil). E
originaria da Africa, sublenhosa, perene, carnosa, que cresce até 1,5metros. Suas flores
sdo hermafroditas, penduladas, de cor verde (KAWA, 2014). E também popularmente
conhecida como flor da fortuna, flor da vida, coraima, roda da fortuna, saido, dentre
outros nomes. A parte mais utilizada das plantas sdo suas folhas e ha séculos vem sendo

utilizada como medicamento pelos povos indigenas e ribeirinhos (IHAA, 2016).

Fonte: Perim (2016)

Sua distribuicdo geografica pelo Brasil estd relatada na Amazonia, Caatinga,

Cerrado, Mata Atlantica, Pampa. As substancias quimicas da planta sdo flavondides,
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acido succcinico, &cido malico, triterpenos, esterdis, &cido citrico e acido latico
(GAIND; GUPTA, 1973). As folhas frescas sdo utilizadas na medicina popular com
finalidade analgésica, antialérgica, antiartritica, antibacteriana, antidiabética,
antifangica, antinflamatoria topica, antilitica, antisséptica, bactericida, cicatrizante,
depurativa, diurética, emoliente e hemostatica (NASSIS et al., 1992; ALMEIDA et al.,
2000). As folhas tostadas sdo Uteis nas cefalalgias, e sua infusdo é utilizada para
combater os ergogitamentos linfaticos e inchagos por erisipela nas pernas (ARAUJO,
2010).

Ribeiro et al. (2009) observaram atividade antimicrobiana do extrato de
Bryophyllum calycinum contra Staphylococcus aureus e Pseudomonas aeruginosa. Da
Silva (2007) também demonstrou atividade antibacteriana frente & Staphylococcus
aureus resistente a meticilina, e Nassis et al. (1992) demonstraram propriedades
analgeésica, antibacteriana, antifungica e antisséptica.

Rashmi et al. (2012) utilizando o extrato organico foliar de Kalanchoe pinnata
(metanol, cloroférmio, éter de petréleo, acetona, acetato de etilo) também demonstraram
atividade antimicrobiana nesta planta, pelo método de difusdo em &gar, contra os
patdgenos humanos Escherichia coli, Streptococcus mutans, Staphylococcus aureus e

Pseudomonas aeruginosa.

1.1.3 Anacardium humile A. St. - Hil. - Cajuzinho do Cerrado

O género Anacardium € conhecido pela producdo de caju, um fruto comestivel
nutritivo produzido pelo cajueiro. Existem 11 espécies neste género, oito delas presentes
no Brasil (SILVA-LUZ; PIRANI, 2014). Uma dessas espécies € Anacardium humile A.
St.-Hil., presente no Cerrado latu sensu do Brasil, nos estados da Bahia, Distrito
Federal, Goias, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Parana, Piauli,
Rondonia, S&do Paulo e Tocantins (IPJBRJ, 2015). Esta espécie também € conhecida
localmente como cajuzinho-do-Cerrado, caju, cajueiro-do-campo, caju-de-arvore-do-
Cerrado e cajuhy (SILVA-LUZ; PIRANI, 2014) (figura 03).
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Fonte: Perim (2016)

O oleo encontrado nas suas folhas é volatil e corrosivo, contendo acido
anacardico e cardol, que sdo utilizados como antissépticos medicinais (BARROSO et
al., 1999). Além de seus usos medicinais e industriais devido as suas propriedades
antiulcerogénicas (LUIZ-FERREIRA et al., 2010), Anacardium humile (St.) Hil é usado
como fonte de alimento para as populacdes locais que consomem pedunculo e frutas, e a
infusdo das inflorescéncias é empregada contra tosse e para glicemia em diabéticos
(ALMEIDA et al., 1998).

Assim como a grande maioria das espécies do Cerrado, Anacardium humile (St.)
Hil tem importancia bioldgica e socioeconémica. Os interesses antagbnicos aumentam a
necessidade de gerar informacdes biol6gicas na tentativa de adequar a exploracdo
econbmica, de modo que ndo haja utilizacdo predatéria ou, até mesmo, extingdo da
especie (LONDE, 2005).

A literatura traz poucas referéncias sobre as atividades bioldgicas de
Anacardium humile (St.) Hil, restringindo-se a estudos de germinacdo (CARVALHO et
al., 2005), divergéncia genética entre as populacbes (LONDE, 2005), atividades
inseticidas. InvestigacGes fitoquimicas (FERREIRA, 2005) levaram ao isolamento de
metabolitos secundarios de Anacardium humile, como derivados de acido gélico,

catequinas e flavonoides. Estudos de substancias bioativas realizados por Correia et al
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(2006) e Aratjo et al (2015), demonstraram a presenca de flavondides, terpenos,

esterdides, xantonas e principalmente, lipideos fendlicos e derivados.

1.2 Agentes antimicrobianos

Os agentes antimicrobianos sdo definidos como drogas que tém a capacidade de
inibir o crescimento de microrganismos, indicadas, portanto, apenas para o tratamento
de infec¢Bes microbianas sensiveis (ANVISA, 2016). Os antimicrobianos correspondem
a uma classe de farmacos que é consumida frequentemente em hospitais e na
comunidade. Entretanto, sdo os Unicos agentes farmacoldgicos que ndo afetam somente
0s pacientes que os utilizam, mas também interferem de forma significativa no ambiente

hospitalar por alteracdo da ecologia microbiana (ANVISA, 2016).

A escolha do agente antimicrobiano adequado deve se embasar em Varios
critérios, como o historico clinico do paciente, os resultados dos exames laboratoriais
bioquimicos e microbioldgicos e dos exames de imagem, somados ao grau de evidéncia
sobre os desfechos associados a estes dados (OLIVEIRA, 2007). Estas informacdes
devem ser observadas na elaboragéo da prescri¢do inicial de um agente antimicrobiano
ou para a necessidade de mudanga de um esquema terapéutico ja iniciado (NEVES e
COLET, 2015). O uso racional de antimicrobianos beneficia os pacientes internados na
medida em que reduz os riscos de complicacBes e consequentemente o tempo de
internacdo, 0s custos econdmicos e organizacionais do hospital, além de proporcionar
um servico com melhor qualidade (OLIVEIRA, 2007).

Os agentes antimicrobianos podem ser classificados seguindo diversos critérios
como a estrutura quimica, mecanismos de acdo, espectro de acao entre outros (MIMS et
al., 1999; SCHAECHTER et al., 2002). Dentre estes mecanismos de agdo estdo 0s
inibidores de sintese de parede celular (penicilinas, ampicilinas, cefalosporinas,
bacitracina, vancomicina), de sintese de proteinas, inibigcdo de traducdo (estreptomicina,
gentamicina, tetraciclina, cloranfenicol, eritromicina), de sintese de acidos nucléicos
(novobiocina, quinolonas, rifampicina), de antagonismo metabdlico (sulfas e derivados,

trimetoprim, isoniazida), e da ligacdo a membrana citoplasmatica (polimixinas,
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ionéforos) (MIMS et al.,, 1999; TAVARES, 1999; SCHAECHTER et al., 2002;
CAMARA, 2011).

As plantas representam importantes fontes de substancias biologicamente ativas,
servindo para o desenvolvimento e a sintese de um grande ndmero de medicamentos
(SANDES; DIBLASI, 2000; HAIDA et al., 2007). Os principais grupos de compostos
com propriedades antimicrobianas extraidos de plantas incluem terpendides, alcaloides,
lectinas, polipeptideos, substancias fendlicas e polifendis (fendis simples, &cidos
fenolicos, quinonas, flavonas, flavonois e flavondides), taninos e cumarinas (HAIDA et
al., 2007; RESCHKE; MARQUES; MAYWORM, 2007).

Os compostos isolados de plantas sdo substancias com estruturas quimicas bem
diferenciadas dos antibidticos obtidos a partir de bactérias, leveduras e de fungos
filamentosos (COWAN, 1999). Tais produtos podem atuar no metabolismo
intermediario ativando enzimas, alterando a acdo de inibidores que influenciam os
nutrientes do meio, interferindo nos processos enzimaticos em nivel nuclear ou
ribossomal, provocando alteragbes nas membranas ou interferindo no metabolismo
secundario (LIMA, 2001) independentemente de seu mecanismo de acgdo
(ANDERSON, 2005; JACOBY, 2005).

Algumas pessoas, apesar das campanhas, ainda desconhecem a regulamentagéo
sobre a venda de antibi6ticos, implantada em 2010, como os idosos, que apresentam
menor conhecimento, 0 que indica a necessidade de maior orientacdo a tal grupo
populacional, e esta é a populacdo que mais necessita de medicamentos. No entanto,
quanto maior o nivel socioecondmico maior a tentativa de compra de antibiéticos sem
prescricdo (MULLER et al., 2015).

O problema da resisténcia microbiana e a perspectiva de uso de medicamentos
antimicrobianos no futuro € incerta. A necessidade de encontrar novas substancias com
propriedades antimicrobianas para serem estudadas no combate a esses microrganismos
representa um desafio no tratamento de infeccdes (CATAO et al., 2005). Portanto,
devem ser tomadas atitudes que possam reduzir este problema como, por exemplo,
controlar o uso de antibidticos e desenvolver pesquisas para melhor compreensao dos
mecanismos genéticos de resisténcia e continuar o estudo de desenvolvimento de novos
medicamentos, tanto sintéticos como naturais (NASCIMENTO et al., 2000; HAIDA et
al., 2007).
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1.2.1 Determinacao da atividade antimicrobiana

O potencial antimicrobiano das plantas esta associado a composi¢ao quimica de
tais espécies. Usualmente é determinado por ensaios in vitro utilizando técnicas de disco
difusdo em &gar e diluicdo (macro e microdilui¢cdo) (ELOFF et al., 1998; AGRIPINO et
al., 2004; LANGFIELD et al., 2004).

A técnica de disco difusdo é uma técnica preconizada pelo National Committee
for Clinical Laboratory Standards—NCCLS e estd normatizada como parametro de
analise antimicrobiana na Farmacopéia Brasileira. Trata-se de um método laboratorial
que pode ser empregado para predizer a sensibilidade in vitro de bactérias frente aos
agentes antimicrobianos (MAIA-ARAUJO et al., 2011).

Nesta tecnica, utilizam-se discos de papel de filtro impregnados com
quantidades definidas do agente antimicrobiano, os quais séo colocados em contato com
a superficie imida do &gar, ja semeado com uma suspensdo microbiana. A amostra é
absorvida pelo papel de filtro e 0 seu contetdo se difunde no meio circundante. Apds a
incubacéo, na placa semeada com a suspensao bacteriana, ocorre o desenvolvimento das
celulas no &gar e, simultaneamente, a difusdo do antimicrobiano (COLE, 1994,
KONEMAN et al., 2001). A partir da difusdo ocorre o aparecimento de um halo, no
qual ndo ha crescimento do microrganismo, denominado halo de inibicdo (VANDEN
BERGH; VLIETINCK, 1991), cujo diametro € inversamente proporcional a
concentracdo inibitéria minima (CIM) (JORGENSEN; TURNIDGE; WASHINGTON,
1999). A CIM ¢ “a menor concentragdo que resulta na manuten¢do ou redugdo da
viabilidade do indculo” (LAMBERT; PEARSON, 2000).

Segundo, Maia—Aradjo (2011) a limitacdo da técnica de disco difusdo esta
relacionada com a impossibilidade de garantir a quantidade exata que cada disco de
papel consegue absorver quando embebido no agente antimicrobiano, possibilitando
ainda o extravasamento de amostra em funcdo da saturacdo da capacidade de absorgéo
do disco, dificultando a obtencéo de resultados mais precisos.

Outra técnica amplamente utilizada é a microdiluicdo em caldo que consiste na
determinagdo da sensibilidade in vitro de um microrganismo a um agente
antimicrobiano, e para a confirmacédo do perfil de resisténcia detectado inicialmente pela
técnica de difusdo em agar (ANVISA, 2003). A microdiluicdo em caldo corresponde a
miniatura da técnica de diluicdo e utiliza placas de Elisa estéreis, com 96 pocos, com 0

fundo em formato de “U”, para permitir a melhor visualizacdo do crescimento
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bacteriano que deve conter uma concentracdo bacteriana final de aproximadamente
5x10* a 5x10° UFC/ml em cada poco da placa (ANVISA, 2008).

Esta técnica é extremamente vantajosa quando se refere a produtos naturais, uma
vez que sdo obtidos em quantidades minimas. Além disso, é uma técnica de baixo custo,
simples, rapida, 30 vezes mais sensivel que outros métodos usados na literatura, de alto
rendimento e permite determinar a concentracdo inibitoria minima (CIM), ou Minimum
Inhibitory Concentration (MIC) dos produtos em estudo (ELOFF et al., 1998; ALVES
et al., 2008; OSTROSKY et al., 2008; SALAZAR-ARANDA et al., 2009; PALOMBO,
2011).

O ensaio para a determinacdo da concentracdo inibitéria minima (C1M), é obtido
através da macro ou microdiluicdo de compostos, que consiste em se preparar dilui¢des
sucessivas do antimicrobiano a ser testado, em meios de cultura solido ou liquido,
semear 0 microrganismo e ap0s a incubacdo verificar a menor concentracdo (maior
diluicdo) do antimicrobiano que inibiu o crescimento do microrganismo (WINN JR et
al.,, 2008; CLSI, 2013). Apo6s incubagdo, o crescimento do microrganismo €
determinado pela leitura visual direta ou turbidimétrica pelo uso de espectrofotometro
em comprimento de onda apropriado (SILVEIRA et al., 2009).

A Concentracdo Bactericida Minima-CBM ¢é a quantidade minima de agente
antimicrobiano necessaria para inviabilizar a célula microbiana, ou seja, provocar danos
irreversiveis a bactéria e, estes valores, quando comparados ao CIM, permitem avaliar
se 0 composto é bacteriostatico ou bactericida (FINEGOLD, 1990; LIMA et al, 2006;
SUFFREDINI et al., 2007). O efeito seré& bactericida quando a contagem chega a zero
em funcdo do tempo, ou bacteriostdtico quando a contagem se mantém
aproximadamente constante em funcdo do tempo (SILVA et al.,, 2009). A técnica
consiste na realizacdo de macrodiluicdo em tubos de ensaio para a determinacao inicial
(CIM), e posteriormente as diluicbes sdo inoculadas em placas de petri contendo agar
Mueller Hinton, incubadas por 24 horas e onde ndo houver crescimento de colbnias na
placa, determina-se que esta é a concentra¢do bactericida minima (CBM), ou seja, a
menor dose que visualmente apresentou inibicdo de crescimento e que na subcultura
também ndo apresentou crescimento bacteriano (ANVISA, 2008). Pode-se mensurar a
viabilidade e proliferacdo das celulas através de corantes indicadores de oxirredugédo
como resazurina, alamar blue, e cloreto de 2,3,5-trifeniltetrazdlio (DUARTE et al.,
2005).
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1.2.2 Métodos Complementares de avaliagdo

A terapia de combinacdo de agentes antimicrobianos pode ser usada para
aumentar o espectro de acdo, prevenir a emergéncia de mutantes resistentes e promover
0 sinergismo entre antimicrobianos (ELIOPOULOS, 1989). A terapia combinada é
frequentemente recomendada para o tratamento de infec¢Ges bacterianas em unidades
de terapia intensiva, onde a monoterapia ndo € suscetivel a todos os patdgenos
possivelmente envolvidos, e o surgimento de resisténcia é uma ameaca (DRAGO et al.,
2007). No entanto, a selecdo de uma combinagdo adequada requer uma compreensdo do
potencial de interacdo entre os agentes antimicrobianos. Assim, foram desenvolvidos
métodos que quantificam o efeito dessas combinagdes antimicrobianas sobre o
crescimento bacteriano in vitro (JACKSON et al., 2009).

Os ensaios antimicrobianos “Time Kill " e “Checkerboard” sdo exemplos de
metodologias desenvolvidas para esta finalidade, no entanto, ndo sdo rotineiramente
aplicados por serem dispendiosos em tempo e materiais (SUEKE et al., 2010).

O ensaio “Checkerboard” é um teste de microdiluicdo que avalia combinacdes
de agentes antimicrobianos contra diferentes microrganismos (NOGUEIRA, 2012). Os
métodos de diluicdo em &gar ou de difusdo em agar utilizando discos também podem
ser usados para essa finalidade. Esses testes avaliam a atividade de inibicdo ou
bactericida de diferentes combinagdes com concentracdes especificas em um tempo
fixo. As interacbes sdo calculadas algebricamente e interpretadas como sinérgica,
quando o efeito final € maior que a soma dos efeitos individuais; aditivo, se 0s
resultados finais sdo semelhantes a soma dos efeitos individuais; indiferente, em que o
mecanismo de acdo de um medicamento ndo interfere no mecanismo de ac¢do do outro,
ou antagonista, no caso das agdes das duas drogas gque estdo interagindo sdo opostas,
comparando-as com as atividades dos agentes antimicrobianos testados individualmente
(CASTRO, 2010; NOGUEIRA, 2012). Apesar destes testes ndo serem utilizados na
rotina, devem ser considerados quando a previsibilidade de sinergismo € desconhecida,
COmMOo ocorre coOm um novo agente antimicrobiano, ou quando a previsibilidade néo é
viavel devido ao desenvolvimento de fatores de resisténcia bacteriana ou falhas no
tratamento (ELIOPOULOS e MOELLERING Jr, 1996; PILLAI; MOELLERING,
2005; MITCHELL et al., 2012).

O método “Time Kill” é utilizado para avaliar os tempos em que as

concentragdes de um determinado agente antimicrobiano matam um isolado bacteriano,
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e esse ensaio tem sido classificado como dependente da concentracdo ou do tempo,
sendo usado para avaliar novos agentes antimicrobianos e combinagOes destes
(NOGUEIRA, 2012). Além disso, confirmam o efeito paradoxal de tolerancia e
resisténcia fenotipica e ajudam a explicar as falhas de tratamento em situacGes clinicas
em que a atividade bactericida pode ser crucial para a evolucdo dos doentes
(ELIOPOULOS e ELIOPOULOS, 1988; ELIOPOULOS e MOELLERING Jr, 1996;
MITCHELL et al., 2012).

1.3 A microbiota de feridas de pés diabéticos e resisténcia

antimicrobiana

Diabetes Mellitus é definidko como um grupo de doencas metabolicas
caracterizadas por hiperglicemia resultante de defeitos na secre¢do da insulina, na sua
acdo, ou em ambas (DAA, 2010). As complicacbes cronicas do diabetes incluem
retinopatia, com perda potencial da visdo, nefropatia, levando a faléncia renal,
neuropatia periférica, com risco de Ulceras nos pés, amputacdes, pé de Charcot, e
neuropatia autondmica, causando sintomas gastrointestinais, genitourinarios e
cardiovasculares. Hipertensdo e anormalidades no metabolismo das lipoproteinas séo
também encontradas em pacientes com diabetes (DAA, 2010). No diabetes tipo 2, pode
haver um grau de hiperglicemia suficiente para causar complicacdes teciduais, porém
sem sintomas clinicos, por um longo periodo antes do diagnostico (DAA, 2010).

O pé (estrutura do tornozelo ou abaixo dele) diabético é a infeccdo, ulceracdo
e/ou destruicdo de tecidos profundos associados com anormalidades neuroldgicas e
varios graus de doenca vascular periférica no membro inferior (BRASIL, 2010). Trata-
se de uma complicagdo caracterizada pelo comprometimento tecidual decorrente do
mau controle glicémico, da neuropatia diabética e da doenca vascular periférica e
atualmente é um problema de saude publica por representar a principal causa de
amputacdes de membros inferiores e internacOes recorrentes (VIDAL, 2009). As
amputacdes resultam em hospitalizacdo prolongada, reabilitagdo e na necessidade de
cuidados domiciliares e de servigos sociais (PEDROSA, 2001). Os locais mais comuns
de aparecimento de lesdes sdo os dedos dos pés, devido as pressdes exteriores causadas
por atrofia da musculatura, e os sulcos interdigitais pela ocorréncia de fissuras e

pequenos cortes, o0 que favorece a colonizagcdo de fungos na pele. As lesdes quando
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infectadas geralmente apresentam contaminacao por bactérias nos tecidos superficiais e
nos tecidos profundos, extremamente invasivos e de carater polimicrobiano,
responsaveis por amputacdo dos membros ou partes acometidas (VIDAL, 2009).

Normalmente, as Ulceras de pele sdo colonizadas por bactérias da microbiota
normal da pele, que inclui principalmente os cocos Gram-positivos, aerobios e,
eventualmente, anaerébios (SADER; DURAZZO, 2003). As alteragdes na microbiota
da pele e, consequentemente, na microbiota que coloniza e infecta a Ulcera, vao variar
muito de paciente para paciente e estdo relacionadas com o grau de contato com 0s
centros médicos. Dessa maneira, pacientes que apresentam internacdes hospitalares e
visitas ambulatoriais mais frequentes apresentardo alteragdes mais importantes na
microbiota que coloniza e infecta a Ulcera (SADER et al., 2001; SADER et al., 2003).

Em infeccGes de pés diabéticos, os organismos encontrados nesses tipos de
infeccdes diferem ndo somente de paciente para paciente e hospital para hospital, como
também geograficamente (EL-TAHAWY, 2000), apesar de alguns estudos
demonstrarem que Escherichia coli, Proteus spp, Pseudomonas spp, Staphylococcus
aureus e Enterococcus spp sdo o0s patdgenos mais frequentemente encontrados
(VISWANATHA et al., 2002; RAJA, 2007; OZER et al., 2010).

