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RESUMO

Substancias isoladas e sintetizadas organicamente tém se destacado ao longo dos anos por
suas propriedades terapéuticas, incluindo sua atividade antibacteriana. Neste contexto, o
objetivo desta pesquisa foi investigar as propriedades farmacoldgicas de 2-(2-
hidroxietilamina)-3-(3-metil-2-butenil)-1,4-di-hidro-1,4-naftalenodiona,  2-(2-hidroxi-
etilamina)-3-(2-metil-propenil)-[1,4]naftoquinona e 2-(3-hidroxi-propilamina)-3-(3-
metil-2-butenil)-[1,4]naftoquinona por meio de modelos computacionais de predicéo,
avaliar a atividade antibacteriana e moduladora in vitro dessas compostos contra cepas
bacterianas ATCC e isolados clinicos, além de andlisar o efeito inibidor sobre o
funcionamento de bomba de efluxo dessas substéancias em cepas de Staphylococcus
aureus multirresistentes. As substancias foram sintetizadas a partir de 2-hidroxi-
quinonas, lapachol e nor-lapacol obtendo os correspondentes derivados 2-metoxilados via
alquilacdo de sulfato de dimetila em meio basico, estes entdo reagiram
quimiosseletivamente com 2-etanolamina e 3-propanolamina para formar o0s
correspondentes aminoalcoois . A atividade antibacteriana e a atividade moduladora das
substancias foram avaliadas pelo método de microdilui¢cdo em caldo para determinacéo
da Concentracao Inibitéria Minima (CIM). Para verificar o efeito de redu¢do do CIM do
brometo de etideo e do antibittico, foi utilizado in6culos obtidos de placas incubadas em
estufa bacterioldgica por 24h a 37°C com o repique do estoque. Apds esse periodo foi
utilizado ind6culos em solucdo salina de acordo com Mcfarland 0,5 que corresponde a
10°UFC. Os resultados dos testes foram feitos em triplicatas e como média geométrica.
Na andlise estatistica foi utilizada ANOVA de uma via, seguida do pos teste hoc Tukey
usando GraphPad Prism 5.0. As estruturas moleculares foram analisadas usando o banco
de dados ChEMBL para prever possiveis alvos e logo ap6s passaram por uma analise
virtual de estrutura (docking), que apontaram para a molécula 2-(2-hidroxi-etilamina)-3-
(2-metil-propenil)-[1,4]naftoquinona como um provavel agente antibacteriano para as
proteinas Replicative DNA helicase e RecA. As CIMs das substancias ndo foram
clinicamente significativas, porém, a associacdo com gentamicina e amicacina reduziu as
CIMs desses antibidticos com significancia de p < 0,0001. Frente a cepas de
Staphylococcus aureus que carregam 0 mecanismo de bomba de efluxo NorA, foi
observada reducéo significativa (p < 0,0001) de suas CIMs quando as substancias foram
associadas a norfloxacina e ao brometo de etidio, sendo esse efeito atribuido & inibicéo
da bomba de efluxo. Apds uma analise virtual baseada em sua estrutura (docking), foram

observadas informacdes sobre a afinidade de novos ligantes para a bomba de efluxo ABC.



As substancias testadas também demonstraram eficacia em diminuir a CIM de
eritromicina, tetraciclina e principalmente do brometo de etidio com reducdo da CIM em
até 16x. Em concluséo, a combinacdo dessas substancias com antibioticos pode ser uma

alternativa terapéutica para a resisténcia bacteriana e a reducéo dos efeitos colaterais

Palavras-chave: Antibacterianos. Estudo in silico. Bomba de efluxo. Modulagéo.
Lapachol. Norlapachol. Derivados.



ABSTRACT

Isolated substances and those organically synthesized have stood out over the years for
their therapeutic properties, including their antibacterial activity. In this context, the aim
of this research was to investigate the pharmacological properties of 2-(2
hydroxyethylamine)-3-(3-methyl-2-butenyl)-1,4-dihydro-1,4-naphthalenedione,  2-(2-
hydroxy-ethylamine)-3-(2-methyl-propenyl)-[1,4] naphthoquinone and 2-(3-hydroxy-
propylamine)-3-(3-methyl-2-butenyl)-[1,4]naphthoquinone using computational
prediction models, to evaluating the in vitro antibacterial and modulatory activity of these
compounds against bacterial ATCC strains and clinical isolates, in addition to analyzing
the inhibitory effect on the efflux pump functioning of these substances in strains of
multiresistant Staphylococcus aureus. The substances were synthesized from 2-hydroxy-
quinones, lapachol and nor-lapachol obtaining the corresponding 2-methoxylated
derivatives via dimethyl sulfate alkylation in a basic medium, these then reacted
chemoselectively with 2-ethanolamine and 3-propanolamine to form the corresponding
amino alcohols. The antibacterial activity and modulatory activity of the substances were
assayed by broth microdilution method to determine the Minimum Inhibitory
Concentration (MIC). To verify the effect of reducing the MIC of the ethidium bromide
and the antibiotic, inoculums obtained from plates incubated in a bacteriological oven for
24 hours at 37°C with the stock peaking were used. After this period inoculums were used
in saline solution according to Mcfarland 0.5 corresponding to 10°UFC. The results of
the tests were done in triplicates and as geometric mean. In the statistical analysis, one-
way ANOVA was used, followed by the Tukey hoc post test using GraphPad Prism
5.0.The molecular structures were analyzed using the ChEMBL database to predict
possible pharmacological targets and soon after underwent a virtual structure-based
analysis (docking)., which pointed to the molecule 2- (2-hydroxy-ethylamine)-3-(2-
methyl-propenyl)-[1,4]naphthoquinone as a probable antibacterial agent for the proteins
Replicative DNA helicase and RecA. The MICs of the substances were not clinically
significant, however, the association with gentamicin and amikacin reduced the MICs of
these antibiotics with significance of p < 0.0001. against Staphylococcus aureus strains
carrying the NorA efflux pump mechanism, a significant reduction (p < 0,0001) of their
MICs was observed when the substances were associated with norfloxacin and ethidium

bromide, with this effect being attributed to efflux pump inhibition. Following a virtual



analysis based on its structure (docking), information regarding the affinity of new
ligands for the ABC efflux pump. The tested substances also demonstrated effectiveness
at decreasing the MIC of erythromycin, tetracycline and mainly of ethidium bromide with
MIC reduction up to 16x. In conclusion, the combination of these substances with
antibiotics may be a therapeutic alternative to bacterial resistance and the reduction of
side effects

Keywords: Antibacterials. Computer simulation. Efflux pump. Modulation. Lapachol.

Norlapachol. Derivative
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1. INTRODUCAO




O surgimento de novas cepas microbianas multirresistentes ao longo dos ultimos
anos provocou o aumento dos casos de mortalidade e morbidade, além de elevagdo nos
custos do tratamento farmacoldgico (LIMA et al., 2017). Tal quadro, tornou a pesquisa
de novos compostos bioativos alvo de grande interesse cientifico na busca de alternativas
terapéuticas para as infeccdes microbianas (MOURA et al, 2019).

Dentre as bactérias Gram-negativas, P. aeruginosa se destaca, pois além de estar
relacionada com infecgbes em pacientes imunocoprometidos, também acometendo
pacientes que tenham realizado procedimentos invasivos, queimaduras e feridas
operatorias (MATA; ABEGG, 2007). A Escherichia coli pertencente a familia
Enterobacteriaceae e € uma bactéria Gram negativa (SANTURIO et al., 2014),
responsavel por 80 a 90% das infec¢Bes do trato urinario. Sua contaminagdo se faz por
via ascendente, proveniente da microbiota intestinal atingindo a uretra, passando em
seguida para a bexiga e eventualmente para as vias urinarias (FLORES-MIRELES et al
2015). Dentre as bactérias Gram-positivas mais envolvidas em infec¢bes hospitalares e
da comunidade, S. aureus destaca-se por sua ampla disseminacdo ambiental e por estar
relacionada a graves quadros de infec¢des oportunistas (COUTINHO et al, 2009).

O Staphylococcus aureus, um importante patdégeno humano, possui uma
colecdo de fatores de viruléncia e a capacidade de adquirir resisténcia a maioria dos
antibioticos. Esta capacidade é aumentada ainda mais pelo surgimento constante de novos
clones, tornando o S. aureus uma “superbactéria”. O uso clinico de meticilina levou ao
aparecimento de cepas de Staphylococcus aureus resistente a meticilina resistentes
(MRSA). As ultimas décadas testemunharam a existéncia de novos clones de MRSA. Ao
contrario dos MRSA tradicionais que residem em hospitais, 0s novos clones podem
invadir ambientes comunitarios e infectar pessoas sem predispor fatores de risco
(LAKHUNDI AND KUNYAN., 2018).

Para auxiliar na resisténcia bacteriana as bombas de efluxos s@o proteinas
dependentes de energia que promovem a eliminagdo de agentes antimicrobianos no meio
extracelular mais rapidamente que a difusdo da membrana plasmatica, de modo que a
concentracédo intracelular do agente permanece insuficiente para bloquear as funcoes
celulares, tornando-os ineficazes, evitando assim a chegada do antibi6tico ao seu local de
acdao (OPPERMAN AND NGUYEN, 2015). NorA é o sistema de efluxo mais bem
estudado de S. aureus e, portanto, frequentemente usado como modelo para investigar a
resisténcia mediada por efluxo neste patdgeno. A atividade de NorA esta associada a

resisténcia a fluoroquinolonas, varios anti-sépticos e desinfetantes e varios relatorios



apontaram o papel dos sistemas de efluxo, incluindo o NorA, como uma resposta de
primeira linha aos antimicrobianos em S. aureus (COSTA et al., 2018).

Além disso, hd também resisténcia a tetraciclina que pode ser por dois
mecanismos principais: transporte ativo por bomba de efluxo (mediado pelos resultados
proteicos dos genes TetK TetL) e por protecdo via ribossomos (por meio dos genes TetM
e TetO) (PANTOSTI, SANCHINI AND MONACO, 2007). A resisténcia a tetraciclina é
evidenciada, por exemplo, nas cepas de S. aureus 1S-58 que dispdem da bomba de efluxo
TetK incumbido de extrair a tetraciclina do meio intracelular para o meio extracelular
ativamente, conferindo protecéo a bactéria (PANTOSTI, SANCHINI e MONACO, 2007;
TRUONG-BOLDUC, DUNMAN, et al., 2005; LIMAVERDE, CAMPINA, et al., 2017).

Para combater a resisténcia combinagfes de dois ou mais compostos sdo
geralmente superiores ao uso de apenas um composto, principalmente para o tratamento
de sérias doencas infecciosas, causadas por resisténcia bacteriana a antibioticos
(EUMKEB; SIRIWOONG AND THUMANU, 2012).

O sinergismo pode ser obtido atraves da combinacdo de antibioticos com extrato
ou substancias a uma concentracao sub-inibitoria aplicada diretamente ao meio de cultura
(COUTINHO et al., 2008a, 2009 , 2010; FIGUEREDO et al., 2021a). Esta estratégia é
chamada de "shotgun ervas" ou "efeito sinérgico de varios compostos " e refere-se a
utilizacdo de plantas e drogas em uma abordagem usando mono ou multi-extrato de
combinacges, o que pode afetar ndo apenas um alvo unico, mas varios alvos, onde 0s
diferentes componentes terapéuticos colaboram de uma forma sinergética-agonisticas.
Esta abordagem ndo é apenas para combinacfes de extratos; combinacBes entre 0s
produtos naturais ou extratos e produtos sintéticos ou antibidticos também sdo possiveis
(WAGNER, ULRICH-MERZENICH, 2009; COUTINHO et al., 2010b; BRITO et al.,
2015; CRISTO et al , 2016).

Dessa forma, substancias de origem vegetal e os seus derivados tornaram-se uma
alternativa viavel e eficiente, pois a atividade antimicrobiana do farmaco pode ser
amplificada ou reduzida pela agéo dos produtos naturais (OLIVEIRA-TINTINO et al.
2018). Ou que dificultam os mecanismos de resisténcia antimicrobiana pela
complexidade das suas estruturas evitando, consequentemente, adaptacdes microbianas
(DAFERERA et al.,2003). Um dos alvos é a bomba de efluxo NorA, presente na cepa
1199B, que ja estd bem estudado, e demonstrou ser secepitivel a produtos naturais e
sinteticos (FONTAINE et al., 2014).



E neste contexto, as etapas que antecedem os estudos pré-clinicos e clinicos sdo
importantes para a obtencdo do méximo de informagdes sobre os compostos a serem
testadas. Para isso, os modelos In silico podem proporcionar informacdes importantes
para o pesquisador gerando um direcionamento sobre as propriedades fisico-quimicas e
farmacologicas (EKINS et al., 2007) de uma molécula, até a predicdo de seus possiveis
alvos e efeitos adversos (LAUDY et al., 2015).

Entre as diversas substancias testadas, as Naftoquinonas (1,2) (Figura 1) séo
compostos organicos versateis que fazem parte de uma importante classe de produtos
naturais denominadas quinonas. Caracterizam-se, estruturalmente, por se apresentarem
como dienonas ciclicas conjugadas, sendo os isdbmeros 1,4 e 1,2-naftoquinonas 0s mais
comuns ( FERREIRA et al., 2010).

1) )

o]
Figura 1: 1,2-naftoquinona; 1,4-naftoquinona

Além de sua origem natural as naftoquinonas sdo importantes intermediarios em
sintese organica na obtencdo de inimeros compostos naturais ou sintéticos. Os derivados
naftoquinonicos naturais (CAVALCANTI et al., 2013) representam uma ampla e variada
familia de metabdlitos secundarios e sdo de importancia vital para os vegetais, fungos,
liquens e algas. A maior ocorréncia das quinonas € nos vegetais superiores de familia

Bignoniacea, mais precisamente do género Tabebuia (Tecoma) (BABULA et al., 2009 ).

A importancia das quinonas nitrogenadas estad relacionada a sua estrutura
eletronica, devido a sua capacidade doadora de elétrons e, consequentemente, modificar
o0 potencial de reducdo, que induz o estresse oxidativo intracelular., Compostos como a
2-amino-1,4-naftoquinona possuem atividades bioldgicas como acfes antibacterianas,

antimalricas, antitumorais e moluscicidas (BENITES et al., 2010). A participacdo das



quinolonas é relevante em diversas atividades biologicas, (POWIS, 1989; SILVA;
FERREIRA, SOUZA 2003; BARBOSA, et al., 2005), entre outras.

O lapachol é uma naftoquinona funcionalizada de origem natural, obtido
facilmente através de extracdo do cerne de arvores da familia Bignoniaceae (SILVA,
FERREIRA e SOUZA 2003; FERREIRA et al., 2010), género Tabebuia, especialmente
a Tabebuia avellandedae), conhecida popularmente como ipé, abundante no Brasil e na
América do Sul (BARBOSA et al., 2005). O lapachol apresenta diversas atividades
bioldgicas, tais como: acdo contra células de cancer de eséfago (SUTHANAN et
al.,2013), atividade antimicrobiana, tripanocida (FERREIRA et al., 2010), entre outras
(FONSECA; BRAGA, SANTANA 2003). O norlapachol, por outro lado, € uma
naftoquinona de origem sintética, que possui atividade antitumoral e Trypanocida
(JUNIOR,2007).



2. OBJETIVOS




2.1. Objetivos Geral

Este trabalho objetivou realizar estudo silico de hidroxiaminas derivadas de

lapachol e norlachol e avaliar, in vitro, a atividade antibacteriana, moduladora e a

capacidade de inibicdo de bomba de efluxo destes compostos.

2.2 Objetivos Especificos

a.

b.

C.

d.

Realizar o estudo in silico de hidroxiaminas derivadas de lapachol e norlachol, 2-
(2-Hydroxyethylamino)-3-(3-methyl-2-butenyl)-1,4-dihydro-1,4-naphthalenedi-
one, 2-(2-Hydroxy-ethylamino)-3-(2-methyl-propenyl)-[1,4]naphthoquinone e 2-
(3-Hydroxy-propylamino)-3-(3-methyl-2-butenyl)-[1,4]naphthoquinone.
Avaliar, in vitro, a atividade antibacteriana e moduladora de hidroxi-aminas
derivadas do lapachol e norlachol, frente a linhagens bacterianas ATCC e isolados
clinicos.

Avaliar, in vitro, a atividade inibitoria de bomba de efluxo de Hidroxi-aminas
derivadas do lapachol e norlachol, frente a cepas Staphylococcus aureus
portadores do mecanismo de bomba de efluxo NorA.

Avaliar in vitro a capacidade inibitéria de bomba de efluxo de Hidroxi-aminas
derivadas do lapachol e norlachol, frente as cepas de S. aureus, RN4220 portadora
do plasmido pUL5054 e 1S-58, dotada do plasmideo PT181.
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3. MATERIAIS E METODOS
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3.1 Sintese de substancias

Informag0es gerais

As reacdes sensiveis ao ar e a umidade foram realizadas sob atmosfera de argonio.
Os reagentes foram adquiridos da Sigma-Aldrich, Dinamica ou Vetec e destilados ou
usados sem purificacdo adicional. As reagdes foram monitoradas por analise de TLC em
placas de silica gel pré-revestidas (Merck, Kieselgel 60 GF2s4) e 0s compostos foram
visualizados com luz UV. A cromatografia em coluna foi realizada em silica gel 60 (70-
230 mesh, Merck). Os pontos de fusdo foram medidos em tubos capilares abertos em um
aparelho QUIMIS e nao foram corrigidos. Os espectros infravermelhos foram registrados
em um espectrofotdmetro 1IFS66 Bruker usando discos KBr ou Varian Mercury 640IR
com ATR. As analises de HRMS foram realizadas em um MALDI-TOF / TOF Autoflex
I11 10, usando o modo refletido positivo. Os espectros de NMR (1H a 400 MHz e 13C a
100 MHz) foram registrados em um espectrometro Varian Unity Plus-400, Varian
Mercury 200 MHz, usando CDCI3 ou DMSO-d6 como solventes e calibrados para o sinal
do solvente. Os desvios quimicos sdo expressos em partes por milhdo (ppm) e as
constantes de acoplamento sdo dadas em Hz. Os compostos lapachol 1 (CAMARA et al.,
2002) e o derivado 2-metoxi correspondente, norlapachol 2 (BARBOSA et al., 2005) e 0
derivado 2-metoxi correspondente foram obtidos por procedimentos publicados
anteriores Figura 1.

Figura 1. Esquema de sintese de derivados de 2-aminoalquil 3-5

Reagents and conditions: a) Me,SO,, K,CO,, acetone, r.t.; b) 2-amino-ethanol or
3-amino-1-propanol in MeOH, r.t.
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1 mmol do derivado 2-metoxi dissolvido em 10 mL de MeOH foi adicionado lentamente
a 1,5 mmol da amina apropriada (2-aminoetanol ou 3-amino-1-propanol) no mesmo
solvente (40 mL) com agitacdo continua. Apos a conclusdo da reacdo por inspecdo em
analise de CCD, o solvente foi removido sob vacuo e o residuo submetido a cromatografia

flash em silica gel e acetato de etila / hexano com polaridade crescente.

