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RESUMO

As enfermidades causadas por bactérias apresentam um desafio para a saide mundial, afetando
milhGes de individuos em escala global. No contexto brasileiro, uma das doencas bacterianas
mais comuns e capaz de ocasionar complicacBes graves é a tuberculose, sendo uma das dez
principais causas de mortalidade. Assim, os farmacos antibacterianos, incluindo os
tuberculostaticos, sdo cruciais & manutencao da expectativa de vida. Inimeras razdes justificam
a necessidade por novos agentes antibacterianos, destacando-se a elevada taxa de
morbimortalidade e o surgimento de cepas resistentes a antibioticos. Diante disso, a presente
tese teve como objetivo a sintese e avaliacdo antibacteriana e antimicobacteriana de
bavachalcona (BVC), uma chalcona tri-hidroxilada e C-isoprenilada. Considerando as
evidéncias das propriedades farmacoldgicas de BVC, foi planejada e sintetizada uma série de
16 analogos chalconicos de BVC com modificacBes no anel B. Dentre esses, onze analogos séo
chalconas conhecidas e oito sdo substancias ineditas. As substancias foram sintetizadas em
cinco etapas, incluindo iodacdo regiosseletiva, condensacdo de Claisen-Schmidt,
protecao/desprotecdo com o grupo metoximetila e acoplamento de Suzuki-Miyuara, obtendo
rendimentos globais de 1 a 22%. A atividade antibacteriana da BVC e analogos foi avaliada in
vitro contra espécies Gram-positivas, Gram-negativas e micobactérias. BVC e seus anélogos
tiveram acdo antibacteriana contra Streptococcus sanguinis (CIM = 6,25 - 12,5 pg/mL),
Streptococcus sobrinus (CIM = 3,12-25 ug/mL), e Streptococcus mutans (CIM = 3,12 — 25
pg/mL). A atividade antimicobacteriana de BVC e analogos foi avaliada contra M. tuberculosis
H37Rv e mostraram efeitos contra M. tuberculosis (C1Mgo= 2,56 -18,64 pg/mL). Os analogos
BVC 12, BVC 14 e BVC 16 foram 0s mais promissores, uma vez que apresentaram os menores
valores de CIM contra M. tuberculosis H37Rv e baixa toxicidade contra fibroblastos de pulméo
humano e larvas de Galleria mellonella. Esses resultados corroboraram BVC e analogos como

hits para a descoberta de novos agentes capazes de combater bactérias patogénicas humanas.

Palavras-chave: Antibacteriana. Antimicobacteriana. Bavachalcona. Tuberculose



ABSTRACT

Diseases caused by bacteria present a challenge to global health, affecting millions of
individuals on a global scale. In the Brazilian context, one of the most common bacterial
diseases capable of causing serious complications is tuberculosis, being one of the ten main
causes of mortality. Thus, antibacterial drugs, including tuberculostatics, are crucial ones for
maintaining life expectancy. Several reasons justify the need for new antibacterial agents,
highlighting the high morbidity and mortality rates and the emergence of antibiotic-resistant
strains. Therefore, the present thesis aimed the synthesis and amtibacterial ealuation of
bavachalcone (BVC), a trihydroxylated and C-isoprenylated chalcone. Considering the
evidences of the pharmacological properties of BVC, a series of 16 chalconic analogs of BVC
was designed and synthesized with modifications in the B ring. Among these, eleven analogs
are known chalcones and eight are new ones. Compounds were synthesized in five steps,
including regioselective iodination, Claisen-Schmidt condensation, protection/deprotection
with methoymethyl group and Suzuki-Miyuara coupling, obtaining overall yields ranging from
1 to 22%. The antibacterial activity of BVC and analogs was evaluated in vitro against Gram-
positive, Gram-negative and mycobacteria species.BVC and its analogs have antibacterial
activity against Streptococcus sanguinis (MIC = 6,25 - 12,5 png/mL), Streptococcus sobrinus
(MIC = 3,12-25 ug/mL) and Streptococcus mutans (MIC = 3,12 — 25 pg/mL). The
antimycobacterial activity of BVC and analogs was evaluated against M. tuberculosis H37Rv
and demonstrated effects against M. tuberculosis (MICg=2.56 -18.64 pg/mL). The analogs
BVC 12, BVC 14 and BVC 16 were the most promising compounds, and they presented the
lowest MIC values against M. tuberculosis H37Rv and low toxicity against human lung
fibroblasts and Galleria mellonella larvae. These results corroborated BVC and analogs as hits

for the discovery of new agents able to combat human pathogenic bacteria.

Keywords: Antibacterial. Antimycobacterial. Bavachalcone. Tuberculosis
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Capitulo |

1. Introducéo Geral
As doencas bacterianas representam uma preocupacdo de saude publica global,
afetando milhdes de pessoas em todo o mundo (OPAS, 2024). InfeccBes bacterianas sdo
frequentemente desencadeadores de complicacfes agudas. O impacto global da morbidade e
mortalidade associada a essas condic¢des € substancial, atingindo significativamente a qualidade
de vida e os sistemas de satde em todo o mundo (WHO, 2017).

No Brasil, uma das condicdes bacterianas mais prevalentes e severas é a tuberculose,
sendo considerada uma das dez principais causas de morte no pais. De acordo com dados do
Ministério da Saude, em 2022 foram registrados 78.057 casos novos da doenga, com uma taxa
de incidéncia de 36,3 casos por 100 mil habitantes. As Unidades da Federacdo (UF) que
apresentaram populagdes sob maior risco de adoecimento por TB foram Amazonas (84,1 casos
por 100 mil hab.), Roraima (75,9 casos por 100 mil hab.) e Rio de Janeiro (68,6 casos por 100
mil hab.) Um total de 13 UF registraram coeficiente de incidéncia superior ao nacional (36,3
casos por 100 mil hab.) (Figura 1) (MINISTERIO DA SAUDE, BRASIL, 2023).

Casos de tuberculose
por 100 mil habitantes

99a256
256a451
451a841

Figura 1. Coeficiente de incidéncia de tuberculose (casos por 100 mil habitantes) por UF
(MINISTERIO DA SAUDE, BRASIL, 2023).

