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1. Introduction

Bacterial infections of the oral cavity are increasing 
globally and are usually caused by opportunistic bacteria 
present in the oral microbiota. These infections can be 
attributed to several factors, such as host immunological 
status, immunosuppression, mechanical trauma, nutritional 

deficiencies, and unsatisfactory biofilm mechanical control 
(Gondivkar et al., 2018).

Microbial resistance to antibiotics has become a serious 
public health problem worldwide and has been classified as a 
global threat by the World Health Organization (WHO, 2020; 
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Resumo
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overdose, and chemotherapy-induced toxicity. It should also 
be stressed that NAC has been described as very effective 
against Gram-positive and Gram-negative bacteria due to its 
properties (Dinicola et al., 2014). Although there are already 
some studies involving NAC in the dental field, in-depth 
research is needed (Samuni et al., 2013; Miles et al., 2016; 
Calzetta et al., 2018).

Biotransformation of NAC is known to produce several 
metabolites, including cysteine and disulfide groups. 
Subsequently, glutathione (GSH) and other metabolites are 
produced due to the metabolism of the cysteine metabolites 
previously formed (Ershad et al., 2025). SH is an antioxidant 
compound that comprises three amino acids (l-glutamate, 
l-cysteine, and l-glycine), and although molecular details 
of the antibacterial mechanism of action are unclear, 
exogenous GSH is often associated with antibacterial 
activity, as reported by Alharbe et al. (2017). Nonetheless, 
the antimicrobial activity of NAC could also be, among other 
mechanisms, due to the reaction of the -SH group with the 
disulfide bonds present in bacterial proteins. This reaction 
results in the bacterial protein bridges, which are essential 
for bacterial growth and survival, being ruptured (Sevier 
and Kaiser, 2002).

Therefore, new agents with antimicrobial activity that 
could be used as root canal irrigants and dressings are 
clinically essential. Hence, this study aimed to investigate 
the antimicrobial effect of NAC against bacteria responsible 
for the most common odontogenic infections, such as 
periodontitis, abscess, dental caries, endodontic infections, 
and pericoronitis.

2. Materials and Methods

2.1. Chemicals

The product tested was a solution of NAC 200 mg/mL 
provided by Farmácia Universitária Cidinha Bonini. The 
control product was a commercial solution of chlorhexidine 
digluconate 2% (Rioquímica S.A.). Resazurin solution 
0.02% was prepared from commercial resazurin (Alamar 
Tecno-Cientifica Ltda).

2.2. Bacterial strains and culture conditions

In this work, the antimicrobial effect of NAC was compared 
with that of chlorhexidine digluconate 2% (Rioquímica S.A.). 
Eight bacterial strains were obtained from the American 
Type Culture Collection (ATCC): Enterococcus faecalis ATCC 
4083, Escherichia coli ATCC 25922, Klebsiella pneumoniae 
ATCC 700603, Porphyromonas gingivalis ATCC BAA308/W83, 
Prevotella intermedia ATCC 25621, Pseudomonas aeruginosa 
ATCC 27853, Staphylococcus aureus ATCC 25923, and 
Streptococcus mutans ATCC 25175. A strain of Klebsiella variicola 
(Kv18L), isolated from a patient attending the Dental Clinic of 
Universidade de Ribeirão Preto, and a pandrug-resistant (PDR) 
Klebsiella pneumoniae strain (Kp177), defined as resistant to 
all antimicrobial classes tested and obtained from a patient 
with a hospital-acquired infection, were also included in this 
study (Nakamura-Silva et al., 2021; Cerdeira et al., 2021).