De acordo com Lipsky et al. (2012) as bactérias Gram- positivas como
Streptococcus f-hemolitico do grupo B, A, C, G de Lancefield, e especialmente
Staphylococcus aureus sdo os patdgenos predominantes nas infeccdes leves do pé
diabético. Ja as infeccBes de moderada gravidade tendem a apresentar mais de um
microrganismo infectante tais como cocos Gram-positivos e bacilos Gram-negativos,
Proteus mirabilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
e em infeccBes graves destaca a possibilidade de infec¢bes polimicrobianas com cocos
Gram- negativos e positivos, anaerébios e aerdbios, ou apresentam bactérias resistentes
a diversos antibidticos como Staphylococcus meticilina-resistente, Pseudomonas,
Enterococcus (DUARTE, 2011; LIPSKY et al., 2012).

Staphylococcus aureus é um coco Gram-positivo que reside sobre a pele,
mucosas e trato respiratério superior e é incapaz de invadir a pele ou as membranas
intactas. Staphylococcus aureus pode expressar uma grande variedade de fatores de
viruléncia como proteinas de superficie que aderem a tecidos lesados, causando a
reducdo da resposta imunologica (IWATSUKI et al., 2006).

Streptococcus sdo cocos Gram-positivos arranjados em cadeias (corddes) ou em

duplas (forma de gota), catalase negativos. Embora esses microrganismos facam parte
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da microbiota normal da pele, vias aéreas, aparelho génito-urinario e trato intestinal,
muitos deles sdo responsaveis por uma variedade de manifestacdes clinicas. Os
estreptococos de maior importancia clinica sdo Streptococcus pyogenes, Streptococcus
agalactiae, Streptococcus pneumoniae (BEVILACQUA, 2011).

Pseudomonas aeruginosa sdo bastonetes Gram-negativos aerobios, patdgenos
oportunistas presentes em infecgdes hospitalares, urinarias e sepse, estando mais
suscetiveis pacientes com queimaduras, com cateterismo urinério, fibrose cistica,
diabetes e neutropenia (MARRA et al., 2006). A variedade de sitios de infeccdo e a
aquisicdo de mecanismos de resisténcia revelam sua grande capacidade de adaptacdo ao
meio.

Escherichia coli compreende um grupo de cepas de bacilos Gram-negativos
aerobios que habitam o trato intestinal de humanos e animais de sangue quente (GYLES
et al., 2011). A espécie apresenta diversos sorotipos, ou seja, variacBes antigénicas
capazes de causar diferentes infeccbes como entéricas, urindrias e bacteremias
nosocomiais, utilizando diferentes combinacGes de fatores de viruléncia (MARRS;
ZHANG; FOXMAN, 2005).

O género Proteus pertence a familia Enterobacteriaceae e sdo amplamente
distribuidos na natureza. O traco marcante que o diferencia de outros membros desta
familia ¢ o “swarming’’, uma diferencia¢do celular que facilita a movimentagao e ¢
importante no processo infeccioso (WILLIANS; SCHWARZHOF, 1978; MOBLEY;
BELAS, 1995). Bactérias deste género sdo bacilos Gram-negativos, dimorficos,
anaerobio facultativos, moéveis com flagelos peritriqueos. Esses microrganismos exibem
atividade proteolitica sob condigdes de aerobiose e anaerobiose facultativa. A
desaminacdo oxidativa de aminodcidos e a habilidade de hidrolisar uréia com a
producdo de aménia e didxido de carbono sdo as propriedades bioquimicas mais
representativas deste género (NIELUBOWICZ; MOBLEY, 2010).

Os Enterococcus sdo microrganismos comensais do trato intestinal de seres
humanos e animais. Nos seres humanos, também sdo comumente encontrados como
membros das microbiotas do trato geniturinario, trato gastrointestinal e da cavidade
oral, sendo E. faecalis e E. faecium as espécies mais frequentemente isoladas de seres
humanos (TEIXEIRA et al., 2011). Por outro lado, os enterococos podem causar uma
variedade de infeccOes oportunistas, dentre as quais se destacam as do trato urinario,
bacteremias, endocardites, feridas cirdrgicas e cronicas, incluindo Glceras de decubito
(ZIRAKZADEH; PATEL, 2006).
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As enterobactérias sao bacilos Gram-negativos, fermentadores de glicose e
anaerdbios facultativos, podem ser encontradas no solo, na agua, em plantas e em
animais (de insetos a humanos) (BRENNER, 1984). De maneira geral, todas as
enterobactérias tém sido relacionadas com infeccbes da corrente sanguinea,
periodontites, colangites e outras infec¢bes intra-abdominais (PATERSON, 2006;
LIVERMORE, 2012; LUPO et al., 2013).

A escolha da terapia antimicrobiana empirica dependera das caracteristicas de
cada lesdo, seja ela superficial ou profunda, leve, moderada ou aguda (SADER;
PEREIRA, 2001). As infeccdes mais leves ou sem risco de perda do membro sdo
normalmente causadas por estreptococos, estafilococos sensiveis a oxacilina e a maioria
dos betalactdmicos (exceto penicilina, aminopenicilinas e algumas cefalosporinas orais)
e eventualmente cocos Gram-positivos anaerobios (SHEA, 1999; SADER; DURAZZO,
2003).

A resisténcia antimicrobiana ¢ um dos maiores problemas da comunidade
médica atualmente, jA que uma prevaléncia cada vez maior de cepas panresistentes
continua sendo relatada. Além do tratamento, a resisténcia antimicrobiana também tem
grandes implicacbes financeiras e econdmicas (SHARLAND; SAROEY; BEREZIN,
2015). Até 23.000 Obitos anuais sdo supostamente causados diretamente por essas
infeccbes (CCDP, 2015). A situacdo fica mais complicada em paises pobres em
recursos devido a auséncia de sistemas de vigilancia efetivos, de diagndsticos
laboratoriais e do acesso a antibidticos adequados em face das limitacGes financeiras.

A resisténcia aos antibioticos é um processo genético relacionado a existéncia de
genes no microrganismo que codificam diferentes mecanismos e evitam a agdo dos
medicamentos. Ela pode ter origem em mutacdes que ocorrem no microrganismo
durante seu processo reprodutivo ou através do intercambio de material genético
(transferéncia horizontal génica-THG) através da conjugacdo, transducdo e
transformacio (TAVARES, 2000; UETANABARO; GOES-NETO, 2006). A
resisténcia € necessariamente especifica contra um determinado antibiético naqueles
microrganismos produtores desta mesma substancia (TAVARES, 2000).

As bactérias também podem desenvolver resisténcia aos antibidticos por meio de
alguns mecanismos bioquimicos abordados na literatura (JACOBY, 2005; BOMONO e
SZABO, 2006; MIN et al., 2007), que incluem: a) modificacdo quimica do antibiotico,
através de enzimas especificas; b) alteracdo do sitio de ligagdo do antibidtico; c)

substituicdo do sitio de ligacdo do antibidtico; d) diminuicdo da permeabilidade ao
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antibiotico; e) aumento da sintese de substrato com o qual o antibiotico compete; f)
sintese de proteinas protetoras dos ribossomos (ARAUJO, 2011)

A capacidade que 0s microrganismos possuem para a aquisicdo de mecanismos
de resisténcia aos antibioticos impde a necessidade permanente de pesquisas e 0
desenvolvimento de novos medicamentos a serem utilizados no combate e/ou controle
dos microrganismos (AYRES et al., 2008).

1.4 A biotecnologia e os novos farmacos

No Brasil, 0 uso das plantas medicinais foi disseminado principalmente pela
cultura indigena (SOUSA et al., 2008). No entanto, este potencial para a descoberta de
plantas como fonte de novas drogas & pobremente explorado ou regulamentado,
contrastando com o que ocorre em paises como Alemanha, Estados Unidos e Canada
(CALIXTO, 2000; RATES, 2001; VEIGA-JUNIOR, 2008), que apresentaram um
interesse maior pela fitoterapia e, ao invés de utilizar a infusdo, cozimento ou tintura dos
farmacos vegetais, passaram a usar formas farmacéuticas mais elaboradas, como 0s
comprimidos, capsulas e geléias (CUNHA et al., 2003).

A selecdo de uma planta para estudo farmacolégico é um passo muito
importante. A escolha pode ser feita de varias maneiras através do uso tradicional, dos
componentes quimicos, da selecdo randomizada ou da combinacdo de mais de um
critério. A estratégia mais comum é o uso das fontes naturais na medicina popular, que é
conhecida como etnofarmacologia (RATES, 2001; CARLINI, 2003; ALBUQUERQUE
e HANAZAKI, 2006).

As plantas medicinais constituem um importante recurso terapéutico para o
tratamento de doencgas, principalmente em nacdes em desenvolvimento. Essas sdo
utilizadas tanto na “medicina caseira”, que faz parte da cultura popular destes paises,
como de matéria-prima para elaboracdo de medicamentos fitoterapicos (CORDEIRO et
al., 2006; ZAGO et al., 2009). Apesar de muitos tratamentos eficazes serem atribuidos
aos metabolitos secundarios das plantas, que sdo constituidos por uma variedade de
substancias bioativas, (BASILE et al., 2000; SATO et al., 2002; PAIVA et al., 2003),
muitas espécies vegetais ainda carecem de estudos. No Brasil essa situagdo ndo é

diferente, muitas dessas plantas séo utilizadas na forma de extrato bruto, infusfes ou
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emplastos no tratamento de infec¢cbes comuns, sem quaisquer evidéncias cientificas
(HOLETZ et al., 2002; COELHO DE SOUZA et al., 2004).

Muitas companhias farmacéuticas estdo conduzindo estudos para encontrar
alternativas medicinais que apresentem efeitos mais especificos, como por exemplo, o
tratamento com plantas medicinais (SOUSA et al., 2008). Existe um grande nimero de
plantas medicinais cujo potencial terapéutico tem sido estudado e cujos mecanismos de
acdo tém sido investigados através de ensaios laboratorias in vitro e in vivo, que tém
gerado informac0es Uteis para o desenvolvimento de novas farmacoterapias a partir de
plantas para o tratamento mais eficaz com menos efeitos adversos (SOUSA et al.,
2008).

Com este advento dos estudos farmacoldgicos, a engenharia genética abriu
novos caminhos para obtencdo de replicacdo de variedades diferentes de plantas com
caracteristicas bioquimicas superiores, aplicaveis aquelas que produzem metabdlitos
secundarios, incentivando assim, a producdo e comercializacdo de compostos
secundarios valiosos que ainda nem foram abordados, ou tiveram sua farmacocinética
avaliada (PLETSCHI, 2004), sintetizando milhares de compostos em curto espaco de
tempo, com técnicas de triagem que, em alta escala, permitem que sejam testados
milhares de compostos simultaneamente (ZACCHINO et al, 2001), e o
desenvolvimento de novos medicamentos recombinantes mais potentes e com agéo
seletiva em alvos moleculares bem definidos (BARREIRO, 2001).

Além disso, a presenca de compostos bioativos com ampla atividade biol6gica e
a perspectiva de utilizacdo no tratamento de diversas doencas, incluindo doengas
infecciosas, pode representar uma alternativa para a descoberta de novos agentes
terapéuticos, inclusive os que possam ser utilizados no tratamento de doencas causadas
por microrganismos multirresistentes (PORFIRIO et al., 2009). Portanto, a busca de
compostos bioativos € uma area de intensa atividade e permanecera assim por diversos
anos, devido a crescente demanda por novos produtos naturais com atividade
terapéutica (PLETSCHI, 2004).
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2. Objetivos
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2.1  Objetivo Geral

Determinar a atividade antibacteriana dos extratos brutos das plantas Davilla
nitida (Vahl) Kubitzki. (Sambaibinha), Anacardium humile (St.) Hil (cajuzinho do
Cerrado) e Kalanchoe pinnata (Lam.) Pers (Folha-Santa), pertencentes ao Cerrado do
Estado do Tocantins, em bactérias resistentes a multiplos farmacos isoladas dos
pacientes diabéticos com ulceracbes nos pés, atendidos no Hospital Geral Publico de

Palmas Doutor Francisco Ayres, Tocantins.

2.2  Objetivos Especificos

o Avaliar a atividade antibacteriana das cascas de Davilla nitida (Vahl) Kubitzki
(Sambaibinha), cascas e folhas de Anacardium humile (St.) Hil (cajuzinho do Cerrado)
e das folhas de Kalanchoe pinnata (Lam.) Pers (Folha-Santa) em bactérias Gram-
negativas e Gram-positivas;

o Avaliar a eficacia dos extratos das cascas e folhas para bactérias Gram-positivas
e Gram-negativas, através da inibicdo do crescimento das diferentes cepas, frente aos
extratos das plantas (CIM);

o Analisar o melhor potencial de acéo antimicrobiana dos extratos correlacionando
as diferentes metodologias;

o Avaliar a eficacia dos extratos das cascas e folhas relacionados a resposta dos
antibidticos comercialmente utilizados para bactérias Gram-positivas e Gram-negativas
pelo ensaio “Checkerboard”;

o Determinar o tempo de morte das bactérias pelo ensaio “Time-Kill”.
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1. Introduction

A diabetic foot infection is one of the serious complications associated with diabetes, and
it is often characterized by the presence of the multi-drug resistant organisms in lesions
(Dunyach-Remy et al. 2016). The emergence and spread of multi-resistant pathogens have
caused the need for the discovery and development of new active agents capable of pre-
venting the bacterial resistance mechanism (Barreiro and Bolzani 2009). Traditionally, plants
have been considered a source of new drugs and many studies have shown the importance
of Brazilian flora in this context (Araujo et al. 2015; Borges et al. 2017). Studies with methanol
extract from the leaves of Davilla nitida (Vahl) Kubitzki (family Dilleniaceae), a specie com-
monly found in the Brazilian Cerrado biome, have shown anti-ulcerogenic, immunological
and anti-H. pylori activities and this is possibly explained by the greater quantities of com-
ponents such as terpenes, flavonoids, tannins and other compounds (Kushima et al. 2009).
However, no data is available about the antibacterial activity of the bark extract of Davilla
nitida. Thus, the aim of this present study was to evaluate antimicrobial activities of the
ethanolic bark extract of Davilla nitida against multidrug resistant bacteria isolated from the
diabetic foot lesions, and other strains obtained from the American Type Culture Collection.

2. Results and discussion

The antimicrobial activity of the bark extract of Davilla nitida (Vahl) Kubitzki, against
gram-negative (n =26) and gram-positive bacteria (n = 48), was tested by Disk Diffusion
(DD) and Broth Dilution (BD) (Table S1) methods. By DD method, the sensitivities of the
bacteria to the bark extract were assessed by measuring the inhibition halo of the microbial
growth on the agar surface around the disks, and only values > 9 mm were considered as
active against bacteria (Bhalodia and Shukla 2011; Arora and Bhardwaj 1997). The bark extract
was active against most gram-negative (n = 18 (69.23%) to DD and n = 20 (76.92%) to BD)
and gram-positive (n = 32 (66.67%) to DD and n = 32 (66.67%) to BD) bacteria, thereby indi-
cating a broad spectrum of antibacterial activity (n = 50 (67.57%) to DD and n = 52 (70.27%)
to BD). Considering antibacterial activities of the bark extract of Davilla nitida against mul-
tidrug-resistant bacteria have not yet been reported, the high activity against both gram-neg-
ative and gram positive bacteria found in our study is very promising. BD methodology is
widely used and extremely advantageous for the analysis of natural products, because it
requires minimal sample quantities, it is a fast, reliable and low-cost method for Minimum
Inhibitory Concentration (MIC) determination (Luber et al. 2003). By BD method, the bark
extract of Davilla nitida presented substantial antimicrobial activity even at the lowest con-
centration (0.039 mg/mL, n = 22) tested, of any of the evaluated bacterial groups (n = 74),
but especially for the gram-negative strains (n = 11; 42.31%). Antimicrobial activity is very
promising when MIC is below 0.1 mg/mL for plant extract (Rios and Recio 2005). The differ-
ential in antibacterial activity of bark extract on gram-negative and gram-positive bacteria
can be explained by the fact that some antimicrobial compounds have specific activity
spectrum and therefore will not be active on certain categories or certain species of micro-
organisms (Yamamoto et al. 2016; Voukeng et al. 2016).

Table S1 also shows the remarkable inhibition of the strains-specific growth. The bark
extract of Davilla nitida inhibited the growth of Escherichia coli (n = 2; 100%), Enterobacer
spp. (n=8; 88.89%), Proteus spp. (n =3; 42.86%), Proteus mirabilis (ATCC 12453) (n=1;
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100.00%), Pseumodonas spp. (n = 3; 100.00%), Pseudomonas aeruginosa (ATCC 2753) (1;
100.00%) in both BD and DD methods. Citrobacter youngae (ATCC 29935) (n=1) and
Escherichia coli (ATCC 25922) (n=1), used as control strains, were inhibited only by BD
method. The bark extract was also effective against Streptococcus pneumoniae (alpha-hemo-
lytic) (n =1; 50.0%), Streptococcus agalatiae (beta-hemolytic) (n = 3; 75.0%), Streptococcus
pyogenes (ATCC 0015) (n=1; 100.00%), Staphylococcus epidermidis (n=1; 25.00%),
Staphylococcus saprophyticus (n = 13; 92.86%), Staphylococcus aureus (n = 12; 54.55%), and
Staphylococcus aureus (ATCC 25923) (n = 1; 100.00%) in both the methods (DD and BD). It is
interesting to note that often these bacteria exhibit high-level resistance to most of the
broad-spectrum antibiotics (Dhanasekaran et al. 2003; Sivanmaliappan and Sevanan 2011).
In fact, Perim et al. (2015) demonstrated that the bacteria, isolated from the diabetic foot
lesions and used in this study, Pseudomonas spp, Proteus spp., and Enterobacer spp. were
resistant to ampicillin, amoxicillin, aztreonam, norfloxacin, tetracycline, cefotaxime and pol-
ymyxin B; Staphylococcus aureus, Streptococcus agalatiae (beta-hemolytic) Streptoccocus
pneumoniae (alpha-hemolytic), and Staphylococcus saprophyticus were resistant to almost
all antibiotics tested (azithromycin, amoxicillin/clavulanic acid, cefoxitin, cefalexin/cefalotin,
erythromycin, oxacillin, penicillin, trimethoprim-sulfamethoxazole, and vancomycin) except
for imipenem. Our results indicate the potential of this plant for the treatment of bacterial
infections. However, further studies should be performed in order to identify the constituents
responsible for these activities.

The combined effect of the extract from the bark of Davilla nitida with antibiotics Cefoxitin
(CFO) for gram-negative bacteria and Amoxycillin/Clavulanic Acid (ACA) for gram-positive
bacteria was validated by the checkerboard method (Table S2). The combination of CFO or
ACA with Davilla nitida extract showed an additive effect when tested against most of the
strain. For gram-negative bacteria (n = 20), the bark extract in combination with CFO have
an additive effect against 16 (80.0%) bacteria, however, synergism was observed only with
two strains, Pseudomonas spp. and Enterobacter spp. For gram-positive bacteria (n = 32), the
association of Davilla nitida with antibiotic ACA showed an additive effect against 21 (65.63%)
bacteria, and a synergistic activity against only three Staphylococcus saprophyticus. Synergistic
and additive interactions are a result of a combined effect of active compounds from extracts
and antibiotics (Stefanovic et al. 2012). The association of plant extracts and antibiotics can
lead to an additive effect, which can improve the antimicrobial activity against various mul-
tidrug-resistant strains (Aqil et al. 2006; Chaves et al. 2016). Therefore, the findings of the
present work indicate that the Davilla nitida bark extract may be used in combination with
CFO or ACA antibiotics in the treatment of bacterial infections.

The bactericidal activity of bark extracts against the gram-negative (Table S3) and
gram-positive bacteria (Table S4) was determined using a time-kill assay. Results are pre-
sented in terms of the Log10 CFU/mL change and are based on the conventional bactericidal
activity standard, defined as being equal to a 3Log10 CFU/mL or greater reduction in the
viable colony count relative to the initial inoculum (Pankey and Sabath 2004; Olajuyigbe
and Afolayan 2012a, 2012b). Our results showed a significantly rapid reduction in the average
log of almost all viable cells. For the gram-negative bacteria (Table S3), with the 1 x MICand
2 x MIC, the average log reduction in viable cell count for the ethanolic extract ranged
between 0.000 Log10 and 0.699 Log10 CFU/mL after 6 and 12 h of interaction, and between
0.000 Log10 and 0.602 Log10 CFU/mL after 24 h interaction. At 2 X MIC, incubating the bac-
teria for 6 h resulted in the reduction of the viable cell count that ranged between 0.000
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Log10and 0.602 Log10 CFU/mL, while after 12 and 24 of incubation, the average log reduc-
tion in the viable cell count ranged between 0.000 Log10 and 0.301 Log10. For the gram-pos-
itive bacteria (Table S4), after 6 h of incubating the bacteria with the 1 x MIC and 2 x MIC,
the average log reduction in the viable cell count ranged between 0.000 Log10 and 0.903
Log10 CFU/mL. After 12 h of incubation, the average log reduction in the viable cell count
ranged between 0.000 Log10 and 0.778 Log10 CFU/mL, and after 24 h of incubation, the
average log reduction in the viable cell count ranged between 0.000 Log10 and 1.000
Log10 CFU/mL. At 1.0 x MIC and after 24 h of incubation, a great reduction in cell density
with the extract was observed with Proteus spp. (PS 40B), Proteus mirabilis (PM 12453),
Pseudomonas spp. (PSS 23A, PSS 38A), Citrobacter youngae (CY 2269935), Escherichia coli (EC
6A), Enterobacter spp. (ES 01D), Staphylococcus saprophyticus (26C, 34C, 35A, 35B, 38B, 39D,
40C, 41Q), Staphylococcus aureus (02C, 05C, 05D, 11A, 1D, 29A, 125923). At 2.0 x MIC, for
gram-negative and gram-positive bacteria, the bacterial colonies were almost wiped out
after both 12 and 24 h incubations. For 0.5 x MIC of the extract, there was a net growth for
most of the bacteria gram-negative and gram-positive tested. The growth inhibition and
efficacy of the bark extract of Davilla nitida were dose and time dependent in time-kill profiles
for the tested bacteria. However, between 12 and 24 h incubation, the reduction in the
number of viable cells with the 2 x MIC was greater than that observed with the 1 x MIC, in
both gram-negative and gram-positive bacteria. Our results corroborate with other studies
(Aiyegoro et al. 2009; Olajuyigbe and Afolayan 2012a, 2012b; Ojo et al. 2013), which demon-
strated a high killing effect on 2 x MIC at longer duration of interaction. Also, the significant
reduction in the cell counts (2 x MIC) after 12 h of incubation, for both groups of bacteria,
shows that the extract was highly bactericidal.