As maiores taxas de incidéncia de TB sdo em areas urbanas e em populagdes
vulneraveis, como pessoas em situacdo de rua, usuarios de drogas, pessoas privadas de
liberdade, entre outros. A desigualdade social e a falta de acesso a servicos de satde adequados
contribuem para 0 aumento do numero de casos e para a disseminacdo da doenca
(MINISTERIO DA SAUDE, BRASIL, 2019).
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O controle da tuberculose no Brasil é realizado por meio do Sistema Unico de Satde
(SUS), que disponibiliza tratamento gratuito e universal para os pacientes diagnosticados com
adoenca (MINISTERIO DA SAUDE, BRASIL, 2022). No entanto, a tuberculose é um desafio
no Brasil, sendo necessarios investimentos em politicas pablicas e em pesquisa para reduzir 0s
indices de incidéncia e mortalidade pela doenca.

Os desafios relacionados a tuberculose incluem o diagnostico tardio, o tratamento
prolongado e a resisténcia aos farmacos. A coinfeccdo com o HIV contribui para a
complexidade do manejo da tuberculose. Além disso, a urbanizacdo irracional, a desigualdade
social e as condigdes de vida precéarias em algumas &reas do Brasil podem favorecer a
propagacao da doenca (MINISTERIO DA SAUDE, BRASIL, 2021).

A resisténcia aos farmacos é um desafio crescente no tratamento das doencas
infecciosas. Segundo um relatorio liderado pelo economista britanico Jim O'Neill, em 2016,
cerca de 700.000 pessoas morrem a cada ano devido a infeccGes resistentes a antibiéticos em
todo 0 mundo, e esse nimero pode aumentar para 10 milhdes de mortes por ano até 2050, caso
ndo sejam tomadas medidas urgentes para enfrentar o problema (JIM O’NEILL, 2016).

Durante o tratamento da tuberculose, alguns desafios especificos podem surgir,
especialmente em casos graves que podem exigir entubamento e suporte respiratorio. E esses
pacientes podem estar mais suscetiveis a infeccBes respiratdrias secundarias, incluindo
pneumonia causada por microrganismos oportunistas (WHO, 2019). Essa situacdo exige
esforcos para o desenvolvimento de novos antimicobacterianos e para aprimorar os existentes.
E fundamental que haja uma abordagem global e colaborativa para lidar com a resisténcia aos
antibidticos e outras ameacas a saude publica, incluindo investimentos em pesquisa e
desenvolvimento de novas farmacoterapias, aprimoramento das medidas de prevencéo e
controle de infec¢des, conscientizacdo da populacéo e fortalecimento dos sistemas de salde.

Nesse contexto, os farmacos tuberculostaticos sdo cruciais para manter a expectativa
de vida, especialmente em pacientes HIV positivos. Inimeras razfes justificam a necessidade
de novos agentes antimicobacterianos, destacando-se a alta morbidade e mortalidade da
tuberculose. O ressurgimento de cepas multirresistentes (MDR-TB) e extensivamente
resistentes (XDR-TB), além das caracteristicas morfofisioldgicas peculiares do Mycobacterium
tuberculosis, bem como as diferentes formas fenotipicas (ativas ou latentes), representam
desafios para a descoberta de tuberculostaticos. Esforgos sdo urgentes para descobrir e
desenvolver farmacos contra a tuberculose com padrées estruturais e mecanisticos inovadores.

A busca por terapias alternativas e complementares para o tratamento da tuberculose

tem aumentado devido a necessidade de abordagens mais eficazes e acessiveis, especialmente
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em regides onde 0 acesso aos medicamentos convencionais é limitado. Plantas medicinais e
seus extratos e substancias tém despertado interesse continuo devido as suas propriedades
terapéuticas. As fontes naturais oferecem uma fonte rica de substancias bioativas, como
alcaloides, flavonoides e terpenoides, que demonstraram atividade contra o M. tuberculosis
(KARIMI et al., 2021; ZHANG et al., 2023).

As chalconas sdo flavonoides encontrados em plantas e com ampla distribuicdo em
vérias familias BOTANICAS. Estruturalmente sdo formadas por duas unidades benzénicas
(anéis A e B), separadas por uma cetona o, -insaturada (DEWICK, 2009)(SALEHI et al., 2020;
VASQUEZ-MARTINEZ et al., 2019). A bavachalcona (BVC) é uma chalcona tri-hidroxilada
e C-isoprenilada na posigdo 5’ (Figura 2), que foi isolada primeiramente de Psoralea corylifolia
(Fabaceae) (BHALLA; NAYAK; DEV, 1968) e pode ser obtida por sintese para fins de

pesquisa e desenvolvimento de substancias bioativas.

HO OH
D
OH O

Figura 2. Estrutura de bavachalcona (BVC)

A presente tese objetivou a sintese e avaliacdo bioldgica de bavachalcona (BVC) e
analogos chalconicos, utilizando-se uma rota sintética que incluiu reacdes de iodacgéo, uso de
grupos protetores, condensacdo de Claisen-Schmidt e acoplamento de Suzuki. A atividade
antimicobacteriana foi determinada contra a cepa suscetivel H37Rv, indicando valores de
Concentracdo Inibitéria Minima (CIM). As substancias antimicobacterianas tiveram sua
toxicidade avaliada contra fibroblastos pulmonares humanos (MRC-5) e larvas de Galleria
mellonella.