Ajulo and Awosile, 2024). It is estimated that over 700 species 
colonize the oral cavity (López-Píriz et al., 2007), forming a 
highly diverse and spatially structured microbiome whose 
dysbiosis has been strongly associated with the development 
of oral and systemic diseases (Baker et al., 2024). According 
to Villarmet et al. (2007), odontogenic infections are caused 
by a diverse microbiota, including aerobic and anaerobic 
bacteria, of which aerobic Gram-positive bacteria such as 
Streptococcus and Staphylococcus are prominent. However, 
many Gram-negative opportunistic bacteria, such as 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter 
cloacae, Porphyromonas gingivalis, Fusobacterium spp., and 
Prevotella intermedia, may be associated with these infections 
(Sousa et al., 2003; López-Píriz et al., 2007; Villarmet et al., 
2007; Siqueira Junior and Rôças, 2013).

The increasing prevalence of antimicrobial resistance 
has stimulated the search for alternative antimicrobial 
strategies capable of controlling pathogenic bacteria. In 
this context, recent investigations have highlighted the 
potential of non-conventional antimicrobial approaches, 
including nano-structured antibacterial materials and 
bioactive compounds, which have demonstrated significant 
activity against oral pathogens and biofilm-associated 
microorganisms. These strategies have been proposed as 
promising adjuncts or alternatives to traditional antibiotics, 
particularly in dentistry, where biofilm-mediated infections 
are frequent and difficult to eradicate (Budi et al., 2024; 
Al-Awsi et al., 2024).

In theory, any bacteria that reach the root canal system 
(RCS) can potentially cause an endodontic infection 
(Huang et al., 2009; Cabral et al., 2017). Recent reviews have 
emphasized that endodontic infections are polymicrobial, 
biofilm-mediated, and often persistent, which makes 
their eradication particularly challenging and highlights 
the need for effective antimicrobial strategies beyond 
conventional approaches (Siqueira Junior and Rôças, 
2022). RCS-isolated bacteria from patients with pain 
are usually strictly anaerobic, including Fusobacterium 
nucleatum, Treponema spp., P. intermedia/nigrescens, 
Shuttleworthia satelles, and Dialister spp., or facultative, 
such as Streptococcus constellatus, Streptococcus mitis, 
and Eubacterium lentum (Sousa et al., 2003; Jacinto et al., 
2003; Siqueira Junior and Rôças, 2013). Although the RCS 
represents a key model for studying odontogenic infections 
due to its complex anatomy and biofilm persistence, similar 
microbial and therapeutic challenges are also observed in 
other oral infections such as periodontitis, dental caries, 
and pericoronitis.

In general, in clinical practice, when an infection 
is detected, dentists do not know exactly which 
microorganisms are responsible for it. To determine the 
causative agent, it is necessary to isolate and identify 
it; however, this procedure is not routine. As a rule, the 
treatment is decided empirically based on epidemiological 
data, considering the microorganisms that usually cause 
that type of infection (Vallano and Izarra, 2006).

N-Acetylcysteine (NAC), an antioxidant and mucolytic 
compound, is a derivative of the amino acid cysteine and 
exhibits antimicrobial properties, including activity against 
bacterial biofilms. This compound is already used in various 
medical treatments such as chronic bronchitis, acetaminophen 



Braz. J. Biol., 2026, vol. 86, e303157 3/6

N-acetylcysteine against odontogenic pathogens

All bacterial strains were stored at −80ºC. P. gingivalis 
and P. intermedia were initially reactivated in brain heart 
infusion (BHI) broth (Oxoid, Basingstoke, UK) containing 
5% defibrinated horse blood supplemented with 5 μg/mL 
of hemin (Sigma) and 1 μg/mL of menadione (Alamar 
Tecno-Cientifica Ltda.), incubating them for 24 h at 37ºC 
and 10% CO2. The remaining strains were reactivated in 
BHI broth, incubating for 24 h at 37ºC and aerobiosis. After 
reactivation in liquid medium, all strains were cultivated 
under the same conditions but using solid culture media.

2.3. Evaluation of minimum inhibitory concentration (MIC)

MICs of the products were determined following the 
antimicrobial activity protocol using microdilution in a 
96-well plate according to Clinical Laboratory Standards 
Institute M07-A9, 9th edition (CLSI, 2012). This method 
was adapted using 0.02% resazurin (7-hydroxy-3H-
phenoxazine-3-one-10-oxide) as a bacterial growth 
marker according to Pitondo-Silva  et  al. (2016), with a 
final bacterial inoculum concentration of 1 × 106 CFU/mL. 
NAC solution concentration in the serial dilution was in 
the range of 0.1953–100 mg/mL.