2- (2-Hidroxietilamino) -3- (3-metil-2-butenil) -1,4-dihidro-1,4-naftalenodiona (3)

Obtido com rendimento de 88% como cristais vermelhos, mp 80-81°C; *H NMR (200
MHz, CDCls) 1.68 (s, 3H), 1.74 (s, 3H), 2.3 (br, 1H), 3.37 (d, 2H, J 5.9 Hz), 3.71 (m,
2H), 3.85 (m, 2H), 5.07 (t, 1H, J 5.9 Hz), 6.01 (I, 1H), 7.57 (m, 1H), 7.57 (m, 1H), 7.93
(d, 1H, J 7.6 Hz), 8.05 (d, 1H, J 7.6 Hz); **C NMR (50 MHz, CDCls), 18.2, 23.8, 25.8,
47.2,62.1,122.7,126.1, 126.3, 130.6, 132.0, 132.8, 133.4, 134.5, 146.2, 183.1, 183.2; IR
(KBr) (v max.,cm™') 3391, 3321, 1678, 1599, 1555, 1513; MS (rel int) m/z 285 (M+, 57),
270 (100), 198 (70). HRMS found: 285.13649. Calcd for C17H19NO3: 285.13649.

2- (2-Hidroxi-etilamino) -3- (2-metil-propenil) - [1,4] naftoquinona (4)

Obtido com rendimento de 87% como cristais vermelhos (p.f. 77-78,5 ° C) com
rendimento de 80%. *H NMR (CDCls, 200 MHz) 1.47 (d, 3H, J 1.0 Hz), 1.89 (d, 3H, J
1.6 Hz), 2.46 (br s, 1H), 3.37 (q, 2H, J 5.4 Hz), 3.73 (t, 2H, J 5.4 Hz), 6.06 (dd, 1H, J
1.0/1.6 Hz), 6.25 (br t, 1H, J 5.4 Hz), 7.51 (dt, 1H, J 1.4/7.6/7.6 Hz), 7.61 (dt, 1H, J
1.4/7.6/7.6 Hz), 7.90 (dd, 1H, J 1.4/7.6 Hz), 7.99 (dd, 1H, J 1.4/7.6 Hz). *C NMR
(CDCl3, 50 MHz) 20.1, 25.4, 46.1, 61.3, 113.6, 117.7, 125.9, 126.1, 130.3, 131.9, 133.3,
134.4, 139.0, 144.8, 182.7, 183.4. IR (KBr) v max, 3457, 3349, 3268, 2940, 2874, 1675,
1598, 1563, 1511, 1354, 1335 cm . HRMS Calcd for C16H17NO,, 271.1208; found:
271.1169.

2- (3-Hidroxi-propilamino) -3- (3-metil-2-butenil) - [1,4] naftoguinona (5)
Obtido com rendimento de 75% como cristais vermelhos (m.p. 69-70 °C . H NMR

(CDCls, 400 MHz) 1.68 (s, 3H), 1.74 (s, 3H). 1.88 (g, 2H, J 6.2, 6.16 Hz), 3.39 (d, 2H),
3.69 (t, 2H, J 6,6 Hz), 3.80 (t, 2H, J 6.2, 5.5 Hz), 5.08 (t, 2H, J 5.8), 7.54 (t, 1H, J 7.5
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Hz), 7.65 (td, 1H, J 7.4 Hz), 7.94 (d, 1H), 8.04 (d, 1H); 1*C NMR (CDCls,100 MHz) 17.8,
23.3,23.4,32.8, 42.4, 60.3, 115.3, 122.7, 125.6, 125.9, 130.1, 131.5, 132.1, 133.1, 134.0,
145.6, 182.74, 182.76; IR (KBr) v max, 3446, 3334, 1672, 1598, 1557, 1527, 1361, 1276,
1473, 728 cm™'. HRMS Calcd for C1sH21NOs, 299.1527; found: 299.1501.

3.2 Predicdo da atividade farmacoldgica das substancias (estudos in silico)

3.2.1 Obtencdo da estrutura molecular tridimensional das substancias

As trés estruturas quimicas que foram objeto deste trabalho foram desenhadas no
software ChemSketch®, versdo 2015.2.5 livre e sua estrutura tridimensional foi
determinada pelo software 3D Viewer, ambos para Windows®, produzidos pela
Advanced Chemistry Development, Inc. (ACD/Labs). No software Avogadro, versdo
1.1.1. para sistemas MAC OS, foi determinada a conformacdo mais estavel para as
moléculas, considerando o campo de forca MMFF94 (Merck Molecular Force Field 94)
utilizando-se um algoritmo de “steepest descent” ou “método de Cauchy” como método
gradiente para otimizacdo dos comprimentos das ligacGes e angulos da molécula (Figura
1 e Tabela 1).

Figura 2. Estruturas quimicas dos compostos

3.2.2 Screening farmacologico

As trés moléculas passaram por um screening farmacoldgico, com o uso do
software ChemProt versdo 3.0 da Universidade Técnica da Dinamarca ( Chemprot-3.0,
2019) (http://potentia.cbs.dtu.dk/ChemProt/#).



http://potentia.cbs.dtu.dk/ChemProt/
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O ChemProt é uma compilacdo publicamente disponivel de recursos de anotacdes
sobre a relacdo quimico-proteina-doenca que permite o estudo da farmacologia de
sistemas para uma pequena molécula atraves de mdltiplas camadas de complexidade,
desde os niveis moleculares até os clinicos. A versdo 3.0 do ChemProt disponibiliza
analise de mais 1,7 milhdo de compostos, com 7,8 milhdes de medicGes de bioatividade
para 19.504 proteinas (KRINGELUM et al., 2016).

Para determinacdo das propriedades das moléculas foi utilizado o software

Molinspiration (https://www.molinspiration.com), com o qual as estruturas foram

analisadas no tocante a concordancia em relacdo a Regra dos Cinco, dados presentes na
Tabela 1 (LIPINSKI et al., 2001).

Tabela 1. Caracteristicas moleculares das trés compostos

Cadigo SMILE Observacde Estrutura Formula Peso
S molecular  molecular
CC(C)=CCC1=C(NCC el
3 0)C(=0)C2=CC=CC=C ;
2C1=0 S Ci7H19NO3  285.34
0
CC(C)=CC1=C(NCCO) ¢ SN
4 C(=0)C2=CC=CC=C2C o CisH17NO3 271,311

1=0 H

2C1=0 S

CC(C)=CCCI=C(NCCC P
5  0)C(=0)C2=CC=CC=C CisH2NOs 299,364

3.2.3 Procedimento de Docking Molecular

Modelagem NorA baseado no procedimento de encaixe da estrutura 3D foi
realizada em concordancia com o estudo de Dos Santos et al (2018). As simulagdes de
docking molecular foram realizadas pelo SWISSDOCK servidor da web (www.
swissdock.ch/) (Grosdidier; Zoete, Michielin, 2011). As coordenadas de estrutura
quimica foram geradas usando CORINA e Gasteiger cargas parciais. A estrutura NORA
3D foi preparada usando a ferramenta de preparacdo Dock disponivel no pacote de


https://www.molinspiration.com/cgi-bin/properties
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software livre UCSF quimera (SANTOS et al., 2018). As coordenadas da grade para
execucdes de encaixe flexiveis foram realizadas por estudos que definem uma regido de
interesse com 5 A das coordenadas x = -29,78, y = 49,65, z = 71,78 e tamanho da caixa x
= 46,00, y = 38,00 e z = 30,00. A ligacdo pontuacéo de energia foi usada para calcular a
constante de inibicdo (valor Ki) usando o equacdo ki = 10 (Energia de ligacédo / 1,366)
(Onawole et al., 2018), enquanto a eficiéncia do ligante (LE) foi determinado usando a
equacdo (SILE = ki / N0.3), onde N é o numero de dtomos pesados (ndo hidrogénio)
presentes no ligante (Nissink, 2009). O encaixe os resultados foram vistos com a ajuda
do programa de visualizacdo UCSF Chimera e o Discovery Studio (DS) foi usado para
construir o mapa de interagdo para mostrar como as hidroxiaminas derivadas,

clorpromazina e PafiN interagiram com NoRA.

3.3 Meios de culturas

Os meios de culturas utilizados foram os seguintes: Heart Infusion Agar (HIA,
Difco laboratorises Ltda.), Brain Heart Infusion (BHI, difco Laboratories Ltda.), e
Glicerol.

3.4 Microrganismos

A escolha dos microrganismos para a avaliacdo da atividade antibacteriana foi
efetuada levando em consideracdo a presenca de bactérias Gram-positivas e Gram-
negativas, obtidos através do Instituto Nacional de Controle de Qualidade em Saude
(INCQS) da Fundacdo Oswaldo Cruz, Ministério da Saude. Foram utilizadas quatro
linhagens de bactérias, sendo utilizadas cepas padrdo de bactérias Pseudomonas
aeruginosa ATCC 27853 e Staphylococcus aureus ATCC 25923 e linhagens bacterianas

multirresistentes (isolados clinicos) de P. aeruginosa 31 e S. aureus 358.



16

Tabela 2. Perfil de resisténcia das bactérias utilizadas nos testes da atividade

antibacteriana .

Bactéria NuUmero Sitio de Perfil de Resisténcia
coleta
Staphylococcus SA 358 Ferida Oxa, Gen, Tob, Ami, Can, Neo,
aureus cirurgica Para, But, Sis, Net
Staphylococcus ATCC - -
aureus 25923
Pseudomonas PA 31 Secregéo Pol, Cpm, Ctz, Ptz, Ami, Imi, Cip,
aeruginosa nazal Lev, Mer
Peudomonas ATCC - -
aeruginosa 27853

Perfil de resisténcia: Ami = amicacina; Cip = ciprofloxacina; Lev = levofloxacina; Ctz =
ceftazidima; Pol = polimixina; Imi = imipenem; Mer = meropenem; Ptz = piperacilina;
Can = canamicina; Tob = tobramicina; Oxa = oxacilina; Gen = gentamicina; Neo =
neomicina; Para = paramomicina; Mas = butirosina; Sis = sisomicina; Net = netilmicina.
Os microrganismos utilizados nesta pesquisa foram adquiridos do Laboratorio de
Micologia da Universidade Federal de Sdo Paulo. Paraiba — UFPB e gentilmente cedido
pela Universidade Regional do Cariri — URCA.

Fonte: Elaborada pelo autor

Para a avalicdo da inibicdo de bombas de efluxo foram utilizadas cepas de S.
aureus usadas foram: RN4220 portadora do plasmidio pUL5054, que transporta o gene
que codifica referente a proteina MsrA de efluxo de macrolidio; 1S-58, dotada do
plasmideo PT181 portadora do gene da proteina de efluxo de tetraciclina TetK; 1199B
cepa resistente a fluorquinolonas hidrofilicas via proteina de efluxo NorA e a cepa
selvagem 1199 referente a mesma (TABELA 1). As cepas foram gentilmente cedidas pela
Prof. S. Gibbons (University of London). Todas as cepas formam inicialmente mantidas
em 4gar sangue para comprovar o tipo de cepa (Laboratérios Difco Ltda., Brazil), depois
foram transferidas para o estoque. Sendo mantidas em dois estoques: um em Heart
Infusion Agar slants (HIA, Difco) a 4° C e outro mantido em glicerol em freezer -80 ° C.
A cepa portadora de plasmideo foi mantida e meio de cultura sobre condigdes sub-
inibitdria de antibidtico com o objetivo do gene do plasmideo ser expresso e nao ser

perdido.
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Tabela 3- Linhagens utilizadas nos ensaios de efluxo.

Linhagem Gene Antibiético ou classe —
Proteina
IS-58 Plasmideo Tetraciclina- Tet(k)
PT181(Tet(k))
RN 4220 Plasmideo Eritromicina- MRSA

Pul5054(MsrA)
1199 B Nor A Norfloxacina (Nor A)

1199 (Selvagem ) - -

Fonte: Elaborada pelo autor
3.5 Origem e preparo dos antibidticos e do brometo de etidio

Para os testes de suscetibilidade bacteriana pelas substancias em associacdo com
antibidticos, os farmacos utilizados foram da classe dos aminoglicosideos (amicacina e
gentamicina). Foram utilizados também antibioticos especificos para as bombas de cada
bactéria: Eritromicina para a bomba MrsA contido na cepa RN4220; Tetraciclina para a
bomba Tet k contida na cepa 1S-58; e Norfloxacina para a bomba NorA contida na cepa
1199B, com também esse antibidtico foi utilizado para a cepa selvagem. Todos o0s
antibidticos foram inicialmente dissolvidos em DMSO a 10 mg/mL e posteriormente
diluidos em agua, diminuindo a concentracéo para 1024 pg/mL. O brometo de etideo foi
diluido em agua em uma concentracdo de 1024 pg/mL. Tantos os antibi6ticos quanto o
brometo de etidio foram obtidas pela da SIGMA Chemical Co. St. Louis, E.U.A.

3.6 Preparo e padronizacéo dos inoculos

Nos ensaios de Concentracdo Inibitéria Minima (CIM) foram preparados inoculos
oriundos a partir dos estoques. Desse estoque foi cultivado novamente em meio sélido
Heart Infusion Agar slants e mantido a 37 °C. A partir desse meio sélido foi feito in6culo
utilizando tubos de ensaio contendo solucdo salina estéril, e esse indculo teve como base
a escala Mcfarland 0.5 que corresponde a 10° UFC (Unidades Formadoras de Coldnias).
Esse método padréo de inoculo foi utilizado tanto nos ensaios de CIM das substancias
quanto na verificacdo da modulagéo e da atividade de inibicdo de bomba de efluxo.

3.7 Ensaios de concentracao inibitoria minima

Foi realizado o ensaio de concentracado inibitéria minima dos compostos. Também

foi realizado com o brometo de etideo e com o0s antibidticos para confirmar o nivel de
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resisténcia corroborando com a presenca da bomba. A partir do estoque em meios sélido
HIA foi feito uma repicagem em HIA e mantido em estufa bacterioldgica a 37 °C por 24h.
Apos esse periodo foi utilizado indculos em solucdo salina de acordo com a escala de
Mcfarland 0,5 que corresponde a 10° UFC (Unidade Formadora de Coldnia). Seguindo
0s ensaios, foi preparado o meio de distribuicdo em eppendorfs utilizado 100 pL do
indculo em 900 pL do meio de cultura liquido BHI. Posteriormente o contetdo do
eppendorf foi transferido para placa de microdilui¢do de 96 pocos, em sentido horizontal.
Sendo que foi utilizado 100 pL em cada poco, perfazendo 10 pogos. Apds essa etapa, foi
realizada a microdiluicdo das substancias sendo 100 pL nesse meio até penultima
cavidade (1:1). Na ultima cavidade n&o foi adicionada por ser o controle de crescimento.
As concentragOes variaram de 1024 pg/mL a 2 pg/mL. Apoés 24h foi realizada a leitura
das placas por visualizacdo de mudanca de cor do meio caracterizado pela adi¢do de 20
uL de resazurina (7-hidroxi-3H-fenoxazina-3-ona 10-0xido). A leitura desse experimento
tem como caracteristica, a mudanca de cor do meio de azul para vermelho indicando a
presenca de crescimento bacteriano e a permanéncia em azul, a auséncia de crescimento.

Todos os experimentos foram realizados em triplicatas.

Figura 3- Ensaio da concentracao inibitoria minima

Fonte: Autor
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3.8 Ensaios de inibicdo de bomba de efluxo por reducdo do CIM do brometo de

etideo

Para verificar o efeito de reducdo do CIM do brometo de etideo, foi utilizado
indculos a partir de placas incubadas em estufa bacterioldgica por 24h a 37 °C com o
repique do estoque. Apds esse periodo foi utilizado indculos em solugdo salina de acordo
com Mcfarland 0.5 que corresponde a 105 UFC (Unidades Formadoras de Coldnias).
Como etapa inicial, foi preparado em eppendorfs o meio de distribuicdo do teste e do
controle. No teste foram colocados 150 pL do inéculo, mais substancia em concentracdo
sub-inibitoria (CIM/8) e completado o volume do eppendorf até o volume de 1,5 mL.
Para o controle foi colocado o mesmo volume de inoculo do teste e completado o volume
do eppendorf até 1,5 mL. Em seguida foram transferidos para placas de microdilui¢éo de
96 pocos, com distribuicdo vertical, caracterizada pela adicdo de 100 pL do contetdo do
eppendorf em cada pogo. Apds essa etapa foi realizada a microdiluicdo do brometo de
etideo, sendo 100 pL nesse meio até penultima cavidade (1:1). A solucdo de brometo de
etideo utilizada neste ensaio foi a citada anteriormente. Na ultima cavidade ndo foi
adicionada por ser o controle de crescimento. As concentracdes variaram de 1024 pug/mL
a 0,5 pg/mL. Apos 24h foi realizado a leitura das placas por visualizacdo de mudanca de
cor do meio caracterizado pela adi¢do de 20 uL resazurina (7-hidroxi-3H-fenoxazina-3-
ona 10-6xido). Sendo que, a leitura tem como caracteristica a mudanca de cor do meio de
azul para vermelho indicando a presenca de crescimento bacteriano e a permanéncia em
azul a auséncia de crescimento. A reducgdo do CIM do brometo de etideo ou de antibiotico
especifico, em cepas portadoras de bomba de efluxo, é um indicativo de inibicdo de
bomba de efluxo. Todos os experimentos foram realizados em triplicatas. Esse ensaio

com brometo de etideo foi realizado apenas para o acido tanico.
3.9 Ensaios de inibi¢céo de bomba de efluxo por reducéo do CIM do antibidtico

Para verificar o efeito de reducdo do CIM do antibiotico, foi utilizado indculos a
partir de placas incubadas em estufa bacteriologica por 24h a 37 °C com o repique do
estoque. Apos esse periodo foi utilizado in6culos em solucdo salina de acordo com a
escala de Mcfarland 0.5 que corresponde a 10° UFC. Como etapa inicial foi preparado em
eppendorfs 0 meio de distribuicdo do teste e do controle. No teste foram colocados 150
pL do in6culo, mais substancia em concentragdo sub-inibitoria (CIM/8) e completado o
volume do eppendorf até o volume de 1,5 mL. Para o controle foi colocado 0 mesmo

volume de indculo do teste e completado o volume do eppendorf até 1,5 mL. Em seguida
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foram transferidos para placas de microdiluicdo de 96 pocos, com distribuicao vertical,
caracterizada pela adi¢do de 100 pL do contedo do eppendorf em cada poco. Apos essa
etapa foi realizada a microdiluigdo do antibidtico, sendo 100 pL nesse meio até pendltima
cavidade (1:1). Na ultima cavidade ndo foi adicionada por ser o controle de crescimento.
As concentrages variaram de 1024 pg/mL a 0,5 pg/mL. A solucdo do antibidtico
utilizada foi a preparada anteriormente, sendo que para cada cepa foi utilizado um
antibiotico especifico para uma bomba de efluxo presente. Ap6s 24h foi realizado a leitura
das placas por visualizacdo de mudanca de cor do meio caracterizado pela adi¢ao de 20
uL de resazurina (7-hidroxi-3H-fenoxazina-3-ona 10-6xido). Sendo que, a leitura tem
como caracteristica a mudanca de cor do meio de azul para vermelho indicando a presenca
de crescimento bacteriano e a permanéncia em azul a auséncia de crescimento. Todos 0s
experimentos foram realizados em triplicatas. A reducdo do CIM do brometo de etideo
ou de antibiotico especifico, em cepas portadoras de bomba de efluxo, € um indicativo de

inibicdo de bomba de efluxo.