Selecionamos BVC como protétipo para planejar 16 analogos (BVC 1-BVC 16) com
modificacdes no anel B. As substancias foram sintetizadas e avaliadas in vitro contra bactérias
patogénicas humanas, incluindo micobactérias (Mycobacterium tuberculosis), bactérias Gram-
negativas (Pseudomonas aeruginosa, Klebsiella pneumoniae e Helicobacter pylori) e bactérias
Gram-positivas (Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus sanguinis,
Streptococcus sobrinus e Streptococcus mutans). Além disso, as propriedades fisico-quimicas,

farmacocinéticas e druglikeness de BVC e seus analogos foram preditas por analises in silico.
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Essa tese foi organizada em trés capitulos (I-111). O capitulo | apresentou uma reviséo
da literatura sobre o problema de pat6genos bacterianos e a relevancia de chalconas preniladas
naturais como agentes antibacterianos. Entre os produtos naturais, destacamos BVC e sua
atividade antibacteriana e antimicobacteriana contra bactérias patogénicas. Além disso,
revisamos as abordagens de sintese descritas para BVC. No final do capitulo I, apresentamos
0s objetivos gerais e especificos. No capitulo |1, apresentamos a sintese total de BVC e seus
analogos e sua atividade antibacteriana contra cinco espécies de bactérias Gram-positivas (S.
aureus, S. pneumoniae, S. sanguinis, S. sobrinus e S. mutans) e trés bactérias Gram-negativas
(P. aeruginosa, K. pneumoniae e H. pylori), bem como contra espécies micobacterianas (M.
tuberculosis, M.avium, M. kansasii). As substancias mais ativas (BVC, BVC 2, BVC 12, BVC
14 e BVC 16) foram selecionadas para bioensaios adicionais, como avaliacdo antibacteriana
associados a antibidticos, atividade antibiofilme, citotoxicidade e mecanismo de acdo
antibacteriana, discutindo a relagédo estrutura-atividade antimicobacteriana e as propriedades
fisico-quimicas, farmacocinéticas e druglikeness. No capitulo 111, apresentamos as referéncias
e material suplementar, contendo o procedimento de sintese, espectros e cromatogramas de

BVC e seus analogos.
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4. Conclustes

BVC e dezesseis andlogos com modificagbes no anel B foram planejados e
sintetizados de modo conciso e capz de ofertar quantidades apreciaveis para os bioensaios.
Ensaios bioldgicos demonstraram que BVC e seus analogos possuem atividade antibacteriana
contra espécies Gram-positivas, incluindo MSSA, MRSA, S. sanguinis, S. sobrinus e S.
mutans.. BVC e sete andlogos mostraram atividade antimicobacteriana contra M. tuberculosis
H37Rv. BVC 12, BVC 14 e BVC 16 demonstraram baixa toxicidade contra fibroblastos de
pulmdo humano e larvas de G. mellonella. Dados de relacdo entre estrutura e atividade
antibacteriana e antimicobacteriana sugeriram que a presenca de hidroxilas no anel B foi
essencial para a bioatividade. As chalconas antimicobacterianas mais promissoras
demonstraram um perfil in silico promissor, incluindo propriedades fisico-quimicas,

farmacocinéticas e druglikenes adequadas.



Capitulo 111

Referéncias e Material Suplementar

68



69

Capitulo 111

REFERENCIAS

ABRANCHES, J. et al. Biology of Oral Streptococci. Microbiology spectrum, v. 6, n. 5, 7 set. 2018.

ALALWAN, H. et al. The Anti-Adhesive Effect of Curcumin on Candida albicans Biofilms on
Denture Materials. Frontiers in Microbiology, v. 8, n. APR, p. 659, 20 abr. 2017.

ALVES, J. A. et al. Investigation of Copaifera genus as a hew source of antimycobaterial agents.
Future Science OA, v. 6, n. 7, 1 ago. 2020.

ANAGANI, B. et al. Identification and validation of the mode of action of the chalcone anti-
mycobacterial compounds. The Cell Surface, v. 6, p. 100041, 1 dez. 2020.

ANSAR AHMED, S.; GOGAL, R. M.; WALSH, J. E. A new rapid and simple non-radioactive assay
to monitor and determine the proliferation of lymphocytes: an alternative to [3H]thymidine
incorporation assay. Journal of immunological methods, v. 170, n. 2, p. 211-224, 15 abr. 1994,

ARCHER, N. K. et al. Staphylococcus aureus biofilms: properties, regulation, and roles in human
disease. Virulence, v. 2, n. 5, p. 445-459, 2011.

ASSIS, L. R. DE et al. Antibacterial Activity of Isobavachalcone (IBC) Is Associated with Membrane
Disruption. Membranes, v. 12, n. 3, 1 mar. 2022.

BABAEEKHOU, L. et al. Streptococcus mutans and Streptococcus sobrinus distribution in the saliva
and plaque of Iranian population: Higher prevalence of S. mutans serotypes f and k. International
Journal of Dental Hygiene, v. 19, n. 2, p. 193-200, 1 maio 2021.

BEIGHTON, D. The complex oral microflora of high-risk individuals and groups and its role in the
caries process. Community Dentistry and Oral Epidemiology, v. 33, n. 4, p. 248-255, 1 ago. 2005.

BEVYER, P.; PAULIN, S. The Antibacterial Research and Development Pipeline Needs Urgent
Solutions. ACS Infectious Diseases, v. 6, n. 6, p. 1289-1291, 12 jun. 2020.

BHALLA, V. K.; NAYAK, U. R.; DEV, S. Some new flavonoids from psoralea corylifolia.
Tetrahedron Letters, v. 9, n. 20, p. 2401-2406, 1968.

BHATTACHARYA, M. et al. Prevention and treatment of Staphylococcus aureus biofilms. Expert
review of anti-infective therapy, v. 13, n. 12, p. 1499, 2 dez. 2015.

BLOEMBERG, G. V. et al. Acquired Resistance to Bedaquiline and Delamanid in Therapy for
Tuberculosis. https://doi.org/10.1056/NEJMc¢1505196, v. 373, n. 20, p. 1986-1988, 12 nov. 2015.

BOUGLE, A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas aeruginosa
ventilator-associated pneumonia in adults: a randomized, controlled, open-label trial. Intensive care
medicine, v. 48, n. 7, p. 841-849, 1 jul. 2022.

BROWNE, N.; HEELAN, M.; KAVANAGH, K. An analysis of the structural and functional
similarities of insect hemocytes and mammalian phagocytes. Virulence, v. 4, n. 7, p. 597-603, 2013.