The 96-well plate was incubated at 37ºC for 18 h, and 
two visual readings were obtained. In the first one, the 
culture turbidity was evaluated. Subsequently, 30 μL 
of resazurin was added to all wells, except those with 
E. faecalis ATCC 4083, to which 20 μL was added, and 
finally, the plate was reincubated for 2 h. Then, a second 
reading was taken using resazurin as a bacterial growth 
marker. Resazurin is a nonfluorescent compound that 
presents an intense blue color; however, upon entering 
the cells, it is reduced to resofurin, a pink and fluorescent 
compound, which indicates their viability (Rampersad, 
2012). If the original blue color is maintained, it means 
an absence of reduction of resazurin by the cellular 
dehydrogenases, possibly signifying a compromise of the 
cellular metabolism. Thus, resazurin can be applied as a 
bacterial growth marker, owing to the visually perceived 
color change (Pitondo-Silva et al., 2016).

2.4. Evaluation of minimum bactericidal concentration 
(MBC)

The minimum bactericidal concentration was obtained 
considering the readings from the MIC. For each bacterial 
strain, all wells with no visible bacterial growth were 
selected, and 10 µL was taken from each, which was then 
transferred to Petri dishes containing the culture medium. 
Mueller–Hinton agar was used as the culture medium for 
aerobic bacteria, while supplemented tryptic soy broth was 
used for all anaerobic bacteria. The plates were incubated 
for another 18 h under appropriate oxygen conditions, 
followed by a visual reading. MBC value was the lowest 
solution concentration at which there was no bacterial 
growth in the region close to the inoculation point.

3. Results and Discussion

The results obtained demonstrated that the NAC solution 
exhibited considerable antimicrobial activity against all 
the bacterial strains tested. The MIC and MBC values for 
each microorganism are presented in Table 1. The positive 
control, 2% chlorhexidine digluconate, showed complete 
inhibitory effects on all strains, as expected. The in vitro 
assays confirmed that NAC was capable of inhibiting 
and eliminating a range of bacterial species relevant to 
endodontic and periodontal infections, with MIC values 
ranging from 1.562 mg/mL to 6.25 mg/mL. Overall, Gram-
negative and Gram-positive strains displayed variable 
susceptibility, with P. aeruginosa showing the lowest 
MIC and MBC values (1.562 mg/mL), whereas Klebsiella 
clinical isolates and P. gingivalis required concentrations of 
6.25 mg/mL for both bacteriostatic and bactericidal effects.

For E. coli ATCC 25922, S. aureus ATCC 25923, 
K. pneumoniae ATCC 700603, E. faecalis ATCC 4083, and 
S. mutans ATCC 25175, the MIC was 3.125 mg/mL and the 
MBC was 6.25 mg/mL, except for E. coli, which required 
12.5 mg/mL to achieve bactericidal activity. These findings 
confirm the broad-spectrum potential of NAC but also 
emphasize that its effectiveness is species dependent, 

Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of N-acetylcysteine (NAC) solution 
against the tested bacterial species.

NAC 200 mg/mL Solution

Species tested MIC (mg/mL) MBC (mg/mL)

Escherichia coli ATCC 25922 3.125 12.5

Pseudomonas aeruginosa ATCC 27853 1.562 1.562

Staphylococcus aureus ATCC 25923 3.125 6.25

Klebsiella pneumoniae ATCC 700603 3.125 6.25

Enterococcus faecalis ATCC 4083 3.125 6.25

Streptococcus mutans ATCC 25175 3.125 6.25

Klebsiella pneumoniae PDR (clinical) 6.25 6.25

Klebsiella variicola (clinical) 6.25 6.25

Porphyromonas gingivalis ATCC BAA308/W83 6.25 6.25

Prevotella intermedia ATCC 25611 6.25 12.5
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highlighting the importance of strain-specific assessment 
when considering its application as an adjunctive 
antimicrobial agent in dental practice.