3.10 Analise estatistica dos resultados microbiol6gicos

Os resultados dos testes foram feitos em triplicata e expressados em média
geométrica. Na andlise estatistica foi utilizada ANOVA de uma via, seguida do post hoc
Tukey ou Bonferroni usando GraphPad Prism 5.0. Em algumas anélises foi utilizado o
teste T.
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4 RESULTADOS E DISCUSSOES
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4.1 ARTIGO 1: IN SILICO EVALUATION OF THE ANTIBACTERIAL AND
MODULATORY ACTIVITY OF LAPACHOL AND NOR-LAPACHOL DERIVATES.
PUBLICADO (MICROBIAL PATHOGENESIS). FATOR DE IMPACTO = 3,738.
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The emergence of new oo Miresictant miorobial strains over the Lt
few ypears has led 1o an incresse in monality and morki dity, as well as
inoreased the pharmacologiml treatment costs of microbia niedions
[1]. This scenario has made the ressrch for new bioacti ve compounds
inio a target of great soentific interest in the search for therapeutic
altermatives for micobial misdbhons [2].

Among theGram-negative bacteria, P, asuginom stands oot sinee in
addition to baing smsodated with infections in e om oo o sed
patients, it alen affecs patents who have had imeasive prooedomes,

fior S0=50% of urinary ract infections. s contmination ascends from
the iniestina microbiota resching the wethra, passing through io the
bladder and eventoally the nrinary tract [5]. Among the grampositive
bacteri imalved in nosoonmmial and community infectons, £ ores i
ane of the most importnt, doe its wide emd nonmental & sseminaton
and i assoriation with severe opportun istic infartions [6]

The combiined wee of antimicrobials, named poliantibiote tiarapy, is
cammonly used doe the possbility that one of the antibi ofic agents be
active against the miooorganiem by an additive or symergistic effea,
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redocing the effed of the bacterial mechamn sms of antibiotic resistance,
bein g matural prodocts an interesting o emative to this approadh [7-4].
Thue, subsianoes with plant origin and thedr den vatives have become a
vizhle and effident alternative [10,11], since a drog's antimicrobial
adivity can be amplified or reduoced by the adbon of natoral prodocts
[z

In this context, naphthogquinones ane versatile arganic oompoonds
that are part of an importamt dass of natmral prodocs Inown as qui-
nones, stroctorally characierized by their presenfation as conjugaded
cydic dienones with the 1,4 and 1,2-naphthoquinone isomers being the
et ccmmenan [13,14)

Natrally derved naphthogquinones [15] represent a wide and
varied family of secondary metbaolites and are of vital imporane o
planis, fongl, hchens and algae. The highst ocoomence of quinones is
found i plants from dhe Bignomdeea fmily, maore predsdy from the
Takelrda (Tecoma) genus [16]). In addition to baing tmportant mier-
mediates in organic symthesis for obtaining momeroos natoral or syoe
thetic compounds, s participation in several biologi @l achvities sod
as andthumar, antifongal, antihictic, andtibacierial [17,148] and mallos-
cidde [19] activibes is radevant

Lapachaol # a fonetional naphthogonone with natoral origin, easily
obtained through extracted from a number of spedes of Tobabeda sp.
{Bignonisceme) [13,14], populaly known as “ipd®, being abnmdant in
Braml and Sovath America [19]. Lapachol possesses several biobkogiml
adivities such ax achon against esophageal cancer cdls [20], ambi-
micohbial adfvity, typanocidal [14], mchiding others [21]. Naorla-
pachol i a sem-symthetic derfvative of natoral lapachol, koown io
exhihit exce lent antitomaor and other biol ogical activites [19,22].

Clinical and pre-chinical stodies ane essential io obiadn the necssxry
informations o the iberation for nse of any sobstance. However, thess
assays are expersive By fhis fct, the osoal compuotational models ane
mseful o give an experimental acoorade direcdion to these assays, in
frormming, pharmaon] ogical and physio-dhemical characteristios of thess
suhshnees [H]

This stody aimed to perform an @ slico analysis of the sampangne
alialoidd amalogoes 2-(2hpdroxyetiy]amin e ;3 (3meth yl2 baten -
1,4-ditydree] 4-maphthalenedione, 2-{2 4 pdroy-eth ylamine )34 2-me-
thyl-propenyl)- [1,4] naphthoquinone and (3 hydrxy-propylamine)-
F(3methyl 2bmenyl) [1,4] naphtho quinone, derfved from Tapaechol
and morlapachaol, and to evaloade the in viro anfibacierial and mod-
ulainry adhvity of these aompounds against ATOC bactenal strains and
cliniml isolates.

2. Materials and methods

21, Symthecis of s ces
21.1. Gemeral tyiemation

Adr- and mo ishome-sens it ve resctions werne cammied oot under argon
atmosphere. Heagents were purchased from Sigma-Aldrich, Dinamica
or Veter and distilled or nsed without forfher porification. Reartions
were mamiored by TLE analysis on precoaded silica gel plates (Merd,
Kieselge]l &l GFaza) and compounds were visnalized with UV hight
Colimn chromatography was performmed on silicagel §0 (70-230 mesh,
Merdk). Meling points were mesured I open @pillary tohes W a
QLUIME apparatos and are oncomedted The infrared spesra wens ne-
corded on an [FEbé Broker specino phobometer using KBrdiscs or Varian
Meroory S80I with AT HAEMS analysss were paformed ona MALDE
TOF/TOF Aotaflex 01 10, using positive reflecied mode NMR ('H at
400 MHzand "% at 100 MHz) spooima wers recorded on a Varian Unity
Flus-400 spedrometer, 200 MHz Vana Merowy, using CDCL or
DMEOd; as solvenis, and @librated for the solvent signal  Chermiml
shifts are expresssd in parts per milbon {ppm) and coopling aonstands
are given in He. Compounds lapachal [22] and the comesponding 2-
mathory derfvative, norlapachal [19] and the comesponding 2-
mathory derfvative were obtained by previouns published procedures
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O a o

& n=1, m=1
& el ]
& pied, g

Raagents end cordorm: a Me S50, €,00,, L b2 o

Jamen-T-sropminal in MelH, (L
Fig. 1. Solmsa of sysdesis of J-assdnedal gell derivaiwes 35

(Fig. 1

2132 Syméhess of 3 aminoakpd derhanhes 35

1 mma] of the 2-mathory dervative dissohved in 10 mlL of MeOH
was showly added oo 1.5 mmal of the appropriate amine {2-ami-
nosthanol or 3-amino-1:propancl) i the same solvent (80 ml) with
comtimons stming. Afier reaction completion by imspection i 5D
amalysis, the solvent was removed nnder vaooum and dhie residoe sobe
mitted in flash chromatography on sl gel and athy] acette hemne
with inoreasing polarity.

21270, 242 Hydraoesylorsng ). 303 medyl 2 bugernyl) 1,4 dilydro.
1,4 -mophthalenatirme {3). Obtaned In 959% yield a5 red crystas, mp
80-81"C "H NMHE (200 MHz, S ) 168 {5, 3H), 1.7 4 (=, 3H), 2.3 br,
1HY, 337 {d, 2H, J 59 Hz), 271 fm, ZH), 385 {m, ZH), 507 {t, 1H, J
59 He), 601 (L 1H), 757 (m, 1H), 757 {m, 1Hy, 793 @, 1H, J7 & Hz),
245 {d, 1H, J 78 Hzp "G MMR (50 MHz, G4, 183 239 259
A73 631, 1207, 1361, 1303, 13004, 1320, 13248 1334, 1345
1462 1831, 1832 IR (KBr) (& max., am ™~ ') 3391, 3321, 1674, 1599,
1555, 1513; MS (rel int) ez 285 (M +, 57), 270 {100, 198 F0)L. HEMS
fomd - 285 13629, Caled for OipH M0y 285 13649,

21.23. 3£ Hydroxy- edylaming) 3 (2 meshyl-propenyl)-[1, 4]
mophthompeneme (4). Oblained in 5% yield & red crystak (mp
T7-TAS C) in 8% yield. "H NMR (CDCL,, 200 MHz) 147 (4, 3H, J
1.0 Hzl, 1.99(d, 3H, J 16 Hz), 246 (brs, 1H), 137 {g, 2H, J 54 Hz],
A7A L, 2H, J 54 He), 06 {dd, 1H, F 106 Hz), 435 (br i, 1H, J
54 Hz, 7.51 (&, 1H J L47676 He, 741 @t 1H, J 1476/
74 Hz), 790 (dd, 1H,J 14,76 Hz), 799 {dd, 1H, J L4786 Hz) Y
MMR (GO, 50 MHe) 301, 254, 801, 613, 1134 117.7, 12589,
1261, 1303, 1319, 1333, 1344, 1390, 1448, 182 7, 183 4 IR (KBr)
¥ max, 3457, 3349, 268 2940, 2074, 1675, 15948, 1563, 1511, 1354,
1335 am ™. HRMS Caled for O gH)NOn, 2711208 found: 271.1 1661

2123 243 Hydraoy propylamine b 34 2me il 2 bagemd) [1,4]
maphthompenome (5). Obtained in 75% yield as red oystal fmop
B-70 0 'H MMER (CDCL, 400 MHz) 188 (s, 3H), 174 (s 3H)L
188(g, 2H S 6 16 Hz), 339 (d 2H), 269 (t, 2H, J &6 Hz), 3801
2H, J 62, 55 He), S8 (t, 2H, J5.8), 754 @, 1H,J 7.5 Hz), 765 id,
1H, J 7.4 Hzd, 7.9 {d, 1H, 804 {d, 1HE “'C NMR (CDEL,, 100 MHz)
178,233, 734 328 424 603 1153, 1227, 1254, 1259, 1301,
1315, 1321, 1331, 1340, 1456, 18274, 18276; [ (KEr) & max,
3446, 3334, 1672 158, 1557, 1527, 1361, 1376, 1473, 728 cm~ .
HHEMS Caled for ) Ho MOy, 2991527, found: 29901501,

sudieg)

22.1. Dinaining de thee dmmoonal moleciler srunere of subsiees
The threschemical strochores that wene the obyect of this work were
designed in free ChemSketch® soffware, version 201525 and their
threedimensional stroctore was determined by 3D Viewer sofrware,
oth dfor Windows®, prodoced by Advanced Chemistry Deveopment,
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Inc (AfDAsbs) I Avogadro software version 1.1.1. For MAC 08
systems, the most sable oonformation o f the maolson les was determmed
considering the force field MMFPS4 (Merde Malecnlar Force Field 94)
using a steepest descent algorthm or the Candhy method & a gradient
method for lengths of the bonds and angles of the malecole (Fig. 2 and
Tahle 1)

222 Phomar ological creering

All threes molecules were pharmaon logically screened osing the
ChemProt version 3.0 software from the Techmical University of
Demmnark {Chemgrat-3.10, 2019y (hiipz/ potentiacha dtodks
Chem Prot,/#) [24]

ChemProt 15 & poblicly availahle compilation of annotation featnres
an the chemiml gro tedn i sease relationship that enables the stody of
small-maolernle spstem pharmacala gy across muktiple layers of come
pledity, from molecular o dindml levds. ChemProt Version 300 pro-
vides the analysis of owver 1.7 million compounds, with 7.8 million
I ot ty measorements for 19504 proiens [25]).

The Mo linspiration saffware was used to determine the propenties of
the molemles fhitps/wwwmolinspirationcom), with which the
structores were malyzsd for agresment with the Rule of Fve, data

presanted in Table 1 [28])

23. Preparation of the st mhiion

Tao prepare the test sahrbon, the eviract was dissoheed i Dimetiyl
sl froride (D850) in the following proportione 10 mg of the exiract for
each 1 ml of DMSO. This soloton was diloted in distled water, ob-
taining an imdtial conceniration of 2048 pgdml.

24, My roogomions

The mi onoo rganisms weed in the tesis wene provided by the National
Imstitie of Healih Qualiy Comirol (INCOS) of the Oswaldo Cro
Foundation, Rio de Janeirs, Braril Four bacierial siraims wers osed,
induding standard strains of Pesdomeones aaugmosa ATOC 27853 and
Sephylocncrus mress ATOC 25923 and multinssisant strams (dimal
oo lade<) of P ssupinesa 31 and £ seeeas 358 (Tahle 2

25, Culbre madia

Heart Infoson Agar - HIA {INfeo Laboradories Lad.) and Brain Heant
Infosion Broth - BH (Acomedia Manofechrers Inc ) were prepared
arording to the manufactorer's spercifications. Braim Heant Infosion
Broth = BHI at 10% concentration was alen meed in the assays

2. Preparaton and sandardieston of bastarial tnooula

Haoterial cultores were madnfained at £ °C in Heart Infosion Agar
([HIA)L Priar to the tests, the strains wers mansiemed to the BHI mediom
and incubated at 35°C for 24 b Then, they werediluied in saline tothe
concemtration of 10% cdls/ml, which sguivalmt yo the 05 in fhe
McFarlan scale. The pre-standard bacterial sospensions were dilied @
BHI broth {1:10) i abtain the final soncentration of 107 cellsml [27]

27 Deermainagon of the memivem dotdbdrry ¢ o omsmation {M1C)

The determination of the MIC of the compounds was camied om
throngh the Broth Miorodilotion Mathod, using concentratio ns ran ging
from 1024 1o 16 pg/ml [27].

271, Bxeosim and resdings of the auays

The samples werne prepared in a folded concentration (2048 pgz/mlL)
relative to the nitial concenimadon and then, serially dilnded 12 2 @
10% BHI broth Each well was added with 100 pl. of the colfore
medfum confaining a 1:10 dilnded hacierial sospension sample.

Megative oontrok  (colore  medfom), positive  comfmols
(medivm + inoculum) and the compowunds at conceniratons ran ging
from 1024 to 1 pgiml were indoded in the assays. The filled plates
were incobaded at 35 °C for 24 h [27])

To determine the MK, a solobon of resazorin sodiom (Sigma) in
sterile distilled water at the concentration of L01% (w/v) was pre-
pared After incubation, 20 pl. of the mdicador salotion was added min
each well and the plades wers inonhated for 1 b at roam femperatore

Al tests were performed in triplicade.
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Table 2

Rt prodfie of S badteris moad 6 e Ea2
Emcreram ] Coliwmon S Famanee Footla
Shpirlocacas e SAEA Suwrpeal wound b, CGam, ok, Aoe, Can, Men, Pes, B, S, Med
Fraxdomons: cerupnom rF Momw i, Cpm, Cex, Pex, Amy, bmy, G Lew, M

Reifganse Profle Al - sadletis Op = cipedlbaess lev = Mndlomcs (2 = clsdse; Pol = polpmyes i - Sipeses. Mo = e g

Pz = pesadlis (e = easmwis Tob = easncs (o = oradlis e = pEansis Nay = soaycs Pea = prssespis Bol = baryrodss;
B = sesmycs Mol = seleicie The Sbwadpedes: sal @ ks raaeh wes aojeied fes S Ldesery of Myosdefy of Se Redad Uswsay o

Fasifba—UFPH asd kisdly powided by the Ry Usdvesiny of Casei URCA.

24. Evabugtion of the mrfarence of the compeamds o the resotance i
arrmegycaRde i

To evalnate the antibiotcmodulating activity of the compoonds,
tthe MICs of aminoghycosid & ant biotices (2o kadn and gen@micin) wers
determined in the pressnce and abwence of the eviract in sterile mi
croplates. All amtibi otics were abtined from Sigma.

The extract was nsad atwobin hib ftory oonoen fration (MICA ), which
was abfamead throogh dilotian in 10% BH broth The amtibiotic salo-
tiones were prepared in a foldsd concentration (2048 pz/m L) relative in
the mitiad concemration with the addifion of sterile distilled water.
Serial dilotions {12 2) were performed weing in 10% BHI brogh. Fadh
well was added with 100 pl. of the coltore meadiom ontaining a 1:10
diluted bacieria sospension sample The same conrols weed in the
evahiation of MIC of the exiract were ueed [11]. The filled plates were
monhated at 35 °C for 24 h and the readings were perfrmed after
addition of resarorin sodmm ax deseribad above.

29, Do analysic

The dats wers cbiained in triplicate and expressed as geometric
mean. [Hfferences  were anahzed by ANOVA  (heooway) widh
Bonfeamond's postdest. The resolts with valnesof p = Q05 were come
sidered significant.

3. Resules

Afier the preparation of a dmg, its active ingredient muost be soi
table for mse by the dhosen rouie of adminsiation. The oral rout is
among the prefermed routes &5 it i the most comeend ent for most drogs
and patients, thos drogs muost be able to croms 2 senes of obstad s il
reaching their rget area [24].

For a dmog to complede fts Trajeciory to s @rget, it nesds to meet
muaksmlar requirements for the vishility of s e a5 a drog to oo
Whik studying the characienistics of drog molecoles, Lipinsid [29]
identified some characteristics often observed in 2345 pew chemiml
species collecied from the ‘Waorld Drog ndex (WD) and presenied what
berame Imown as the Rule of Five for a molacule o bacome a drog,
these bang:

A1. Moleolor mos i beec tham o equal to 500 da

2 Number of hydrogen bond acceptor groups is less than or equal o
10 {mpressed as the som of N and O atoms);

3 Wumber of hydnogen bond donor groups is less fhan or equoal o 5
{expressed as the som of OH and NH in the malecule);

4. Log P is less than or equal to 5

The raason for deir denomination as the “Rule of Five®™ s bemuse
each parameder is defined by a valoe that, coind dentally, is & mukiple
af five [29]. The malomlar properties of the sobstances were Jde-
tamined wsing the online soffware Molnspiration acording to fie

presentation i Tahls 3

Mo violation of the role of fare was identifiad with the thres stodied
malemles. Particularly, the sirocthore of nomber 4 obtdned & lower
mia Jean lar wa ght and fewer rotathle bonds than the ather stroctores,
which provides better chemical characieristics for strocmes with
pharmacologioal acthvites

Afier phamacologim] soeening, possible therapeutic wrgets for
subshnae 4 were abserved, however, no fargets were identified for the
ather sobstances Table 4 ChemProt version 1.0 safftware.

These dats comoborate with the lieratore in that the stodied
eompoimds are sampang ine alialoid analogoes derfved from Lapaechal
and norlapachol. According to Muhammad ot @, [30], sarpangine
possesees antimalarial, andifungal and cytoindc achvites, a5 well =&
being a potent inhdbitor of ledkemic fl proliferation [31] . Reseandh
oonduated through ol ogical assays reveals a great potential for sam-
pangine against human ovanan ancer cell nes, while also possessing
activity against boman long anoer «lls [32).