C REYGAERT, W. An overview of the antimicrobial resistance mechanisms of bacteria. AIMS
microbiology, v. 4, n. 3, p. 482-501, 2018.

CAESAR, L. K.; CECH, N. B. A Review of the Medicinal Uses and Pharmacology of Ashitaba.
Planta medica, v. 82, n. 14, p. 1236-1245, 9 jun. 2016.

CAMPAGNA, G. et al. [Italian Cystic Fibrosis Registry (ICFR). Report 2019-2020]. Epidemiologia e
prevenzione, v. 46, n. 4 Suppl 2, p. 1-42, 2022.



70

CASSAT, J. E.; THOMSEN, I. Staphylococcus aureus infections in children. Current opinion in
infectious diseases, v. 34, n. 5, p. 510-518, 1 out. 2021.

CDC. About Antibiotic Resistance | CDC. Disponivel em:
https://www.cdc.gov/drugresistance/about.html. Acesso em: 19 jan. 2024.

CHAVAN, B. B. et al. Synthesis and Medicinal Significance of Chalcones-A Review. 2015.

CHEN, X. et al. A systematic review on biological activities of prenylated flavonoids.
Pharmaceutical biology, v. 52, n. 5, p. 655-660, 2014.

CHIANG, C. C. et al. A Novel Dimeric Coumarin Analog and Antimycobacterial Constituents from
Fatoua pilosa. Chemistry & Biodiversity, v. 7, n. 7, p. 1728-1736, 1 jul. 2010.

CHOI, Y. H. etal. In vitro BACE-1 inhibitory phenolic components from the seeds of Psoralea
corylifolia. Planta medica, v. 74, n. 11, p. 1405-1408, set. 2008.

CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically. v.
32, 2012.

CONGEDI, J.; WILLIAMS, C.; BALDOCK, K. L. Epidemiology of Helicobacter pylori in Australia:
a scoping review. PeerJ, v. 10, 31 maio 2022.

COTTAREL, G.; WIERZBOWSKI, J. Combination drugs, an emerging option for antibacterial
therapy. Trends in Biotechnology, v. 25, n. 12, p. 547-555, 1 dez. 2007.

CRISTANCHO-ROJAS, C. et al. Epidemiology of Mycobacterium abscessus. Clinical microbiology
and infection: the official publication of the European Society of Clinical Microbiology and
Infectious Diseases, 2023.

DAINA, A.; MICHIELIN, O.; ZOETE, V. SwissADME: a free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small molecules. Scientific
Reports 2017 7:1,v. 7,n. 1, p. 1-13, 3 mar. 2017.

DANG, G. et al. Characterization of Rv0888, a Novel Extracellular Nuclease from Mycobacterium
tuberculosis. Scientific Reports 2016 6:1, v. 6, n. 1, p. 1-11, 8 jan. 2016.

DAS, B. et al. Eugenol Provokes ROS-Mediated Membrane Damage-Associated Antibacterial
Activity Against Clinically Isolated Multidrug-Resistant Staphylococcus aureus Strains. Infectious
diseases, v. 9, p. IDRT.S31741, jan. 2016.

DEL PUENTE, F. et al. Epidemiology and outcome of Klebsiella pneumoniae carbapenemase-
producing Klebsiella pneumoniae (KPC-KP) infections in cardiac surgery patients: a brief narrative
review. Journal of chemotherapy (Florence, Italy), v. 31, n. 7-8, p. 359-366, 17 nov. 2019.

DELANEY, J. S. ESOL: Estimating aqueous solubility directly from molecular structure. Journal of
Chemical Information and Computer Sciences, v. 44, n. 3, p. 1000-1005, maio 2004.

DILARRI, G. et al. Evaluating the potential of electrolysed water for the disinfection of citrus fruit in
packinghouses. Journal of the science of food and agriculture, v. 101, n. 6, p. 2584-2591, 1 abr.
2021.

DZOYEM, J. P. et al. Antimicrobial Action Mechanism of Flavonoids from Dorstenia Species. drug
discoveries & therapeutics, v. 7, n. 2, p. 66-72, 2013.

EGAN, W. J.; MERZ, K. M.; BALDWIN, J. J. Prediction of drug absorption using multivariate
statistics. Journal of Medicinal Chemistry, v. 43, n. 21, p. 3867-3877, 19 out. 2000.



71

GAO, Y. et al. Association between tuberculosis and COVID-19 severity and mortality: A rapid
systematic review and meta-analysis. Journal of Medical Virology, v. 93, n. 1, p. 194-196, 1 jan.
2021.

GARCIA, M. A. R. et al. Design, synthesis and antibacterial activity of chalcones against MSSA and
MRSA planktonic cells and biofilms. Bioorganic Chemistry, v. 116, 1 nov. 2021.

GE, L.; CHENG, K.; HAN, J. A Network Pharmacology Approach for Uncovering the Osteogenic
Mechanisms of Psoralea corylifolia Linn. Evidence-based Complementary and Alternative
Medicine : eCAM, v. 2019, 20109.

GELLATLY, S. L.; HANCOCK, R. E. W. Pseudomonas aeruginosa : new insights into pathogenesis
and host defenses. Pathogens and Disease, v. 67, n. 3, p. 159-173, 1 abr. 2013.

GHOSE, A. K.; VISWANADHAN, V. N.; WENDOLOSKI, J. J. A knowledge-based approach in
designing combinatorial or medicinal chemistry libraries for drug discovery. 1. A qualitative and
quantitative characterization of known drug databases. Journal of Combinatorial Chemistry, v. 1, n.
1, p. 55-68, 1999.

GOMEZ-GONZALEZ, P. J. et al. Genetic diversity of candidate loci linked to Mycobacterium
tuberculosis resistance to bedaquiline, delamanid and pretomanid. Scientific Reports 2021 11:1, v.
11,n. 1, p. 1-13, 30 set. 2021.

GOSS, C. H.; MUHLEBACH, M. S. Review: Staphylococcus aureus and MRSA in cystic fibrosis.
Journal of cystic fibrosis : official journal of the European Cystic Fibrosis Society, v. 10, n. 5, p.
298-306, set. 2011.