Of the analyzed strains, P. aeruginosa ATCC 27853 was 
most susceptible to NAC, requiring the lowest concentrations 
for bacterial inhibition and eradication (1.562 mg/mL). This 
finding is particularly important as P. aeruginosa is a well-
known opportunistic pathogen frequently associated with 
odontogenic and hospital-acquired infections, including root 
canal infections and biofilm-related diseases (Lister et al., 
2009; Percival et al., 2015). Given the increasing resistance 
of P. aeruginosa to conventional antibiotics, alternative 
agents such as NAC offer promising therapeutic options in 
clinical practice (Tacconelli et al., 2018).

In contrast, P. intermedia, one of the main anaerobic 
pathogens implicated in endodontic infections (Siqueira 
Junior and Rôças, 2013; Sousa et al., 2003; Jacinto et al., 
2003) required the highest NAC concentration among 
the tested strains (MIC 6.25 mg/mL and MBC 12.5 mg/
mL). Despite this observation, these values remain 
relatively low within the tested concentration range 
(0.19531–100 mg/mL), confirming NAC’s effectiveness 
even against more resistant species. P. intermedia is a strict 
anaerobic Gram-negative bacterium strongly associated 
with aggressive and chronic periodontal diseases as well 
as endodontic, peri-implant, and other oral infections. 
Its virulence and biofilm-forming ability make treatment 
challenging, often requiring combined mechanical and 
pharmacological strategies. Furthermore, its resistance 
to antibiotics such as amoxicillin, amoxicillin/clavulanic 
acid, tetracycline, clindamycin, and metronidazole has 
been described (Castillo et al., 2022). The formation of 
biofilms, especially in polymicrobial communities, further 
complicates elimination with mechanical debridement 
or antimicrobials alone (Sousa et al., 2003; Jacinto et al., 
2003; Siqueira Junior and Rôças, 2013).

Moon et al. (2015) demonstrated in their study that 
NAC can effectively inhibit planktonic growth and biofilm 
formation of P. intermedia; however, it has limited ability 
to disrupt pre-established biofilms. Furthermore, the 
researchers observed that NAC may reduce the effectiveness 
of certain antibiotics, such as ampicillin and tetracycline, 
when targeting mature biofilms. These findings suggest 
the value of NAC as a preventive antibiofilm agent rather 
than a strategy for eradicating mature biofilms, reinforcing 
the need for further research on its interactions with 
conventional antibiotics and its role in the management 
of oral infections.

The pandrug-resistant (PDR) K. pneumoniae strain, 
isolated from a hospital-acquired infection, also showed 
susceptibility to NAC (6.25 mg/mL for both MIC and MBC). 
This strain required twice the concentration for inhibition 
compared with the K. pneumoniae ATCC 700603 reference 
strain. This finding is clinically relevant given the increasing 
prevalence of highly resistant K. pneumoniae strains in 
healthcare settings (Pitout  et  al., 2015; Cerdeira  et  al., 
2021). Infections caused by such strains are particularly 
difficult to manage due to resistance to last-line antibiotics, 
including carbapenems and colistin (Wang et al., 2023). 
Notably, the K. pneumoniae isolate evaluated in this study 
is resistant to 42 antibiotics covering all therapeutic classes 

(Cerdeira et al., 2021). The observed susceptibility to NAC 
underscores its potential role as an adjunct or alternative 
agent for combating infections caused by highly resistant 
bacteria.

The same NAC concentration (6.25 mg/mL for both 
MIC and MBC) showed antimicrobial activity against 
K. variicola, an emerging human pathogen. Although 
this isolate had been previously identified and reported 
(Nakamura-Silva et al., 2021), the present study represents 
the first evaluation of its susceptibility to NAC. Given 
the increasing clinical relevance of K. variicola and the 
challenges associated with its accurate identification, 
these findings provide novel insights into alternative 
antimicrobial approaches targeting this species.