The resols pressied in Table 3 were fondamental for ghe plaming
and performance of the ascays nsed to imvestigate the presence of a
pos ihile antihacierial activity in view of the poesible fargets: Heot and
Heplimtive DNA helimse, which are assodased with hacterial DMA
mainfenance and replication [33). According to Ref. [34]), sampangine
poss exees an effertive action against fongi and myobaderia

In the antihactanal activity evaluation of the sobshn oes against the
Excherichia coli, Stoplpiococns mres and Prudsmonss asuginon
strains, the sobstanoes obtamed MIC valies = 1024 pgsml, which are
clinimally imdavant vales, MIC valoes grenter than 1000 pg/ml are
comeidered in Lude direct ardibacterial acti vity for clineal practice [35)
The minimum inhibitory concenmration (MIC) @n be defined as dhe
lowest conceniration mpable of completely inhibiting growth in mi-
crodilution wells [36].

The data in the present sindy disagres with the wark by Olveira
etal [37]), where saveral 1,4-maphthoguinone dervat ves contatning a
Iydrazine groop o a side cham were synthesized from 3-disso-naph-
thalene-1.2 S4mione and wers evahlted as potential aniibacierial
agents. In the aforementioned smdy, naphthoquinone derivatives
showed higher antibarterial activity at the prediminary disk diffosion
test level than laparhol, 2 1,4maphthogoinone wel] imown for i vaned
takgial actvites As for a stndy on the minmum inhibiory con-
cmtration MIC) of lapachol against Seplylecseras smreus, ane Tepant
showed the 2 (3 ydrory- 1,43 axo- 1,4-dih pdro-map hthalen- 2 ylphy-
drazone] ethyl makonate presented twice 25 much achvity as lapachal
EZimilarly, an optim] density oolmre stody with 5 sereus and this sobe
stance showwed an activity similar to that of vancompdn [37]

The activity of several lipachol derived analogoes against sensitve
(M=SA) and methicllin resisant Sephylococoes o (MASA) siradns
were verified, where lapachal derfvatives presented anmtihacterial ac-
tivity against MESA ATOC [37]). MASA climcal oo lades were sosoepiihl e
to napihth ogqoinon e dervaiives, however, thess were resictant to same
commerdaly avalsble antihacterias with the excepion of vanco-
myan. Most maphthoqoinone compounds presented MIC valoes he-
tween 30 mgsl and 125 mg/l, while other derivatives obtained MIC
valuss = 500 mgfl- The mimmum bastericidal oomcentrations
were > 500 mg/l, demomsiratng the tested naphthoquinones ex-
tdbited anly a bacier asatic activity against clinial MASA sradns [35]
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a2 Maoduss : Lamec b ey 1 Humon
oS Mplooe odures phnoae e 2 Hurmon
[ass 0 W el - promeen 1 Mumon
[430. a1 M chen = Sacin s ey drod 2 -adated Scior 2 Mumon
PR Fomen Fack Sehpooboactraem Ao
LAt P S L Ao b b ik davriia reermala
rans Pamcave UNA herme JehT KT LET T LE IR
fgr v bed Bzl o ahry o e 1 Mumon
A 19 Fami-dnted o mripeen St 1 Mumon
La e ) S e ner e Se o & Humon
[as Si SmenameSe prosone 7 Mumon
[as B | SmenameSe prosoos 3 Mumon
FLI1473 Vumeren IT) recepms Hurmon
Hecent stodies have shown a series of 12 new 2hpdrory-3-phe- 'i'
mylsulfamdmethyl: [1,4] naphthogqoinone snalognes howve besn spm- ! - -

thesired by the addibon of athial group with di fferent sobstioents o a
de-guinone mathane osing microwave fmadiadon The oompoonds
were tesied against Gram positive and negative bacieria, where en
componds pressnied antimicrobial activity, especially against Gram
negative siramns, in addition to presenting biofilm formation inbdbiton
(39

Figs. 3 and 4 demonstrate the aminogl yoosi de mod ulatory activity
of sohshnoes 3, 4 and 5, when associaied with gentmicin and ami-
lkacin at sob-inhibitory concentradions (1,48 MIC), where a significant
{p = WO001) MIC reduction was obfained agamst £ suews and P
asuinesa srain s, charecteriring this as resistan o inbd bition .. However,
no antibiofic adhily imerference was obsaved against the £ coll
siram.

The ammoglyooside modolatory activity of suhsnees 3, 4 and 5
may be related o maolecolar characienistics of these subshnees, for
being sampangine akalyid analogoes. The possible medhamsm of 2
tiam of qoimanes i not folly known, however twao propo sals for b this
may work exist. The first & associzied with the generation of resctive
oxygen spedes (Hals, Os™-, OH) I the imtracelolar emdnonment,
leading o the dmnatmrabon of membrane proeins [15], such a5 the
effhr pomgs that are esential for bacherial resistance.

- ARSI ACTY

. SESRTANCE b+ AMIK
N SUERTANCE 4+ AMIK
0 SUBHTANCE &+ AMIK

-
--——
-

= I‘S‘" vjl-'g jﬂ

Fig. & Fifas of slonsss 5 4 asd 5 on the ol bioesial avion of asdliaris
igadisel Smphploccccee dores, Eicherichia ool and Pescdomons derogined
S

Thee mlvﬂﬂluwﬂ s = S EM (nesderd efnog of Sean).

Twe vy ANOVA, olwal by Se Boaferresd g ad p « 000000 wa cosured
o oot | S S sdpaaficast Asdi Asdnos
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The serond possibility ds throogh the inhibiton of topoisomense |
and I erzymes. These are nuclear erpymes that add DMA replimtion
and are part of the proper fonctioning of any od] [15]. In this coniext,
oo someTases 1] are wmally trgess in amtibacterd al therapy, for being
vizhle options as they are essential for bactenial cell division and re-
plimtion. These snzmymes have a higher specificity /sdectivity for pro-
karyotic enmymes, which & at least thres times greater than for en-
karyotic aneymes, thos deoreasing he Heelihoo d of adverse sffects [£0]
The generation of reactive axygen species (ROS) doe to bionedo oton in
the region quinalinic by specific enzymes and the intaaction with to-
poisomerase i5, umiti] the moment, a possible antibactenial action

Aminoghcosides  presents adverse  effeds, parbeularly me-
phrotowictty nefrotoodcidade [41,42], ototoricity and nennotociciy
[43,44], side effects which should be comsidersd before presoribing
these antibiotics. In this aondext, the combination of sohstnoes with
ami nog] yors ides may bea therapeutic aliemadive to bacterial resistance
and thersdocion of side efferts, given that a synengiem with < grificant
MIC reduction was observed.

Acoording to (Hiveira ot al [45], the combined nse of natral pro-
dudts with antibbotics may be an altemative to minmize te adverse
effets cansed by the nse of amino ghoosides, sinee lower dmog com-
cemnirations and doses are requined for therapentic effeciivensss, espe-
cially in cases of mml resistandt strain infections.

5. Conchusion

The in slin smdy of the sampangine akaloid analogoes derved
from laparho] and norlapachal suggesied possible acthvities forthe 2-(2-
bpdroxy-ethnlamine s 3 (2metylpropeny [ [1,4] maphthogqoinone
muaolemle 2 a potential antihacterial agent over Rephbicadive DNA heli
cane and Hech proteins, highlighting the presence of other trgets that
could be ueefol for pharmaon logical research. The compoun ds redoced
the MICs of gentamicn and ammkacn when weed inassooation, agad st
£ mreas and F. arugnoss strains. In this oontext, the combination of
these sobsin oes with aminog] yors das can be a therapeotic alternative
to fare the hacterial recistnee o antibiotis.
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4.2 ARTIGO 2: EFFECT OF HYDROXYAMINES DERIVED FROM LAPACHOL
AND NORLACHOL AGAINST Staphylococcus aureus strains CARRYING THE
NORA EFFLUX PUMP. PUBLICADO (INFECTION GENETICS AND
EVOLUTION). FATOR DE IMPACTO = 3,342.
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1. Imtrodudation

The mast commanly osed antibactenals in the climc are thosz of a
natural or semi-syntheatc arigin, which can be daesified inio - lectams,
teracydines, aminoglyoosides, macrolides, cydic peptides, strepio-
gramins, inclding ofes (lincosamides, chloramphenical, cephalos-
parins, rifamycin, et ) (Guimardes ot al, 201 0L However, despiie the
extstenoe of ese amn b onobisl clesses. hacierial nessian o ha barome

i errenpending antheas

& challenge since microorgan sms have been adapting o antiioties for
derades (Tavanes, 200 The inoeasing advancement in resisanoe has
been intensely reported and its conseot change mmst be &ken o
acconnt when chooring an antibacterial trestment {INas o al, 2015)L
Hesistance i considersd an eanlogical phenomenon that ooors as a
bacierial response to the widespread use of antibiotics and ghedr pre-
sence in the snvironment (Guimardes =t al., 2010)

In this comteswt, Sophylocooous e is an important homan
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pathogen ghven fts collartion of virnlenee faeinrs and ability to acqumne
resistance in most amtibiofics. This @padiy is forfe exacarbaied by
the oonshnt emergence of new dones, maldng & @mrax a “sopahog®
{lakindi and Fhang, 2018} Doe o it great adaptive versatility, 5
mrax ha presenied muoliiple sradns resistant o several antibiotios
over several decades, such as ghose resistant to penidllin, which had
bezn identified affer approximately a decade of this antibiotic nse
These perddllin resistant strains presented in their genatic maderial the
gene penicil Inase, which prompted the generation of new amtibi ofi o,
such as mathidllin as an aption for stradns that carmied the perd o linase
Fene. However, in 1941 & e sirains that integrated mech in ther
genetic material emerged, this baing a gene that confared £ mrenc
resistance in methidlling, with the sirain tereafier being termed MHSA
{Paniest =t al | 2007; Monseo = 2l 2017

Moreover, in recent decades the edsience of new MASA dones has
bezn wimessed. Unhke tradifional hoespital acquired MHASAs, new
clones @n imade commundty emdironments and infect people withow
predisposing risk foiors (Lakhundi and Fhang, 20148) In this paspec
tive, the mecA gane is essential for resistnce not only o medicilling
butalkoio ] f-lectms {pend dl lns, cmphales porins - except ceftanaline
= and mrbapenems), sincethis gene encodes the prod oetion of Pened n
Za binding protein (PHEP2a), a protain that catalysis the formation of
peptid oglycan, a siroctnral component present in the oo holar wall {CW)
of £ mreus This proiein, which has a lower affinity for f-laectams,
catalysis OW prodoction even when in contet with the antibiotios for
which the MAZA is resistant io {Fantost o al, 2017, Taylor and Unaka,
207149

In addition, resistance to teracydines @n oocor by two madn me-
chanisme active oflux pomp transport fmadiated by the profein pro-
dudts from the Tetd Tetl genss) and by profection via ribosomes
{rongh Tetd and Tebl) genes) (Fantost =t al, 201 7). Resistance in
teracydine is evideneed, for example, in £ oeres 1558 straing that
pasms the Tak effhor pomp in charge of activdy anroding tetra-
cydine from the miacelllar to the eviracelnlar medmm, providing
protection io the bacteria (Fantost o al, 2017; Troong-Boldoc et al,
A0S, Limaverds o al_, 20170

Effhm pomps are mergydependent proteins dia promote e
elimmation of antimicrobial agents nin the aotraceolar emd ronment
famter than plasma membrane diffosion o ad bactenal resisance, snch
that the infracellnlr concentration of the agent remains insoffident io
blodk cluolar fonctions, rendering it meffective, thos preventing e
aibi otie from reaching s sctive she (Opperman and Mgmven, 2015)
In & oo, MNord, NorB, MorC and Tet38 are chmommosom e-ncoded
effty pumps whose ov erexpression can confer resistance to mukiple
drogs (MDA, quinaknes and ather compoonds (Mor pomps) or & olvied
ety cines (Tt 38 ) {Nng etal., 2004) NorA is the best stodied efflux
system and is therefore ofien used & a mode] for nvestigating «ffhn:
mediated resis@nes in this pathogen. Nord achivity 15 assodaied with
resistance to flnoroqoinolones, varioms antiseptics and disinfectnis,
with several reports implicating the rale of efflux systems, inchiding
MaorA, as a firet]ine responss io antimonnbiaks in S s (Costa ot al |
20718

When combating resistance, the combination of two or maore aom-
pounds are generally superior versos using a single compound, espe-
cially for the treatment of serions infections discases @usad by bacteria
resistant to antibiotics {Eomikeb ot al, 2012

Synergism can be achiewved by combining antibiotics with exiracts
or subsnoes at sobinhibiiory coneentrations, applied diredly to the
cultore medmm (Coutinha ot al., 2000 Farias ot al, 2015 This ap-
proach i not resimicted o exiract combinations, a5 combmations be-
tween natoral prodocts or exiracs and symietic prodocts or antibd obios
are also poesihle (Cristo o al, 2018

Ths, substances with a plant onigin and thar derfvatives have be-
come & viahle and effident altermative since the amtimoolbial actviy
of a drog may be amplified or redoced by the aotion of natoral prodocts
(Obvetra-tirding =t al, 20159 Moreowver, thess hindsr ardimnicrobial
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resistance medhanmems doe to the complexity of thedr stroectores, thos
avoiding microbial adaptatons {Daferera etal., 2003} (ne soch @rget
15 the well-sindied MorA «flor pomp presentin the 11998 stradn, whidh
has been shown o be soscmptible o natoral and symihetc prodocs
(Fontuine =t al , 2014}

Therefore, this stody aimed i avaluate the in vitro and in silion
effhr pump mkdbitory apadty of hydroryamines derved from la-
pachol and nordachol, 242 Hydroryetylaming)-3-3-methyl2 bo-
temylpl, 4-dibydro-1, 4 naphthalenedione, 242 Hydroxy-atiy] amina)-
F(2methyl propenyli-[1 4] naphthoguinone and 2-{3-Hydroypromy-
lamina b 3-{ 3methyl- 2buten y1)-[ 1,4] maipih i oo mom against
Samplylocncras mres sitains ouTying the Nord oflor pomp me-
chamism.

2 Materials and methods
21, Bocseial muoemal

The Sephylococras aumur siradns ueed were the SA-1199 wildhpe
strain and the 5411998 strain, which expresses the MNord gens en-
cading the NorA oflux profen and expels bydnophi Be fluorog uinolones
and other drogs soch as DMNA inbercalating dyes. The stradn, countesy of
Prof & Gibbons {University of London) was maintained in blood agar
hase slanis (IHfeo Labhoratories Ltd | Brazd). Prior to the secys, the el
were aulivated for 24 h at 37 °C in heant infosion agar (HIA, Difon
Lahoratories Lid )

23, Sncheds of sibomnees

221 Gensal nfommation

Mdr- and modsmressnsitive rections were camied oot under an
argon atmosphere Heagents were porchased from Sigma-iddnch,
IMnamia or Veieo and disiled or used withont forther porification.
Feaations were mard iored by TLE anal ysis on preonated silica gd plates
(Merck, Kizselgel &0 GF ) and the compounds were visnalfzed nsing
v hght. Colomn chromadn graphy was paformed on & sibea g=] 60
(70-230 mesh, Merck]. Melting points were measored in open apillay
tobes in & QUIMIS apparatos and are onearmedted . The infrared spectra
were rerondsd on an [FS66 Broker specmophotometer using Kir diss or
Varian Mercory &401R with ATH. HRME analyses were performed an a
MALDE-TOFRTOF Anioflex 01 10, using positye reflector mode. NMR
('H 2t 400 MHz and " 2t 100 MHz) specira were recarded on a Varian
LLin ity Plus- 200 spedrometer, 200 MHz Varian Mercury, using 005 or
DMS0-d; as solvents, and alibraied for fie sohvent signal Chemmical
shifts are expressed in parts per milion pm) and coupling oonstanis
are given in He. The compounds lapachal 1 (Camara =t al, 2002) and
its comesponding 2-methory derivative, norlapachal 2 and fts onrme-
sponding 2metiory derfvative, wene obtained from previcusly pob-
lighed procedores (Fig. 1.

222 Symthesis of 2-amincakpd derharhes 3-5
1 mmal of the 2-mathoyy dervative dissohved in 10 ml of M=OH

[+] H
b H
o h‘r'l;?ﬂ
In
1 =1
2 ned
3 =], M1

&=l m=1
S, M2

i g v | ool 3 ML, K D0, srolona, 0E; ) 2-aminn-athenal o
3-aminc- 1-propeanal in e, rl

Fiig. 1. Sythorsisi e in: Waoes.
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was showly added o 15 mmmol of the appropriste amine (2ami
nosthanal or 3-amino-1-propanal), in the same soheent (40 ml), with
contimows siming. Afier the rescfion was completed, as per (ED
analysis inspection, the solvent was removed onder vaomm and e
residoe submitted o flash cromatography on a siim gel and athyl
acetaie ‘heyane with increacing polarity.

228 202 Hydreogathl ot ag) -3 (3 moind: 2 ltenyl): 1,4-diliydro-1,4-
mapizthale nacheme {3

This compormd was ohiained as red aystalk with an 859% yield, mp
S0-81 0 "H NMEA {200 MHe, CDEL Y 168 (s, 3H), 174 (s, 3H), 2.3 (b,
1HY, 337 (d 2H, 59 Hzl, 371 @n, 2H), 385 (m, 2H), 507 (¢, 1H S
59 Hz), 601 @ 1H), 757 (m, 1H), 757 (m, 1H), 793 (d, 1H, J7 & Hz},
805 {d, 1H, J 76 Hz G NMR (50 MHz, €L, 182 334 258
472 B3], 1227, 1-381, 1363 13004, 1320, 1324 1334, 1345
1462 1831, 182.2; IR (KBr) (» max., em™ ') 3391, 3321, 1678, 1599,
1555, 1513; WS (rel ind) me/z 285 (M + , 57), 270 (10d), 198 (7L HAMS
fommd: 285 13649, Caled for CpH N0y 205 13689

234 22 Hydroxy-e fiylavinn ) 34 2me gyl propeyl)- [1,4]
naplehomqmenone (4) A0

This eomponnd was olbtd ned as red crpstals with an 57% yield, (mp
F7-TAS °C) in 8% yield. 'H MM (CIC],, 200 MHz) 1.47 (d, 34, J
1.0 Hz}, 189 @, 3K, J 16 Hz), 246 (brs, 1H), 337 (g, 2H, J 5.4 Hz),
AT (L, BH, J 54 He), 606 (3, 1H, J 10,16 He) 635 (brt, 1H, J
54 Hz), 7.51 (dt 1H J L4T4/76 He, 761 @t 1H, J 1.47 6/
7.4 Hz), 7.90 (dd, 1H, J 1.4,7.6 Hz), 799 (dd 14, J 1476 Hzy o
NMR (CDCL,, 50 MHe) 3001, 254, &5.1, 613, 1134, 117.7, 1259,
12601, 1303, 1919, 1393 134 4 1590, 1448, 1827, 1834 | (KB
& max, 3457, T340, I200, 2940, 2074, 1675, 1590, 1563, 1511, 1354,
1335 e~ L. HRMS foomd: 27101 169, Caled for ©gHy oW0x 2711208,

2125 243 Hydrexy -propylomdnn )33 -metind- 2-luewyl)- [1,4]
maphthopeinone (5 ) 41

This compound was obtained as red aystal with a 75% yield fmp
EE-T0 T IHHM{m,dmm}]ﬂ{i‘m].ﬂ{;m]m
l:',q,IH...I&J.,E_]E]-E:I..Eﬁ,mlﬂ{t]HJM}MHH{LmJ
62 55 Hzl, 5080, 2H,J 58), 754 (L 1H, J75 Hz), 765 (d, 1H J
7.4 He), 794 {d, 1H), 8504 (4, 1H)E “C NME (S0, 100 MHz) 174,
HHE M4 328 424 S, 1153, 1227, 1356, 1259, 1301, 1315,
1321, 1331, 1340, 1454, 18274, 18276; [ (KBr) » max, 3444,
H334 14672 158 1557, 1527, 1341, 150, 1473, 724 an ™. HEME
fommd: 2991501 Caled for ) JHy, N, - 29601537

23, Drugy wred

Ehidium bromide (Eilr) was obtamed from Sigma Aldrich Co. Lid
The antbiotics nsed were norfloxacdn and aythromycin. The sub-
stances were dissohved in dimethy] solphorde (DMS0), followed by
dilobion with sierle water 0 2 omceniation of 1024 pg/ml.. The
efhiidium bromide solution (Efir) was dissolved @ sterile distilled
water, siored at —30 °C and kept away from light (ooncentration
1024 pg/ml). The nhibiiors Pheny lalanine-arginine f-naphiiylamide
{PaiM) and chlorpromazine were diloed in distilled sienls water to a
concenration of 1024 pg/ml.