3. Conclusion

Our data provide quantitative information using different approaches for the antibacterial
activity of the bark extract of Davilla nitida against multidrug resistant bacteria. However,
bioactive compounds responsible for this activity should be isolated, identified, and tested
for toxic effects.

Supplementary material

Experimental details relating to this paper are available online, alongside Tables S1-S5.
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SUPPLEMENTARY MATERIAL

In Vitro Antibacterial and Time-kill Assay of Ethanolic Extract of Davilla nitida Bark on

Multidrug Resistant Bacteria Isolated from Diabetic Foot Lesions
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This study reported the antimicrobial activity of the bark extract of Davilla nitida on multidrug
resistant bacteria isolated from Diabetic Foot Infections. Antibacterial activity of the bark extract
was evaluated by agar Disk-Diffusion (DD), Broth Dilution (BD), Checkerboard and Time-kill
methods. The extract showed a significant antibacterial activity against all groups of bacteria tested.
BD was more sensitive for determining the antibacterial activity of the bark extract than the DD
method. The bark extract inhibited the growth of bacteria with high-levels of antibiotic-resistance,
such as Pseudomonas spp. (100.0%), Enterobacer spp. (88.89%), Staphylococcus aureus (54.55%),
Streptococcus pneumoniae (75.0%), Staphylococcus saprophyticus (92.86%). The combination of
extract with antibiotics resulted in an additive effect against most of the strains tested. Time-kill
kinetics profiles of bark extract showed bactericidal and time-dependent properties. Our results
suggest that the bark of Davilla nitida is a source of bioactive compounds, which may be useful

against antibiotic-resistant bacteria.

Keywords: Davilla nitida (Vahl) Kubitzki, antimicrobial activity, multidrug resistant bacteria,

diabetic foot infection
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Experimental
Study design

Ethanolic Extract of Davilla nitida (Vahl) Kubitzki bark was tested against a total of both 68
clinical strains (Citrobacter sp; Escherichia coli, Enterobacter sp, Proteus sp, Pseudomonas sp,
alpha-hemolytic Streptococcus, beta-hemolytic Streptococcus, Staphyloccocus — epidermidis,
Staphyloccocus saprofiticus, Staphyloccocus aureus), isolated from diabetic foot patients (Perim et
al. 2015), and 6 reference strains from the American Type Culture Collection (Escherichia coli-
25922, Pseudomonas aeruginosa-27853, Proteus mirabilis-12453, Citrobacter yougae-29935,
Staphylococcus aureus-25923, Streptococcus pyogenes-0015) were used as control for comparison

of MIC, inhibition zones.
Sample collection and preparation of extracts

The bark of Davilla nitida (Vahl) Kubitzki for the preparation of voucher specimens and production
of the extracts were collected from January to June, 2013 in the city of Palmas, Tocantins State,
Brazil (10°10'58.45"S and 48°17'33.75"W). The plant was characterized and authenticated at the
Biology Institute of the Federal University of Uberlandia-Brazil. A voucher specimen (HUFU
71.872) was prepared and deposited in the Herbarium of the Federal University of Uberlandia-

Brazil.

The plant parts were dried in a forced air oven at 40 + 2°C, pulverized in a vertical knife mill and
then standardized in sieves (#18 US mesh) to yield a grain size of Imm. The extracts were prepared
by maceration with ethanol for 48 hours (1:20 w/v), and then the material was filtered through filter
paper and evaporated under reduced pressure at 40 + 2°C until a dry extract was formed (Aratjo et

al. 2015).
Preparation of inoculum

Active cultures were prepared by transferring a loopful of cells from the stock cultures to test tubes
of Mueller-Hinton broth (MHB) (Kasvi, Brazil) and incubated without agitation for 24 h at 37°C.
The cultures were diluted with fresh MHB to achieve optical densities corresponding to 2.0 X 10°

colony forming units (CFU/ml) for bacteria species.

Disk diffusion assay
The disc diffusion method was performed as previously described (Duraipandiyan et al., 2006). The

Mueller-Hinton Agar (MHA) plates were prepared by pouring 25 ml of molten? media into sterile
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petriplates. The inoculum suspension (1.0 ml) was swabbed uniformly and the inoculum was
allowed to dry for 5 minutes. Sterile commercial blank discs (Oxoid), 6.0 mm diameter, were
impregnated with different dilutions of the extract ranging from 20 mg/ml to 0.036 mg/ml. Pure
DMSO-impregnated disc was used as a negative control, while Cefoxitin (CFO) disks (3000 mg/ml
to 1.5 mg/ml) and Amoxycillin/Clavulanic Acid (ACA) disks (2000 mg/ml to 0.9 mg/ml) were used
as a positive control for gram-negative and gram-positive bacteria, respectively. The plates were
kept for incubation at 37°C for 24 and 48 hrs. At the end of incubation, inhibition zones formed
around the disc were measured with calipers. All tests were done in triplicate, the results were
recorded as the mean diameter (mm) of the zones of growth inhibition surrounding the discs, and
presented as mean value. The antibacterial activity was classified into the following types, such as
>14 mm zone of inhibition-high sensitive, 9-13 mm zone inhibition-moderately sensitive, 6-8 mm
zone of inhibition-less sensitive and <6 mm zone of inhibition — resistant (Arora and Bhardwaj
1997).

Determination of Minimum Inhibitory Concentration

The Minimum Inhibitory Concentration (MIC) was determined by broth microdilution technique
(Gahlaut and Chhillar 2013). All the experiments were performed in triplicates. The final
concentration of the extract used to evaluate the antimicrobial activity ranged from 20 to 0.036
mg/ml. CFO and ACA, used as a positive control for gram-negative and gram-positive bacteria,
respectively, were at the same concentration. DMSO was used as negative control.

Checkerboard Assay

The checkerboard assay was assessed as previously described (Olajuyigbe and Afolayan 2012). The
fractional inhibitory concentration (FIC) was derived from the lowest concentrations of the extract
and the antibiotics in combination permitting no visible growth of the test organisms in the Mueller-
Hinton broth after incubation for 24 h at 37 °C. FIC indices were calculated using the formula: FIC
index = (MIC of extract in combination/MIC of extract alone) + (MIC of antibiotics in
combination/MIC of antibiotics alone). Synergy was defined as XFIC < 0.5, additivity as 0.5 <
YFIC < 1, indifference as 1 < XFIC <4, and antagonisms as FIC > 4. Each experiment was
performed in triplicate, and the results were presented as mean values.

Time-kill assay

Time-kill assays were performed by the broth macrodilution method, according to the Ojo et al.
(2013) and Olajuyigbe & Afolayan (2012). The extract of Davilla nitida was used at 0.5 x MIC, 1 x
MIC and 2 x MIC concentrations. An inoculum containing approximately 5 x 10° CFU/ml of gram-
negative or gram-positive strains was introduced into the Mueller Hinton broth containing the

extract and were incubated at 37°C. Samples were removed from culture at 6, 12 and 24h, diluted



serially and 100ul of the diluted samples were inoculated on Mueller Hinton agar and incubated at
37°C for 24h. After 24h the number of colonies were determined. Control samples included extract
free MHB seeded with the test inoculums. Viable counts were calculated to give CFU/ml, and kill
data were plotted with time against logarithm of the viable count. Each experiment was performed
in triplicate and mean variance obtained. Bactericidal activity was defined as a reduction of 99.9%
(> 3 logl0) of the total number of CFU/ml in the original inoculum. Bacteriostatic activity was
defined as maintenance of the original inoculum concentration or a reduction of less than 99.9% (>
3 1og10) of the total number of CFU/ml in the original inoculum.

Statistical Analysis

Data processing and analysis were conducted using tools from Microsoft Excel 2016, STATA 12
and Biostat. Spearman's correlation coefficient and Fisher exact test were also used, in accordance

with the objectives of the analyses and nature of the data, considered 5% significance.
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Table S1. Antibacterial activity of ethanolic extract of Davilla nitida bark, against multi
drug resistant strains isolated from the diabetic foot lesion

Gram negative (n=26) DD BARKS BD BARKS
IS Concentration (range), Diameter of zone of inhibition Concentration (range),
mg/ml (range), mm mg/ml
Citrobacter spp.(n=1) CS26B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
Citrobacter youngae ATCC (n=1) CY 29935 0 (0-0-0) 0 (0-0-0) 20 (20-20-20)
Escherichia coli (n=2) EC06 A 10 (20-5-5) 10 (12-9-9) 0.039 (0.078-0.019-0.019)
EC20B 5 (5-5-5) 10 (12-9-9) 0.039 (0.019-0.078-0.019)
Escherichia coli ATCC (n=1) EC 25932 0 (0-0-0) 0 (0-0-0) 0.625 (0.625-0-1.25)
Enterobacter spp. (n=9) ES01D 5(2.5-10-2.5) 12 (14-12-10) 0.039 (0.039-0.039-0.039)
ES02B 1.25 (2.5-1.25-0) 14 (16-12-14) 0.039 (0.039-0.039-0.039)
ES08 A 5 (1.25-5-10) 9 (7-11-9) 5 (10-2.5-2.5)
ES08B 10 (10-10-10) 9 (8-9-10) 2.5(0-2.5-5)
ES08D 10 (10-20-5) 13 (13-12-14) 0.039 (0.078-0.019-0.019)
ES10E 0.156 (0.156-0.156-0.156) 11 (11-11-11) 0.039 (0.019-0.078-0.019)
ES11B 5 (10-5-0.019) 12 (14-12-10) 0.625 (0-0.625-1.25)
ES13B 5 (10-5-0) 11 (11-11-11) 0 (0-0-0)
ES18B 0 (0-0-0) 0 (0-0-0) 0.039 (0.039-0.039-0.039)
Proteus spp. (n=7) PS04 A 2.5(2.5-2.5-2.5) 15 (15-16-14) 0 (0-0-0)
PS 07 A 10 (5-20-5) 9 (9-9-9) 0 (0-0-0)
PS21D 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
PS25B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
PS25C 0 (0-0-0) 0 (0-0-0) 0.039 (0.019-0.078-0.019)
PS39B 0 (0-0-0) 0 (0-0-0) 0.156 (0.156-0.156-0.156)
PS40B 1.25 (2.5-1.25-0) 11 (11-9-13) 0.312 (0.312-0-0.625)
Proteus mirabilis ATCC (n=1) PM 12453 1.25 (1.25-1.25-1.25) 11 (11-11-11) 20 (20-20-20)
Pseudomonas spp. (n=3) pPss21C 0.039 (0.039-0.039-0.039) 14 (14-15-13) 0.039 (0.039-0.039-0.039)
PSS23 A 5 (10-5-1.25) 11 (11-13-9) 0.039 (0.019-0.078-0.019)
PSS38 A 0.039 (0.039-0.039-0.039) 14 (16-14-12) 0.039 (0.019-0.019-0.078)
Pseudomonas aeruginosa ATCC (n=1) PA 27853 0.156 (0.156-0.156-0.156) 11 (11-11-11) 10 (20-2,5-10)
DD BARKS BD BARKS
IS Concentration (range), Diameter of zone of inhibition Concentration (range)
Gram positive (n=48) mg/ml (range), mm ,mg/ml
Streptoccocus pneumoniae (beta-hemolytic) STP12¢C
(n=2) 10 (5-20-5) 9 (10-9-8) 0.156 (0.156-0.156-0.156)
STP13C 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
Streptoccocus agalatiae (alpha-hemolytic) STAOLE
(n=4) 10 (5-20-5) 10 (10-10-10) 0.156 (0.156-0.156-0.156)
STA10C 0 (0-0-0) 1(1-1-1) 0 (0-0-0)
STA14B 0.039 (0.039-0.039-0.039) 13 (16-14-9) 0.039 (0.039-0.039-0.039)
STA18C 1.25 (2.5-1.25-0) 15 (14-15-16) 0.039 (0.039-0.039-0.039)
Streptococcus pyogenes ATCC (n=1) SP 0015 1.25 (2.5-1.25-0) 15 (14-16-15) 1.25 (0-1.25-2.5)
Staphylococcus epidermidis (n=4) SE05B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SE09 A 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SE09B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SE40 A 2.5 (0-2.5-5) 11 (11-11-11) 0.312 (0.312-0.625-0)
Staphylococcus saprophyticus (n=14) sso1C 0.156 (0.156-0.156-0.156) 9 (10-8-9) 0.039 (0.039-0.039-0.039)
SS08C 10 (20-5-5) 12 (12-10-14) 0.039 (0.039-0.039-0.039)
SS13A 0.156 (0.156-0.156-0.156) 11 (13-9-11) 0.039 (0.039-0.039-0.039)
SS23B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SS25D 20 (20-20-20) 10 (12-10-8) 2.5 (0-2.5-5)
SS26C 0.156 (0.156-0.156-0.156) 10 (12-10-8) 0.039 (0.039-0.039-0.039)
SS34C 0.625 (0.625-1.25-0) 11 (11-11-11) 0.039 (0.039-0.039-0.039)
SS35A 10 (5-5-20) 10 (10-12-8) 0.625 (0-0.625-1.25)
SS35B 20 (20-20-20) 9 (10-9-8) 0.625 (0.625-1.25-0)
SS38B 20 (20-20-20) 9 (9-9-9) 10 (10-0-20)
SS39D 20 (20-20-20) 13 (13-15-11) 10 (5-20-5)
Ss40C 10 (5-5-20) 14 (16-12-14) 0.625 (0-0.625-1.25)
SS41A 10 (5-5-20) 10 (10-10-10) 2.5(2.5-2.5-2.5)
Ss41C 10 (20-5-5) 14 (16-12-14) 1.25 (2.5-1.25-0)
Staphylococcus aureus (n=22) SA02C 2.5(2.5-2.5-2.5) 12 (12-14-10) 2.5 (0-2.5-5)
SA05 A 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA05C 10 (20-0-10) 9 (9-9-9) 10 (0-10-20)
SA05D 10 (10-10-10) 15 (16-15-14) 5 (5-5-5)
SA10 A 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA10B 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA11A 2.5(2.5-2.5-2.5) 9 (8-11-8) 0.039 (0.039-0.039-0.039)
SA1l1C 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA11D 2.5 (0-2.5-5) 9 (9-9-9) 0.039 (0.039-0.039-0.039)
SA12 A 10 (10-0-20) 12 (14-9-13) 0 (0-0-0)
SA14 A 0.625 (0-0.625-1.25) 9 (9-11-8) 2.5 (0-2.5-5)
SA18 A 10 (20-0-10) 12 (13-14-9) 2.5(2.5-2.5-2.5)
SA 18D 20 (20-20-20) 9 (11-8-8) 2.5 (2.5-5-0)
SA20 A 1.25 (2.5-1.25-0) 14 (16-13-13) 0.039 (0.039-0.039-0.039)
SA21 A 5 (5-5-5) 15 (16-14-15) 0.625 (0.625-1.25-0)
SA21F 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA24 A 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA24B 0 (0-0-0) 8 (8-8-8) 0 (0-0-0)
SA 26 A 0 (0-0-0) 0 (0-0-0) 0 (0-0-0)
SA29 A 0.156 (0.156-0.156-0.156) 9 (11-8-8) 0.039 (0.039-0.039-0.039)
SA33B 0 (0-0-0) 5 (5-5-5) 10 (0-10-20)
SA 36 B 0 (0-0-0) 6 (6-6-6) 0 (0-0-0)
Staphylococcus aureus ATCC (n=1) SA 25923 10 (0-20-10) 12 (14-10-12) 0.156 (0.156-0.156-0.156)

DD = DisK diffusion. BD = Broth Dilution. IS: Identification of bacterial strains isolated or ATCC
(29935; 25922; 12453; 27853; 0015; 25923). Gram negative bacteria: CS= Citrobacter spp.;
CY=Citrobacter youngae; EC=Escherichia coli; ES=Enterobacter spp.; PS= Proteus spp.; PM=Proteus

mirabilis; PSS=Pseudomonas spp.;

PA=Pseudomonas aeruginosa.

Gram  positive

bacteria:
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STP=Streptoccocus pneumoniae; STA=Streptococcus agalactiae; SP=Streptococcus pyogenes;
SE=Staphylococcus epidermidis, SS=Staphylococcus saprophyticus; SA=Staphylococcus aureus.
Quantities of bacteria (n). The concentration of the extract used to the antimicrobial activity ranged from
20 to 0.039 mg/ml. Inhibition (mm) Active > 9mm. All the experiments were performed in triplicates, and
the results were presented as mean values.

Table S2. Combination effects of the extract from bark Davilla nitida and antibiotics
on the growth of multidrug resistant bacteria.

BACTERIA MIC MIC MIC FIC
(Gram-negative, n = 20) IS CFO* (range), mg/ml Extract* (range), mg/ml (Extract + CFO)*, (range), mg/ml

Citrobacter youngae (ATCC) (n=1) CY 29935 20 (20-20-20) 20 (20-20-20) 10 (10-10-10) 1.00 (A)
Escherichia coli (n=2) EC06 A 0.312 (0.312-0-0.625) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.56 (A)
EC20B 0.312 (0.312-0.625-0) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.56 (A)

Escherichia coli (ATCC) (n=1) EC 25922 10 (20-0-10) 0.625 (0-0.625-1.25) 0.625 (0-0.625-1.25) 0.52 (A)
Enterobacter spp. (n=9) ES01D 0.625 (0.625-1.25-0) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.53 (A)
ES02B 1.25 (2.5-1.25-0) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.52 (A)

ES08 A 5 (2.5-10-2.5) 5 (5-5-5) 2.5(2.5-2.5-2.5) 1.00 (A)

ES08B 0.625 (0.625-0-1.25) 2.5 (2.5-2.5-25) 1.25 (2.5-1.25-0) 2.50 (1)

ES08 D 5 (2.5-10-2.5) 0.039 (0.039-0.039-0.039) 0.0195 (0.0195-0.0195-0.0195) 0.50 (S)

ES10E 2.5 (0-2.5-5) 0.039 (0.039-0.039-0.039) 0.0195 (0.0195-0.0195-0.0195) 0.51 (A)

ES11B 5(2.5-10-2.5) 0.625 (0.625-0-1.25) 0.312 (0.312-0-0.625) 0.56 (A)

ES18B 0.312 (0.312-0-0.625) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.56 (A)

Proteus spp. (n=2) PS25C 0.039 (0.078-0.019-0.019) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 1.00 (A)
PS39B 0.156 (0.156-0.156-0.156) 0.078 (0.078-0.078-0.078) 0.039 (0.078-0.019-0.019) 0.75 (A)

PS40B 2.5 (0-2.5-5) 0.312 (0.312-0.625-0) 0.156 (0.156-0.156-0.156) 0.56 (A)

Proteus mirabilis (ATCC) (n=1) PM 12453 20 (20-20-20) 20 (20-20-20) 10 (20-0-10) 1.00 (A)
Pseudomonas spp. (n=03) pPss21C 5(2.5-10-2.5) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 0.50 (S)
PSS 23 A 1.25 (2.5-1.25-0) 0.039 (0.039-0.039-0.039) 0.0195 (0.0195-0.0195-0.0195) 0.52 (A)

PSS 38 A 0.039 (0.078-0.019-0.019) 0.039 (0.078-0.019-0.019) 0.0195 (0.0195-0.0195-0.0195) 1.00 (A)

Pseudomonas aeruginosa (ATCC) (n=1) PA 27853 5 (2.5-10-2.5) 10 (10-10-10) 5 (5-5-5) 1.50 (1)

BACTERIA MiIC MiIC MiIC FIC
(Gram-positive, n = 32) IS ACA* (range), mg/ml Extract* (range), mg/ml (Extract + ACA)*, (range), mg/ml

Streptococcus pneumoniae (n=1) STP 12C 0.625 (0.625-0.625-0.625) 0.156 (0.156-0.156-0.156) 0.078 (0.078-0.078-0.078) 0.62 (A)
Streptococcus agalactiae (n=3) STAO1E 0.039 (0.039-0.039-0.039) 0.156 (0.156-0.156-0.156) 0.078 (0.078-0.078-0.078) 2.50 (1)
STA 14B 0.156 (0.156-0.156-0.156) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.63 (A)

STA18C 0.156 (0.156-0.156-0.156) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.63 (A)
Streptococcus pyogenes (ATCC) (n=1) SP 0015 0.156 (0.156-0.156-0.156) 1.25 (2.5-1.25-0) 0.625 (0.625-0.625-0.625) 4.51 (AN)
Staphylococcus epidermidis (n=1) SE 40 A 1.25 (2.5-0-1.25) 0.312 (0-0.312-0.625) 0.156 (0.156-0.156-0.156) 0.62 (A)
Staphylococcus saprophyticus (n=13) SS01C 10 (20-0-10) 0.039 (0.039-0.039-0.039) 0.0195 (0.0195-0.0195-0.0195) 0.50 (S)
SS 08C 5 (2.5-10-2.5) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.50 (S)

SS13A 5 (5-5-5) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.50 (S)

SS 25D 2.5(0-2.5-5) 2.5(2.5-2.5-2.5) 1.25 (2.5-0-1.25) 1.00 (A)