Several studies have demonstrated that NAC exhibits 
promising antimicrobial and antibiofilm properties against 
a broad range of bacteria, including both Gram-negative 
and Gram-positive pathogens linked to endodontic and 
periodontal infections (Aslam and Darouiche, 2011; 
Moon et al., 2015; Rasmussen et al., 2016). Its antimicrobial 
effect is largely attributed to its ability to break disulfide 
bonds within the extracellular matrix, destabilizing biofilms 
and preventing bacterial adhesion (Ghatole et al., 2022).

Importantly, NAC is not a conventional antibiotic and 
exerts its antimicrobial activity through physicochemical 
mechanisms rather than specific molecular targets. 
Consequently, higher MIC and MBC values compared to 
classical systemic antibiotics are expected and should not 
be interpreted as reduced efficacy. In clinical dentistry, 
NAC may be safely applied at high local concentrations 
as a topical agent, irrigant, or intracanal dressing, with 
low cytotoxicity and a well-established safety profile, 
making direct comparisons with systemically administered 
antibiotics inappropriate. Moreover, NAC has shown 
potential in reducing mortality in cases of septic shock 
caused by carbapenem-resistant K. pneumoniae and 
Acinetobacter baumannii when used in combination with 
specific antibiotics (Oliva  et  al., 2021). These findings, 
together with the present study, reinforce the viability of 
NAC as an alternative or adjunctive agent in combating 
diverse bacterial infections. Given its antioxidant, anti-
inflammatory, and antimicrobial properties, NAC is a 
promising option to complement conventional treatments 
for odontogenic infections. Its ability to inhibit and eradicate 
pathogenic bacteria at relatively low concentrations 
highlights its potential contribution to mitigating the 
global challenge of antimicrobial resistance (AMR), which 
is one of the greatest public health threats worldwide 
(Ajulo and Awosile, 2024).

A limitation of this study is that antimicrobial activity 
was assessed using planktonic cells. It is well established 
that biofilm-associated bacteria may require higher 
concentrations for effective eradication. Therefore, future 
studies should investigate the activity of NAC against mature 
biofilms to better reflect clinical conditions.

4. Conclusion

This study demonstrates that N-acetylcysteine 
(NAC) represents a promising alternative or adjunctive 
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antimicrobial agent for the management of odontogenic 
infections. Rather than acting as a conventional antibiotic, 
NAC exerts its effects through physicochemical mechanisms 
that impair bacterial adhesion and biofilm stability, which 
is particularly relevant in the context of persistent oral 
infections. Its favorable safety profile and low cytotoxicity 
support its potential application at high local concentrations 
in dentistry, such as in topical formulations, irrigants, or 
intracanal dressings. In light of the growing global challenge 
of antimicrobial resistance, NAC emerges as a versatile and 
clinically relevant strategy that may complement existing 
therapeutic approaches in oral healthcare.

Acknowledgements

André Pitondo-Silva is a Research Productivity Fellow 
of the National Council for Scientific and Technological 
Development (CNPq) [Grant 313005/2025-7]. Miguel 
Augusto de Moraes is a Ph.D. student supported by the São 
Paulo Research Foundation (FAPESP) [Grant 2024/15760-5]. 
Leandro Moreira de Alvarenga is an undergraduate research 
fellow of the FAPESP [Grant 2025/19314-2]. This study was 
partially funded by CNPq and FAPESP. The authors would 
like to thank Enago (https://www.enago.com.br/) for the 
English language review.

Data Availability Statement

The datasets generated and analyzed during the current 
study are available from the corresponding author on 
reasonable request.

References

AJULO, S. and AWOSILE, B., 2024. Global antimicrobial resistance 
and use surveillance system (GLASS 2022): investigating the 
relationship between antimicrobial resistance and antimicrobial 
consumption data across the participating countries. PLoS 
One, vol. 19, no. 2, pp. e0297921. https://doi.org/10.1371/
journal.pone.0297921. PMid:38315668.