24, Amiharirial antvity st - merivemm nfdbdory concesraton (MIC)

The MIC of the subsiances was deiermined with an assay using
100 pl. of the bacierial nomhm suspended in saline solotion, oomme-
sponding to 05 of the McFarland scale, fallawed by fhe addtion of
010 p L. of bradn heant infosion (BHD) i eppendorfs. The solotion s were
then tramsferred to 9éwell miorodilotion plates and a serial diluHon of
exdh substan e was performed with coneen frations ranging from 05 io
512 pg/ml. The plates wene incubated & 37 °C for 24 h and bacierial
growth was avaluaded throough dhe ose of Resamirn The MIC was
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defined & the lowest conceniration in which growth was not observed,
in accordance with CLSI (20130 The anthacierial assays ware per-
formed in i plicates and the resolis were expressed ac the mean of the
Tepetitons.

25, Pvaluaden of sffen pemp inldbdton by MIC redation

Efflix pump inhibition was tesied wsing sobinhd bitory oon eenira-
tiones (1,48 MIC) of substances 3, 4 and 5, with e adm of evaluating the
capaaity of each snbstance i demease the MIC of athidfum bromide
{EtBr)and of an i biotics, the sobsirates for the efftior pomp apded for by
the MacA gene present in ghe plaemid from & sumas 119698 stradns.
150 pl. of hasterial mombm sospended i saline solbotion, oomme-
sponding io 0.5 of the McFarland scale, were added to eppendarks to-
gether with 1350 pl. of bradn heant infosion (BHI) a5 a contmol. For ghe
substnce evaluation assays, 150 pl of basterial inoculom suspended in
saline solution, comesponding o 0.5 of the McFarland scale, were
added to eppendorks fogather with 198 pl. (1,8 MIC) o f the sobstances,
oomplemented with 1162 pl. of brain heart infosion (BHI) The ape
pendorf sol utions were iransfamed to 96w micnodi lobion plates and
serial dilntions were paformed with 100 pl. of antibacterial drogs
(O tveira- timeting =t al, 2018)

The plates were incobated at 37 °C for 24 b and baaterial growth
was evaloated by osing Hesamrn, The MIC was defined widh the fat-
racycline and athidiom bromide (EBr) concentrabions, which vared
between 05 and 512 pg/ml., and compared to the chlo rpromazine and
PAfiN standards.

24, Moleoulor dorldng precadure

26.1. NoA modating and docling procedure

The 30 strociure and identi fimtion of potential Nord effloe binding
pocketsare based in comonrdance with the stody by Santos =tal (23018
The mol emlar docking simulation s were performed by the SWISSIOCK
webserver fwww. Swissdodochy) (Gros didier ot al, 2011 1 All chemmiml
stroctore ooordinades were generated oeing CORMNA and Gasteiger
pantial charges The NoRA 3D stoohure was prepared nsing the Dodc
prep iool available in the UESF chimera free sofwarne padoage (Sanios
etal, 2008, The grd coord mates for fexible Docldng rons were per-
formed by previons stodies defining a region af mierest with 5 A from
the moondinates x = —Z78, ¥y = #45 ¢ = 71.74 and box size
X = 4600, y = 3800 and z = 30.00. The binding energy soore wa
used to mienlate the inhibition ansant (K; valoe) nsing the agquation
k = 1QAntoe Sl 60 @inawale ot al, 3018), while Bgand =ff
ciancy (LE) was datermined using the squation (SILE = kM), where
N is number of heavy atoms {non-hydrogen) presentin ligand (Missink,
200FE)L The docking resulis were viawed with the help of the UCSF
Chimera visoalization program and e Discovery stodio (DE) was used
to constroct the mieraction map o show how fhe derived hydmne
xyamines, chlorpromazine and FafiN inderacied with Mo RA

27 Sawicdcal analyrs of medorobiologe ol reqlts

The results from the assays were performed in tiphicates and ex-
pressed 25 geometric meant A one-way ANOVA bllowed by
Baonfermond's posthor test was weed & e stabistical analysis iest, using
the o fiware GraphPad Prism 5.0

3. Results and discussion

Minimmm inhibfiory concentration (MIC) valoes =1024 pgmil
were abtined (Tahle 2)in the antibacierial activity evaloation of the
subshnoes agamst S swres strains with and without the «ffho pomgp
resistance mechandsm, thos oomprising clinically imelevant valoes. The
MIC was defined a6 the lowest concentration capable of compleiely
inkhdbiting grawih @ microdi kedon wells. Data from the present stody is



Kii Mgparaio, o al.

in aconrdance with Figuersdo ot al (20:20), who did not obsarve anti-
bacterial achvity of these sobstances aganst sandard and mult-
resistant Sophylroooy @res and Presdemenor csugmora siTams,
which obined MC values 210234 pg/ml.

Reeent sindies have shown that a seres of 12 new 2-hydroxy-3-
phenylolanyimeathyl-[1,4] maphfogqoinone analogs have been gm-
thesized by the additon of a fhiol, with ien compounds presenting
amtimicrobial activity, especially agadnst Gram negative bacteris. The @
silico stody carmed oot by Figoereds o al. (20230) repontsd possible
aoivites for the 2-(2Hydroxy-etiylamino)3-{2-mesh yl-propenyl)-
[1,4] naphthoqninone malscnle a5 & probah e antibacterial agent with
@oion over replimittve DMA helicase and RecA protens.

In addiion o the imirnsic antbacierial activity of natral and
symthatic products, the potential modoladnry adtion of thess pradocts
has aleo been sindied by combining them with antibiotics wsed in gie
clinic, with the atm of reversing or deoreasing bacterial resisanos cases
(Farias ot al_, 2015) The combination of natoral or snfhatbic om-
pounds with aminog] yoo sides has been need, a5 stoddes have shown this
to e an efficient abermnative to redocing the MICof these antibiotios, by
promoting a gmergistc acton and deoeasing hacherial resistance
argainst this dass of antibiotics (Sicbra etal, 2015). Recent siodies have
demaonstraied the ability of subsances 3, 4 and 5 o modolie the ac
tivity of amminog] yoos ides, when assoriated with gentamicin and ami-
kacin at subinhibitory concentrations, against multidrog resistant £
ey and P asugrinens strains (Figoereds o al, 20200

These resolts guided the assay plans osed to investigate a possible
effhr pump inkibitory activity by hydroxyvamines derved from la-
pachal and morlschal, agamst Sephylorosss suess siradns that cary
the MorA efflox pump mechaniom Following this dat analysis, a vir-
toal analysis hased an thedr stroatures docking) was performed, which
showed proem sing resulis.

The lack of an aniibecierial acivity, a5 demonsiraied by the MC of
these substances, malkes them advantygecus for mee as effhor pomp
inbdbitars. Accarding to Bhardwaj and Mahanty (2012, efflox pomg
inhibitors should be devaid of antibacterial acthvity 50 as not io inflo-
ence the devel opment of resistnes.

The Mord effhor pomp inkhdb ftory capacity of sobstances 3, 4 and 5
at sub-inhibitory concentmations (1,8 MIC), & shown in Fig. 2 when
amsocisted with norflovacin and @ Fig. 3 when associsted with efhi-
dium bromide, where a significant (p < 0001) MIC redoction was
abtainad, thos demonstrating effhe pomp inhdbition . The above resolts
are relevant when compared to the MIC of norfloxadn and ethidiom
bromide in solation, and their resolis in assodabion with the besied
compounds and standard inhibidors (chlorpromazine and PAJN]L
agadnst the teste] siradne {Tahle ) According ta Ol veiratinting et al |,
2014 a dhree-fold MIC reduction i assodated with an efflux pump in-
tdbition. 1t i waorth noting that SA 1199 and SA 11998 are the same
strain, however, the 11998 stradn overexpresses the efflux pomp, whils
the 1199 sirain has nommal expression lavds.

Minimum iwhihitery cencomiration (ppm )

Hl NMOREFLOMNACIN

H CHLORFROMAZINE « NORFLO
R AN + NORFLO

0 SUBSTANCE 3+ NORFLO

L0 SURSTANCE 4 & MOEFLD

[ SUBRSTANCE &+ NORFLD
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Acoording to Cimsted and Keams (1977) ethidionm bromide is a
DN A intercalator which severely damages bacterial DNA As a survival
siraegy and iIn the presence of this toxic sobstance, these micmo
organisms express efftion pumps, which remove athidium bromide from
inside the bacterial el {¥mstad and Keams, 197 7; Couto =t al, 2008)
Fthidmm bromide 15 an indictor of the presence of an efflox pomp,
therefore, a redoction in ethidiom bromide MIC is alo ndicative of
pump inhibition. When effte pumps are mhibited, the miracd klar
lrcem id e com ceniradion increases. For his reason, & lower com cemiTaition
of ethi diom bromid e poses 2 o o effect over the bacterd al 1 (¥ iveiros
et al | 2008 Pate] & 2l 20100

Studies by Kaatz et al (2003) olserved the inhibinry effects of
chlorpromarine an £ @res MDR transporiers, which exhibited a sy-
nergitic or additive achon The anthors soggested the poscible me-
chanism of phenotidarne efflox pump mhibiton & doe toa direct in-
teraction which inhibits effhie driven by the proton motive force
{amtiport), and which 0 a lesser ewtent may lead to & redoction i
membrane denrical potential Pheno thisrines may ako potentiae the
aaivity of some antitoberonlosis drogs, medicdnes aganst MDH M
Tuleroulogs stradns (Gibbons f al., 2003; Mollin o al., 2004

Fhe-trg-f-raphtiylamide (FAJN) &5 2 @mbonic dipeptide with a
maphtiy] meodety, which has bean characterized a5 an oflaxe pomp in-
hibitor (EPD), since it aots on magor efflox transpo rers associaed with
mma idro g resistance {Lamovskaya et al, 2001 yand has aften been need
to evalate the offfox phenotype of gram-negative bactera (Laundy
et al, 3015 Schuster et al., 2009). According to Mame=H 2 a. (2003),
PAfN signifimnty mcreases dhe soscmpiibiliy of NETC 11168 ey
thrompan resistant sirains, snggesting the offlox pomp & mhibied by
PAJN.

In this comtext, the tesied sobsnoes are capable of signifi@ndy
inoreasing the sosceptibil ity of the £ sumeas 11998 siradn to norflorecin
amd ethidiom brommde, & result similar to the chlorpromazine and Fafii
contral that mhibit the «flmx pomp

The mpartance of mitrogenous qomone stodies i associated with
thedr elecronic strociore, owing to their elecron domating capadiy
and, consequently, their ability to modify redoction poentials, which
induce intracelo lar o dative siress. Given the above, compounds sodh
a5 Z-amino-1,4-naph i oqunone possess biological activites which in-
chde aniibacienal, artimalarial, andtomor and molo s o dal ctions
(Benites et @, 20100 Thereftne, the effedt of nitrogenous quinones may
hawve contribated o the reporied NorA pump inhibiton. The Meratnre
reparts the mechaniem of adion of quinomes is not folly boown, how
ever, two proposals for how this may work exist. The most accepied
s il ity 15 assodated with the generation of readiive axygen spedes
(Has, O, OH-) in the imracdlolar emdronment, which frigger pro-
grammed cell death, while the other possibil ity centers around the in-
hibition of fopoisomerase | and 0 engmes (Cavakeanti = al 2013}
Mioreover, this high instability may provide a great interact on capadty
between these substances and the NorA pump, comoborating with e

Fig. I Abiliny of inddbisen of e Meoh efllay possp
by e smliahees 3, 4 and 5, ascciannd with sos
MNeacis, comspamed Mo e ¢ Rlorporoess e and PARN
it ey, e 1o amine i My A N19D amed
smliredaas 54 11990

Thee Wl regreEsl The jassad: sean + SEM
[Hmeland erroy odmed). Dese-wa y ARDVA, ledhowed
by e Boadesesd el adc p o« D000 vl comled o
PARN. Flaesrpllal arisee- il st [ suplbiiey Lassicle
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Minkosin ishibitors cencenlration (gal)

Fig. 4. Al decled smeesere of seperisponed comsgl ox with Mool

obsarved remls

In this sindy, three new ligands and two MorA  inhibidors,
iChi orprom azi ne and Pafii, arensed in docldng procedores (Fig. 41 The
doddng smulations were aumied oot for the most faromable complex
binding mergy with an energy range betwssn —6042 Keal/mal
and — 9.1 Keal/maol (Table 1) The mhibftion oonstant (K and Ligand
efficacy @lolyied comoborate with the expermental achdty that
shows a compoond with mhibiiory potential presenting low S0E and Ki
vahes

The docldng resolts soggested different forces of interactions (Van
der ‘Waak, hpdrogen bond, Alkyl, =sulpior, ma, ®Allpl) are re-
sporsible for sehilimtion of the Nord complex with different ligands.
An imporant anchorage pocket i formed by the amino adds METZ,
GLYSS, LFU30, ILES3, TYRSS, PHEZ?, PHE142 and PHE 146 that pro-
ject hydrophobic characieristics, allowing the formation of Van der
‘Waals inferactions with all Hgands. Howewver, ather farces of imterac
tiors such as hydrogen bonding with the amino acids GLN345 and

Table I
Thet esergy bisling of bissling of differesy s in Morh asd Meph ¢fflay

Mowd,

Campean=d Emygy of mimacnm Koalimad Cabaleted K (@) SILE
o 1 . AT 33
o 4 — A2 1435 440
o & —&.7 11 A4 48
CHamamne 71 [T LY.

N —%1 ana a7

B ETHIRUM BROMIBE
B CHLORFRONMAZINE + EB
Bl PARN + EB

= SLUBSTANUE 3 =EBR

O SUBSTANCE4#ER

I SUBSTANCES=EB
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Fig. 3. Al Bry of bdbdses of 1he Mook efllaxy pasp
Ty ko dabi ot 5, 4 el 5, i cacoeci e o o i oo By
Deremmdide, o o s d 1o 1 b oo 5o amd FPARN
sl ageiean B awwaise wild Type SA 1199 asd
smltnearia st A 11590

The wles represest 1he passade seun + SEM
[ aedand arrod of Semas) o i § AROVA, Bollorme d
by e Bosfesromd na ade p o0 0001 wa comtesd of
oot FB. Flolies  becsd, PARN
ity b Lttt i it [ osgpliiy Lasl e

GINS) or sulphora inferactions with the amino acid MET246, con-
iribuie to the sobilimton of the NorAs/ligand recepior acompler
Similar ancharing points i the neradion maps for both the mhibiiors
and synthahic compounds are shown in the sopplementary data

These resolts provide forther insighis o the mecham sms by whidh
new lgand affimities for ABC effhr pumps imteract, thereby con-
iributing to the Imowledge smmounding mechanisms of maolecular in-
teractions and subsequently acoelerate the discovery of potent fume-
tiomal hgands with the adm of redocing bacierial resdsnce @ in viva
I

Hesistant £ oareps (MHAEA ) hacteria possess a senes of efftox pomps
encoded chromesomally by plasmid transmission, howsver, for Nori
effh pumps to fonction & proton mediated antiporier that nses diverse
stmoctorally mnrelaiesd molecules a5 iE subsirates & nesded. Sevemal
substnces have been shown to fundion a5 NorA effhoe inhidbftors in &
e, Natural produocs soch as silybin (Wang et al_, 2015], terpinene
(A fveira- Tintino =t al. 2018), tanmic add (Tintno = al., 2014), ar
palyphenak soch as gallic and caffeic acids (Samtos of al |, 2018), hawve
heen shown to inbibit Nord oflux in & @res and, thereby, restore
senmitivity to antiblotics in MHSA.

Insonvery approaches invahdng the NorA pomp from. Grame poe tve
hacieria have been fumctioning, soch as with efiidinom bromide, & a

basis for designing stroctural analogs with the potential of nbhibiting
this pump. Prodoat screening and synthesis campad grs have lad to the
identifimtion of phenothiarines soch as chlorpromazine (Hodrigoes
etal, 2008) and Phenyl-arginine bata naphthylamids (Bobnert ot al,
2014}, identified 25 valwhle took for drog discovery with poiential
antimicrobial

We evalnated fhe shility of lapachal and norlacha] derivatives o
mieract with the NorA efflox pomp osing in silico dodong simm lations.
Docking soores demonstrate Bvorable merectons by ¥Van der Waals,
hydrogen bond, Ally L, w-wolphor, x-mand m-aliy |, with different amino
acid residnes in the binding site. Smilar reso s were observed with the
tigamd- hased pharmae:oph one mode] ing stody condocted by Astolfi etal
{201 7) using the same Nord site. This resolt showed the best 30 mod =
obtained was represented by hydrogen-bonding, positive charge, aro-
matic ring and by drophobic interachions (Asolfi et al , 2017 )

Acoording i Figneredo et al , (3020) the three smdied molecules
were anahyzed with respedt in their agresment with the Ruleof Free and
no vialations of the mile were identified, meeting malecular negmne-
ments that enahle thess sohstances to be potentially viahle as medi-
cines.