SS 26C 0.156 (0.156-0.156-0.156) 0.039 (0.039-0.039-0.039) 0.0195 (0.0195-0.0195-0.0195) 0.63 (A)

SS 34C 0.156 (0.156-0.156-0.156) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.63 (A)

SS 35A 0.625 (0.625-0.625-0.625) 0.625 (0.625-1.25-0) 0.312 (0.312-0-0.625) 1.00 (A)

SS 35B 1.25 (2.5-0-1.25) 1.25 (0-2.5-1.25) 0.625 (0.625-1.25-0) 1.00 (A)

SS 38B 10 (10-0-20) 10 (20-0-10) 5(2.5-10-2.5) 1.00 (A)

SS 39D 20 (20-20-20) 10 (20-0-10) 5 (2.5-10-2.5) 0.75 (A)

SS 40C 5 (2.5-10-2.5) 0.625 (0.625-1.25-0) 0.312 (0.312-0-0.625) 0.56 (A)

SS41A 5 (5-5-5) 2.5(2.5-2.5-2.5) 1.25 (2.5-1.25-0) 0.75 (A)

SS 41C 1.25 (2.5-1.25-0) 1.25 (2.5-1.25-0) 0.625 (0.625-1.25-0) 1.00 (A)

Staphylococcus aureus (n=12) SA 02C 0.625 (0.625-0.625-0.625) 2.5 (2.5-0-5) 1.25 (0-2.5-1.25) 2.50 (1)

SA 05C 5 (5-5-5) 10 (20-10-0) 5 (5-5-5) 1.50 (1)

SA 05D 5(2.5-10-2.5) 5 (2.5-10-2.5) 2.5 (0-2.5-5) 1.00 (A)

SA11A 0.039 (0.078-0.019-0.019) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 1.00 (A)

SA 11D 0.039 (0.078-0.019-0.019) 0.039 (0.19-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 1.00 (A)

SA 14A 1.25 (1.25-1.25-1.25) 2.5 (0-2.5-5) 1.25 (1.25-1.25-1.25) 1.50 (1)

SA 18A 1.25 (2.5-1.25-0) 2.5(2.5-2.5-2.5) 1.25 (2.5-1.25-0) 1.50 (1)

SA 18D 2.5 (0-2.5-5) 2.5 (0-2.5-5) 1.25 (1.25-1.25-1.25) 1.00 (A)

SA 20A 0.156 (0.156-0.156-0.156) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.63 (A)

SA21A 0.156 (0.156-0.156-0.156) 0.625 (0.625-1.25-0) 0.312 (0.312-0-0.625) 2.50 (1)

SA 29A 0.078 (0.078-0.078-0.078) 0.039 (0.019-0.019-0.078) 0.0195 (0.0195-0.0195-0.0195) 0.75 (A)

SA 33B 5 (2.5-10-2.5) 10 (20-0-10) 5 (2.5-10-2.5) 1.50 (1)

Staphylococcus aureus (ATCC) (n=1) SA 25923 1.25 (0-2.5-1.25) 1.25 (2.5-1.25-0) 0.625 (0-0.625-1.25) 1.00 (A)

Total 52

IS: Identification of bacterial strains isolated or ATCC (29935; 25922; 12453; 27853; 0015; 25923).
Quantities of bacteria (n). MIC: Minimum Inhibitory Concentration; FIC:
Concentration index; ACA: Amoxicillin/Clavulanic Acid; CFO: Cefoxitin; MIC CFO= MIC values for
cefoxitin (mg/ml); MIC ACA=MIC values for amoxicillin/clavulanic acid (mg/ml); MIC extract=MIC

Fractional Inhibitory

values for Davilla extract (mg/ml); I=indifferent effect; A= additive effect; S=synergistic effect; AN=
antagonist effect. Each experiment was performed in triplicate (range), and the results were presented as

mean values*.
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Table S3. In vitro time kill assessment of the extract from bark Davilla nitida
against gram-negative bacteria.

Logyo Kill Logyo Kill Logs, Kill
Bacteria 05X MIC 1XMIC 2 X MIC
(1S) 6h 12h 24h 6h 12h 24h 6h 12h 24h

CY(29935) 0.778 0.778 0.301* 0.477 0.477  0.000* 0.301 0.000 0.000*
EC (6A) 0.845 0.845 0.602° 0.602 0.602 0.301" 0.301 0.301 0.301"
EC (20B) 0.778 0.778 0.301* 0.477 0.477  0.000* 0.000 0.000 0.000*
EC (25922) 0.903 0.903 0.903" 0.602 0.602 0.602°  0.301 0.301 0.301"
ES (01D) 0.477 0.477 0.000* 0.477 0.477  0.000* 0.301 0.000 0.000*
ES (02B) 0.954 0.954 0.778" 0.699 0.699  0.301"  0.477 0.301 0.000*
ES (08A) 0.845 0.845 0.699* 0.699 0.699 0.602* 0.301 0.301 0.301°
ES (08B) 0.954 0.954 0.954" 0.477 0.477 0.477" 0.477 0.301 0.000*
ES (08D) 0.903 0.954 0.778" 0.602 0.602  0.602°  0.602 0.301 0.301"
ES (10E) 0.845 0.778 0.778" 0.699 0.477  0.477° 0477 0.000 0.000*
ES (11B) 0.699 0.699 0.699" 0.699 0.477 0477 0.301 0.301 0.000*
ES (18B) 0.602 0.301 0.301* 0.602 0.301 0.301" 0.301 0.301 0.000*
PS (25C) 0.778 0.778 0.477" 0.477 0.477 0.301"  0.301 0.000 0.000*
PS (39B) 0.903 0.903 0.845* 0.699 0.699 0.602* 0.602 0.301 0.000*
PS (40B) 0.477 0.000 0.000* 0.000 0.000  0.000*  0.000 0.000 0.000*

PM (12453) 0.699 0.699 0.602" 0.301 0.000 0.000*  0.000 0.000 0.000*
PSS (21C) 0.778 0.778 0.778" 0.477 0.477  0.477°  0.000 0.000 0.000*
PSS (23A) 0.602 0.602 0.301" 0.301 0.000 0.000*  0.000 0.000 0.000*
PSS (38A) 0.778 0.778 0.699" 0.301 0.301  0.000*  0.000 0.000 0.000*
PA (27853) 0.845 0.778 0.699" 0.602 0.301 0.301" 0.301 0.000 0.000*
CFO 0.778 0.477 0.477" 0.477 0.301 0.000* 0.301 0.000 0.000*

Gram-negative bacteria. CY: Citrobacter youngae; EC: Escherichia coli; ES: Enterobacter spp.;
PS: Proteus spp.; PM: Proteus mirabilis; PSS: Pseudomonas spp.; PA: Pseudomonas
aeruginosa; IS: ldentification of bacterial strains isolated or ATCC (29935; 25922; 12453;
27853). CFO: Cefoxitin. Log reduction Factor: 0.254 CFU/mI; *Bactericidal Activity < 0.254
CFU/ml; *Bacteriostatic Activity > 0.254 CFU/ml. All the experiments were performed in

triplicates, and the results were presented as mean values.
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Table S4. In vitro time Kill assessment of the extract from bark Davilla nitida against
gram-positive bacteria.

Logy, Kill Log; Kill Log;, Kill
Bacteria 0.5 X MIC 1 XMIC 2 X MIC
(1S) 6h 12h 24h 6h 12h 24h 6h 12h 24h

STP (12C) 0.699 0.699 0.301" 0.699 0.699 0.301" 0.699 0.301 0.000*
STA (01E) 0.903 0.778 0.699" 0903 0778 0.699° 0.602  0.301 0.000*
STA (14B) 0.602 0.602 0.477° 0.602 0301 0.301" 0.477  0.000 0.000*
STA (18C) 0.778 0.699 0.602"° 0778 0.602 0.477° 0.602  0.602 0.301"
SP (0015) 0.778 0.699 0.699° 0.699 0.699 0.699° 0.602  0.477 0.477"
SE (40A) 0.602 0.602 0.602" 0477 0301 0.301" 0.301 0.301 0.301"
SS (01C) 0.699 0.699 0.477° 0.778 0.699 0.699" 0.602  0.301 0.301°
SS (08C) 0.778 0.778 0.301"  0.477 0477 04777 0.602  0.602 0.477"
SS (13A) 0.602 0.477 0477 0699 0301 0.301" 0477 0477 0.477"
SS (25D) 0.602 0.477 0.477° 0477 0477 0.301" 0.602  0.477 0.000*
SS (26C) 0.602 0.477 0.000* 0.602 0.000 0.000* 0.301 0.301 0.000*
SS (34C) 0.602 0.602 0.602"  0.477 0301 0.000* 0.301 0.301 0.000*
SS (35A) 0.477 0.000 0.000* 0.301 0.000 0.000* 0.301 0.000 0.000*
SS (35B) 0.602 0.477 0.477° 0301 0.000 0.000* 0.000 0.000 0.000*
SS (38B) 0.477 0.602 0.477° 0301 0.000 0.000* 0.000 0.000 0.000*
SS (39D) 0.301 0.301 0.000* 0477 0301 0.000 0.000 0.000 0.000*
SS (40C) 0.602 0.000 0.000*  0.477 0301 0.000* 0.000 0.000 0.000*
SS (41A) 0.699 0.699 0.602" 0602 0301 1.000° 0.301  0.000 0.000*
SS (41C) 0.602 0.000 0.000* 0.301 0.000 0.000* 0.301 0.000 0.000*
SA (02C) 0.778 0.602 0.000* 0.602 0.000 0.000* 0.301 0.000 0.000*
SA (05C) 0.301 0.000 0.000* 0.301 0.000 0.000* 0.477  0.000 0.000*
SA (05D) 0.602 0.000 0.000* 0.301 0.000 0.000* 0.477 0.000 0.000*
SA (11A) 0.301 0.301 0.301"  0.477 0.000 0.000* 0.477  0.000 0.000*
SA (11D) 1.000 0.903 0.699" 0.699 0.000 0.000* 0.477  0.000 0.000*
SA (14A) 0.845 0.778 0.699" 0699 0699 0.699° 0.301  0.000 0.000*
SA (18A) 0.903 0.903 0.903" 0.845 0.699 0.699° 0.301  0.000 0.000*
SA (18D) 0.602 0.602 0.602"  0.602 0301 0.301" 0.602  0.602 0.301"
SA (20A) 0.778 0.778 0.778" 0602 0301 0.301" 0.602 0.301 0.000*
SA (21A) 0.845 0.778 0.778"  0.602 0477 0.301" 0.602  0.602 0.301"
SA (29A) 0.699 0.699 0.602" 0699 0301 0.000* 0.301 0.000 0.000*
SA (33B) 1.000 0.954 0.778" 0602 0477 0301 0.301  0.000 0.000*
SA (25923) 0.903 0.903 0.778" 0699 0301 0.000* 0.477 0.301 0.000*
ACA 0.699 0.477 0.000* 0778 0.602 0.602" 0.602  0.477 0.301"

Gram-positive bacteria (STP = Streptoccocus pneumoniae; STA = Streptoccocus agalatiae; SP =
Streptoccocus pyogenes; SE = Staphyloccocus epidermidis; SS = Staphyloccocus saprophyticus; SA =
Staphyloccocus aureus). IS: Identification of bacterial strains isolated or ATCC (0015; 25923) ACA =
Amoxicillin/Clavulanic Acid. Log reduction Factor = 0.233 CFU/ml.*Bactericidal Activity < 0.233
CFU/ml; * Bacteriostatic Activity > 0.233 CFU/ml. All the experiments were performed in triplicates, and

the results were presented as mean values.
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Efeito dos extratos das folhas de Kalanchoe pinnata (Lam.) Pers. sobre bactérias

resistentes a multidrogas

Effect of Leaf Extracts of Kalanchoe pinnata (Lam.) Pers. on multidrug resistant

bacteria

Resumo

O desenvolvimento de cepas bacterianas multirresistentes tornou-se uma preocupacéo
global. As plantas medicinais tém sido exploradas como uma fonte de moléculas com
potencial terapéutico para o tratamento de varias doencas, e para o desenvolvimento de
medicamentos mais eficazes contra as infec¢Oes bacterianas. Deste modo, 0 objetivo
deste estudo foi avaliar a atividade antibacteriana do extrato etandlico das folhas de
Kalanchoe pinnata (Lam.) Pers. contra bactérias resistentes a multidrogas, isoladas de
pacientes diabéticos com lesdes nos pés, e também de seis cepas de referéncia obtidas
da American Type Culture Collection (ATCC). A atividade contra 74 cepas bacterianas
foi determinada por métodos de disco difusdo em &gar e de microdiluicdo em caldo. O
extrato foi ativo contra diversas bactérias Gram-positivas e bactérias Gram-negativas
em ambos 0s métodos propostos. No entanto, a microdiluicio em caldo foi mais
sensivel para a detec¢do da atividade antibacteriana do extrato da planta. O extrato
etanolico da folha de Kalanchoe pinnata (Lam.) Pers. mostrou atividade antibacteriana
contra Citrobacter spp. (n = 1; 100,00%), Citrobacter youngae (ATCC-29935) (n = 1,
100,00%), Enterobacer spp. (n = 3; 33,33%), Pseumodonas spp. (n = 2; 66,67%),
Pseudomonas aeruginosa (ATCC-27853) (n = 1; 100,00%). O extrato das folhas
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associado com o antibidtico amoxicilina/acido clavulanico ou cefoxitina ndo apresentou
potencializagdo da atividade antibacteriana contra as bactérias Gram-positivas ou Gram-
negativas, sugerindo que o extrato e os antibidticos possuem mecanismos independentes
relacionados a inibicdo do crescimento bacteriano. Nossos resultados mostraram que 0
extrato etanolico das folhas de Kalanchoe pinnata (Lam.) Pers. possui uma boa
atividade antimicrobiana contra algumas bactérias resistentes a multidrogas. No entanto,
estudos adicionais e mais especificos sdo recomendados para determinar a eficacia deste

extrato no tratamento de infeccGes bacterianas.

Palavras-chave: Kalanchoe pinnata (Lam.) Pers., atividade antimicrobiana, bactérias

resistentes a multidrogas

Efeito dos extratos das folhas de Kalanchoe pinnata (Lam.) Pers. sobre bactérias

resistentes a multidrogas

Effect of Leaf Extracts of Kalanchoe pinnata (Lam.) Pers. on multidrug resistant

bacteria

Abstract

Development of multidrug resistant bacterial strains has become a global concern.
Medicinal plants have been explored as a source of molecules with therapeutic potential
for the treatment of various diseases and to the development of better drug against
bacterial infections. Thus, the aim of this study was to evaluate the antibacterial activity
of ethanolic leaf extract of Kalanchoe pinnata (Lam.) Pers. against multidrug resistant
bacteria isolated from diabetic foot infections, and also six reference strains from the
American Type Culture Collection (ATCC). The activity against 74 bacteria was
determined by agar disk-diffusion and broth dilution methods. The extract was active
against Gram-positive bacteria and Gram-negative bacteria in both methods. However,

the broth dilution method was more sensitive for the detection of antibacterial activity
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of the plant extract. The ethanolic leaf extract of Kalanchoe pinnata (Lam.) Pers.
showed antibacterial activity against Citrobacter spp. (n=1; 100,00%), Citrobacter
youngae (ATCC-29935) (n=1; 100,00%), Enterobacer spp. (n=3; 33,33%),
Pseumodonas spp. (n=2; 66,67%), Pseudomonas aeruginosa (ATCC-27853) (n=1;
100,00%). Extract of leaf associated with amoxicillin/clavulanic acid or cefoxitin
antibiotics did not show any potentiation of antibacterial activity against both Gram-
positive and Gram-negative bacteria, suggesting that extract and antibiotics have
independent mechanisms related to inhibition of bacterial growth. Our results showed
that the ethanolic leaf extract of Kalanchoe pinnata (Lam.) Pers. had a good
antimicrobial activity against some multidrug resistant bacteria. However, further and
more specific studies, are recommended to determine the efficacy of this extract in the

treatment of bacterial infections.

Keywords: Kalanchoe pinnata (Lam.) Pers., antimicrobial activity, multidrug resistant

bacteria

Introducéo

As bactérias patogénicas sdo consideradas como uma das maiores causas de
morbidade e mortalidade em humanos (Djeussi et al., 2013) e as infecdo ocasionadas
por esse tipo de patdgeno constituem um grande problema de salde publica.
Organismos resistentes a multidrogas sdo comuns em pacientes diabéticos com Ulceras
nos pés (Lipsky, 2007) e constituem uma grande ameaca ao tratamento (Gadepalli et al.,
2006; Ramakant et al., 2011). Algumas espécies de plantas sdo comumente usadas
como fitoterapicos, pois possuem componentes biologicamente ativos com potencial
para exercer atividades no tratamento de doencas e também funcbes antimicrobianas
(Kuete, 2010; Chouna et al., 2009, Adebisi,1999).

Kalanchoe pinnata (Lam.) Pers. (sinbnimo: Bryophyllum pinnatum) é um
membro da familia Crassulaceae. A planta é comumente distribuida em vérias regides
(Judd et al., 2009; Allorge-Boiteau, 1996) e usada na medicina popular da Africa
tropical, india, China, Australia e América tropical, Madagascar, Asia e Havai (Yadav

& Dixit, 2003) para tratar véarias doencas e aflicGes, como hipertensao, distarbios renais



83

e urinarios (Lans, 2006), diarreia, flatuléncia e vomitos (Kamboj & Saluja, 2009), tosse
e na profilaxia da asma (Salami et al., 2013), ictericia (Yadav & Dixit, 2003), feridas,
contusOes e picadas de insetos (Pal & Nag Chaudhuri, 1991; Kirtikar & Basu, 1975),
parto prematuro, disturbios do sono induzidos por agitacdo, ansiedade, dor induzida por
fraqueza e inflamacédo recorrente no sistema metabdlico (Vademecum, 2013). Nessa
planta foram identificadas varias substancias fitoquimicas como alcaloides, fendis,
flavonoides, saponinas, taninos, triterpenoides, glicosideos, carboidratos, esterois e
aminoacidos (Matthew et al., 2013a). Esses componentes quimicos sao responsaveis
por varios efeitos (Rajsekhar et al., 2016) como antiprotozoario, antileishmanial
(Muzitano et al., 2006; Muzitano et al., 2009, Willcox & Bodeker, 2004), anti-
helmintico (Majaz et al., 2011), anticancerigeno (Devbhuti et al., 2012; Mahata et al.,
2012), antimicrobiano (Akinpelu, 2000; Okwu & Nnamdi, 20113, b), antiviral (Mahata
et al., 2012; Supratman et al., 2001), antialérgicos (Cruz et al., 2008; Cruz et al., 2012),
analgésico (Afzal et al., 2012), antipirético (Biswas & Montal, 2015), anti-hipertensivo
(Bopda et al., 2014; Ghasi et al., 2011; Ojewole, 2002), antidiabético (Goyal et al.,
2013; Matthew et al., 2013b), hepatoprotetor (Afzal et al., 2013; Yadav & Dixit, 2003),
gastroprotetor (Pal & Chaudhuri, 1991; Sharma et al., 2014), entre outros.

As plantas medicinais de diferentes ambientes produzem diversificados teores
de compostos bioativos, resultando em respostas terapéuticas e atividades
farmacoldgicas diversas (Dong et al., 2011; Liu et al., 2015). Considerando que existem
poucos estudos sobre as atividades terapéuticas dos extratos de Kalanchoe pinnata,
coletadas no estado do Tocantins, o presente projeto analisou a atividade antibacteriana
do extrato etanolico das folhas dessa planta contra bactérias resistentes a multidrogas,
isoladas de pacientes diabéticos com lesbes nos pés, e também cepas do American Type
Culture Collection (ATCC).

Material e métodos

Desenho do estudo

O extrato etanolico das folhas de Kalanchoe pinnata (Lam.) Pers. foi avaliado
contra um total de 68 cepas bacterianas (Citrobacter spp; Escherichia coli,
Enterobacter spp, Proteus spp, Pseudomonas spp, Streptococcus agalatiae (alfa-

hemolitico), Streptococcus pneumoniae (beta-hemolitico), Staphylococcus epidermidis,
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Staphylococcus saprofiticus, Staphylococcus aureus), isoladas de pacientes diabéticos
com Ulceras nos pés, que foram internados no Hospital Geral Publico de Palmas Doutor
Francisco Ayres (HGP), em Tocantins - Brasil, entre janeiro de 2013 a junho de 2013
(Perim et al., 2015), e 6 cepas de bactérias ATCC (Escherichia coli (ATCC-25922),
Pseudomonas aeruginosa (ATCC-27853), Proteus mirabilis (ATCC-12453),
Citrobacter yougae (ATCC-29935), Staphylococcus aureus (ATCC-25923,
Streptococcus pyogenes (ATCC-0015) obtidas do American Type Culture Collection.

Coleta do espécime vegetal e preparo do extrato das folhas

Para a preparacdo dos exemplares depositados em colecGes (voucher
specimens) e para a producdo dos extratos foram coletadas as folhas de Kalanchoe
pinnata (Lam.) Pers de janeiro a junho de 2013, na cidade de Palmas, estado do
Tocantins, Brasil (10°10'58.45"S e 48°17'33.75"0. A planta foi caracterizada e
autenticada no Instituto de Biologia da Universidade Federal de Uberlandia-Brasil. O
voucher specimens (HUFU 71.870) foi preparado e depositado no Herbario da

Universidade Federal de Uberlandia-Brasil.

As partes vegetais coletadas foram secas em estufa com circulacdo de ar e
temperatura média de 40 + 2°C. Em seguida foram pulverizadas em moinho vertical de
facas tipo Willye e padronizadas em tamises, obtendo-se granulometria de 1 mm (16
Mesh). Os extratos foram preparados por maceracdo com etanol 95%, por 24 horas, na
proporcdo de 1:20 (p/v). Apds a maceracdo, o material foi filtrado em papel-filtro e
evaporado sob pressao reduzida a temperatura de 40 + 2°C até a producdo de um extrato
seco (Aradjo et al., 2012).