GUILLEN, S. M. et al. Tuberculosis in Spain: An opinion paper. Revista Espafiola de
Quimioterapia, v. 36, n. 6, p. 562, 1 dez. 2023.

GUQ, Y. et al. Prevalence and Therapies of Antibiotic-Resistance in Staphylococcus aureus.
Frontiers in cellular and infection microbiology, v. 10, 17 mar. 2020.

HAUSDORFF, W. P.; HANAGE, W. P. Interim results of an ecological experiment — Conjugate
vaccination against the pneumococcus and serotype replacement. Human Vaccines &
Immunotherapeutics, v. 12, n. 2, p. 358, 1 fev. 2016.

HU, Y. et al. Klebsiella pneumoniae: Prevalence, Reservoirs, Antimicrobial Resistance, Pathogenicity,
and Infection: A Hitherto Unrecognized Zoonotic Bacterium. Foodborne pathogens and disease, v.
18, n. 2, p. 63-84, 1 fev. 2021.

IBRAHIM, D.; JABBOUR, J. F.; KANJ, S. S. Current choices of antibiotic treatment for
Pseudomonas aeruginosa infections. Current opinion in infectious diseases, v. 33, n. 6, p. 464-473,
1 dez. 2020.

JIM O’NEILL. TACKLING DRUG-RESISTANT INFECTIONS GLOBALLY: FINAL REPORT
AND RECOMMENDATIONS THE REVIEW ON ANTIMICROBIAL RESISTANCE CHAIRED
BY JIM O’NEILL. 2016.

JORGENSEN, W. L.; DUFFY, E. M. Prediction of drug solubility from structure. Advanced Drug
Delivery Reviews, v. 54, n. 3, p. 355-366, 31 mar. 2002.

KAVANAGH, K.; SHEEHAN, G. The Use of Galleria mellonella Larvae to Identify Novel
Antimicrobial Agents against Fungal Species of Medical Interest. Journal of Fungi, v. 4, n. 3, 1 set.
2018.



72

KROL, E. et al. Antibacterial activity of alkyl gallates is a combination of direct targeting of FtsZ and
permeabilization of bacterial membranes. Frontiers in Microbiology, v. 6, n. APR, p. 138204, 29 abr.
2015.

KUETE, V. et al. Evaluation of flavonoids from Dorstenia barteri for their antimycobacterial,
antigonorrheal and anti-reverse transcriptase activities. Acta Tropica, v. 116, n. 1, p. 100-104, 1 out.
2010.

LEANDRO, L. F. et al. Antibacterial activity of Pinus elliottii and its major compound, dehydroabietic
acid, against multidrug-resistant strains. Journal of medical microbiology, v. 63, n. Pt 12, p. 1649—
1653, 1 dez. 2014.

LEE, M. H.; KIM, J. Y.; RYU, J. H. Prenylflavones from Psoralea corylifolia inhibit nitric oxide
synthase expression through the inhibition of I-kappaB-alpha degradation in activated microglial cells.
Biological & pharmaceutical bulletin, v. 28, n. 12, p. 2253-2257, 2005.

LEJA, M. et al. Review: Epidemiology of Helicobacter pylori infection. Helicobacter, v. 24 Suppl 1,
n. S1, 1 set. 2019.

LEWIS, R. E. et al. Comparison of Etest, chequerboard dilution and time—Xkill studies for the detection
of synergy or antagonism between antifungal agents tested against Candida species. Journal of
Antimicrobial Chemotherapy, v. 49, n. 2, p. 345-351, 1 fev. 2002.

LI, X. Z.; PLESIAT, P.; NIKAIDO, H. The challenge of efflux-mediated antibiotic resistance in
Gram-negative bacteria. Clinical microbiology reviews, v. 28, n. 2, p. 337418, 2015.

LI, L. et al. Epidemiological characteristics and antibiotic resistance mechanisms of Streptococcus
pneumoniae: An updated review. Microbiological research, v. 266, 1 jan. 2023.

LIPINSKI, C. A. Lead- and drug-like compounds: the rule-of-five revolution. Drug Discovery
Today: Technologies, v. 1, n. 4, p. 337-341, 1 dez. 2004.

LIU, X. et al. “Application of bavachalcone and isobavachalcone in preparing drug for treating
diarrhea, colitis and/or pseudomembranous colitis caused by Clostridium difficile infection”
Reference Detail | CAS SciFinder". Disponivel em: https://scifinder-
n.cas.org/searchDetail/reference/65c8bca8829f5e45bdac3bed/referenceDetails. Acesso em: 10 fev.
2024.

LOCKHART, P. B. et al. Bacteremia Associated With Toothbrushing and Dental Extraction.
Circulation, v. 117, n. 24, p. 3118-3125, 17 jun. 2008.

LOESCHE, W. J. Role of Streptococcus mutans in human dental decay. Disponivel em:
https://www.scirp.org/reference/ReferencesPapers?ReferencelD=145322. Acesso em: 16 jan. 2024.

LYCZAK, J. B.; CANNON, C. L.; PIER, G. B. Establishment of Pseudomonas aeruginosa infection:
lessons from a versatile opportunist. Microbes and Infection, v. 2, n. 9, p. 1051-1060, 1 jul. 2000.

MALFERTHEINER, P. et al. Management of Helicobacter pylori infection—the Maastricht
V/Florence Consensus Report. Gut, v. 66, n. 1, p. 6-30, 1 jan. 2017.

MARTIN, R. M.; BACHMAN, M. A. Colonization, infection, and the accessory genome of Klebsiella
pneumoniae. Frontiers in Cellular and Infection Microbiology, v. 8, n. JAN, p. 314961, 22 jan.
2018.

MARTINS, P. M. M. et al. Subcellular localization of proteins labeled with GFP in Xanthomonas citri
ssp. citri: targeting the division septum. FEMS microbiology letters, v. 310, n. 1, p. 76-83, set. 2010.



73

MEGAW, J. et al. Galleria mellonella as a novel in vivo model for assessment of the toxicity of 1-
alkyl-3-methylimidazolium chloride ionic liquids. Chemosphere, v. 139, p. 197-201, 1 nov. 2015.