A series of new amino derfvatives and a new partially ydrogenaded
dertvative from the natral maph thogo non = lapadh ol were analyzed for
thedr malhscicidal activity against Bomphalaria glalvain. These deni-
vatfves presented low io mediom Lz, valoes The compoond 202
Hydroxy-ath ylamino) <342 methyl-propenyl)[1,4] described a5 3¢, did
not exhibit inxdiy, which aconrding to the authors, i associated with
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Cam paemd. MUK of mbwitmcss  MIC Modfle 4 Soiwmcs jpyy MG Mooflo 4 Soheamcs (pys  MIC BB & Scheasos g MK REr - Scbeiscos (g
{pmi) mi) mi) mi) mil)
—_—anm SALLWE LR A T1WE
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Ehudum Emonde 64 - - a4 =8
L

Sn=loaen Iz = a6 - -

4063

Suftotance 3 o 14 ] 165 =

Sk o 4 = 14 251 S -3 128

Sat ot ERL-T 4 WL &4

decremses in the polar character of fie teed compounds (Siva et al,
2005

4. Conclusion

The association of sampangine core alialoid analogoes, derived
fram lapachal and norlapadhal, with norfloxcin and ethi dom bromide
showed a signi fimnt redoction in ghedr MKCs, this effect being atiriboied
ta an mhibition of the NarA efflox pump by the tested compounds. A
the interaction of g2 compounds and
the Naord efffox pump throogh malecolar docldn g, which demonstrated

a high affinity.
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4.3 ARTIGO 3: INHIBITION OF Staphylococcus aureus TetK and MsrA EFFLUX
PUMPS BY HYDROXYAMINES DERIVED FROM LAPACHOL AND
NORLACHOL. PUBLICADO (JOURNAL OF BIOENERGETICS AND
BIOMEMBRANES). FATOR DE IMPACTO = 3,342.
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Inhibition of Staphylococcus aureus TetK and MsrA efflux pumps
by hydroxyamines derived from lapachol and norlachol
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Abstract

The present study aimed 1o evaluse the in vite effl pump ishilitory capacity of hydmeoyamines derived from lapec ol and
narachol, whene compounads 3, 4, and 5 wene tesied against the 5. auwraer strains: BEN420 camydng the pULS0S plasmid; and
[5-58, endowed with the FT181 plasmid. The substances were synithes zed from 2-hydmoxy-quinones, lapachol and nor-lapachol
obaining the comesponding 2-methoxylaed dervatives via dimetiyl sulfaie allkylation in a basic medium, which then reaciexd
chemmelectively with 2 -ethanol amine and 3-propanolamine o form te comesponding aming alcohols The antibacterial ctiomn
of the substances was quantified by determining the Minmmum nhibiony Concentration (MLC), while a microd lution assay was
carried outl & ascenain efflux pump inhibition of Staphdocean @ores Araing camying the Mard macrolide and the Tedk
teracycline efflux pumps with the substances at a sub-inhibitory concentration. The resulis wene subjocted 1o aatistical analysis
by an ANOYVA et and Bonfermond post hoe test The MIC from the substances exhibited a valoe = 1004 po'ml. However, a
significant reduction (p < 0060001 ) of the envibarycin, eracycline and ethidivm bromide MIC was demonstraied when teese
were in ¢ om bination with the substances with this effect being due o 2 supposed e fhux pump nhibition The eded substances
demonairated effec ivenss ot decreasing the MIC of enythroarycin, tetracyeline and ethidinm bromide, potentially by inhilyiting
the Mad iveciolide and the Tetkl tetrae ye line efflus pomps poesent in the tested 5 merees drain.

Keywords Efflux pumpinhibition - MaA - TelK - Hydesyamines - Lapachol - Norksehol

Introduction

Several microorganisms that make up the huran bacterial
flora exist and are poentially pathogenic, such as the gram-
o tive Siaphykrcoceuy gicrews, which & camied by moughly

(=] Henmiqoe Domglas Melo Comtinhao
Tk ocrtinden & grailoom
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. Deparment of Biological Chamisry, Regional Univarsity of C o,
Cran CEP 3105000, CE, Brazil

“ Theparment of Chemi sy, Liniv arsidade Fedaral Roral de
Pemamivcao, Reafe, PE, Brasl

Pubdished omline; 36 Febrmry 202 1

3% of humans, £ awracs & extremely relevant due 1o i
easy adaptation & different environments, 15 vasi spactium
of infectious disesves (auch 25 bacteremia, infectious e ndocar-
ditis, septic anhritis and poewnonia), its vast incidence and i
high lethality, with complication rates from 5. @eres infec-
tioms exceeding 25 % (Wentheim et al X605 Shurland et al.
2007 Monaseo etal . 200 T)

In this context, §. aqurews bacterial resisance 1o antibiolics
has been shown & be an exiremely conceming isawe, sinee
bacteremia ¢ awsed by methicllin-resismn 5. srees (MBESA)
appears 10 have grester morbidity and mortality companed i
bacteremia cased by methicillin sensitive 5. mrecs (MSSA)
{Hal et al. 2002 Vanoe and Holland 20408 ).

& wren has presened multiple strains thai ane resistant i
several antibiotics over several docades due iy iis great adap-
tive versatility. Strains resiztan 1o pendeillin wene jdent fled
following approxiraiely a decade of contact with 5. awnnes,
presenting the penicillinase gene in their genetic material.
Thas, the meed to creste new antiblaics, such & methicillin,

| Springer
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emergad &5 an option for strains camying te pendcillinase
gene, Themeafier, srains inegrating the meed gene in their
genetic makerial, a gene that confermed 5. @oree resiEtance
1o methicilin, emerged in 1961, and tlus MRSA emerped
{Pamosi et al. 2007; Monaco et al 2017,

In this perspective, the mecd gene isessential for resiance
nod anly i methicillin, butio all B-lcams (pencilling, ceph-
alpsporing - exoepl cefErpline - and carbapenems), ance this
gene enoodes the production of Pendcillin 2a binding protein
{PEP2a), a protein which catahyzes the formation of peplido-
glycan, a amenral component present in the oellular wall
{CW)of 8. miraer and which hes a kower binding affinity w
p-lacmms. PEF2a catalyzes CW production even when in
contact with the antiblotics for which MRS A are resitant o
(Pamoai et al. 2007 Tador and Unaka 200%; Lowy 2019

In addition, redstance 1o letracyeline may also ooour by
twi irin me handans active ranspon by efflux pumps | me-
dizied by the proein produs from Tetkl Tell. genes) and by
prolection via fbosomes (through Tetd and Tetl) genes
{Pamosi et al . M7). Resistance 1o teracyeling & evidenced,
for example, in 5. oerews [5-58 srains that have the Tedl
efflux pump, sked with actively extracting tetmcycling from
the ntracellulsr tothe extrace lular medivm, providing protec-
tion 1o the bacteria (Pantost et al. 20607 Truong Bolduc
et al 2005; Limaverde et al 200 7).

It & at this junciee that several therapeutic options for
MESA bacteremia ane wad, with these ranging from the com-
bination of antibiotics, amilbiaics with grester fesponee 10 &
specific species and modification of exigting anibiotics, n
order o mcrease meatmenl effectivendsss. While an excellence
approach i not yel known, allematives that demonaraie ef-
flec tiveness and swooess exig {Lowy 2009)

The use of vancomycin of daplomycin ane godod ahiems-
tivess 1o monptherapy, whene vancomyein & the most com-
mimly wed antimicrobial for MESA hacemremias, since it
has an shmdance of evidence of sucoesz while deapionmyein
i5a good aliemative tovanoonmacn and has good weces raies
{Lowy 2009 Murray et al. 2013

In emrs of combined therapy, good mesulis include, for
example, the: assoc ation between dapiomycin and ¢efamnl ne
of other f-lctams sssociation between vancomnein and
cefamline or other P -lactams, association between dapiodmy-
cin and trimethoprim -l famethaarole, and sssocistion be-
tween ceftamline and rmethoprim-sul famethossz ole (Lowy
2019, Kullar etal. 200 6). Indeed, the mechs nsms that provide
& oy with resistnes sre abundsnt, diverse and comples,
thus wging the need for new therapeutic alematives, nchd-
ing organically synthestzad compounds

The combimation of wo of mone compounds is generalby
superior 1o the use of a angle compound, especially for the
trestment of serious infectios diseaws, caused by bacterial
resigmnce o atbiotics (Haman et al 2002) Synergism or
additive effect can be obmined by combining anibiotics with

&) Springer

exiracis of substanees sl a sub-inhibitory conceniration, ap-
plied directy to the culune medium, affecting several wrpets
{Wamer and Ulrch-Merzenich 2009 Coutinho et al 2010;
Farias et al 201 5). Between the varioe Larpels orouwp, We ¢an
cite the efflux pump inhibitors {Van et al. 200a;
Piddiock 206086

Thus, plam derived sulsmnces and their derivatives hawe
bocamne a viable and efficient aliemative ((liveira et al 2007,
Silvaetal 20667, since the antimicrolial activity of a dmg can
e amplified or redwced by the actionof natural or organically
gynihesized product (Coutinho et al. 2008 Figueredo et al
Ai2ika), that hinder antimicrobial resistance mechanisms due
i the complexity of their struciures, thus avodding microbial
adapiations {Daferera et al. 2003).

In this comext, naphiloquinomes ane imporant nemedi-
aies in the organde synthess of numenows naneral or srnthetic
compounds (Cavaleanti et al. 2003). Lilerawre neporis ndi-
caiie s veral ol ogical activities for dese compomnds, sweh as
antinmor, antifungal, antibdotic, antibacterial, (Powis 1989,
Silvaetal 20d3) and molluscicide | Barbosa, et al 2006 ).

Lapachal & a functional ived naphthoguinone of manral o-
igin, easly obmned by exiracting the heartwood from the
Bignoniscese family (Siva et al MM3; Fermeira et al. 20000
Lapachol has several proven biological activities, such as: an
action agans exphageal cancer cells (Suthaman etal . 2003), as
weell a3 antimicrobdal and wypanocide aetivity (Fermeira et al
20100, Norlapachol, on te oher hand, & & raphihoguinone of
grnthetic arigin, with sctivity against Trypanoesma oriesi
{Jundor 20607, which can be obiained from a condensation
reaction from buwone and Bobutywaldelwde, catalyzed by
beta-abmine in an acidic mediom.

Thee presend study aimed i evalusie the in vitre effux pump
imhibitory capacity of the hydrosyamines derived from lapachol
and norlachol, 2-2-lydeoooretey i no -3 Fmetind 2 -buend)-
1, d-dilerdro-1 A-naphithalenedione, 24 2-hydroxye thylam ino)-
HZmetdy bpropenyli-[1 Anaphthoguinone and 2-G-hydroy-
proqy laming - 3 3-methy]-2-buteny] -] 1 4] ma phihoquinene
againgt the 5. moear strains: RNA2X camying the plIL5054
plasinid; and 15-58 endowed with the FT181 plasmid.

Materials and methods
Bacterial material

The 5 awrews strains used wene: RMA220 carrier of the
pULS054 plasmid, which carries the gene coding for the
harA macrolide efflux protein; I5-58 with the PTI181 plas
mid, carrying the TelK tetacyeline efflux proein gene
The strains were kindly provided by Prof. 5. Gibbons
{University of London). Prior to the assays, the cells
were cullivated for 24 hours at 379C in hean infusion
agar (HLA, Difoo Laboratories Lida ).
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Synthesis of substances 2 2-Hyydrosyethd am ino-3-{ 3-methy 2 -bateny )
-1,4-d hiydro-14-naphthalenedione (3]

General informa tion

Adr- and modsture-sensitive reactions wene carried ouwt
under an argon aimosphens. Reagenis wene purnc hased
from Sigma-Aldrich, Dinamica or Vetee and distilled
or weed without further purification. Reactions were
monitomed by TLC analysis on precoated silica gel
plates (Merck, Kieselgel 6 GFagy) and the compounds
wene visualized wing UV light. Column chiodraiogra-
phy was performed on a silica gel &b (T0-230 mesh,
Merck) Melting poins were messuned in open capdllary
tubes in oa QUIMIS apparatus and ane uncormected. The
infrared specira were mecornded on an [FS66 Bruker
specirophotometer using KBr discs or Varian Memoury
IR with ATR. HEEMS analyses wene performed on a
MALDE-TOFTOF Auweflex I 10, using positve e
flector mode. NMRE {"H at 400 MHz and "' C at
1k MHz) specira wemne mecorded on a Varan Unity
Phus-4e spocirometer, 200 MHz Varan Menoury, using
CDCly o DMS0-4; 35 solvents, and calibraied for the
solvent signal Chemical shifis are expressed in pars
per million {ppm) and coupling comianis are given in
Hz. The compounds lpachol 1| (Camara et al. 2002)
and its comesponding 2-methoxy derivative, norlapechol
2 (Barbosa et al A0S and i comesponding 2-methoxy
derivative, wemne obmined from previously published
procedures {Fig. 10

Synthests of 2-amincabgull derhatives 3-5

1 mmol of the 2methoxy derivative dissobved in 10 mL of
MeOH was dowly added to 1.5 mmaol of the appropriate
amine | 2-aminoetana] or 3-amine- | -propanoel), n ithe ame
sobrent (40 ml), with continuos stiring. After the reaction
was compleed, a3 per OCD analysis ispection, the solvent
wis removed umder vacuwm and the residue subanited o flash
chipmatography on a silica gel and ethy] acetsie fvexane with
ine reasing polarity.

Fig 1 Synithesis C
rmction Fignesdo etal . (D0a)

This comrpeound was obmined as red cryaals with an 88 %
vield, mp 80-81°C; "H NMR (200 MHz, CDXClh) 168 (s,
AH), L7T404s, 3HL 23 (b, TH), 337 4d, 2H, 5 59 Hzp, 371
(i, 2H ), 385 (my, 2H ), 5070 1H, S 5.9 He), 60141, 1HY, 7.57
my, THY, 57 {m, 1H), 793 {d, 1H, J 7.6 Hzj, 805 4d, 1H, J
7.6 Hz), ® C NMR (50 MHz, CDCl), 18,2, 23.8,258, 472,
AL 12T 12600 1263, 13006, 1320, 1328, 1334, 1345,
1462, 183.1, 1832; IR (KB {1 max., cm ') 3391, 3321,
16TE, 1599, 1555, 1513; MS (el int) mfz 285 (M, 570, 270
(100), 198 (T0). HEMS found: 28513649, Caled for
Oyl Ny 285 1304,

2 2-Hydroxy-ethylaming]-3-{ 2-methy-propemyd)-{1.4]
naphthoguinene (@) 40

This comrpeound was obimined as red cryaals with an 87 %
yiekd, (mp T7-78.5°C) in 80 % yield. "H NMR (CDCh,
ey MHz) 147 {d, 3H, J 1.0 Hz), 1.8% {d, 3H, J 1.6 Hz),
246 br & 1H) 337 (g 2H, J 54 Hz), 3734 2H, J3.4
Hz), 606 (dd, 1H, J 10016 Hz, 25 (e ¢ 1H,.J 54 Hz),
T80 {dt, 1H, F1 47657 6 He), 761 (d, TH, 147676 Hz),
7.90 (dd, 1H, J1.4/76 Hz), 799(dd, 1H, J 1476 Hz)." C
MME (CIRC L, S0 MHz) 2001, 254, 46.1, 1.3, 1136, 1177,
1259 1260, 1303, 1309, 1333, 1344, 13000, 1448, 1827,
1834, TR (EBr) eomas, 3457, 3340, 3268, 2040, 2874, 1675,
1598, 1563, 1511, 1354, 1335 em™ ', HREMS found:
IM.1168. Caled for Oy H MO 2711208,

24{3-Hydiroxy-propylamino)-3-3-met hyl-2-buteny11.4]
naphthoguinone (5] 41

This compound was obtained a5 red crysiak with a 75 %
vigld, {mp. 69-70 C). "H NME (CD(C1,, 400 MHz) 168
& 3HL 1.74 (s, 3H). 18R {g. 2H, J&2, alé Hz), 339 4d,
IH), 369401 2H, Jop Hz), 380 L 2H, S 62, 55 Hz), 508 (L,
IH, FS8), TS L TH, 7.5 Hey, 765 (td, 1H, 774 Hzy, 7.94
{d, 1H), 8.04 {d 1H); " C NMR (CD{C1,, 100 MHz) 178,

4 n=0 m=1
Sn=1 m=2

Reagents and conditions: a} Ma, 50, K00, acolone, rt; &) 2-aminceathanal o
Famira-1-propanc in MeQH, ri,

€L Springer
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233,234,328, 424, 03, 1153, 1227, 1256, 1259, 13001,
TALS, 13200, 13300, 13400, 1456, 18274, 18276, IR (KBr) v
max, 3446, 3334, 1672, 1598, 1557, 1527, 1361, 127, 1473,
728 em . HRMS found: 2991501, Caled for CygHaNOy:
200 1527,

Drugs used

The antibiotics used were specific to the pumps n each bac-
terium: Enythromwycin for the Mrad pump conmined in the
BB 220 sirain; Teimeyeline for the Tetkl pump contamed in
ihe I5-58 grain All anibiotcs and compounds were initial by
dissalved in 10 mgimL DMSO and subsequenily diluied in
water, reducing the concentration & 1024 pefml. Etdidium
baoimide was dilued in water & a conoentration of 1024 pg'
mL The antibiotics and ethidiwm bromide wene abtamned from
SIGMA Chemical Co. St Louis, UUSA.

Antibacterial activity test - Minimum inhibitory con-
centration [ MIC)

The MIC of the substances was deemmined with an assay
using 100 pL of the baceral inoculum suspended in sal ne
sphution, cormegpronding o 0.5 of te McFarland scale, fol low-
ad lay the addition of Wb pL of brain heant infuson (BHI) in
eppendorfa The solutions were then ramnsferred 1o M-well
microdilution plates and a serial dilution of each subsance
was performed with concentrations ranging from 0.5 1o 512
p'ml. The plates wene incubated at 37%C for 24 howrs and
bacterial growth was evalwied through the use of Fesamurn
(CLET 20131 The MIC was defined as the lowest concentra-
tion in which growth was not observed, in accondance with
CLET {201 3). The antibacterial asays wene performed in trip-
licates and the resuls were expressed as the mean of the
mepetitions

Evaluation of Efflux pump inhibition by MIC reduction

Efflu pump nhibiton was tesied wing subinhibiiory con-
centrations of 128 pe'ml (18 MIC) of aubstances 3, 4 and
5, with the aim of evalsting the capacity of each substance o
decrease the MIC of ethidium baomide { BLBr) and of antibi-
otics, the subsirates for the efflux purps coded for by the
genes, presend in the pULS054 and PT181 plasmids from
the & awrews sraing 150 pl of baciedal inpcuhem awspended
in saline splution, comesponding to (05 of the MeFarland
scale, wene added o eppendorts together with 1350pl of
beain hean infusion (BHI) a3 a control. For the substance
evaluation assays, 150 pl of bacenal inoculum auspended
in saline splution, comesponding to 05 of the McFarland
scale, wene added o eppendorts wgether with 188 pL (18
MIC) of the substances, complemented with 1162 pl. of brain
heart infusion (BHI). The eppendord solutions were

&) Springer

tranaferred to M-well microdilution plates and seral dlutions
were performed with 100 pl. of the antibacterial drugs
{Limevende ei al . 21T

The plates wene incubsied a1 37C for 24 hows and hacie-
rial gowih was evalusied by using Resarin, The MIC was
defined with the erythromnrcin, etracyeline and ethidium bro-
mide (EiBr) concentrations, which varied between 0.5 and
H12 peiml, and were companed & the ¢hlomqromazine and
PA PN standands.