Preparo da suspensado bacteriana

As culturas ativas, que estavam preservadas em caldo mueller hinton em
freezer -80°C no laboratorio de cultura de células da Universidade Federal do Tocantins,
e foram preparadas através da transferéncia das bactérias em estoque para tubos
contendo Caldo Mueller-Hinton (CMH) (Kasvi, Brazil) e incubadas sem agitacdo por
24h a 37°C. As culturas foram diluidas com CMH fresco a uma densidade 6tica de

2,0X10° unidades formadoras de colénias (UFC) para cada espécie bacteriana.
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Ensaio de Difusdao em Disco

O método de difusdo em disco foi realizado conforme descrito por Arullappan
et al (2014) e Duraipandiyan et al (2006). Em placas de Petri contendo meio Agar
Mueller Hinton (AMH) a suspensao bacteriana (1,0 ml) foi uniformemente distribuida.
Apbs 5 minutos, discos de papel brancos estéreis (Oxoid), com 6,0 mm de didmetro
impregnados com diferentes dilui¢ées (20 mg/ml a 0,039 mg/ml) do extrato, foram
colocados na superficie do meio, sendo 6 discos por cada placa. Para controle negativo
foram usados discos impregnados com controle DMSO, enquanto que discos de
Cefoxitina (CFO) (3000 mg/ml a 1,5 mg/ml) e discos de Amoxicilina com Acido
Clavulanico (AAC) (2000 mg/ml a 0,9 mg/ml) foram usados como controle positivo,
para bactérias Gram-negativas e Gram-positivas, respectivamente. Foram adicionados
um total de seis discos por placa. As placas foram incubadas a 37°C por até 48 horas.
No final da incubacdo, as zonas de inibicdo formadas em volta dos discos foram
medidas com paquimetro. Todos os testes foram feitos em triplicata e a avaliacdo da
atividade bacteriana seguiu o seguinte critério de avaliacdo de acordo com o diametro
do halo de inibicdo: 9-13 mm, moderadamente sensivel; >14 mm, altamente sensivel
(Arora & Bhardwaj 1997).

Determinagdo da Concentracdo Inibitdria Minima

A Concentragdo Inibitéria Minima (CIM) foi determinada através da
metodologia de Microdiluicdo em Caldo (MC) (Gahlaut & Chbhillar, 2013). Todos os
experimentos foram realizados em triplicata. A concentracdo dos extratos usados para
validar a atividade antibacteriana foi de 20 a 0.039 mg/ml. Os antibiéticos CFO e AAC,
usados como controle positivo para as bactérias Gram-negativas e Gram-positivas,
respectivamente, foram utilizados nas mesmas concentragdes (de 20 a 0.039 mg/ml).

DMSO foi utilizado com controle negativo.

Analise estatistica
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O processamento e as analises dos dados foram conduzidos utilizando
ferramentas como Excel 2016, STATA 12 e Biostat. O coeficiente de correlacdo de
Spearman e o teste exato de Fisher foram também utilizados, de acordo com o0s

objetivos das analises e a natureza dos dados, foram considerados 5% de significancia.

Resultados e discussado

A andlise da atividade antibacteriana do extrato etandlico das folhas de
Kalanchoe pinnata (Lam.) Pers. foi determinada pelos métodos de Difusdo em Disco
(DD) e Microdiluicdo em Caldo (MC) e estd demonstrada na Tabela 1. O extrato das
folhas de Kalanchoe pinnata (Lam.) Pers. apresentou atividade antimicrobiana contra as
bactérias testadas, tanto pelo método de Difusdo em Disco DD (37.84%) e MC
(37.84%). Nossos resultados estdo de acordo com outros estudos, que demonstraram a
atividade antibacteriana de Kalanchoe pinnata (Lam.) Pers contra um amplo grupo de
bactérias (Okwu & Nnamdi, 2011; Akinsulire et al., 2007; Ofokansi et al., 2005,
Akinpelu, 2000). Estudos realizados por Akinpelu (2000), utilizando o método de
difusdo em agar por meio de pocos, demonstrou que o extrato metandlico das folhas de
Kalanchoe pinnata (Lam.) Pers inibiu o crescimento de 5 bactérias Gram-positivas e 1
Gram-negativa a uma concentracdo de 25 mg/ml. Em nossos estudos foi possivel
observar que pelos métodos MC e DD, até a ultima concentracdo do extrato (0,039
mg/ml) houve inibicdo do crescimento em ambos os grupos de bactérias, no entanto, o
método MC foi mais eficiente tanto para as bactérias Gram-negativas (26,92%) como
para as Gram-positivas (18,75%). Esses resultados podem ser atribuidos a polaridade e
outros componentes que afetam a difusdo de componentes bioativos em baixas
concentracdes do extrato (Klancnik et al., 2010). Além disso, estudos sugerem que 0
método MC é vantajoso para analises de produtos naturais (Palombo, 2011; Salazar-
Aranda et al., 2009), pois é rapido e vidvel para a determinacdo da Concentragédo
Inibitéria Minima (CIM) (Luber et al., 2003).

As cepas bacterianas, isoladas de pacientes diabéticos com Ulceras nos pés, e
analisadas nesse estudo foram caracterizadas como multirresistentes para a maioria dos
antibidticos utilizados (Perim et al., 2015). Nesses tipos de lesbes, comumente sdo
encontradas bactérias Gram-negativas como, Enterococci, Enterobacteriaceae,

Pseudomonas aeruginosa (Bansal et al., 2008; Pathare et al., 1998) e também bacterias
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Gram-positivas como Staphylococcus aureus e beta hemolitico (grupos A, C e G,
especialmente o grupo B) (Urbancic-Rovan & Gubina 2009; El-Tahawy 2000). A tabela
2 apresenta os resultados dos testes com ambos ambos os métodos (DD e MC), que
indicaram que o extrato etandlico das folhas de Kalanchoe pinnata (Lam.) Pers inibiu o
crescimento de Citrobacter spp. (h=1; 100,00%), Citrobacter youngae (ATCC-29935)
(n=1; 100,00%), Enterobacer spp. (n=3; 33,33%), Pseumodonas spp. (n=2; 66,67%),
Pseudomonas aeruginosa (ATCC-27853) (n=1; 100,00%). Proteus spp. foram inibidas
em 28,57% (n=2) por DD e 14,29% (n=1) por MC, e ndo houve inibi¢cdo do crescimento
de Proteus mirabilis (ATCC-1245) e Escherichia coli pelo extrato. Utilizando os
métodos DD e MC, o extrato das folhas de Kalanchoe pinnata (Lam.) Pers também
inibiu o crescimento de Streptococcus agalatiae (n=1; 50,00%), Streptococcus
pneumoniae (n=3; 75,00%), Streptococcus pyogenes (n=1; 100,00%). As cépas de
Staphylococcus saprophyticus foram inibidas em 42,86% (n=6) por DD e 35,71% (n=5)
por MC e Staphylococcus aureus em 31,82% (n=7) por DD e 40,91% (n=9) por MC. O
extrato ndo inibiu o crescimento de Staphylococcus epidermidis e Staphylococcus
aureus (ATCC-25923). Nossos resultados estdo parcialmente de acordo com alguns
estudos, que demonstraram atividade antimicrobiana de Kalanchoe pinnata (Lam.) Pers.
contra Staphylococcus aureus, Enterococcus faecalis, Bacillus subtilis, Escherichia
coli, Salmonella typhimurium, Klebsiella aerogenes, Klebsiella pneumonia e
Pseudomonas aeruginosa (Akinsulire et al., 2007; Okwu & Nnamdi, 2011; Ofokansi et
al., 2005, Akinpelu, 2000). Portanto, os dados obtidos nesse estudo sugerem que
Kalanchoe pinnata (Lam.) Pers pode ser uma fonte de compostos antibacterianos, e
pode justificar o uso popular dessa planta contra infeccbes cutaneas, abscessos e
distdrbios gastrointestinais (Gill, 1992; Akinsulire et al., 2007).

A Tabela 3 demonstra a correlacdo entre o extrato das folhas de Kalanchoe
pinnata (Lam.) Pers com os antibioticos Cefoxitina (CFO) contra bactérias Gram-
negativas e Amoxicilina com Acido Clavulanico (AAC) contra bactérias Gram-
positivas. N&o houve correlacdo utilizando os extratos das folhas com os antibidticos
CFO ou AAC, contra as bactérias Gram-negativas (p = 0,598) e Gram-positivas (p =
0,768564), respectivamente. Portanto, nossos resultados sugerem que os extratos das
folhas e antibidticos apresentaram agdes independentes para a inibicdo do crescimento
desse tipo de bactérias. Estudos tém descrito varios compostos responsaveis pela acdo
antimicrobiana de Kalanchoe pinnata (Lam.) Pers, como os flavondides 5 metil 4,5,7

trihidroxil flavonas e 4,3,5,7 tetrahidroxi 5 metil 5 propenamina antocianidinas e
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também os fenantreno (Okwu & Nnamdi, 2011), a-rhamnoisorobin (23), kaempferol
rhamnosideo (17, 19-22) (Tatsimo et al., 2012). Embora nesse estudo 0s compostos
bioativos ndo tenham sido isolados, a atividade antimicrobiana dessa planta pode ser

devido a presenca desses e outros compostos.

Concluséo

Os resultados apresentados nesse estudo sugerem a presenca de compostos
bioativos nas folhas de Kalanchoe pinnata (Lam.) Pers capazes de inibirem o
crescimento de bactérias multirresistentes. No entanto, estudos adicionais devem ser
realizados para isolar, validar e analisar a eficacia e toxicidade desses componentes

como novos agentes antimicrobianos.
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Tabela 1. Percentual de cepas sensiveis ao extrato etandlico das folhas de Kalanchoe

pinnata (Lam.) Pers., determinada pelos métodos de Difusdo em Disco (DD) e

Microdiluicdo em Caldo (MC).

DD (mg/ml)
] 20 10 5 2,5 1,25 0,625 0,312 0,156 0,078 0,039 DMSO
BACTERIAS 100%
Gram-negativas 10 10 10 9 8 8 5 4 3 3 0
(n=26) 38,46% 38,46% 38,46% 34,62% 30,77% 30,77% 19,23% 1538% 11,54% 11,54% 0,00%
Gram-positivas 18 17 16 14 11 10 9 5 3 2 0
(n=48) 37,50 35,42 33,33 29,17 22,92 20,83 18,75 10,42 6,25 4,17 0,00
Total 28 27 26 23 19 18 14 9 6 5 0
(n=74) 37,84% 36,49% 35,14% 31,08% 25,68% 24,32% 18,92% 12,16% 8,11% 6,76% 0,00%
MC (mg/ml)
) 20 10 5 2,5 1,25 0,625 0,312 0,156 0,078 0,039 DMSO
BACTERIAS 100%
Gram-negativas 9 9 9 8 8 8 8 7 7 7 0
(n=26) 34,62% 34,62% 34,62% 30,77% 30,77% 30,77% 30,77% 26,92% 26,92% 26,92% 0,00%
Gram-positivas 19 19 17 17 13 13 13 13 11 9 0
(n=48) 39,58% 39,58% 35,42% 3542% 27,08% 27,08% 27,08% 27,08% 22,92% 18,75% 0,00%
Total 28 28 26 25 21 21 21 20 18 16 0
(n=74) 37,84% 37,84% 3514% 33,78% 28,38% 28,38% 28,38% 27,03% 24,32% 21,62% 0,00%

Numero de linhagens analisadas (n) e porcentagem (%).
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Tabela 2. Percentual de cepas sensiveis ao extrato etanélico das folhas de Kalanchoe

pinnata (Lam.) Pers. contra bactérias multirresistentes, determinada pelos métodos de

Difusdo em Disco (DD) e Microdiluicdo em Caldo (MC).

BACTERIAS DD (%) MC (%)
Gram- Citrobacter spp (n=01) 1(100,00%) 1(100,00%)
negativas
(n=26) Citrobacter youngae (ATCC-29935) (n=1) 1(100,00%) 1(100,00%)
Escherichia coli (n=02) 0 (0,00%) 0 (0,00%)
Escherichia coli (ATCC-25922) (n=1) 0 (0,00%) 0 (0,00%)

Enterobacer spp (n=09)

Proteus spp (n=07)

Proteus mirabilis (ATCC-1245) (n=1)
Pseudomonas spp (n=03)

Pseudomonas aeruginosa (ATCC-27853) (n=1)

Gram- Streptococcus agalatiae (alfa hemolitico) (n=02)
positivas
(n=48) Streptococcus pneumoniae (beta hemolitico) (n=04)

Streptococcus piogenes (ATCC-0015) (n=1)
Staphylococcus epidermidis (n=04)
Staphylococcus saprophyticus (n=14)
Staphylococcus aureus (n=22)

Staphylococcus aureus (ATCC-25923) (n=1)

3(33,33%)
2 (28,57%)
0 (0,00%)

2 (66,67%)

1 (100,00%)

1 (50,00%)

3 (75,00%)

1 (100,00%)

0 (0,00%)

6 (42,86%)

7 (31,82%)

0 (0,00%)

3(33,33%)
1(14,29%)
0 (0,00%)

2 (66,67%)

1 (100,00%)

1 (50,00%)

3 (75,00%)

1 (100,00%)

0 (0,00%)

5(35,71%)

9 (40,91%)

0 (0,00%)

TOTAL (n=74; 100%)

28 (37,84%)

28 (37,84%)

A concentracdo dos extratos utilizado para analisar a atividade antimicrobiana foi de 20 (100,00%) a

0,039 (0,19%) mg/ml. Numero de linhagens analisadas (n) e porcentagem (%).
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Tabela 3. Andlise estatistica dos efeitos do extrato etanélico das folhas de Kalanchoe
pinnata (Lam.) Pers. em combinagdo com antibidticos contra as bactérias
multirresistentes.

Antibiotico X Extrato das Folhas

Gram -/CIM-MC EXTRATO DAS FOLHAS TOTAL
CFO Resistente Sensivel
Resistente 11 11 22
Sensivel 1 3 4
TOTAL (p = 0,598261) 12 14 26

Antibiotico X Extrato das Folhas

Gram +/CIM-MC EXTRATO DAS FOLHAS TOTAL
AAC Resistente Sensivel
Resistente 13 16 29
Sensivel 10 9 19
TOTAL (p = 0,768564) 23 25 48

CIM: Concentragio Inibitéria Minima; MC: Microdiluigdo em Caldo; AAC: Amoxicilina com Acido
Clavulanico (2000 mg/ml); CFO: Cefoxitina (3000 mg/ml). Teste Exato de Fisher, nivel de significancia:
p-valor <0.05.
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Abstract

The development of multiresistant bacterial strains has become a global concern.
Medicinal plants have been explored as a source of molecules with therapeutic potential
for the treatment of various diseases and the development of more effective drugs
against bacterial infections. The objective of this study is to evaluate the antibacterial
activity of Anacardium humile (St.) bark and leaf extract against multidrug-resistant
bacteria isolated from diabetic patients with diabetic foot infections (DFI) and reference
strains obtained from the American Type Culture Collection (ATCC). The activity was
determined by agar diffusion (DD), broth microdilution (BD), checkerboard, and time-
kill methods. Leaf and bark extract with the DD and BB methods significantly inhibited
the growth of Gram-positive and Gram-negative bacteria as well as the growth of
bacteria commonly found in DFI, including Staphylococcus aureus, Streptococcus
agalatiae (group B, beta hemolytic), S. pneumoniae (alpha-hemolytic), Pseudomonas
aeruginosa, Escherichia coli, and Proteus. By checkerboard method, the combination
of bark extract (35%) or leaf (40%) with Cefoxitin on gram-negative bacteria had

similar synergistic effects while the leaf extract (45%) showed greater synergistic effect
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than bark extract (17.5%) in combination with Amoxycillin/Clavulanic Acid on gram-
positive bacteria. The time-kill kinetic profile showed bactericidal activity with dose
and time-dependent properties, suggesting that bark and leaf extracts may potentiate the
effects of antibiotics. However, these extracts may also contain bioactive antibacterial
compounds that act independently from the mechanism of action of the antibiotics
tested as demonstrated by the effects found in DD and BD assays. Our data suggest that
extracts of A. humile should be considered an alternative source of research for
antibacterial agents acting on Gram-positive and Gram-negative multidrug-resistant
bacteria. However, the isolation of bioactive compounds and additional studies should
be performed to understand the mechanisms of bactericidal action and define its real

efficacy and toxicity.

1. Introduction

Antimicrobial resistance (AMR) is a worldwide health concern. Bacterial resistance

to antibiotics has increased, causing high morbidity and mortality (Sharma et al., 2005).

DFI are an increasingly common problem and the most frequent cause of diabetes-
related hospitalization and limb amputation (Lavery et al., 2006). Frequently, these
infections are polymicrobial, with a broad spectrum of multidrug-resistant pathogens

(WHO, 2017).

Plants have been historically used to treat infectious diseases and may be a source for
the discovery of new antibiotics. The antibacterial activity of plant extracts could be
attributed to some constituents such as phenolic components and tannins (Cowan,
1999). Tannins are capable of attacking the proteins found on the walls and cell

membrane of bacteria, resulting in damage and cell death (Doss et al., 2009; Scalbert,
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1991). The mechanisms responsible for the antimicrobial activity of phenolic
compounds include adsorption and disruption of microbial membranes, interaction with

enzymes and substrates, and deprivation of metal ions (Daglia, 2012; Cowan, 1999).

The species Anacardium humile is a perennial plant widely distributed in the
Brazilian Cerrado. Studies on the phytochemical profile of A. humile, especially for the
bark of this species (Araujo et al., 2015), are limited. Recent findings demonstrated that
the ethanolic extract of the leaf contains phenolic compounds derived from the gallic
acid, catechins, and flavonoids (flavonoid glycosides and bioflavonoids) (Luiz-Ferreira
et al., 2010), while the ethyl acetate fraction exhibits a high concentration of tannin
compounds (Ferreira et al., 2012). Aradjo et al. (2015) showed that A. humile bark and
leaf have phytochemical similarity, with large amounts of phenolic compounds and
tannins, and suggested that both parts of the plant may have similar therapeutic

antitumor potential.

Studies on the therapeutic potential of Anacardium humile (St.) Hill, especially on its
antibacterial activities, are scarce. Therefore, the objective of this study was to evaluate
the antibacterial potential of the bark and leaf extracts of Anacardium humile in

multidrug-resistant strains isolated from diabetic patients with foot ulcers.

2. Material and Methods

Study design

The antibacterial activity of Anacardium humile (St.) Hill bark and leaf were

evaluated against a total of 74 bacteria, using the Disc Diffusion (DD) and
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Microdilution in Broth (BD) methodology. Additionally, Checkerboard and Time-kill
approaches were used against 60 bacteria. The difference in the number of samples in
the methods occurred due to the inactivation of some strains during the tests. The
bacteria analyzed were: Citrobacter spp.; Escherichia coli, Enterobacter spp., Proteus
spp., Pseudomonas spp., Streptococcus agalatiae (alpha-hemolytic), Streptococcus
pneumoniae  (beta-hemolytic),  Staphylococcus  epidermidis,  Staphylococcus
saprophyticus, Staphylococcus aureus, isolated from diabetic patients with foot ulcers,
who were admitted to the General Public Hospital of Palmas Doutor Francisco Ayres
(HGP), in Tocantins, Brazil, between January and June 2013 (Perim et al., 2015). The
other bacterias in this study were obtained from American Type Culture Collection
(ATCC), Escherichia coli (ATCC-25922), Pseudomonas aeruginosa (ATCC-25922),
Proteus mirabilis (ATCC-12453), Citrobacter yougae (ATCC-29935), Staphylococcus

aureus (ATCC-25923) and Streptococcus pyogenes (ATCC-0015).

Plant Material and extraction

Anacardium humile (St.) Hill bark and leaf were collected from January to June 2013
in the city of Palmas, state of Tocantins, Brazil (10°10'58.45"S e 48°17'33.75"W). The
plant was characterized and authenticated at the Biology Institute of the Federal
University of Uberlandia-Brazil. The specimens voucher (HUFU 72.823) was prepared
and deposited in the Federal University Herbarium of the Federal University of

Uberlandia, Brazil.

The collected plant parts were oven dried with circulation of air and average
temperature of 40 + 2° C. Then they were pulverized in a Willye-type vertical mill and

standardized in sieves, obtaining 1 mm granulometry (16 mesh). The extracts were
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prepared by steeping with 95% ethanol, for 24 hours, at a ratio of 1:20 (w/v). After
maceration, the material was filtered on filter paper and evaporated under reduced

pressure at 40 £ 2°C until the production of a dry extract (Aradjo et al., 2012).

Preparation of inoculum

Active cultures were prepared by transferring the stock bacteria to tubes containing
Mueller Hinton Broth (MHB) (Kasvi, Brazil) and incubated without shaking for 24h at
37°C. Cultures were diluted with fresh MHB at an optical density of 2.0X10° colony

forming units for each bacterial species.

Disc Diffusion assay

The method of disc diffusion was performed as previously described (Arullappan et
al., 2014; Duraipandiyan et al., 2006). In previously sterilized Petri dishes, 25 ml
Mueller Hinton (MH) Agar was dispensed. The bacterial suspension (1.0 ml) was
evenly distributed and the inoculum was dried for 5 minutes. Sterile white paper discs
(Oxoid), 6.0 mm in diameter were impregnated with different dilutions (20 mg/ml to
0.039 mg/ml) of the extract, pure DMSO impregnated into the disc was used as a
negative control. Cefoxitin discs (CFO) (3000 mg/ml to 1.5 mg/ml) and amoxicillin
with clavulanic acid (AAC) (2000 mg/ml to 0.9 mg/ml) were used as positive control
for Gram-negative and Gram-positive bacteria, respectively. Plates were incubated at
37°C for 24 and 48 hours. At the end of the incubation, the zones of inhibition formed
around the disks were measured with a caliper ruler. All tests were done in triplicate and
the evaluation of the bacterial activity followed the criterion for inhibition halo
diameter: <6 mm, resistant; 6-8 mm, less sensitive; 9-13 mm, moderately sensitive; >14

mm, highly sensitive (Arora & Bhardwaj, 1997).