AL-AWSI, G.R.L., ALAMERI, A.A., AL-DHALIMY, A.M.B., GABR, G.A. 
and KIANFAR, E., 2024. Application of nano-antibiotics in the 
diagnosis and treatment of infectious diseases. Brazilian Journal 
of Biology = Revista Brasileira de Biologia, vol. 84, pp. e264946. 
https://doi.org/10.1590/1519-6984.264946. PMid:36722677.

ALHARBE, R., ALMANSOUR, A. and KWON, D.H., 2017. Antibacterial 
activity of exogenous glutathione and its synergism on 
antibiotics sensitize carbapenem-associated multidrug resistant 
clinical isolates of Acinetobacter baumannii. International Journal 
of Medical Microbiology: IJMM, vol. 307, no. 7, pp. 409-414. 
https://doi.org/10.1016/j.ijmm.2017.07.009. PMid:28781060.

ASLAM, S. and DAROUICHE, R.O., 2011. Role of antibiofilm-
antimicrobial agents in controlling device-related infections. 
The International Journal of Artificial Organs, vol. 34, no. 9, pp. 
752-758. https://doi.org/10.5301/ijao.5000024. PMid:22094553.

BAKER, J.L., MARK WELCH, J.L., KAUFFMAN, K.M., MCLEAN, J.S. 
and HE, X., 2024. The oral microbiome in health and disease. 
Nature Reviews Microbiology, vol. 22, pp. 89-104. https://
doi.org/10.1038/s41579-023-00963-6.

BUDI, H.S., JAMEEL, M.F., WIDJAJA, G., ALASADY, M.S., MAHMUDIONO, 
T., MUSTAFA, Y.F., FARDEEVA, I. and KUZNETSOVA, M., 2024. 
Study on the role of nano antibacterial materials in orthodontics 
(a review). Brazilian Journal of Biology = Revista Brasileira de 
Biologia, vol. 84, pp. e257070. https://doi.org/10.1590/1519-
6984.257070. PMid:35195179.

CABRAL, A.B., MACIEL, M.A., BARROS, J.F., ANTUNES, M.M., 
BARBOSA DE CASTRO, C.M. and LOPES, A.C., 2017. Clonal 
spread and accumulation of β-lactam resistance determinants 
in Enterobacter aerogenes and Enterobacter cloacae complex 
isolates from infection and colonization in patients at a public 
hospital in Recife, Pernambuco, Brazil. Journal of Medical 
Microbiology, vol. 66, no. 1, pp. 70-77. https://doi.org/10.1099/
jmm.0.000398. PMid:27902398.

CALZETTA, L., MATERA, M.G., ROGLIANI, P. and CAZZOLA, M., 
2018. Multifaceted activity of N-acetyl-L-cysteine in chronic 
obstructive pulmonary disease. Expert Review of Respiratory 
Medicine, vol. 12, no. 8, pp. 693-708. https://doi.org/10.1080/
17476348.2018.1495562. PMid:29972340.

CASTILLO, Y., DELGADILLO, N.A., NEUTA, Y., HERNÁNDEZ, A., 
ACEVEDO, T., CÁRDENAS, E., MONTAÑO, A., LAFAURIE, G.I. and 
CASTILLO, D.M., 2022. Antibiotic susceptibility and resistance 
genes in oral clinical isolates of Prevotella intermedia, Prevotella 
nigrescens, and Prevotella melaninogenica. Antibiotics (Basel, 
Switzerland), vol. 11, no. 7, pp. 888. https://doi.org/10.3390/
antibiotics11070888. PMid:35884141.

CERDEIRA, L., SILVA, K.C., CUNHA, M.P., et al, 2021. Draft genome 
sequences of PDR and XDR Klebsiella pneumoniae belonging 
to high-risk CG258 isolated from a Brazilian tertiary hospital. 
Infection, Genetics and Evolution : Journal of Molecular 
Epidemiology and Evolutionary Genetics in Infectious Diseases, vol. 
87, pp. 104643. https://doi.org/10.1016/j.meegid.2020.104643. 
PMid:33246084.