Statistical analyses of microbiological results

The resulis from the asays wene performed n rplicaies and
engressad a5 peometric means A one-way ANOVA followed
I Bonfermon "5 poat hoe s was used a3 the statistical anal
yais test, using the GraphPad Priam 5.0 softwane,

Results and discussion

The antibacieral action of compoands 3, 4 and 5 was evale
sted against the 5. awrews strains: RN4220 carying the
PILSES plaanid; and 1S-58 with te PTIE] plasmid. The
compounds obizined clinically imelevant resulis (Houghion
et al. 20070, with MIC values:= 1024 pgiml (Table 1], this
heing the fira repoat of these compowunds agaimst these hace-
rial sirains.,

These resulis are in accordance with aniibacierial activity
esis againa standand and mulii-dmng resismn Sephpdwocos
anrreuy and Prevdomonas aeriginaa straing, which did not
show an antibacterial activity for the studied compounds
(Figueredo et al. 200ka). According to Figuenedo et al.
{200, when assessing the antibacerial poential of these
aubstances against §. qwreny strains with and without the
Mord e fflux pump resistance mechaniam, clindcally irelevant
meailts were obained for ot srain.

Figuerado et al. {2020a) performed a pharmacological
acreening showing the possible antibacieral sctivity of the
molecule 2-{2-hydroxyethylaming)-3-{2-methyl-

Thile1 Mimmom inhibiiony concentration (MIC ) valoes for ghe ant-
Ivicytics, e i broonide ond sobestarces 3, 4 and 5 in isolation, opxinst
the 8. aurvms RNATH0 and 1558 mnlidnogresi st smins

Compoond and Antibiotis  MIC for 54 B-58  MIC for 54 R0

Fithridiom brcamide 12 pgfml 12 ppfml
Tetrac yoline A pgiml. .
Frydhrommean s = 1024 pgfml.
Hotetince 3 = 1024 pgiml. = 1034 pgfml.
Sobetince 4 = 1k pgfml. = 124 pgfml.
Sobstance & = 1024 pgml = 1024 pgml
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propenyl)-[ 1, 4naphithogquinene, with replicative DMA
helicase and RecA protein being identifled as the possible
prodein tarpets In addition o screening, the properties of te
three molecules wene analyvzed, demonstrating that tee sub-
snoes meel soame of the molecular requinements Tor stnec-
tres with pharmacological activities, such s low molecular
weight and & smsl] member of rotating onds (Figueredo et al.
202Mha). A subsequent dudy performed a siructural by based
virual anabysis (docking) showing a pasible efflux pumgp
inhibitory activity by Ipdrosyamines derived from lapachaol
and norlachol, against Sk ococres qures siraing carmying
the ModA effhiy puirg mechanism (Flgoeredo et al 2020).
Table 2 demmstee o possble efflus panp inhilitory ca-
pacity for sulstances 3, 4 and 5 agsinst the 5 s 19- 58
and BN straing, when i association with teracyeline and
enytlwonycin at aib-inhibory concentrations | X8 MIC ), an
ine fesge being observed in e antibiotic sctivity 2 ns the S.
surens stramns reducing the MICs of the antibotice Relevant
results when compamd o the Aandsnd nhibitoe PaB N wene
also oliained However, nterference of the erythiodncin ae-
tivity when in asoctation with substance § was not oheerved.
The modubaiory activity of the substances i this study
were superior o that of the chlompromazine control.
Chlompromazine has boen ciied 235 a polentiator of several an-
tibigtics, such & oxacillin, vancomycin and tetraeyeline
apaind 5. qwrae, with this antibacierial smergism possbly
cocurming though the inhikition of efflux purps by chlor-
prodnazineg, given the decrease in MIC of sveral antibbotics
(Kaatz et al. 2068 Cowl et al. 2008 Barreto et al. 2004). The
exact chlapromazine mechanian of action for inhibiting ef-
flux pumps i not fully understood, however, it las been poe-
viously shown that chlopromezing mmpais te flow of K
through the 5. @rac membrane. Additiomally, chlomproma-
zine causes cell wall structural changes and alierations in bac-
terial eell divisions, with such alestions being capable of
poemiating the action of antibacterial agents (Kaatz et al.
20 and Krstiansen et al. 1992). Another sugpeded mocha-
niam is based on the inhikition of the Mord transponter n
which chlompromazine induwees celluar damage in systems
that provide energy for efflux pumps by inhibiting H*

dependent transporters, which supply energy, causing a col
lapse in the enemy marix of this ransporier (Kastz etal. 2000
and Limaetal 20049).

Phe-Arg-F-naphihydamide (PARN) is another substance
wed & a contrel for efflux pump inhibition in bacera
PapM has previously had its e fflux pamp inhibitory activity
described in Cram-negiive bacers with resissnes noduls-
tigm cell dividon (RNDY) itype camers- for example AcB and
Mex B -, previowsly shown in agenis such a3 Evchenchis coli
and Prerdomonas seruginos | Lomovakaya et al. 2001,
Schuster et al. 2019 PARN s action in repeiring the sensitiv-
ity of certin bacterial drains that ane muliresismn o B-
lactaim amibiotics such as cefepine and ceftazidime has alo
been previowly demonstrated |Lawdy et al. 2005). Whil
PapM s mec hanian of doc s asing b eral redsenee todmngs
i mot fully underatood, & double action sensitizing these mi-
crirzanising 0 anibacieral agenis has boen surgestd for
PARMN: the permesh|lzation of the extems] bacterial mem-
brane, which can lead 1o the extravasstion of enzyines that
degrade antibiotics {f- betavsoes, for escample); and sn inhib-
flary activity over efflux pumps, in which predecessor studies
lave reporied a competitive inhibiton of RND by PARN
{Lamers et al 2003 Laudy et al. 200 5; Schuster ot al. A9

These mesulis are in agreement with Figueredo et al.
{(20206) who associated substances 3, 4 and 5 with
morflosacin and ethidivm bromide showing a sigificant ne-
duction i the MIC of the antimicrobdals, withthis effect being
attribuwied to 2 Mord efflux padg inddbiton by the tested com-
pounds. In this same study, a docking racing a comelation
between the nteraction of the compounds with the efflux
puinp was performed and showed a high affinitye. A recent
study demonstrated antibiotic acti vity modulation by
Ipdmoooyamines derived from bpachael and noracha against
Cram-positive and -negative bacteria, when these were ass0-
ciated with aminoghoosides at subinhilsitory concentrations
{Figueredo et al 2020ka).

Table 3 shows the potentiation of te ethidivm bromide
{EBr) action by substances 3, 4 and § at subinhibitory con-
centrations {18 MIC), where a significant smergitic e ffect
against Staphwlococews awraes bacteria expressing ef flux

Tabdle 2 Efftax pomp inbibiory

miﬁ.ﬂfmﬂi.‘m} M of Stram R N44EH0 MIC of Straim 54 TR5E
wihen sesocizad v wgfmL wgfml.
eqvihrarmycin or tha deracychine,
i comparison io e ERY {Alome) k4 TET {Alkome) i ]
ohlpspresmaion sl PufiH Chlrpmmeine + FRY 1024 Chlwpmmarine+ TET 203
sandwrds, agzine the £ ouwer

Sobeiomca Y + ERY Ly Sobemnce 3+ TET 118

Sobsiomca 4 + ERY Ly Sobstnce 4 + TET 118

Sobeionce & + ERY 14 Sobsince 4 + TET 161

ERY: Ery#hmmmyan TET: Tedracy dine; PAJLN: Phenylal anine asgin me [} -naphéhylamide
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Table 3 Efftox pomp imbrbiory
activity of sobstarres 3, 4 and 5 MIC of Smin B had L0 MIC of 3min SATASE
when sssocisted with athidiom - .
bramide, in compuarison io the pgfml Techncition pgml midoc tiom
chloopromazine and Pa BN
sandwrde, apame the 5 amens Eit B { Alloms) I3 13
1558 ard BNAAE soraime {Chilorpon mazine+ E1. Br . 12 .
PN +EtBr S dx 16 Fa |
Hobetance 3+Et Br S dx 2 l6x
Sotedonce 4+ F1 Br 16 Fa ; 16 Fa ;
Sobeimmce 5+ Ei Br i LY 1,59 v Ox

Ext Br: Bt diom brommide; PaiN: Phenylalanine arginime: [b-nophbylemide

puips was olserved, decreasing the ethidium bromide MIC
by up i 1ox According & DeMareo et al. (2007), a 3x mne-
ductionin a MIC valwe is indicative of efflux pumpinhibition.
Thag, compound § had no infleence on EiBr activity assina
the IS-58 arain

Ethidium biomide i3 a DNA inencalant which sevenely
damames backenal DMNA (Dlmsted and Keams 1977 Couln
et al. 20y, Soame muli-resigant grains have efflux pumps
that ane very effective at expelling ethidivm bromide (EtBr)
(Costa et al 20030 In addition, when exposed to Etbr,
& awrene (ATOC 25 903 has been duown b0 present & grester
resistance o many compounds, guinolones,
tetraphenylphasphonium and dequalinium wa efflux pumps.
With this in mind, eflux purg inhilitors ach a3 chlomprom-
arine, lave shown a meduction in these baceria’s nedsdsnees
capacity aganst Bt (Costaet al 2003). Efflux pump nhib-
ihors have alsoboen effective at reducing the resistance 1o EtBr
in multidng-ressant strainsg with the sssociation of efflux
pump inhibitors and BiBr being a visble aption { Couwto et al.
M Viveirs of al AW Costaetal . 20030 i should alao be
niied that EtBr can be wsed o identify 5. ey strains with
efflux capacity by deermining the EBr MIC by a ample
microdiluwtion, i which sraing with a MIC =25 mgL present
an efflux phenotype (Pake] o al 2000,

Comclusion

The tesied substaness did nol demomsimie a satisfactony anti-
bacterial effect in erms of their MICs However, the tested
substances werne effective at decreasing the MIC of enythro-
mycin, tetracycline and ethidium bromide, by potentially
inhibiting the MeA macrolide efflu protein and the Ted
tetracye ine eflux pamp, present in the 5. morecs strains.
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4.4 ARTIGO 4: UPLC/QTOF-MS/MS analysis and antibacterial activity of Commiphora
leptophloeos (Mart.) J. B. Gillett against multi-drug resistant Staphylococcus aureus and
Pseudomonas aeruginosa PUBLICADO (JOURNAL OF HERBAL MEDICINE).
FATOR DE IMPACTO = 3,030. Este artigo foi resultado de um ensaio piloto para
padronizacdo da metodologia.
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s includal Mesdend aed mulli-dng s lras o Pasal and i,
The resulls were asalyzeal by ANOVA and Boalr i Thee ethansbe expract of the leaves of Commi-
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. Introdwsction resistance, medicizal plants were an imporiast source of new bioactive

Infections cowsed by multi-dn:g resistant microorganisms represent o
global health problem. The treatment of patients with resistant bacteria
is much more difficult, requiring the wse of the latest generation dnags
(Terrivel et al., 20013).

Hefore the meed to develop novel dnags to combat bacterial
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mialecules for the creation of new antiboties (Doarte, 2006). In fact, the
e of medicinal plants bas been incremsing worldwide, and it is esti-
muted that abowt 50 % of the population in the developing world rely in
one form or amother on herbal mediciee (Turolla and Nascimento,
2006). This is especially important because for many communities
plants are the omly effective amd accessible thermpeutic sowrce
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2. Maoreriad and methods
Z2.1. Plms murerial and recgenes

2.1.1. Flanr marerind

The leaves of Commiphora lpephlsens were collscted ot the “Sitia
Riachs™, municipality of Vieiropolis, Paralba, Bradl. The site of collec-
ticm is an aren of “Caatinga”, & Brazlian bicme. A voucher specimes was
deposited in the Herbarium of the Federal Ruml University of Permnam-
buoca, under sumber 53,792 Fig. 1.

212 Pxtraction

The leaves of C. lepmphiness were dried of room temperatare and
crushed to provide 6146 g of the dry powder that was extrected with
ethano] in am ultrassosd bath at peom temperanare for 30 min {5 tmes).
The extruct was fileered and comcentruted wsing & rotary evaporator bo
provide the ethamolic extract (FE.1 g). This extract (1.0 mg) was dis-
solved in 1 ml of an ecetonitrilewater 0.1 % formic acid (1:1, v/v)
solution. This solution was then filtersd throegh a 02 pm membrane

filter and injected for UPLC- DAD-(TOR. MS/MS analysis.

213 UPLCOTOF-MS/MS mulyss

A XENOGGIXSQTOF mass spectromefer (Waters, Manchester, UK]
‘wins pom Berhed boan AGQUITY UFLG system (Waters, Milford, Ma, USA)
wia an electrospray londzation (ESI) interface. The Waters Acquity PDA
amahytienl detector was nsed with a wavelength rasge of 200- 400 mm.
The chromatographic separation of the compounds was performed on
the ACQUITY UPLC device with a conditiomed (4 °C) auto sampler, using
am Acquity BEH C18 columm (50 mm x 21 mm Ld., 1.7 pm panticke
size) (Waters, Milford, MA, USAL The colume temperature was main-
taimed at 40 “C. The mobile phase, consisting of water containieg 0.1 %
formdc acid in water (solvent A) and acetonftrile with 0.1 % formic acid

[Souzn-Moreira et al., 20100

The therapewtic propenties of plants are related to their secosdary
metabolites, their active ingredients in isolation or in combinaticn
(Sikva, 2010) In this context, plants may both exhibit antibacterial ef-
ferts and potentinte the activity of corventiosal drog. Thus, the symer-
gistic effects obtained by the association of plants with clinically wsed
antiblotics may contribute to overcome the challenge of microbial
resistance [Choves et ol 2001

Commiphora leptophloens (Mart.) J. B. Gilleet. belongs to the Gamily
Bursernceae and is populardy known as “smbumna-de-espinbos™ or
“Imburaza”. This plant species has been wsed a5 o metenial for com-
‘bustion and cosstroction, as well as medicinally (Carvalbo, 2009). The
rural commumity of Lagishas, municipality of Caicéd, Rlo Grande do
Nore [Northeast Brazil) use this plant in the treatment of masy types of
Infartion, such as fiu, urinary diseases and injuries [Eoqoe e al., 20000
[Roque ot al., mtﬂ.hlhchmltat,ﬂnphmnhgiuﬂpupuﬁunf
this plant have been attributed to the
‘metaholites such us tammins, saponins, ﬂ'lmukhmd..llhhl:hfr..lem
entina, 20145

The search for new antimicrobial substapces, whether nataral or
symthetic, that have efficacy against multi-dnsg resistant strains is an
imnportant strategy. In fact, several studies hove demonstrated that ex-
traces, & well as isolated compounds have the potential o be used in
drag development.

In this eontext, the characterization of the antimderobial properties of
the plant & depiophlnens can provide perspectives for the developeent of
novel drog to treat infections caused by either standard or resistant
‘bacteria. Therefore, the presest study has as main cbjective to evaluate
the amtimicrobdal and antibiotic-modulating actvity of the ethazolic
ewtract obeained from the leaves of Commuphorn bepmphinens.

(sclvent B), was pumped at a flow rate of 0.4 mL min~". The gradiest
elution program was the following: 05 min, 5-10 % B; 59 min, 10-95
% H. lhllﬂndiumhm:n]ﬂpl.ﬂ.limljﬂmpﬂfﬂnﬂdml
Kevo G2 QTOF (W ME Techmologies, M
Mhlqﬂplemmm“mm
‘with an electrospray jomization source im the negative or positive fon
mide. The scan range for dats acquisition was from 50 to 1200 mys. In
lﬁﬂﬂﬁlmﬂhﬂﬁmmﬂmmlﬂmbﬂmﬂ
product jom data to be acquired im a single injection. The source com-
ditioes were the following: capillary voltage = 3.0 kV; sample cone,
souree temperabare — 100 ° 3 desclvation temperature — 25040, cane
gas flow rate = 20 Lh~"; desolvation gas (M2) flow rate = 200 Lh~ ' All
l.—}_pumpﬂﬁu-ﬁﬂ_llg lockspray w0 ensured accuracy and
producibdlity. Leocin phalin was used as a reference compound
to calibrate the mass spectrometers during amalysis. Al acquisition and
amalysis of data were controlled using the Waters MassLynx v 4.1 Soft-

22 Preparation of the test sslusion

To prepare the test solution, the extract was dissolved in Dimethyl
sulfocide (DMSO) in the following proportion: 10 mg of the extruct for
each 1 ml of DMS0, This solution was diluted in distilled water,
obtainieg an initial concentration of 2048 pg/mil.

24, Microrgmisms

The microorganisms used in the tests wene provided by the National
Institute of Health Quality Control {INGQS) of the Oswaldo Cnez Fous.

datiom, Ric de Jameirs, Brazil Foar bacterial strains were used, incloding
standard strains of Pendomonos aeruginosa ATOU 27,853 and Staphyls-
oo mrens ATOC 256,923 and mult-drug resistant strains (clinical
isolabes) of P. asruginess 31 and 5 meess 35,
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Fig. 2. UPLCDAD (320 nm) (A) and BSI base pexk jon (BPI) (B) <l ! of the & ghora Il leves lyzed by UPLC-DAD-QTOF-MS.

2.4. Culnre media

Heart Infision Agar - HIA (Difco Laboratories Ltd.) and Brain Heart
Infusion Broth - BHI (Acumedia Manufacturers [nc.) were prepased ac-
cording to the manufacturer’s specifications. Brain Heart infusion Broth
- BHI at 10 % concentration was also used in the assays.

2.5. Preparation and standardizanion of bactenial tnocuda

Bacterial cultures were maintained at 4 °C n Heart Infusion Agar
(HIA). Price to the tests, the strains wese transfesved 1o the BHI medium
and incubated at 35°C for 24 h. Thea, they were diluted in saline to the
concentration of 10° cells/ml, which is equivalent to the 0.5 in the
McFarlan scale (CLSL 2014) The pre-standard bacterial suspensions
were diluted in BH1 beoth (1:10) to obtaln the final concentration of 104
calls/mi, (NCCLS, 2000)

2.6. Deserminarion of the mindmesm mhbiory concentration (MIC)

The determination of the MIC of the extract was carried out through
the Broth Microdilution Method, using concentrations ranging from
1024 to 16 pg/mi. (NOCLS, 2003)

2.7. Execudon and readings of the assays

The samples were prepared in a folded concentration (2048 pg/mL)
relative to the initial concentration and then, serially diluted 1: 2in 10%
BHI broth. Each well was filed with 100 pL of the culture medium
containing a 1:10 diluted bacterial suspension sample.

Negative comtrols (culture medium), positive controls (medium-
+ inoculum) and the extract at concentrations ranging from 1024 to
16 pg/ml, were included in the assays. The filled plates were incubated
at 35 °C for 24 h (NCCLS, 2003).