104

Determination of Minimum Inhibitory Concentration

Minimal Inhibitory Concentration (MIC) was determined using Broth Microdilution
(MB) methodology (Gahlaut & Chhillar, 2013). All experiments were performed in
triplicate. The concentration of extracts used to validate antibacterial activity was 20 to
0.039 mg/ml. The antibiotics CFO and AAC, used as a positive control for Gram-
negative and Gram-positive bacteria, respectively. The antibiotics concentration used

were also from 20 to 0.039 mg/ml. DMSO was used as a negative control.

Checkerboard Assay

Checkerboard assay followed the previously described methodology (Olajuyigbe &
Afolayan, 2012). Fractional inhibitory concentration (FIC) was obtained from serial
dilutions of extract combined with the antibiotic that inhibited the visible growth of the
microorganism in Mueller Hinton broth after incubation at 37°C for 24h. The FIC
indices were calculated using the formula: FIC index = (MIC of extract in combination /
MIC of individual extract) + (antibiotic MIC in combination / MIC of individual
antibiotic). Synergism was defined as XFIC < 0.5, additive as 0.5 <XFIC < 1, indifferent

as 1 <¥FIC <4, and antagonistic as ZFIC> 4.

Time Kill Assay

Time-kill assay was performed by the broth macrodilution method, as described by

Ojo et al. (2013) and Olajuyighe & Afolayan (2012). The extract of Anacardium humile
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(St) Hil was tested at concentrations 0.5xCIM, 1xCIM and 2xCIM. Inoculae containing
approximately 5x10°> CFU/ml Gram-negative or Gram-positive strains were incubated at
37°C into Mueller Hinton broth containing the extract. Samples were removed from the
culture at 6, 12 and 24h, serially diluted, and 100 ul of the diluted samples were
inoculated on Mueller Hinton agar and incubated at 37°C for 24 h. After 24h, the
number of colonies was determined. Control samples included MH broth without
extract seeded with test inoculum. The viable colonies were calculated to provide
CFU/ml, and the death data plotted against time against the logarithm of the viable
count. Each experiment was performed with three replicates and the means and
variances were obtained. The bactericidal activity was defined as a reduction of 99.9%
(= 3 logl0) of the total number of CFU/ml of the initial inoculum. Bacteriostatic activity
was defined as the maintenance of the initial inoculum concentration, or a reduction of

less than 99.9% (> 3 logip) of the total number of CFU/mI of the initial inoculum.

Statistical Analysis

Data processing and analysis were conducted using tools as Excel 2016, STATA 12
and Biostat. Spearman's correlation coefficient and Fisher's exact test were also used,
according to the objectives of the analyzes and the nature of the data, 5% of significance

was considered.

3. Results and Discussion

Due to the growing interest in utilizing the properties of new antimicrobial products
in the fight against multiple drug-resistant bacteria, it is important to develop a better
understanding of the current methods available for the screening and / or quantification

of the antimicrobial effect of an extract or a pure compound for its applications in
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human health (Balouiri et al., 2016). To evaluate the basis of the currents methods
available, we analyzed how efficiently the extract of the bark and leaf of Anarcadium
humile inhibit bacteria growth. Table 1 shows that, using the Microdilution Method in
Broth (BD), the extract of the bark or leaf of A. humile was efficient in inhibiting the
growth of many of the Gram-negative bacteria (bark: n=20, 76.92%; leaf: n=20,
76.92%) and Gram-positive (bark: n=40, 83.33%, leaf n=38, 79.16%). Compared with
BD, the Disk Diffusion (DD) methodology was slightly less effective in detecting
Gram-negative bacteria growth inhibition (bark: n=16, 61.53%, leaf: n=16, 61.53%) and
Gram-positive (bark: n=32, 66.66%, leaf: n=28, 58.33%). The differences in the
patterns of susceptibility observed with the two methods (DD and BD) can be explained
by the differences in the diffusibility of the agar extract (Oliveira et al., 2007).
Evaluation of extracts using agar diffusion assays may lead to a less accurate and even
false negative result since the results are influenced by agar type, salt concentration,
incubation temperature, and molecular size of the antimicrobial components (Maia-
Araljo, 2011). It has been reported that the method of microdilution in broth is more
sensitive than other methods (Eloff, 1998) and it is widely used and extremely
advantageous for the analysis of natural products. The BD method is known to be low
cost, simple, fast, and it is possible to determine the minimum inhibitory concentration
(MIC) of the products under study (Palombo, 2011; Salazar-Aranda et al., 2009;
Ostrosky et al., 2008). Some findings have reported that Gram-positive bacteria are
susceptible to plant extracts and antimicrobial chemical compounds due to bacterial cell
wall properties (Kittika et al., 2007; Sharifa et al., 2008). On the other hand, Gram-
negative bacteria have a higher tolerance to antibacterial compounds due to the presence
of the lipopolysaccharide layer and the periplasmic space (Koohsari et al., 2005). Our

results for the antimicrobial activity of A. humile bark and leaf extracts on Gram-
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negative and Gram-positive bacteria was very similar. Additionally, the extracts were
active against many multidrug-resistant bacteria at minimum concentrations (0.039
mg/ml). Therefore, our data suggests both parts of this plant contain bioactive

compounds that can be used to screen for novel antibacterial agents.

The lesions in the feet of diabetic patients often present polymicrobial infections
with multiple drug resistance profiles (Banu et al., 2015, Sivanmaliappan et al., 2011;
Dhanasekaran et al., 2003). The most common bacteria found in these lesions are Gram-
positive, such as Staphylococcus aureus, beta-hemolytic streptococci (group A, B, and
others), and Enterococcus; Gram-negative, such as Pseudomonas aeruginosa,
Escherichia coli, and Proteus species; and also anaerobic bacteria (Shankar et al., 2005,
Abdulrazak et al., 2005). The bacteria used in this work come from the studies of Perim
et al. (2015), which showed that these strains were resistant to the traditional antibiotics
used in the treatment of diabetic foot infections. Studies with extracts of Anacardium
humile are scarce, and their effect against multiresistant bacteria isolated from clinical
samples has not been studied. To determine whether Anacardium humile has some
antibacterial impact in these clinical samples we used BD and DD methods.
In both methodologies, the extracts showed significant antibacterial activity (Table 1)
on Staphylococcus aureus strains, mainly in the lowest concentration used (0.039
mg/ml). Bark (DD; n=15, 68.18% and BD; n=19, 86.36%) and leaf (DD; n=13, 59.09%
and BD; n=18, 81.82%) extracts inhibited clinical and ATCC (n= 1, 100%) S. aureus
strains. Studies have documented that S. aureus is the most isolated pathogen in diabetic
foot ulcers (Citron et al., 2007, Dang et al., 2003) and many of these are methicillin-
resistant S. aureus (MRSA) (Smith et al., 2016). Leaf and bark extracts efficiently
inhibited the growth of Streptococcus pneumoniae (alpha-hemolytic) (DD; n=1, 50%,

BD, n=1, 50%), Streptococcus agalatiae (B group, beta hemolytic) in 75% (DD and
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BD, n=3), and Streptococcus pyogenes (ATCC, group A, alpha hemolytic) in 100%
(DD and BD, n=1). Streptococcus group A rarely causes infection, but when it occurs, it
causes severe tissue destruction (Edmonds, 2009). Streptococcus group B has been
recognized as an important pathogen in diabetic foot infection (DFI), although

Streptococcus groups C, E, F, and G may also be present (Legout et al., 2005).

The analysis of the antimicrobial activity in gram-negative strains using DD and
BD methods (Table 1), showed that the extracts were able to inhibit the grownt of
clinical Pseudomonas spp. (leaf: DD and BD, n = 3 (100%); bark: DD and BD, n = 2
(66.67%), and of the ATCC strain (n = 1; 100%). The presence of Pseudomonas in DFI
Is notoriously resistant to most broad-spectrum antibiotics; moreover, these bacteria are
invasive, often causing severe damage to diabetic foot ulcer tissues, and may lead to an
increased risk of amputation of the lower limbs (Wahab et al., 2013, Dhanasekaran et
al., 2003, Sivanmaliappan & Sevanan, 2011). Bark extract inhibited the growth of
Proteus spp. in 57.14% (DD, n=4) and in 71.43% (BD, n=5), and leaf extract inhibited
growth in 42.86% (DD, n=3) and 57.14% (BD, n=4). Bark and leaf extracts inhibited
the growth of ATCC Proteus mirabilis (BD and DD, 100%). In both methodologies, the
E. coli strains were inhibited 100% (n=2) by the leaf extract and 50% (n=1) by the bark
extracts. The extract from the bark inhibited Enterobacter spp in 77.78% (DD and BB,
n=7), and the leaf extract inhibited itin 77.8% (BD, n=7) and 66.67% (DD, n=6).
Extracts from bark and leaf inhibited Citrobacter spp. (100%) and Citrobacter youngae
(100%) only by the BD methodology. E. coli from ATCC strains were inhibited 100%
only by bark extracts in the BD methodology. Araujo et al. (2015) showed that the bark
and leaf extracts of Anacardium humile present high concentrations of phenolic
compounds and tannins. Other studies have shown that tannins (Ferreira et al., 2012)

and essential oils (Montanari et al., 2012) from Anacardium humile leaf are capable of
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inhibiting the growth of Staphylococcus aureus, Pseudomonas aeruginosa, and
Escherichia coli. In our study, although the bioactive components of bark and leaf were
not isolated, we could observe an antimicrobial activity. Therefore, these results suggest
that this plant may be a source of bioactive molecules against infectious diseases caused

by multidrug-resistant bacteria.

The effects of combinations of known antibiotics and plant extracts is a novel
concept and can be beneficial by additive or synergistic interaction (Adwan & Mhanna,
2008). In our studies, the combination of the extract of the bark (Table 2) with the CFO
antibiotic of Gram-negative bacteria introduced an additive effect synergistic with nine
strains (45%). The synergistic effect was predominant and observed in 7 (35%) of the
strains: 3 strains of Enterobacter spp. (ES10E, ES13B, ES18B), 1 of Citrobacter spp.
(CS 26B), 1 of Pseudomonas spp. (PSS 23A), 1 of Citrobacter youngae (CY, ATCC
29935), and 1 of Escherichia coli strain (EC, ATCC 25922). The additive effect
was observed in 2 strains (10.00%) of Proteus spp. (PS 25C, PS 39B). With Gram-
positive bacteria, the extract of bark in combination with ACA showed an additive and
synergistic effect in 16 strains (40%). The synergistic effects 7 (17.50%) corresponded
to 3 strains of Staphylococcus aureus (SA 10A, SA 18D, SA 21F), 3 of Staphylococcus
saprophyticus (SS 26C, SS 38B, SS 39D) and one strain of Streptococcus pneumoniae
(STP 12C). The additive effect was observed in 9 (22.50%) strains, including
5 strains of Staphylococcus aureus (SA 05D, SA 11C, SA 24A, SA 24B, SA 36B),
2 of Staphylococcus saprophyticus (SS 23B, SS 25D), 1 of Streptococcus agalactiae
(STA 10C), and 1 of Staphylococcus epidermidis (SE 09A). Our results showed that the
bark extracts in combination with the CFO antibiotics have a greater synergistic action
against Gram-negative bacteria whereas combining them with ACA antibiotics has a

similar additive and synergistic action on Gram-positive bacteria. Therefore,
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antimicrobial efficacy and the synergistic and additive interactions observed suggest
that combined chemotherapy with A. humile bark or leaf extract has beneficial effects in

the treatment of multidrug-resistant bacteria.

The effects of the combination of the leaf extract of A. humile with the antibiotic
CFO on Gram-negative bacteria and the ACA antibiotic on Gram-positive bacteria is
shown in Table 3. It was observed that leaf extracts in combination with CFO presented
a synergistic effect in 8 (40%) Gram-negative strains; of these, there were 3
Enterobacter spp. (ES 02B, ES 13B, ES 18B), 2 Proteus spp. (PS 25C, PS 39B), 1 E.
coli (EC 20B), and 1 Citrobacter spp. (CS 26B), and there were no additive effects. The
combination of the leaf with the ACA antibiotic presented 18 (45%) synergistic effects
and 2 (5%) additive effects, totaling 50% of additive effects with synergists. The
synergistic effects were in clinical sample isolates and corresponded to 10 (50%)
strains of Staphylococcus aureus (SA 05C, SA 11C, SA 11D, SA 18A, SA 18D, SA
21F, SA 24B, SA 26A, SA 29A, SA 36B), 1 (50%) Staphylococcus epidermidis (SE
40A), 4 (33.33%) Streptococcus. S. pneumoniae (STP 12C, STP 13C), and one (50%)
strain of Streptococcus agalactiae (STA 14B). The additive effects corresponded to one
strain of Staphylococcus saprophyticus and one strain of Staphylococcus aureus (ATCC

25923).

We also compare the synergistic effects between the bark and leaf extracts. By
comparison, for Gram-negative bacteria, bark extracts (35%) and leaf (40%) had similar
synergistic effects, while for Gram-positive bacteria, leaf extracts (45%) had a
synergistic effect that was much more efficient than the bark extracts (17.5%). The
extracts, in combination with the antibiotics, demonstrated that the leaf (85%) in
association with the antibiotic have the potential of more significant activity than the

bark (52.5%) against all tested bacteria. These results are not complementary to the
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similar effects of the bark and leaf extracts alone (Table 1) on inhibiting growth in
Gram-negative and Gram-positive bacteria. Therefore, our results indicate that bark
extracts and especially the leaf extracts could enhance the antibiotic's activities;
however, these extracts may also contain bioactive compounds that act independently of

the mechanisms of action for the antibiotics tested.

The time-kill kinetics assay is a method of assessing the rate of bacterial killing
by the antimicrobial agent during a time interval (Petersen et al., 2006; Schaper et al.,
2005). Time-kill profiles of the A. humile bark and leaf extract against the Gram-
negative or Gram-positive isolates are presented in Table 4 and 5. Data are presented in
terms of 1og10 cfu/ml reduction and are based on the ability to improve the bactericidal
activity of the tested antibiotics (CFO and ACA). Using bark extracts with the antibiotic
CFO against Gram-negative bacteria (Table 4), the bactericidal effect corresponded to <
0.301 cfu / ml. The bark extract in combination with CFO and 0.5XMIC eliminated
strains of Proteus spp. (PS 21D, PS 25C, PS 39B) and Pseudomonas aeruginosa
(ATCC 27853) with 24 h of interaction. The 1XMIC of the extract was able to inhibit
Enterobacter spp. (ES 10E, ES 13B) and Pseudomonas spp (PSS 38A) at 6 h. Other
strains were inhibited after 12 h, such as Escherichia coli (EC 20B; ATCC 25922),
Proteus spp. (PS 40B), and Pseudomonas aeruginosa (PSS 23A). At 24 h of interaction,
we observed that CS 26B, CY 29936, Enterobacter spp (ES 08B), Proteus spp. (PS
04A), and Proteus mirabilis (ATCC 12453) were killed. The 2XMIC of the extract was
able to reduce Enterobacter spp. within 6 h (ES 02B, ES 08B) and 12 h (ES 18 B); and
within 24 hours, all strains were dead. The reduction in viable cell count observed in

0.5xMIC and 1xMIC were also noted in 2xMIC after 6,12, and 24 h of interaction.

For Gram-positive bacteria, the bactericidal effect was < 0.368 CFU/ml. The

0.5XMIC of the extract killed Staphylococcus saprophyticus and Staphylococcus aureus
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bacteria in 12 hours (SS 26C, SA ATCC 25923) and 24 hours (SS 08C, SS 13A, SA
24A). The 1XMIC extract killed 1 Streptococcus agalatiae (STA 10C), 1
Staphylococcus epidermidis (SE 40A), 5 Staphylococcus saprophyticus (SS-23B, SS
34C, SS 39D, SS 40C, SS 41A), and Staphylococcus aureus (SA 11D, SA 14A, SA
21F, SA 26A, SA 29A, SA 36B) after 6 hours. After 12 hours of interaction, we noticed
that eight more strains were reduced; 1 Streptococcus pneumoniae (STP 12C), 2
Staphylococcus saprophyticus (SS 25D, SS 38B), and 5 Staphylococcus aureus (SA 2C,
SA 11C, SA 24A, SA 24B, SA 33B). At 24 hours plus, 2 strains were inhibited — 1

Streptococcus pyogenes (ATCC 0015) and 1 Staphylococcus aureus (SA 05A).

The strains suppressed at 0.5XMIC (n=6 - 15%, 24h) were also killed in the
1XMIC; therefore, of the 40 Gram-positive strains tested, the 1XMIC extract was able
to kill 29 strains within 24 hours (72.50%). The 2XMIC of the extract eliminated 34
(85%) strains in 6 hours; of the 7 strains not eliminated (STP 13C, SE 09A, SS 35B, AS
10B, SA 12A, SA 18A, SA 18D), 5 strains were eliminated (STP 13C, SE 09A, SS 35B,
SA 12A and SA18D) in 12 hours, and all strains were reduced after 24 hours of
interaction. Initial Time-kill findings (0.5XMIC) in this study showed time-dependent
bacterial inhibition levels that were different between the bacteria and the tested
concentrations, regardless of whether they were Gram-negative or Gram-positive.
However, from 1XMIC, there was a significant increase in the number of inviable cells,
time and concentration-dependent, and the 2XMIC of the extract eliminated all the
bacteria tested after 24 hours of interaction. It is well-documented that plant extracts are
more effective against Gram-positive bacteria than Gram-negative bacteria, which may
be due to their differences in cell wall composition (Ahmad & Beg, 2001). However,

our data showed that the combination of the bark extract with antibiotics exhibited a
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broad spectrum of activity against Gram-negative and Gram-positive bacteria, which is

in agreement with our DD and BD results (Table 1).

The effects of A. humile leaf extract interactions with the ACA antibiotic on Gram-
negative and Gram-positive bacteria are shown in Table 5. The interaction of the extract
with the Gram-negative and Gram-positive bacteria at 2xMIC demonstrated a greater
reduction in cell counts than observed in 1xMIC and 0.5xMIC. This result shows that
the inhibition of leaf extract was bactericidal and dose and time-dependent. For Gram-
negative bacteria, the 0.5xMIC of the extract inhibited the growth of 1 strain of
Enterobacter spp. (ES 13B) after 12 h, 1 strain of Citrobacter spp. (CS 26B) and 1
strain of Escherichia coli (EC 25922), at 24 h of interaction. The interaction of the
extract with the antibiotic at 1xMIC shows additional inhibition of the growth of 2
Enterobacter spp (ES 2B, ES 10B) and 2 Proteus spp. (PS 04A, PS 39B), at 6h, 1
Citrobacter youngae (CY 29935), 2 Enterobacter spp. (ES 08B, ES 11B), 1 Proteus spp
(PS 40B), from 12 h, 1 (EC 20B) and 1 (PA 27853) at 24 h. At the end of 24h, 13
Gram-negative strains (65%) were killed. The interaction of the extract with the 2XMIC
antibiotic eliminated 16 strains (80%) in 6 h of interaction. From 12 hours to 24 hours,
all Gram-negative strains were dead. The interaction of A. humile leaf extract with ACA
antibiotic against Gram-positive bacteria demonstrated that 0.5XMIC, 1 bacterium (SS
35B) was killed at 6 h, additionally 1 Streptococcus pneumoniae (STP 12C), 1
Staphylococcus saprophyticus (SS 38B) and 4 Staphylococcus aureus, 2 strains at 12 h
(SA 05C, SA 11D) and 2 at 24 h (SA 18D, SA 24A). In addition to the bacteria
eliminated in the 0.5XMIC, the 1.0XMIC extract eliminated 1 (SS 41A), 3 (SA 10A,
SA 24B, SA 33B) at 6 hours, 1 Streptococcus agalatiae (STA 14B), 1 Staphylococcus
epidermidis (SE 09A), 1 Staphylococcus saprophyticus (SS 25D), 4 Staphylococcus

aureus (SA 12A, SA 26A, SA 36B, SA 25923) at 12 h. At 24 h, another strain (STP
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13C), 1 (STA 10C), 1 (SP 0015), 1 (SS 01C, SS 23B, SS 40C), 3 (SA 02C, SA 21A, SA
21F), totaling 27 (67.50%) dead strains. The extract in 2XMIC additionally inhibited 2
strains of Enterobacter spp (ES 08D, ES 18B), Proteus spp.; (Staphylococcus aureus,
SA 05A, SA 05D, SA 10B, SA 29A), with a total of 50 dead strains (83.33%), 1
Pseudomonas spp (PSS 38A), 2 Staphylococcus saprophyticus (SS 26C, SS 39D), at 12
h only 1 strain Staphyloccocus saprophyticus (SS 13A) was not killed, totaling 59
deaths (98.33%), and at 24 h all strains were killed. Our results again demonstrated
significant inhibition of bacterial time and concentration dependent, both for Gram-
negative and Gram-positive bacteria. Therefore, our data suggest that A. humile leaf
extract can also be used as an alternative source of research for antibacterial agents

acting on multidrug resistant bacteria.