CLINICAL AND LABORATORY STANDARDS INSTITUTE - CLSI, 
2012. Methods for dilution antimicrobial susceptibility tests 
for bacteria that grow aerobically; approved standard. 9th ed. 
Wayne, PA: Clinical and Laboratory Standards Institute. CLSI 
document M07-A9.

DINICOLA, S., DE GRAZIA, S., CARLOMAGNO, G. and PINTUCCI, 
J.P., 2014. N-acetylcysteine as powerful molecule to destroy 
bacterial biofilms. A systematic review. European Review for 
Medical and Pharmacological Sciences, vol. 18, no. 19, pp. 2942-
2948. PMid:25339490.

ERSHAD, M., NAJI, A., PATEL, P. and VEARRIER, D., 2025. [viewed 25 
November 2025]. N-acetylcysteine. In: StatPearls Publishing. 
StatPearls [online]. Treasure Island: StatPearls Publishing. 
Available from: https://www.ncbi.nlm.nih.gov/books/
NBK537183/

GHATOLE, K., INDI, S., DIWANJI, P., JANAVATHI., HAMBIRE, 
A. and THIMWALA, A., 2022. Comparative evaluation of 
N-acetylcysteine and chlorhexidine as final irrigation on 
the push-out bond strength of different sealers: an in vitro 
study. Endodontology, vol. 34, no. 3, pp. 180-183. https://
doi.org/10.4103/endo.endo_81_22.

GONDIVKAR, S., GADBAIL, A., SARODE, G.S., SARODE, S.C., 
PATIL, S. and AWAN, K.H., 2018. Infectious diseases of oral 
cavity. Disease-a-Month: DM, vol. 64, pp. 92-108. https://
doi.org/10.1016/j.disamonth.2018.09.008. PMid:30681961.

HUANG, Y.J., LIAO, H.W., WU, C.C. and PENG, H.L., 2009. MrkF is 
a component of type 3 fimbriae in Klebsiella pneumoniae. 
Research in Microbiology, vol. 160, no. 1, pp. 71-79. https://
doi.org/10.1016/j.resmic.2008.10.009. PMid:19028568.

JACINTO, R.C., GOMES, B.P., FERRAZ, C.C., ZAIA, A.A. and SOUZA-
FILHO, F.J., 2003. Microbiological analysis of infected root 

https://doi.org/10.1371/journal.pone.0297921
https://doi.org/10.1371/journal.pone.0297921
https://pubmed.ncbi.nlm.nih.gov/38315668
https://doi.org/10.1590/1519-6984.264946
https://pubmed.ncbi.nlm.nih.gov/36722677
https://doi.org/10.1016/j.ijmm.2017.07.009
https://pubmed.ncbi.nlm.nih.gov/28781060
https://doi.org/10.5301/ijao.5000024
https://pubmed.ncbi.nlm.nih.gov/22094553
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1590/1519-6984.257070
https://doi.org/10.1590/1519-6984.257070
https://pubmed.ncbi.nlm.nih.gov/35195179
https://doi.org/10.1099/jmm.0.000398
https://doi.org/10.1099/jmm.0.000398
https://pubmed.ncbi.nlm.nih.gov/27902398
https://doi.org/10.1080/17476348.2018.1495562
https://doi.org/10.1080/17476348.2018.1495562
https://pubmed.ncbi.nlm.nih.gov/29972340
https://doi.org/10.3390/antibiotics11070888
https://doi.org/10.3390/antibiotics11070888
https://pubmed.ncbi.nlm.nih.gov/35884141
https://doi.org/10.1016/j.meegid.2020.104643
https://pubmed.ncbi.nlm.nih.gov/33246084
https://pubmed.ncbi.nlm.nih.gov/33246084
https://pubmed.ncbi.nlm.nih.gov/25339490
https://doi.org/10.4103/endo.endo_81_22
https://doi.org/10.4103/endo.endo_81_22
https://doi.org/10.1016/j.disamonth.2018.09.008
https://doi.org/10.1016/j.disamonth.2018.09.008
https://pubmed.ncbi.nlm.nih.gov/30681961
https://doi.org/10.1016/j.resmic.2008.10.009
https://doi.org/10.1016/j.resmic.2008.10.009
https://pubmed.ncbi.nlm.nih.gov/19028568