To determine the MIC, a solution of resazurin sodium (Sigma) in
sterile distilled water at the concentration of 0.01 % (w/v) was pre-
pared. After incubation, 20 gl of the indicator solutice was added into

Table 1
[ 8 tzation of ds from leaves of Covaviphon lgeaphivess by UPLC-DAD-QTOR-MS",
Comp ™ UV s Dad] (m M) (md MSMS Identify
(Min) (arm) =) =)

3 oon 191 0504 191 0887 1710661 [MA-IE0] |, 127 0800 [M-H-24,000] Quirc acid

2 o 248,53 830078 s ons 191 0508, [M-H-MO-alfoe acd] |, 1749508 [M-H-oxdioate] |, 1459000 [M-3- Caffeoylquisdc acdd
exdieic acdd-20-00)

3 2. 207, 348 T 0msa 4870002 4290060 [M-H-10] |, 357 0627 [M-H-S0H,0) |, 307080 [MH-SCH0) locctmtin®
2970420 [MUSCH0)

4 215 260, 348 4700 447 0082 4110081 [MH-2,0] |, 70623 [MEIO1L0] , 270811 [MH4AL0] Orfenstn”
2970419 M-S0

s m 382 aralees AL 2530049 M-Hcharmnose] |, 3000287 (M-H-rutinouide] Mg

L) 250 253, 347 4800685 4000082 000296 [M-H-bewodde] |, 271 0083 [M-H-hetostde-CO) |, 238 0277 Quercesn-berostde

4 2% 268, 544 431 0084 431 0083 410006 [M-H-3CH0F, 3110879 [MH-5H,0] Vitexin®

L] 164 254, 350 4400087 Ae0 e 3000202 [M-H-hexodde] |, 271 0087 [M-H-hecostde-C0) | ZI8.927 (M- Quercenn-hevoatde
Bexuide-00- 234,04

E) 246 268, 347 431 0068 431003 £13.0608 [M-H-H0] , 371 0567 [M-H-4CH0) Lavttexin

30 290 ETY 4330778 o 00,0250 [M-2-xykose] , 271 0275 [M-2-xylowe-C0] |, Quereeza tyloede

n 294 ETT HToma 4arom2 254 00008 [M-2H-giracome] Listeolin ghacondde

2 338 48 447 0008 447 002 2010065 [M-Hrhammose] |, 277 0263 (MM rhazznose-O0) Quercesta

raxrnceide

3 38 334, 345 7000 447002 2050802 [M-H-ghncos] |, 255008 Listeclin ghacoutde

14 404 JIM, 348 S91249 %1249 4500002 [M-Hrhamnose] |, 300 0504 Mavone rettnoeden

R L) 432 ND 081249 o049 4530686 [M-H-rharmnose] | XN 0350 [M-H-rhasnose-ghacoes ] Mavone regnctdeo

16 S0 340 008 280804 Lasteclin®
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ach well and the plates were incobated for 1 b at room tempenatare, Al
tests were performed in triplicate.

8. Fvaluation of the interferemce of e eract on the resisimce @
Aminaglycosde Annhioncs

To evalate the antibiotic-modulating activity of the exract, the
MICs of amimoghreoside amtibiotics (amikacin and gentamicin) were
determized in the presence and ahsence of the extract in sterile micro-
plates. All antihictics were obtained from Sigma.

Thee extract was used at suhishibitory concentration [MIC/H), which
was obtained throwgh dilotom in 10 % EHI broth. The astibiotic solu-
tines were prepared in o folded concentration (2048 pg/ml) relatve o
the initial concestration with the addition of stesile distilled water. Se-
rial dilwtions [1:2) were performed in 10% BHI broth. Each well was
ld.niﬁlwlrh 100 pl.-:EH:.tm]u:rennillm comtainieg & 1210 diluted

ple. The same controls used in the evaluation of
IlJL'uEﬂ:echld:umuned[l!.nun:uho et al., 2008} The filled plates
were incubated at 35 <C for 24 hand the readings were performed after
addition of resamorin sodiom e deseribed abowe.

2.4, Darn anafysis

Thee data was obtaized in triplicate and expressed as peometric mean.
Differences were analyzed by ANOVA (fwo-way ) with Boaferrosd's post.
test. The resules with vahees of p < 006 were considered significant.

3. Resuls and diseussion
. Chemicaf profile of ethamolic extrant

The ultra-pesformance Hquid chromatography coupled with quad-
rupale time-of flight mass spectrometry (UPLC-FOA-QTOF-MS/MS) in
negative mods wis ued to idestify the compounds from the ethazalic
extract of Commiphora leprophioess. The UPLC-DAL chromatograms {at
430 em) and hase peak jon (BPI) chromatograme of extract are pre
sented in Fig. 2 The compounds identified in the collections are sums
marized im Table 1. The idestification of the compounds was achieved
by matching retention times (Rt), maximum UV absorptions, peeodo-
molenalar ios mass values and M5/MS frugmendation patterns with data
published in the Hterature. & toral of 16 compounds were {dentified,
incloding quinde acid derfvatives (1 and 2), C-glycosides flavomaids (3,
4, 7 and 9}, ghyconylated Asvonsld (5, 6, B, 10, 11, 12, 13, 14, and 15)
and o flavome [16).

In the TOF/MS and MS/MS spectra, peak 1 was detected as a
deprotonated jon [M-H]™ ot mdg 1910564 and fragments lons at mer
17208061 [M-H-Hz0]~, 1270403 [M =H-2H0-00]. On the basis of
the fragment interpretation, peak 1 was identified as quinic acid.
Compound 2, gave fon at msr 3530875 [M-H]™ and yielded three
peaks at myr 191.0565, [M- H-caffeic acid Hy0), 1749565 [M-H-
caffente] ", amd 14549307 [M-Heaffele acid-2H0- 001 in MS/MS
and was identified as cafeoybquinic acid.

The flavoncdd C-ghyrosides showed o series of chamacteristic frag-
ments ot my's[M-H-18]", [M~H-60]", [M-H-90]"and [M-H-1201"
dse tov @ cross-ring fragmentation of ghecosides molecules. Peaks 3 and 4
were characterized as iscorlentin and orentn, with jons ot mfr
447.0934 [M-H]", showing the same Sagmentation partern ab mfs
A5T.062T [M-H-3CH, 0], 3270621 [M-H-4CH 0], which corre-
sponds to [M=H-90] and [M~H-120]", respectively, from the main
fragment. I addition, peak 3 showed an dom at my's 429.0860 [M-H-
Hz01™, which is consistent with the Joss of a H:0 moleosle. Thus, in the
negative mode, a clear loss of HeO (mys 429) was specific to 6-C ghy-
oosides and can be wsed for its discrimination. These losses were not
recorded for the B-C isomer orlestin (Ahves 22 al, 200 4). Compound 7
and 9 were identified as vitewin and isowvitexin, respectively, by
comparing mass spectra and the fragmentation patters with those of the:
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Table

Misizssl inhilsiteey MIC) o the ethumols: extra of Cossmpl

il (g /iml).

Extrasi PR ATOC ITHSE PA T 5A AU S g ]
{im A IS R e
Amdkacia B4 =3 = M1

dremtarm cin 1& n ] 1T

EECL: Bthusmelic Emmact of Ceomssiplors leptophloncs; FA: Fuead aeru
gitmt; A St pleplinsnaes wireas,

standards. In the M5® spectnum of deprocnmated witexin (mys 431 0684)
and isowitexin (m's 431.0984), caly two product lons were observed,
bon ab my's 3400706 [M-H-30H0]" and 311.057% [M-H-8CHI0]
both are comsidered to coriginate from the cross-ring cleavage of the
glucose residoe by losing of 90 Da and 120 Da, respectively.

Seven compounds were identified as quercetin ghycosides (5, 6, 8,
10, 12, 14 and 15) and two were identified as ghycosides of hatealin (11
amd 13). In addition, cnly aglycome luteclin (16) was identified.
Ohservation of ghycosidic residues pentoside (132 Da), rhameosyl
(186 Da) and glocoayl (162 Da) were cleaved sequentially and penier
ated characteristic aglyeone fragments compared to the available liter
nture. Peaks 5, 14 and 15 were identdfied a5 quercetin-natinoside (m
£ = BOFLTAET [M-H]™ and M5® mye 4630902 [M- Horhamnose] ™ and
01.0304 [M- H.rhamnose-ghscose] ~. The peak 5 was compared to the
standard and identified as ratin. The compousds 10 and 12 were ides-
tified as quercetin-xyloside msr 4330775 [M-H]™ and quercetin:
rhameoside 477.0936 [M-H]- with specific fragmentation at m/z
20000290 [M- Hxylese] ™ and mfz 301.0265 [M-H-rhamnose] ™ with
the loss of redical from the deprotonated to 10 asd 12, respectively. The
11 and 13 isomers ot ms 447 0932 [M- H]™ were identified as hutealin
glucosides. The main fragmentation at my's Z84.0338 [M.2H-glomse] ™
and me 2850394 [M- H-gheose]™, resulted from the loss of a ghacose
maiety, which comresponding to lotsolin aglycome. In addition, hatealin
(16) showed my's 2850805 [M- H]~ when compared to the standand.

It has been demeomstrated that the pharmacologionl properties of
many plasts, including antimicrobial aed ant-inflammatory activities,
may be associnted with the presence of quinic acdd and caffenylquinic
acid eompounds, respectively (Chamebad, 2008) Flavomoids are o class
of compounds present in | matural products, especially in plants
with antitamer, antl-inflammstory, antdviral and astibacterial proper-
ties [Coutimho et al, 2009). These pharmacological sctivities are
determined by the chemical composition in the plant extracts [Huber
asd Hedrigoez-Amaya, 200).

A Minimum inhibitory Coscentrution (MIC) > 3048 pg/ml was
found in the tests that evaluated the antibacterial activity of the ethi.
malic extract of & lepénphloens against all bacterial strains of Staphylo-
cocos aress and Pamdeemomas asrugmesa (Table 2Z) Thus, to be

gidered ns clinically relevamt, a given substance must have a
NEMWMMQEEWMHCMIMMM
MIC vahses clinically irrelevant aguizst bacterial straies (Matias e al.,
2010

Accordieg to the study by Chawes et al. [201&], C. lgpéopldoess bark
extract presented clinically relevant antimderoblal activicy with MIC
omly for strains of Stgphydocooms mmens. The same nesult was observed
by Pereira et al. (2017), in which 5. moess straing, as well as other
Gram-positive strains of Entrococos faecalis, Boollue suhofis and
Micrococous hteus were sensitive to the stem extract of this plant.

Iz sddition to the intrinsic astibacterial activity of natural produces,
these substances have been shown to modulate the action of clizdeally
sed antibiotics and therefore can be nsed to reverse or decrease bac-
terial resistanee. The combination of extraces with aminoghronside an-
tibdotics has been shown to be an efficient altersative for reducing the
MIC of these dnegs. Thus, this symergistic action rep o strategy to
combat bacterial resistance to this class of andibiotics {Hrasd, 2003;
Figueredo e al, 30130
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CL Leaves - Ethanolic Extract

p—F. senghoes— F— 5 awars——I

EE Amik + Ex
EH Amikacin

E Gent+ Ext
[0 Gentamicin
ERA Amik + Ex
EE Amikacin

EH Gont+ Ex
EEf Genlarmicin

Fig 3. Astibislicssedulatiog sctivity of the etbanclic extract of © letophloss in s syl yeimich

Table 3
Asnibiotic-ssedulating asdviry of dee ethasebe crras of C prophlams in as-

'\r

Ulrich-Merzenich, 300H: Coutinho of al., 200 0)).
Aminoglyeosides are potent antimicrobinl agests that act by

damaging bacterial ibosomes. This class of drogs has been efficiently

mindulated by the associxtion with one ar more types of extroces, with

. Senphplaracras e quent reduction of MIC, which leads to o decrease in the thers-
wIc MIC corebined M MO e b ed peutic dose of the drug (Alves ef al., 2014).

salbacin S 1A 341 170

Giermrmen -] 53 1ar L} 4, Conelusion

EECL - Erkanclic extract of O Dyeopddoesy MIC combieal- MIC of dee aming-
Ehyocsides in the p of cthapebe exract of O paophdoes al & ooos-
Iewtion 256 g iml.

Fig. 3 presents the results of the combination of the C lepophlnes
ethanolic exracs and aminoglycosides (amikocin and gentamicin)
agnist the resistant bacterial strains of P. seuginosa and 5 seeus. 1o the
modulation tests, it was observed that whes combined with the extroct
im subinhibitory concestration, amdkscin as well as the gentamicin
presented reduced MM wahses. This indicates that the extract had a
modulating activity which resulted in o synergiste effert in combinarion
with the antibdotics. The more representative effect was observed with
the association of EECL and amikacin, am increase being observed in the
antiblotic activity against P. aemuginosa, reducing the MIC of the anti-
biotic from B83 o 170 pgsml (Table 3).

The modulatory activity of the ethanolic extract of the leaves of
imcluding flovnmoids that have o symergistic effect against resistant
bacterial straies (Cushmie and Lamb, 2005; Matias et al., 2013). Flave-
nodds have an astimicrobial activity that is related to their abilicy o
imhibit the formatiom of hydrogen bonds, resulting in inhdbithon of
nucheic acids formation (leigal et al., 1945

Seweral natural produces have presented modulating propertes in
associntion with antibdotics with clinically relevant results. In fact, the
symergistic effert obtaimed by the association of plant extracts with an-
tibiotics is o promising option in the fght agaizst the microbial resis
tance phenomenos (Fernondes ef al., 2014; Figuesredo e al, 20145
Dliveira et al., 307 4; Bito o al, 200 4; Mailas ot al | 30160

Antibiotic activity modifiers are substances that modulate or even
revert the hacterial resistance phemotype to cennin antibdoties. Most of
them alter the microbial susceptibility to antiblotes by ishibiting efhax
pumps [(Chas e al., 2017]) In addidom, these substanees may act on other
resistance pathways, acting as antfbiotic receptor medifiers, enzyme
imhibitors, or increasing membrame permeability (Wagner amd

The ethamolic extract obnined from the: leaves of Commiphora lep-
tophinens is constituted by a great diversity of compounds with o wide
maege of pharmacological activities previously described. Although the
imtrinsic antihacterial activity of the extract was coesidered as clindcally
irredevamnt, it presested o significant antibiotic-modulating acthvicy in
nssoclation with amincglycosides agaimst rasistant bacterial straies.

Iz comclsion, . leprophioens has antiblotic-modulating potential.
However, further research is recommended to betier clarify the mech:
anism of action of isolated compoumds, guiding the development of new
alematives for the treatment of imfections resistant to conventional

therapbes.
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CONCLUSOES

O estudo in silico de hidroxiaminas derivadas de lapachol e norlachol sugeriram
possiveis atividades para o 2-(2-hidroxi-etilamina)-3-(2-metil-propenil)-
[1,4]naftoquinona molécula como um potencial agente antibacteriano sobre DNA
replicativo heli case e proteinas RecA, destacando a presenca de outros alvos que

pode ser Util para a pesquisa farmacoldgica.

As substéncias testadas ndo demonstraram um efeito antibacteriano satisfatorio
em termos de CIMs frente a cepas padrdes e multirresistentes. No entanto, 0s
compostos reduziram as CIMs de gentamicina e amicacina quando usadas em
associacdo, contra S. aureus e P. aeruginosa. Nesse contexto, a combinacdo das
substancias com os aminoglicosideos podem ser uma alternativa terapéutica para

enfrentar a resisténcia bacteriana aos antibioticos.

Os compostos testados quando associados a norfloxacina e brometo de etidio
frente as cepas de S. aureus 1199B e S. aureus 1199, multiressistentes e selvagens
respectivamente, apresentaram uma reducéo significativa em suas CIMs, sendo
este efeito atribuido a uma inibicdo da bomba de efluxo NorA pelos compostos
testados. Uma correlagéo foi tracada entre a interagdo dos compostos e a bomba
de efluxo NorA através de ancoragem molecular, que demonstrou uma alta

afinidade.

As substancias demonstraram efetividade em diminuir as CIMs da eritromicina,
tetraciclina e do brometo de etidio, provavelmente pela inibi¢&o da proteina MsrA
de efluxo de macrolidio e da bomba de efluxo de tetraciclina TetK, presentes em

cepas de S. aureus.
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RESUMO

Amburana cearansis (Allemao) AC. Smith € uma drvore de caule ereto que possul diversas propriedades medicinais, anti-inflamatdria,
antibacteriana, antitumoral, antiparasitéria, dentre outres. As sementes & B casca da @rvore s30 ufilizades na produgéo de
medicamentos populares destinados 30 tratamento de asma, wsses, cogueluche e bronguite. O objetivo deste trabalho foi caracterizar
05 constituintes guimicos presentes nas folhas do extrato etantlico de Amburana cearensis, além de avaliar a atividade antiflingica e
anticedante. A caracterizagéo guimica foi realizada por Cromatografia Liquida de Ala Eficiéncia (CLAE)L. A stividade antifingica do
extrato fiol mensurads atrevés da determinacdo da Concentragdo Inibitdria Minima (CIM) & umn ensaio de microdiluicdo foi realizado
para werificar as interagies entre o produto natural & o fluconazol, utilizando uma concentragdo subinibitdria do extrato. O método Ferric
Reducing Antioxidant Power (FRAP), in vitro, demostrou a atividade antioxidante da amostra. Foram identificados polifendis, flavandides
e lactonas, sendo a cumnarina (15,08 mg/g). Quecitrina (8,49 mg/g). Querceting (T.96 mg/g), lsoquercitrina (7,01 mg/g) e Kaempferol
(12 7.14 mgfg) os constituintes majoritdrios. O extrato demostrou atividade antioxidante apresemtando resultado de 2,72 mg
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RESUMO

E muito comum na época atual a alimentacdo fora de casa, sendo essa constituida,
na maioria das vezes, por alimentos de preparo rapido, os chamados fast-foods.
Juntamente com esses alimentos acompanha-se molhos prontos, como a maionese,
especialmente aquelas preparadas no proprio estabelecimento. Tal preparo e

armazenamento quando feitos de modo inapropriado tendem a comprometer a
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RESUMO

Introdugdo: As vias aéreas superiores sdo importantes sitios para o surgimento e proliferacdo de
muitos patogenos, devido, principalmente, ao contato direto com o meio externo, presenca de
oxigénio, umidade, nutrientes e temperatura adequada, promovendo um processo infeccioso,
inflamatério e irritativo no local acometide, caracterizando-se como um dos problemas mais
frequentes encontrados em servicos de salde plblica. Objetivo: Avaliar o perfil de sensibilidade aos
antimicrobianos em culturas de secrecdo orofaringe e de escarros positivas na regido do Cariri
cearense. Metodologia: Trata-se de um estudo epidemiolégico, documental, em corte transversal,
com coleta retrospectiva dos materiais, no periodo de 01/07/18 a 30/06/19, a partir da base de dados
do Laboratdrio de Analises Clinicas do Cariri Vicente Lemos, gue coleta o material de moradores da
regido do Cariri. Resultados: Foram avaliadas 132.124 amostras positivas de secrecio de orofaringe
e de escarro com os testes de antimicrobianos, nos guais revelaram 85.691 (64,85%) sensiveis,
43 338 (33 05%) resistentes e 3 099 (2 35%) de carater intermediario em relacio 3 sua eficacia ans
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