Time-Kill studies are important because comprehensive information on the
pharmacodynamics of a putative antibacterial agent cannot be obtained simply through
endpoints such as MIC (Schaper et al., 2005). Therefore, Time-kill assays are required
to quantify the pharmacodynamics of a putative antibacterial agent, quantifying the
decrease in bacterial growth as a function of the time and concentration of the drugs
used (Rezaeian et al., 2016, Sim et al., 2014, Schaper et al., 2005). For the purpose of
comparison, at 24 h of interaction, for the Gram-negative or Gram-positive bacteria, the
bark extract as well as the leaf (Table 4 and 5) had a very similar death rate in the
0.5XMIC (Gram-negative: barks (n=3, 15%), leaf n=3 (15%), Gram-positive peels n=5
(12.5%), leaf: n=7 (17.5%)) and 2.0XMIC (n = 29), while the number of samples was
higher (100% death). For all bacteria, in the same period, bark extract in combination
with CFO or ACA antibiotics for Gram-negative or Gram-positive bacteria,
respectively, eliminated 13.33% of bacteria in 0.5XMIC, 75% in 1.0XMIC and all the

bacteria were killed at 2.0XMIC. Leaf extract in combination with CFO or ACA
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antibiotics for Gram-negative or Gram-positive bacteria, respectively, at 0.5XMIC
eliminated 16.67% of bacteria, 1.0XMIC eliminated 66.67%, and 2.0XMIC eliminated
all bacteria at the end of 24 h. Our Time-kill results corroborate with other studies (Ojo
et al., 2013; Aiyegoro et al., 2009) which demonstrated a high death effect at 2XMIC
and a longer time of interaction. Although bacterial killing by the bark and leaf extract
in the Time-kill assay were dose- and time-dependent, our results were complemented
and supported by the synergistic and additive effects found in the association of the

extract with antibiotics as indicated by the assay checkerboard.

4. Conclusion

Our results demonstrated a significant antibacterial activity of bark or leaf extracts
against Gram-negative and Gram-positive bacteria resistant to multidrug, and that the
association of these extracts with the antibiotic CFO or ACA can potentiate the
antimicrobial effect and decrease the time of the death of these pathogens. Our data
suggest that extracts of A. humile can be used as an alternative source of research for
antibacterial agents acting on Gram-positive and Gram-negative multidrug-resistant
bacteria. However, the isolation of bioactive compounds and additional studies should
be performed to understand the mechanisms of bactericidal action, and to define real

efficacy and toxic effects.
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Table 1. Antibacterial activity of ethanolic extract of Anacardium humile (St.) Hil, against

123

multidrug resistant strains, by agar diffusion (DD), broth microdilution (BD) methods.

Gram-negative (n=26) DD BARK DD LEAF BD BARK BD LEAF
1S Concentration Zone of Concentration Zone of Concentration Concentration
(mg/mL) inhibition (mm) (mg/ml) inhibition (mm) (mg/ml) (mg/ml)
Citrobacter spp. (n=1) CS26B 0.000 0 0.000 0 0.039 0.039
Citrobacter youngae ATCC (n=1) CY 29935 0.000 0 0.000 0 0.039 0.039
Escherichia coli (n=2) EC 06 A 0.000 0 5 13 0.000 0.039
EC20B 0.039 12 0.039 10 0.039 0.039
Escherichia coli ATCC (n=1) EC 25922 0.000 0 0.000 0 0.039 0.000
Enterobacter spp. (n=9) ES01D 5 14 10 14 1.25 10
ES02B 0.039 11 10 11 0.039 0.039
ES08 A 0.039 15 5 13 0.625 5
ES08B 10 13 10 14 0.039 0.039
ES 08D 25 13 0.000 0 25 0.039
ES10E 10 14 10 10 0.039 10
ES11B 0.039 9 5 9 5 0.039
ES13B 0.000 0 0.000 0 0.000 0.000
ES18B 0.000 0 0.000 0 0.000 0.000
Proteus spp. (n=7) PS04 A 0.039 12 10 13 20 10
PS07 A 25 15 25 13 0.039 0.039
PS21D 0.039 15 0.039 15 0.039 0.039
PS25B 0.000 0 0.000 0 0.000 0.000
PS25C 0.000 0 0.000 0 10 10
PS39B 0.000 0 0.000 0 0.000 0.000
PS40B 0.039 11 0.000 0 0.039 0.000
Proteus mirabilis ATCC (n=1) PM 12453 5 9 10 13 5 10
Pseudomonas spp. (n=3) pPss21C 0.039 15 0.039 15 0.039 0.039
PSS23 A 0.000 0 25 11 0.000 0.039
PSS 38 A 0.156 11 0.039 14 0.039 0.039
Pseudomonas aeruginosa ATCC (n=1) PA 27853 0.312 11 0.156 12 0.312 0.156
Gram-positive (n=48) DD BARK DD LEAF BD BARK BD LEAF
IS Concentration Zone of Concentration Zone of Concentration Concentration
(mg/ml) inhibition (mm) (mg/mL) inhibition (mm) (mg/ml) (mg/ml)
Streptoccocus pneumoniae alpha-hemolityc STP12C 0.000 0 10 9 0 0.039
(n=02) STP13C 0.039 10 0.000 0 0.039 0.000
Streptoccocus agalatiae beta-hemolityc STAOLE 0.039 10 0.000 0 0.039 0.000
(n=04) STA10C 10 10 10 10 0.039 0.039
STA14B 0.039 11 0.039 11 0.039 0.312
STA18C 0.000 0 0.039 10 0.000 0.039
Streptococcus pyogenes ATCC (n=01) SP 0015 0.039 10 0.039 10 0.039 0.039
Staphylococcus epidermidis (n=04) SE05B 0.000 0 0.000 0 0.039 0.039
SE09 A 0.000 0 0.000 0 0.000 0.039
SE09B 0.039 13 1.25 12 0.039 0.039
SE40 A 0.039 11 0.000 0 0.039 0.000
Staphylococcus saprophyticus (n=14) SSo01C 0.039 9 0.039 10 0.039 5
SS08C 0.039 12 0.039 10 5 0.039
SS13 A 5 9 0.000 0 0.039 5
SS23B 0.000 0 0.000 0 0.039 0.039
SS25D 0.000 0 5 10 0.039 0.039
SS26C 0.000 0 0.000 0 0.039 0.000
SS34C 0.039 12 0.156 11 0.039 0.039
SS35A 0.039 10 10 9 0.039 10
SS35B 0.039 9 0.039 10 0.039 0.039
SS38B 0.000 0 0.000 0 0.000 0.000
SS39D 0.000 0 0.000 0 0.000 0.039
SS40C 20 11 0.039 14 20 10
SS41A 0.039 12 0.039 15 0.039 0.039
Ss41C 0.039 11 10 13 0.039 0.000
Staphylococcus aureus (n=22) SA02C 0.039 11 0.039 12 0.039 0.039
SA05A 0.039 14 10 12 10 0.039
SA05C 0.039 12 0.000 0 0.039 5
SA 05D 0.039 11 0.039 10 0.039 0.039
SA10A 0.000 0 20 10 0.039 0.039
SA10B 0.039 14 0.000 0 0.039 0.039
SA11A 10 10 25 9 0.039 25
SAl1l1C 0.000 0 0.000 0 0.039 0.000
SA11D 0.039 9 0.039 9 0.039 0.039
SA12A 0.039 15 0.039 12 0.039 0.039
SA14A 0.039 15 5 12 0.000 0.039
SA18A 10 11 10 11 0.039 0.039
SA 18D 0.000 0 0.039 12 0.000 10
SA20 A 0.039 9 0.000 0 0.039 0.000
SA21A 0.039 11 0.000 0 0.039 0.039
SA21F 0.000 0 0.000 0 0.039 0.039
SA24 A 0.000 0 0.000 0 0.039 0.039
SA24B 0.000 0 0.000 0 0.039 0.000
SA26 A 0.039 9 0.000 0 0.039 0.039
SA29 A 0.039 11 0.039 12 0.039 0.039
SA33B 0.039 13 0.039 10 0.039 0.039
SA36B 0.000 0 0.039 12 0.000 0.000
Staphylococcus aureus ATCC (n=01) SA 25923 20 11 0.000 0 20 10
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DD=Disc difusion. MC=Microdilution. IS: Identification of bacterial strains isolated or ATCC (29935; 25922; 12453;
27853; 0015; 25923). Gram-negative bacteria: CY=Citrobacter youngae; EC=Escherichia coli; ES=Enterobacter spp.; PS=
Proteus spp.; PM=Proteus mirabilis; PSS=Pseudomonas spp.; PA=Pseudomonas aeruginosa. Gram-positive bacteria:
STP=Streptoccocus pneumoniae; STA=Streptococcus agalactiae; SP=Streptococcus pyogenes; SE=Staphylococcus
epidermidis, SS=Staphylococcus saprophyticus; SA=Staphylococcus aureus. The concentration of the extract used to the
antimicrobial activity ranged from 20 to 0.039 mg/ml. Inhibition (mm) Active > 9mm.
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Table 2. Combination effects of the extract from bark Anacardium humile (St.) Hil and
antibiotics on the growth of multidrug resistant bacteria.

BACTERIA

MIC

MIC

MIC

FIC

(Gram-negative, n = 20) 1S Extract (ug/ml) CFO (ug/ml) Combination (ug/ml) (pg/ml) Remarks
Citrobacter spp. (n=1) CS 26B 5 0 3,12 0,062 Synergistic
Citrobacter youngae (ATCC) (n=1) CY 29935 10 0 5 0,500 Synergistic
Escherichia coli (n=1) EC 20B 0,19 0,19 0,19 2,000 Indifferent
Escherichia coli (ATCC) (n=1) EC 25922 5 0 25 0,500 Synergistic
Enterobacter spp. (n=7) ES 02B 1,56 6,25 1,56 1,249 Indifferent

ES 08B 2,5 5 2,5 1,500 Indifferent
ES 08D 1,56 12,5 1,56 1,124 Indifferent
ES 10E 3,12 5 0,78 0,265 Synergistic
ES 11B 0,78 5 0,78 1,015 Indifferent
ES 13B 2,5 0 0,78 0,312 Synergistic
ES 18B 6,25 0 0,39 0,062 Synergistic
Proteus spp. (n=5) PS 04A 25 10 5 2,500 Antagonism
PS 21D 0,19 0,19 0,19 2,000 Indifferent
PS 25C 3,12 0 3,12 1,000 Additive
PS 39B 2,5 0 2,5 1,000 Additive
PS 40B 2,5 5 2,5 1,050 Indifferent
Proteus mirabilis (ATCC) (n=1) PM 12453 25 25 25 2,000 Indifferent
Pseudomonas spp. (n=02) PSS 23A 5 0 2,5 0,500 Synergistic
PSS 38A 0,78 0,78 0,78 2,000 Indifferent
Pseudomonas aeruginosa (ATCC) (n=1) PA 27853 1,56 1,56 1,56 2,000 Indifferent
BACTERIA IS MIC MIC MIC FIC Remarks
(Gram-positive, n = 40) Extract (ug/ml) ACA (ug/mL) Combination (ug/ml) (ng/ml)
Streptococcus pneumoniae (n=2) STP 12C 5 0 25 0,500 Synergistic
STP 13C 6,25 25 6,25 3,500 Antagonism
Streptococcus agalactiae (n=2) STA 10C 3,12 5 1,56 0,812 Additive
STA14B 0,39 1,56 1,56 5,000 Antagonism
Streptococcus pyogenes (ATCC) (n=1) SP 0015 0,39 5 0,78 2,156 Antagonism
Staphylococcus epidermidis (n=2) SE 09A 0,78 0 0,78 1,000 Additive
SE 40A 0,78 5 2,5 3,705 Antagonism
Staphylococcus saprophyticus (n=12) SSo01C 0,39 5 3,12 8,624 Antagonism
SS08C 0,19 2,5 1,56 8,834 Antagonism
SS 13A 0,19 2,5 2,5 14,157 Antagonism
SS 23B 2,5 0 2,5 1,000 Additive
SS 25D 2,5 0 1,56 0,624 Additive
SS 26C 6,25 0 3,12 0,499 Synergistic
SS 34C 0,39 0,39 0,39 2,000 Indifferent
SS 358 0,19 0,19 0,19 2,000 Indifferent
SS 38B 5 0 25 0,500 Synergistic
SS 39D 10 0 5 0,500 Synergistic
SS 40C 5 10 5 1,500 Indifferent
SS41A 25 25 25 2,000 Indifferent
Staphylococcus aureus (n=20) SA 02C 0,39 25 6,25 18,525 Antagonism
SA 05A 0,19 5 3,12 17,045 Antagonism
SA 05C 1,56 5 1,56 1,312 Indifferent
SA 05D 1,56 5 0,78 0,656 Additive
SA 10A 3,12 0 0,78 0,250 Synergistic
SA 108 0,19 0,19 019 2,000 Indifferent
SA11C 6,25 0 3,12 0,499 Additive
SA 11D 3,12 6,25 3,12 1,499 Indifferent
SA 12A 25 25 25 2,000 Indifferent
SA 14A 1,56 2,5 1,56 1,624 Indifferent
SA 18A 25 5 25 1,500 Indifferent
SA 18D 10 0 5 0,500 Synergistic
SA21A 5 5 5 2,000 Indifferent
SA 21F 10 0 5 0,500 Synergistic
SA 24A 2,5 0 2,5 1,000 Additive
SA 24B 6,25 0 6,25 1,000 Additive
SA 26A 0,19 0,19 0,19 2,000 Indifferent
SA 29A 0,19 0,19 0,19 2,000 Indifferent
SA 33B 6,25 5 3,12 1,123 Indifferent
SA 36B 3,12 0 3,12 1,000 Additive
Staphylococcus aureus (ATCC) (n=1) SA 25923 5 10 5 1,500 Indifferent
Total 60

MIC: Minimum Inhibitory Concentration; FIC: Fractional Inhibitory Concentration; ACA: Amoxicillin/Clavulanic Acid;
CFO: Cefoxitin. Quantities of bacteria (n). American Type Culture Collection (ATCC). IS: Identification of bacterial strains
isolated or ATCC (29935; 25922; 12453; 27853; 0015; 25923). Gram-negative bacteria: CY=Citrobacter youngae;
EC=Escherichia coli; ES=Enterobacter spp.; PS= Proteus spp.; PM=Proteus mirabilis; PSS=Pseudomonas spp.;
PA=Pseudomonas aeruginosa. Gram-positive bacteria: STP=Streptoccocus pneumoniae; STA=Streptococcus agalactiae;
SP=Streptococcus pyogenes; SE=Staphylococcus epidermidis, SS=Staphylococcus saprophyticus; SA=Staphylococcus

aureus.
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Table 3. Combination effects of the extract from leaf Anacardium humile (St.) Hil and
antibiotics on the growth of multidrug resistant bacteria.

BACTERIA IS MIC MIC MIC FIC Remarks
(Gram-negative, n = 20) Extract (ug/ml) CFO (ug/ml) Combination (pg/ml) (pg/ml)

Citrobacter spp. (n=1) CS 26B 5 0 2,5 0,500 Synergistic
Citrobacter youngae (ATCC) (n=1) CY 29935 10 0 25 0,250 Synergistic
Escherichia coli (n=1) EC 20B 0,19 0,19 0,19 2,0000 Indifferent
Escherichia coli (ATCC) (n=1) EC 25922 25 0 12,5 0,500 Synergistic
Enterobacter spp. (n=7) ES 02B 25 5 2,5 1,500 Indifferent
ES 08B 25 5 25 1,500 Indifferent
ES 08D 5 0 2,5 0,500 Synergistic

ES 10E 25 5 25 1,500 Indifferent

ES 11B 2,5 2,5 2,5 2,000 Indifferent
ES 13B 5 0 25 0,500 Synergistic
ES 18B 10 0 5 0,500 Synergistic

Proteus spp. (n=5) PS 04A 5 5 5 2,000 Indifferent
PS2D 0,19 0,19 0,19 2,000 Indifferent
PS 25C 3,12 0 1,56 0,500 Synergistic
PS 39B 3,12 0 1,56 0,500 Synergistic

PS 40B 1,56 0 1,56 1,000 Indifferent

Proteus mirabilis (ATCC) (n=1) PM 12453 25 5 25 1,050 Indifferent
Pseudomonas spp. (n=02) PSS 23A 0,78 12,5 3,25 4,426 Antagonism
PSS 38A 0,19 0,19 0,19 2,000 Indifferent

Pseudomonas aeruginosa (ATCC) (n=1) PA 27853 0,78 0,78 0,78 2,000 Indifferent
BACTERIA IS MIC MIC MIC FIC Remarks

(Gram-positive, n = 40) Extract (ug/ml) ACA (ug/mL) Combination (ug/ml) (ng/ml)

Streptococcus pneumoniae (n=2) STP 12C 25 5 6,25 0,500 Synergistic
STP 13C 10 0 2,5 0,250 Synergistic

Streptococcus agalactiae (n=2) STA 10C 25 5 6,25 2,000 Indifferent
STA14B 1,56 1,56 1,56 0,500 Synergistic

Streptococcus pyogenes (ATCC) (n=1) SP 0015 25 5 6,25 1,500 Indifferent
Staphylococcus epidermidis (n=2) SE 09A 10 0 25 1,500 Indifferent
SE 40A 10 0 3,12 0,500 Synergistic

Staphylococcus saprophyticus (n=12) SSo01C 6,25 25 1,56 1,500 Indifferent
SS08C 2,5 5 2,5 2,000 Indifferent
SS 13A 10 0 5 0,500 Synergistic
SS 23B 10 0 5 0,500 Synergistic

SS 25D 6,25 2,5 1,56 2,000 Indifferent

SS 26C 10 0 25 2,000 Indifferent
SS 34C 1,56 0,78 0,78 0,500 Synergistic
SS 35B 6,25 3,12 0,39 0,500 Synergistic

SS 38B 10 0 5 1,000 Additive

SS 39D 10 0 2,5 1,050 Indifferent
SS 40C 2,5 5 3,12 4,426 Antagonism

SS41A 2,5 5 0,39 2,000 Indifferent

Staphylococcus aureus (n=20) SA 02C 6,25 25 1,56 2,000 Indifferent
SA 05A 25 5 2,5 3,750 Antagonism
SA 05C 10 0 5 0,250 Synergistic
SA 05D 25 5 2,5 3,750 Antagonism

SA 10A 5 10 5 2,000 Indifferent
SA 10B 20 0 5 3,750 Antagonism
SA11C 10 0 10 0,250 Synergistic
SA 11D 6,25 25 3,12 0,312 Synergistic

SA 12A 6,25 2,5 3,12 0,873 Additive

SA 14A 6,25 2,5 6,25 1,500 Indifferent
SA 18A 25 5 2,5 0,500 Synergistic
SA 18D 25 5 3,12 0,500 Synergistic

SA21A 10 0 5 0,873 Additivity
SA 21F 5 0 5 0,250 Synergistic
SA 24A 10 0 25 1,500 Indifference
SA 24B 10 0 3,12 0,187 Synergistic
SA 26A 6,25 0 6,25 0,500 Synergistic
SA 29A 0,19 0,19 0,19 0,250 Synergistic

SA 33B 0,78 5 0,78 1,872 Indifferent
SA 36B 0,78 5 0,78 0,234 Synergistic

Staphylococcus aureus (ATCC) (n=1) SA 25923 0,78 0 0,78 0,873 Additive

Total 60

MIC: Minimum Inhibitory Concentration; FIC: Fractional Inhibitory Concentration; ACA: Amoxicillin/Clavulanic Acid;
CFO: Cefoxitin. Quantities of bacteria (n). American Type Culture Collection (ATCC). IS: Identification of bacterial strains
isolated or ATCC (29935; 25922; 12453; 27853; 0015; 25923). Gram-negative bacteria: CS= Citrobacter spp.;
CY=Citrobacter youngae; EC=Escherichia coli; ES=Enterobacter spp.; PS= Proteus spp.; PM=Proteus mirabilis;

PSS=Pseudomonas spp.; PA=Pseudomonas aeruginosa. Gram-positive bacteria: STP=Streptoccocus pneumoniae;

STA=Streptococcus agalactiae;

SP=Streptococcus pyogenes;

saprophyticus; SA=Staphylococcus aureus.

SE=Staphylococcus epidermidis,

SS=Staphylococcus
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Table 4. In vitro time kill assessment of the extract from bark Anacardium humile (St.)
Hill against Gram-negative and Gram-positive bacteria.