MEIER, D. et al. The plant-derived chalcone Xanthoangelol targets the membrane of Gram-positive
bacteria. Bioorganic & medicinal chemistry, v. 27, n. 23, 1 dez. 2019.

MINISTERIO DA SAUDE. BRASIL, M. DA S. MANUAL DE RECOMENDAGCOES PARA O
CONTROLE DA TUBERCULOSE NOBRASILVENDAPROIBID A. 2019.

MINISTERIO DA SAUDE. BRASIL BRASIL, M. DA S. Tuberculose | Biblioteca Virtual em
Saude MS. Disponivel em: https://bvsms.saude.gov.br/tuberculose-21/. Acesso em: 9 fev. 2024.

MINISTERIO DA SAUDE. BRASIL BRASIL, M. DA S. Tratamento e prevencdo — Ministério
da Saude. Disponivel em: https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-
z/t/tuberculose/tratamento-e-prevencao. Acesso em: 19 jan. 2024.

MIRALLES, N. et al. Transition-Metal-Free Borylation of Allylic and Propargylic Alcohols.
Angewandte Chemie (International Ed. in English), v. 55, n. 13, p. 4303, 3 mar. 2016.

MORADALLI, M. F.; GHODS, S.; REHM, B. H. A. Pseudomonas aeruginosa lifestyle: A paradigm for
adaptation, survival, and persistence. Frontiers in Cellular and Infection Microbiology, v. 7, n.
FEB, p. 249785, 15 fev. 2017.

MOREIRA OSORIO, T. et al. Antibacterial activity of chalcones, hydrazones and oxadiazoles against
methicillin-resistant Staphylococcus aureus. Bioorganic & medicinal chemistry letters, v. 22, n. 1, p.
225-230, 1 jan. 2012.

MUEGGE, I.; HEALD, S. L.; BRITTELLI, D. Simple selection criteria for drug-like chemical matter.
Journal of medicinal chemistry, v. 44, n. 12, p. 1841-1846, 7 jun. 2001.

MUNOZ-GALLEGO, I. et al. Staphylococcus aureus native arthritis over 10 years. Medecine et
maladies infectieuses, v. 50, n. 3, p. 257-262, 1 maio 2020.

MURADAS, T. C. et al. Pre-clinical evaluation of quinoxaline-derived chalcones in tuberculosis.
PLOS ONE, v. 13, n. 8, p. e0202568, 1 ago. 2018.

NAVARRO, M. O. P. et al. Determining the Targets of Fluopsin C Action on Gram-Negative and
Gram-Positive Bacteria. Frontiers in Microbiology, v. 11, p. 533045, 4 jun. 2020.

NIZAR, A. et al. Streptococcus mutans carriage in the saliva of mothers and its association with dental
caries and Streptococcus mutans carriage in the saliva of children between 6 and 30 months old in a
low-income setting in Karachi, Pakistan. Clinical and experimental dental research, v. 8, n. 6, p.
1523-1532, 1 dez. 2022.

NOBBS, A. H.; JENKINSON, H. F.; JAKUBOVICS, N. S. Stick to Your Gums: Mechanisms of Oral
Microbial Adherence. Journal of Dental Research, v. 90, n. 11, p. 1271, nov. 2011.

O’BRIEN, K. L. et al. Burden of disease caused by Streptococcus pneumoniae in children younger
than 5 years: global estimates. The Lancet, v. 374, n. 9693, p. 893-902, 2009.

OECD. GUIDELINES FOR THE TESTING OF CHEMICALS PROPOSAL FOR A NEW
GUIDELINE 122 Partition Coefficient (n-Octanol/Water), pH-Metric Method for lonisable
Substances. OECD, 1989a.

OECD. OECD GUIDELINES FOR THE TESTING OF CHEMICALS PROPOSAL FOR A
NEW GUIDELINE 122 Partition Coefficient (n-Octanol/Water), pH-Metric Method for



74

lonisable Substances. Disponivel em: https://www.oecd.org/chemicalsafety/testing/2731134.pdf.
Acesso em: 20 jan. 2024b.

OLIVEIRA, J.; REYGAERT, W. Gram-Negative Bacteria. Infection Management for Geriatrics in
Long-Term Care Facilities, Second Edition, p. 427-443, 1 jan. 2024.

OPAS. Resisténcia antimicrobiana - OPAS/OMS | Organizacdo Pan-Americana da Saude.
Disponivel em: https://www.paho.org/pt/topicos/resistencia-antimicrobiana. Acesso em: 19 jan. 2024.

OTTO, M. Staphylococcal Biofilms. Microbiology spectrum, v. 6, n. 4, 27 jul. 2018.

OTTO, M.; STEELE-MORTIMER, O.; SUBTIL, A. Staphylococcus aureus toxins This review comes
from a themed issue on Host-microbe interactions: bacteria Edited by. Current Opinion in
Microbiology, v. 17, p. 32-37, 2014.

PACZOSA, M. K.; MECSAS, J. Klebsiella pneumoniae: Going on the Offense with a Strong Defense.
Microbiology and Molecular Biology Reviews, v. 80, n. 3, p. 629-661, set. 2016.

PALOMINO, J. C. et al. Resazurin microtiter assay plate: simple and inexpensive method for
detection of drug resistance in Mycobacterium tuberculosis. Antimicrobial agents and
chemotherapy, v. 46, n. 8, p. 2720-2722, 2002.

PIMENTEL DE ARAUJO, F. et al. Staphylococcus aureus clones causing osteomyelitis: a literature
review (2000-2020). Journal of global antimicrobial resistance, v. 26, p. 29-36, 1 set. 2021.

PLAINVERT, C. et al. Microbiological Epidemiology of Invasive Infections Due to Non-Beta-
Hemolytic Streptococci, France, 2021. Microbiology spectrum, v. 11, n. 3, 15 jun. 2023.