Gram negative

LogsoKill 0.5XMIC

LogoKill IXMIC

LogoKill 2XMIC

1S 6h 12h 24h 6h 12h 24h 6h 12h 24h
CS 26B 1.079 0.903 0.778° 1.000 0.602 0.000* 0.000 0.000 0.000*
CY 29935 1.176 1.079 1.000* 1.079 0.778 0.000* 0.778 0.000 0.000*
EC 20B 0.954 0.602 0.602* 0.778 0.301 0.000* 0.699 0.602 0.000*
EC 25922 0.954 0.602 0.602" 0.778 0.301 0.000* 0.000 0.000 0.000*
ES 02B 1.146 0.903 0.699" 0.699 0.477 0.477* 0.000 0.000 0.000*
ES 08B 1.079 1.000 0.954* 0.845 0.699 0.699" 0.301 0.000 0.000*
ES 08D 0.903 0.903 0.699" 0.699 0.477 0.000* 0.000 0.000 0.000*
ES 10E 0.699 0.699 0.602" 0.301 0.000 0.000* 0.000 0.000 0.000*
ES 11B 1.000 0.845 0.778" 0.477 0.000 0.000* 0.000 0.000 0.000*
ES 13B 0.845 0.699 0.699" 0.000 0.000 0.000* 0.000 0.000 0.000*
ES 18B 1.176 1.000 0.954* 0.954 0.699 0.477* 0.477 0.000 0.000*
PS 04A 1.079 0.903 0.845" 0.845 0.699 0.301* 0.000 0.000 0.000*
PS 21D 0.699 0.602 0.301" 0.000 0.000 0.000* 0.000 0.000 0.000*
PS 25C 0.778 0.477 0.301* 0.301 0.000 0.000* 0.000 0.000 0.000*
PS 39B 0.954 0.477 0.301* 0.778 0.477 0.477* 0.477 0.000 0.000*
PS 40B 0.845 0.778 0.477* 0.477 0.000 0.000* 0.000 0.000 0.000*
PM 12453 1.146 0.845 0.602* 0.778 0.477 0.301* 0.000 0.000 0.000*
PSS 23A 1.041 1.000 0.699" 0.477 0.000 0.000* 0.000 0.000 0.000*
PSS 38A 0.903 0.699 0.699" 0.000 0.000 0.000* 0.000 0.000 0.000*
PA 27853 0.699 0.477 0.301* 0.000 0.000 0.000* 0.000 0.000 0.000*
LogsoKill 0.5XMIC Logy,Kill 1IXMIC LogyKill 2XMIC
Gram positive
1S 6h 12h 24h 6h 12h 24h 6h 12h 24h
STP 12C 0.845 0.778 0.778" 0.699 0.000 0.000* 0.000 0.000 0.000*
STP 13C 1.176 1.113 1.000* 0.845 0.845 0.500* 0.477 0.000 0.000*
STA 10C 0.954 0.903 0.778" 0.301 0.000 0.000* 0.000 0.000 0.000*
STA 14B 0.602 0.477 0.477* 0.602 0.477 0.477* 0.000 0.000 0.000*
SP 0015 0.954 0.903 0.845" 0.699 0.477 0.000* 0.000 0.000 0.000*
SE 09A 1.079 1.041 1.041* 0.903 0.845 0.778" 0.602 0.301 0.000*
SE 40A 0.903 0.778 0.477* 0.301 0.301 0.000* 0.000 0.000 0.000*
SS01C 1.000 0.699 0.602* 0.699 0.602 0.602* 0.301 0.301 0.000*
SS 08C 0.477 0.477 0.000" 0.000 0.301 0.000* 0.000 0.000 0.000*
SS 13A 0.602 0.602 0.000* 0.000 0.301 0.301* 0.000 0.000 0.000*
SS 23B 0.778 0.778 0.477* 0.000 0.477 0.301* 0.301 0.000 0.000*
SS 25D 0.903 0.699 0.602" 0.602 0.000 0.000* 0.000 0.000 0.000*
SS 26C 0.602 0.301 0.000* 0.000 0.000 0.000* 0.000 0.000 0.000*
SS 34C 0.778 0.778 0.477* 0.301 0.301 0.301* 0.000 0.000 0.000*
SS 358 0.845 0.845 0.699" 0.699 0.699 0.477* 0.477 0.000 0.000*
SS 38B 1.000 0.954 0.845" 0.477 0.000 0.000* 0.000 0.000 0.000*
SS 39D 0.699 0.602 0.477* 0.000 0.000 0.000* 0.000 0.000 0.000*
SS 40C 0.845 0.845 0.699" 0.000 0.000 0.000* 0.000 0.000 0.000*
SS 41A 0.477 0.477 0.477* 0.000 0.000 0.000* 0.000 0.000 0.000*
SA02C 1.041 0.845 0.477* 0.477 0.000 0.000* 0.000 0.000 0.000*
SA 05A 0.954 0.699 0.602" 0.778 0.477 0.000* 0.000 0.000 0.000*
SA 05C 1.113 0.845 0.602* 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 05D 1.041 1.041 0.954* 0.845 0.699 0.602* 0.301 0.301 0.000*
SA 10A 0.699 0.778 0.602* 0.602 0.477 0.477* 0.000 0.000 0.000*
SA 10B 0.954 0.954 0.778" 0.845 0.699 0.699* 0.477 0.477 0.000*
SA11C 0.845 0.699 0.602" 0.602 0.000 0.000* 0.000 0.000 0.000*
SA 11D 0.699 0.602 0.602* 0.301 0.301 0.301* 0.000 0.000 0.000*
SA 12A 0.903 0.845 0.845" 0.954 0.954 0.778" 0.602 0.301 0.000*
SA 14A 0.903 0.699 0.699* 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 18A 1.176 1.079 1.041* 1.041 0.954 0.778" 0.602 0.602 0.000*
SA 18D 1.113 1.000 0.954* 0.699 0.699 0.477" 0.477 0.000 0.000*
SA21A 1.079 0.845 0.778* 0.477 0.301 0.000* 0.000 0.000 0.000*
SA21F 0.699 0.699 0.477* 0.000 0.000 0.000* 0.000 0.000 0.000*
SA 24A 0.477 0.477 0.301* 0.000 0.000 0.000* 0.000 0.000 0.000*
SA 24B 0.845 0.845 0.602" 0.477 0.301 0.301* 0.000 0.000 0.000*
SA 26A 0.845 0.699 0.699* 0.000 0.301 0.000* 0.000 0.000 0.000*
SA 29A 0.903 0.778 0.477* 0.301 0.301 0.000* 0.000 0.000 0.000*
SA 33B 1.000 0.954 0.602* 0.602 0.301 0.301* 0.000 0.000 0.000*
SA36B 0.477 0.477 0.301* 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 25923 0.602 0.301 0.000* 0.000 0.000 0.000* 0.000 0.000 0.000*

Gram-negative bactéria: CS= Citrobacter spp.; CY=Citrobacter youngae; EC=Escherichia coli; ES=Enterobacter spp.;
PS=Proteus spp.; PM=Proteus mirabilis; PSS=Pseudomonas spp.; PA=Pseudomonas aeruginosa; IS: ldentification of
Strains Isolated or ATCC (29935; 25922; 12453; 27853). CFO: Cefoxitin. Log reduction Factor: 0.301CFU/ml;
*Bactericidal Activity < 0.301 cfu/ml; *Bacteriostatic Activity > 0.301 CFU/ml. Gram-positive bacteria: STP=Streptoccocus
SE=Staphyloccocus
SS=Staphyloccocus saprophyticus; SA=Staphyloccocus aureus. IS: ldentification of Strains Isolated or ATCC (0015;
25923) ACA=Amoxicillin/Clavulanic Acid. Log reduction Factor=0.368 cfu/ml.*Bactericidal Activity < 0.368 cfu/ml; *

pneumoniae;

Bacteriostatic Activity > 0.368 cfu/ml.

STA=Streptoccocus

agalatiae;

SP=Streptoccocus

pyogenes;

epidermidis;
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Table 5. In vitro time kill assessment of the extract from leaf Anacardium humile (St.)

Hill against Gram-negative and Gram-positive bacteria.

s _ LogsoKill 0.5XMIC LogsoKill IXMIC LogsoKill 2XMIC
ram negatlve
IS 6h 12h 24h 6h 12h 24h 6h 12h 24h
CS 26B 0.602 0.602 0.301* 0.000 0.000 0.000* 0.000 0.000 0.000*
CY 29935 1.079 1.041 0.954" 0.699 0.477 0.000* 0.000 0.000 0.000*
EC 20B 1.041 0.954 0.845* 0.602 0.602 0.301* 0.000 0.000 0.000*
EC 25922 0.699 0.699 0.301* 0.301 0.000 0.000* 0.000 0.000 0.000%
ES 02B 0.845 0.845 0.477* 0.000 0.000 0.000* 0.000 0.000 0.000*
ES 08B 0.778 0477 0.477" 0477 0.000 0.000* 0.000 0.000 0.000*
ES 08D 1.176 0.954 0.903* 0.699 0.699 0.477* 0.000 0.000 0.000*
ES 10E 0.903 0.699 0.699" 0.301 0.000 0.000* 0.000 0.000 0.000*
ES 11B 0.954 0.699 0.477" 0477 0.301 0.301* 0.301 0.000 0.000%
ES 13B 0.602 0.301 0.000* 0.000 0.000 0.000* 0.000 0.000 0.000*
ES 18B 0.903 0.845 0.845" 0.778 0.778 0.477" 0.000 0.000 0.000*
PS 04A 0.903 0.699 0.477* 0.301 0.000 0.000* 0.000 0.000 0.000*
PS 21D 1.041 1.041 1.000" 0.778 0.477 0.477" 0.000 0.000 0.000*
PS 25C 1.000 0.845 0.845% 0.845 6.000 0477 0477 0.301 0.000%
PS 39B 0.477 0.602 0.477" 0.301 0.000 0.000* 0.000 0.000 0.000*
PS 40B 0.699 0.699 0477 0477 0.301 0.301* 0.301 0.301 0.000%
PM 12453 0.903 0.903 0.699" 0.602 0.699 0.602" 0.602 0.301 0.000*
PSS 23A 1.176 1.113 0.778" 0.845 0.778 0.778" 0.778 0.301 0.000*
PSS 38A 0.845 0.903 0.845" 0.699 0.477 0.477" 0.301 0.000 0.000*
PA 27853 1.146 1.079 1.041" 1.000 0.699 0.301* 0.000 0.000 0.000*
s 3 LogsoKill 0.5XMIC LogsoKill IXMIC LogsoKill 2XMIC
ram pOSItIVE
1S 6h 12h 24h 6h 12h 24h 6h 12h 24h
STP 12C 0.477 0.301 0.301% 0.301 0.000 0.000% 0.000 0.000 0.000*
STP 13C 0.845 0.845 0.903" 0.778 0.477 0.000* 0.000 0.000 0.000*
STA 10C 0.954 0.845 0.699* 0.699 0.699 0.301* 0.301 0.301 0.000*
STA 14B 0.954 0.845 0.602" 0.477 0.000 0.000* 0.000 0.000 0.000*
SP 0015 1.000 1.000 0.845" 0.602 0.602 0.301* 0.000 0.000 0.000*
SE 09A 1.041 0.699 0.602* 0.602 0.301 0.000% 0.000 0.000 0.000*
SE 40A 0.845 0.699 0.699" 0.602 0.602 0.477" 0.477 0.301 0.000*
SS01C 0.699 0.477 0477 0.301 0.000 0.000% 0.301 0.301 0.000%
S5 08C 1.146 1.079 1.000* 0.954 0.845 0.845" 0.477 0.301 0.301*
SS 13A 0.954 0.954 0.845% 0.845 0.699 0.699° 0.699 0477 0.000*
S5 23B 0.699 0.699 0.699" 0.477 0.477 0.301* 0.000 0.000 0.000%
S5 25D 0.954 0.903 0.845% 0.699 0.301 0.301* 0.301 0.000 0.000*
SS 26C 0.845 0.778 0.778" 0.699 0.477 0.477" 0.301 0.301 0.000%
SS 34C 0.954 0.699 0.699" 0.699 0.602 0.602° 0477 0.000 0.000%
SS 35B 0.301 0.301 0.000* 0.000 0.000 0.000* 0.000 0.000 0.000%
S5 388 0.602 0.301 0.301* 0.000 0.000 0.000* 0.000 0.000 0.000*
$S39D 0.903 0.845 0.845" 0.845 6.000 0.477" 0.301 0.301 0.000%
SS 40C 0.954 1.000 0.954" 0.845 0.699 0.301* 0.000 0.000 0.000*
SS 41A 0.602 0.477 0.477" 0.301 0.000 0.000% 0.000 0.000 0.000%
SA 02C 0.699 0.602 0.602* 0477 0477 0.301* 0.000 0.000 0.000*
SA 05A 1.041 1.000 0.954* 0.845 0.699 0.477* 0.000 0.000 0.000*
SA 05C 0.602 0.301 0.000* 0.000 0.000 0.000* 0.000 0.000 0.000*
SA 05D 0.903 0.845 0.845" 0.778 0.778 0.477" 0.000 0.000 0.000%
SA 10A 0.903 0.699 0477 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 10B 1.041 1.041 1.000* 0.778 0.477 0.477* 0.000 0.000 0.000*
SA11C 1.000 0.845 0.845" 0.845 0.778 0.477* 0.477 0.301 0.000*
SA 11D 0.477 0.301 0.301* 0.301 0.000 0.000% 0.000 0.000 0.000*
SA 12A 0.699 0.699 0.477* 0.477 0.301 0.301* 0.301 0.301 0.000*
SA 14A 0.903 0.903 0.699" 0.602 0.699 0.602° 0.602 0.301 0.000*
SA 18A 1.176 1.113 0.778" 0.845 0.778 0.778" 0.778 0.301 0.000*
SA 18D 0.602 0.602 0.301* 0.000 0.000 0.000* 0.000 0.000 0.000*
SA 21A 1.079 1.041 0.954* 0.699 0.477 0.000* 0.000 0.000 0.000*
SA21F 1.041 0.954 0.845% 0.602 0.602 0.301* 0.000 0.000 0.000*
SA 24A 0.699 0.699 0.301* 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 24B 0.845 0.845 0477 0.000 0.000 0.000* 0.000 0.000 0.000*
SA 26A 0.778 0.477 0.477* 0.477 0.000 0.000* 0.000 0.000 0.000*
SA 29A 1.176 0.954 0.903* 0.699 0.699 0.477° 0.000 0.000 0.000*
SA 33B 0.903 0.699 0.699* 0.301 0.000 0.000* 0.000 0.000 0.000*
SA 36B 0.954 0.699 0.477* 0.477 0.301 0.301* 0.301 0.000 0.000*
SA 25923 0.903 0.845 0.699° 0.602 0.301 0.301* 0.000 0.000 0.000*

Gram-negative bacteria. CS= Citrobacter spp. CY=Citrobacter youngae; EC=Escherichia coli; ES=Enterobacter spp.;
PS=Proteus spp.; PM=Proteus mirabilis; PSS=Pseudomonas spp.; PA=Pseudomonas aeruginosa; IS: ldentification of
Strains Isolated or ATCC (29935; 25922; 12453; 27853). CFO: Cefoxitin. Log reduction Factor: 0.301CFU/ml;
*Bactericidal Activity < 0.301 CFU/ml; “Bacteriostatic Activity > 0.301 CFU/ml. Gram-positive bacteria
(STP=Streptoccocus pneumoniae; STA=Streptoccocus agalatiae; SP=Streptoccocus pyogenes; SE=Staphyloccocus
epidermidis; SS=Staphyloccocus saprophyticus; SA=Staphyloccocus aureus). IS: Identification of Strains Isolated or ATCC
(0015; 25923) ACA=Amoxicillin/Clavulanic Acid. Log reduction Factor=0.352 CFU/ml.*Bactericidal Activity < 0.352
CFU/ml; * Bacteriostatic Activity. > 0.352 CFU/ml.
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5.1 Davilla nitida (Vahl) Kubitski

Em nosso estudo as atividades antibacterianas encontradas no extrato das cascas
de Davilla nitida (Vahl) Kubitski contra as bactérias multirresistentes, isoladas das
lesbes de pés de pacientes diabéticos, sugerem que essa planta possui um potencial para
a pesquisa de compostos bioativos que pode ser til para o desenvolvimento de novas

drogas antibacterianas para o tratamento e profilaxia desse tipo de infecc¢éo.

5.2  Kalanchoe pinnata (Lam.)Pers

Nossos resultados sugerem que a planta Kalanchoe pinnata (Lam.) Pers possui
atividade antibacteriana eficaz e fornece evidéncias da sua eficAcia como fonte de
pesquisa para o isolamento e caracterizacdo de compostos bioativos contra bactérias
resistentes a multidrogas.

5.3  Anacardium humile (St.) Hil

Nossos resultados demonstraram uma expressiva atividade antibacteriana dos
extratos das cascas e das folhas contra as bactérias Gram-negativas e Gram-postivas
resistentes a multidrogas e que a associacdo desses extratos com o antibiético CFO ou
ACA podem potencializar o efeito antibacteriano e diminuir o tempo de morte desses
patdgenos. Nossos dados sugerem que os extratos de Anacardium humile (St.) Hil
podem ser usados como uma fonte alternativa de pesquisa para agentes antibacterianos

com acdo em bactérias Gram-positiva e Gram-negativa multidroga resistentes.

Em todas as plantas analisadas, o isolamento dos compostos bioativos e estudos
adicionais devem ser realizados para entender os mecanismos de acdo bactericida, para

definir a real eficécia e os efeitos toxicos.
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6. Consideracg0es Finais
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Dentre as plantas testadas neste trabalho a que melhor apresentou atividade
antibacteriana nos testes propostos foi Anacardium humile (St.) Hil, seguido de Davilla
nitida (Vahl) Kubitski e Kalanchoe pinnata (Lam.)Pers.

Considerando que todos os extratos de plantas apresentaram potencial para a
pesquisa de compostos bioativos, como perspectivas futuras, estudos adicionais sobre as
acOes farmacoldgicas e sua potencial toxicidade serdo necessarios para determinar sua

adequada seguranca.

Adicionalmente foi escrito um capitulo de livro enviado a editora CRV, que ja
foi aceito por pareceristas ad hoc e esta aguardando editoragdo, intitulado “O uso de
plantas medicinais e a resisténcia bacteriana”. Este livro “Tépicos especias em
Biodiversidade e Biotecnologia — Volume 2” faz parte de uma coletinea de 4 livros
organizados por doutorandos do Programa Rede Bionorte/Tocantins. Neste capitulo foi
relatado sobre o uso de plantas medicinais como uma alternativa na investigagdo da

atividade antibacteriana contra bactérias multirresistentes.
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7.3 Lista RENISUS
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RENMISUS — Relacio Macional de Plantas Medicinais de Interesse ao SUS

Lspécies vegetais
1 | Achitas miiefodurm 37| Liopila widoiss
2 Ao sativuen 38 | Matws sylvastns
- 1 k | B =I- * ll-I‘:in L] I r L - -
J |Aioe spp® (AL vera ou A, barbadendis) a3 :I_di;.::;jn' po* (M. agquifolium ou M
EiaTir A4, Tt A, ,
4 pinis Spp* (A. Zerum o 40 | Mentfs pulegium
B m [t ]
M (M. orgps M. o o7
5 Anscardiurm oodidentals 41 . “ I.J PP ( et ad
M, wiliosg )
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g frrabicses chice 44 | Morus sp*
4 prtermsla absintfium 45 | Oafmum gradissimum
10 |Esccharts brimers 46 | Orbignya specioss
i1 isuiinia Lpp* (B &ffinis, B. forficats ou 47 Passifora spp* (P slada, P, adwlis ou P
= |8, varegats ) fncarnata )
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T & Y
1 [Cordia spp E_ corassavics au O 55 | Pidium guajava
varfianacas )
20 |Coshes spp* (C. fcabér ou O Spicahieg) 56 | Punica granatum
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28 | Bl tthering plicats 1 | Sadanw paniculainm
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7.4 Codigo de identificacao das cepas bacterianas testadas neste estudo.

Bactérias Gram-negativas

Citrobacter spp 26 B- | Enterobacter spp 18 B-
Citrobacter youngae ATCC 29935 C5 | Proteus spp 04 A-
Escherichia coli 06 A- | Proteus spp 07 A-
Escherichia coli 20 B- | Proteus spp 21 D-
Escherichia coli ATCC 25922 C2 | Proteus spp 25 B-
Enterobacter spp 01 D- | Proteus spp 25 C-
Enterobacter spp 02 B- | Proteus spp 39 B-
Enterobacter spp 08 A- | Proteus spp 40 B-
Enterobacter spp 08 B- | Proteus mirabilis ATCC 12453 C4

Enterobacter spp 08 D- | Pseudomonas spp 21 C-
Enterobacter spp 10 E- | Pseudomonas spp 23 A-
Enterobacter spp 11 B- | Pseudomonas spp 38 A-
Enterobacter spp 13 B- | Pseudomonas aeruginosa ATCC 27853 C3

Bactérias Gram-positivas

Streptoccocus alfa hemolitico grupo pneumoniae | 12 C+ | Staphylococcus saprophyticus 41 C+
Streptoccocus alfa hemolitico grupo pneumoniae | 13 C+ | Staphylococcus aureus 02 C+
Streptoccocus Beta hemolitico grupo agalactiae 01 E+ | Staphylococcus aureus 05 A+
Streptoccocus Beta hemolitico grupo agalactiae 10 C+ | Staphylococcus aureus 05 C+
Streptoccocus Beta hemolitico grupo agalactiae 14 B+ | Staphylococcus aureus 05 D+
Streptoccocus Beta hemolitico grupo agalactiae 18 C+ | Staphylococcus aureus 10 A+
Streptococcus pyogenes ATCC 0015 Cl Staphylococcus aureus 10 B+
Staphylococcus epidermidis 05 B+ | Staphylococcus aureus 11 A+
Staphylococcus epidermidis 09 A+ | Staphylococcus aureus 11 C+
Staphylococcus epidermidis 09 B+ | Staphylococcus aureus 11 D+
Staphylococcus epidermidis 40 A+ | Staphylococcus aureus 12 A+
Staphylococcus saprophyticus 01 C+ | Staphylococcus aureus 14 A+
Staphylococcus saprophyticus 08 C+ | Staphylococcus aureus 18 A+
Staphylococcus saprophyticus 13 A+ | Staphylococcus aureus 18 D+
Staphylococcus saprophyticus 23 B+ | Staphylococcus aureus 20 A+
Staphylococcus saprophyticus 25 D+ | Staphylococcus aureus 21 A+
Staphylococcus saprophyticus 26 C+ | Staphylococcus aureus 21 F+
Staphylococcus saprophyticus 34 C+ | Staphylococcus aureus 24 A+
Staphylococcus saprophyticus 35 A+ | Staphylococcus aureus 24 B+
Staphylococcus saprophyticus 35 B+ | Staphylococcus aureus 26 A+
Staphylococcus saprophyticus 38 B+ | Staphylococcus aureus 29 A+
Staphylococcus saprophyticus 39 D+ | Staphylococcus aureus 33 B+
Staphylococcus saprophyticus 40 C+ | Staphylococcus aureus 36 B+
Staphylococcus saprophyticus 41 A+ | Staphylococcus aureus ATCC 25923 C6

Fonte:

Perim (2015)