PODSCHUN, R.; ULLMANN, U. Klebsiella spp. as nosocomial pathogens: Epidemiology, taxonomy,
typing methods, and pathogenicity factors. Clinical Microbiology Reviews, v. 11, n. 4, p. 589-603,
1998.

POLAQUINI, C. R. et al. Antibacterial activity of 3,3’-dihydroxycurcumin (DHC) is associated with
membrane perturbation. Bioorganic Chemistry, v. 90, 1 set. 2019.

RAMESH, D. et al. Indole chalcones: Design, synthesis, in vitro and in silico evaluation against
Mycobacterium tuberculosis. European Journal of Medicinal Chemistry, v. 198, p. 112358, 15 jul.
2020.

RAN, Y.; JAIN, N.; YALKOWSKY, S. H. Prediction of aqueous solubility of organic compounds by
the general solubility equation (GSE). Journal of chemical information and computer sciences, v.
41,n.5, p. 1208-1217, 2001.

RATNATUNGA, C. N. et al. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Frontiers
in Immunology, v. 11, p. 507325, 3 mar. 2020.

REYNOLDS, D.; KOLLEF, M. The Epidemiology and Pathogenesis and Treatment of Pseudomonas
aeruginosa Infections: An Update. Drugs, v. 81, n. 18, p. 2117-2131, 1 dez. 2021.

RIOS, J. L.; RECIO, M. C. Medicinal plants and antimicrobial activity. Journal of
ethnopharmacology, v. 100, n. 1-2, p. 80-84, 22 ago. 2005.

ROSADQO, V.; ROMANELLI, R. M. D. C.; CAMARGOS, P. A. M. Fatores de risco e medidas
preventivas das infeccBes associadas a cateteres venosos centrais. Jornal de Pediatria, v. 87, n. 6, p.
469-477, nov. 2011.

ROZMER, Z.; PERJESI, P. Naturally occurring chalcones and their biological activities.
Phytochemistry Reviews, v. 15, n. 1, p. 87-120, 1 fev. 2014.



75

SARDI, J. DE C. O. et al. Antibacterial activity of diacetylcurcumin against Staphylococcus aureus
results in decreased biofilm and cellular adhesion. Journal of medical microbiology, v. 66, n. 6, p.
816-824, 1 jun. 2017.

SAVIETTO, A. et al. Antibacterial activity of monoacetylated alkyl gallates against Xanthomonas
citri subsp. citri. Archives of microbiology, v. 200, n. 6, p. 929-937, 1 ago. 2018.

SAWA, T. et al. Molecular epidemiology of clinically high-risk Pseudomonas aeruginosa strains:
Practical overview. Microbiology and immunology, v. 64, n. 5, p. 331-344, 1 maio 2020.

SEUNG, K. J.; KESHAVIEE, S.; RICH, M. L. Multidrug-Resistant Tuberculosis and Extensively
Drug-Resistant Tuberculosis. Cold Spring Harbor perspectives in medicine, v. 5, n. 9, 1 set. 2015.

SHARMA, S.; UPADHYAY, V. Epidemiology, diagnosis & treatment of non-tuberculous
mycobacterial diseases. The Indian journal of medical research, v. 152, n. 3, p. 185-226, 1 set.
2020.

SON, J. L. et al. Inhibitory effects on Streptococcus mutans of antibacterial agents mixed with
experimental fluoride varnish. Dental Materials Journal, v. 39, n. 4, p. 690-695, 30 jul. 2020.

SONG, M. et al. Plant Natural Flavonoids Against Multidrug Resistant Pathogens. Advanced Science,
v. 8, n. 15, p. 2100749, 1 ago. 2021.

SONNENBERG, A. Epidemiology of Helicobacter pylori. Alimentary pharmacology &
therapeutics, v. 55 Suppl 1, n. S1, p. S1-S13, 1 jan. 2022.

SPERNOVASILIS, N.; PSICHOGIOU, M.; POULAKOQOU, G. Skin manifestations of Pseudomonas
aeruginosa infections. Current opinion in infectious diseases, v. 34, n. 2, p. 72-79, 2021.

SUAYA, J. A. et al. Identification of Streptococcus pneumoniae in hospital-acquired pneumonia in
adults. The Journal of hospital infection, v. 108, p. 146-157, 1 fev. 2021.

SUGAMOTO, K. et al. Synthesis and antibacterial activity of chalcones bearing prenyl or geranyl
groups from Angelica keiskei. Tetrahedron, v. 67, n. 29, p. 5346-5359, 22 jul. 2011.

SUKRI, A. et al. Epidemiology and role of Helicobacter pylori virulence factors in gastric cancer

carcinogenesis. APMIS : acta pathologica, microbiologica, et immunologica Scandinavica, v. 128,
n. 2, p. 150-161, 1 fev. 2020.

TAHMASERBI, E. et al. Current Infections of the Orofacial Region: Treatment, Diagnosis, and
Epidemiology. Life (Basel, Switzerland), v. 13, n. 2, 1 fev. 2023.

TENG, P. Y.; KIM, W. K. Roles of Nitrocompounds in Inhibition of Foodborne Bacteria, Parasites,
and Methane Production in Economic Animals. Animals 2021, Vol. 11, Page 923, v. 11, n. 4, p. 923,
24 mar. 2021.

TONG, S. Y. C. et al. Staphylococcus aureus infections: Epidemiology, pathophysiology, clinical
manifestations, and management. Clinical Microbiology Reviews, v. 28, n. 3, p. 603-661, 2015.

TRAN, T.-D. et al. Synthesis and Antibacterial Activity of Some Heterocyclic Chalcone Analogues
Alone and in Combination with Antibiotics. Molecules, v. 17, n. 6, p. 6684, 1 jun. 2012.

VAN VUUREN, S.; VILJOEN, A. Plant-based antimicrobial studies--methods and approaches to
study the interaction between natural products. Planta medica, v. 77, n. 11, p. 1168-1182, 2011.

VEBER, D. F. et al. Molecular properties that influence the oral bioavailability of drug candidates.
Journal of medicinal chemistry, v. 45, n. 12, p. 2615-2623, 6 jun. 2002.



76

VEENA, R.; NAGARATHNA, C. Correlation of streptococcus mutans and streptococcus sobrinus
colonization with and without caries experience in preschool children. Indian Journal of Dental
Research, v. 31, n. 1, p. 73-79, 1 jan. 2020.

VENTOLA, C. L. The antibiotic resistance crisis: part 1: causes and threats - PubMed.
Disponivel em: https://pubmed.ncbi.nlm.nih.gov/25859123/. Acesso em: 19 jan. 2024.

VENTURA, T. L. B. et al. Antimycobacterial and anti-inflammatory activities of substituted
chalcones focusing on an anti-tuberculosis dual treatment approach. Molecules, v. 20, n. 5, p. 8072—
8093, 1 maio 2015a.

VENTURA, T. L. B. et al. Antimycobacterial and Anti-Inflammatory Activities of Substituted
Chalcones Focusing on an Anti-Tuberculosis Dual Treatment Approach. Molecules 2015, Vol. 20,
Pages 8072-8093, v. 20, n. 5, p. 8072-8093, 5 maio 2015b.

VIEIRA, R. G. L. et al. In vitro studies of the antibacterial activity of Copaifera spp. oleoresins,
sodium hypochlorite, and peracetic acid against clinical and environmental isolates recovered from a
hemodialysis unit. Antimicrobial Resistance & Infection Control, v. 7, n. 1, p. 14, 24 jan. 2018.

WALLER, D.; SAMPSON, A. P. Medical pharmacology & therapeutics. Elsevier, p. 729, 2018.

WANG, H. et al. Concise synthesis of prenylated and geranylated chalcone natural products by
regiospecific iodination and Suzuki coupling reactions. Tetrahedron Letters, v. 4, n. 55, p. 897-899,
22 jan. 2014.

WANG, H. M. et al. Synthesis and anti-cancer activity evaluation of novel prenylated and geranylated
chalcone natural products and their analogs. European journal of medicinal chemistry, v. 92, p.
439-448, 6 mar. 2015.

WASSILEW, N. et al. Pulmonary Disease Caused by Non-Tuberculous Mycobacteria. Respiration;
international review of thoracic diseases, v. 91, n. 5, p. 386-402, 8 jun. 2016.

WEI, G. X.; CAMPAGNA, A. N.; BOBEK, L. A. Effect of MUC7 peptides on the growth of bacteria
and on Streptococcus mutans biofilm. The Journal of antimicrobial chemotherapy, v. 57, n. 6, p.
1100-1109, jun. 2006.

WEINBERGER, D. M. et al. Association of Serotype with Risk of Death Due to Pneumococcal
Pneumonia: A Meta-Analysis. Clinical Infectious Diseases, v. 51, n. 6, p. 692-699, 15 set. 2010.

WERTHEIM, H. F. L. et al. The role of nasal carriage in Staphylococcus aureus infections. The
Lancet Infectious Diseases, v. 5, n. 12, p. 751-762, 1 dez. 2005.

WHITE, R. L. et al. Comparison of three different in vitro methods of detecting synergy: time-Kill,
checkerboard, and E test. Antimicrobial Agents and Chemotherapy, v. 40, n. 8, p. 1914, 1996.

WHO. Publishes list of bacteria for which new antibiotics are urgently needed. Disponivel em:
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-
are-urgently-needed. Acesso em: 17 jan. 2024.

WHO. Antimicrobial resistance. Disponivel em: https://www.who.int/health-topics/antimicrobial-
resistance. Acesso em: 17 jan. 2024a.

WHO. Global tuberculosis report 2023. Disponivel em:
https://www.who.int/publications/i/item/9789240083851. Acesso em: 19 jan. 2024a.

WHO. Global tuberculosis report 2023. 2023b.



7

WHO, W. H. O. Global tuberculosis report 2021: TB deaths and incidence. Global tuberculosis
report, p. 13-14, 2021b.

WIEDEMANN, |.; BENZ, R.; SAHL, H. G. Lipid Il-Mediated Pore Formation by the Peptide
Antibiotic Nisin: a Black Lipid Membrane Study. Journal of Bacteriology, v. 186, n. 10, p. 3259,
maio 2004.

WORLD HEALTH ORGANIZATION. Global tuberculosis report 2021: TB deaths and incidence.
Global tuberculosis report, p. 13-14, 2021.

XU, Q. X. et al. Multi-Target Anti-Alzheimer Activities of Four Prenylated Compounds from Psoralea
Fructus. Molecules (Basel, Switzerland), v. 23, n. 3, 2018.

YANG, S. et al. Disease-Associated Streptococcus pneumoniae Genetic Variation. Emerging
infectious diseases, v. 30, n. 1, jan. 2024.

YIN, S. et al. Antibacterial prenylflavone derivatives from Psoralea corylifolia, and their structure-
activity relationship study. Bioorganic and Medicinal Chemistry, v. 12, n. 16, p. 4387-4392, 15 ago.
2004.

YIN, W. et al. Biofilms: The Microbial “Protective Clothing” in Extreme Environments.
International Journal of Molecular Sciences, v. 20, n. 14, 2 jul. 2019.

YINGQING, R.; JAIN, N.; YALKIWSKU, S. H. Prediction of Aqueous Solubility of Organic
Compounds by Topological Descriptors. QSAR & Combinatorial Science, v. 22, n. 8, p. 821-829,
nov. 2003.

ZHANG, F. et al. New Insights into Biomarkers for Evaluating Therapy Efficacy in Pulmonary
Tuberculosis: A Narrative Review. Infectious diseases and therapy, v. 12, n. 12, p. 2665-2689, 1
dez. 2023.

ZHAO, W. et al. Epidemiology Characteristics of Streptococcus pneumoniae From Children With
Pneumonia in Shanghai: A Retrospective Study. Frontiers in cellular and infection microbiology, v.
9, n. JUL, 20109.

ZUMLA, A.; GEORGE, A.; SHARMA, V. WHO’s 2013 global report on tuberculosis: Successes,
threats, and opportunities. The Lancet, v. 382, n. 9907, p. 1765-1767, 30 nov. 2013.