Braz. J. Biol., 2026, vol. 86, e3031576/6

Alvarenga, L.M. et al.

canals from symptomatic and asymptomatic teeth with 
periapical periodontitis and the antimicrobial susceptibility 
of some isolated anaerobic bacteria. Oral Microbiology and 
Immunology, vol. 18, no. 5, pp. 285-292. https://doi.org/10.1034/
j.1399-302X.2003.00078.x. PMid:12930519.

LISTER, P.D., WOLTER, D.J. and HANSON, N.D., 2009. Antibacterial-
resistant Pseudomonas aeruginosa: clinical impact and complex 
regulation of chromosomally encoded resistance mechanisms. 
Clinical Microbiology Reviews, vol. 22, no. 4, pp. 582-610. https://
doi.org/10.1128/CMR.00040-09. PMid:19822890.

LÓPEZ-PÍRIZ, R.L., AGUILAR, L. and GIMÉNEZ, M.J., 2007. Management 
of odontogenic infection of pulpal and periodontal origin. 
Medicina Oral, Patología Oral y Cirugía Bucal, vol. 12, no. 2, pp. 
E219-E225. PMid:17322806.

MILES, K.B., BALL, R.L. and MATTHEW, H.W.T., 2016. Chitosan films 
with improved tensile strength and toughness from N-acetyl-
cysteine mediated disulfide bonds. Carbohydrate Polymers, 
vol. 139, pp. 1-9. https://doi.org/10.1016/j.carbpol.2015.11.052. 
PMid:26794940.

MOON, J.H., JANG, E.Y., SHIM, K.S. and LEE, J.Y., 2015. In vitro effects 
of N-acetyl cysteine alone and in combination with antibiotics 
on Prevotella intermedia. The Journal of Microbiology, vol. 53, 
no. 5, pp. 321-329. https://doi.org/10.1007/s12275-015-4500-2. 
PMid:25935303.

NAKAMURA-SILVA, R., MACEDO, L.M.D., CERDEIRA, L., OLIVEIRA-
SILVA, M., SILVA-SOUSA, Y.T.C. and PITONDO-SILVA, A., 2021. First 
report of hypermucoviscous Klebsiella variicola subsp. variicola 
causing primary endodontic infection. Clinical Microbiology and 
Infection: The Official Publication of the European Society of Clinical 
Microbiology and Infectious Diseases, vol. 27, no. 2, pp. 303-304. 
https://doi.org/10.1016/j.cmi.2020.07.045. PMid:32771643.

OLIVA, A., BIANCHI, A., RUSSO, A., CECCARELLI, G., CANCELLI, 
F., ALOJ, F., ALUNNI FEGATELLI, D., MASTROIANNI, C.M. and 
VENDITTI, M., 2021. Effect of N-acetylcysteine administration 
on 30-day mortality in critically ill patients with septic shock 
caused by carbapenem-resistant Klebsiella pneumoniae and 
Acinetobacter baumannii: a retrospective case-control study. 
Antibiotics (Basel, Switzerland), vol. 10, no. 3, pp. 271. https://
doi.org/10.3390/antibiotics10030271. PMid:33800296.

PERCIVAL, S.L., SULEMAN, L., VUOTTO, C. and DONELLI, G., 2015. 
Healthcare-associated infections, medical devices, and biofilms: 
risk, tolerance, and control. Journal of Medical Microbiology, vol. 
64, no. Pt 4, pp. 323-334. https://doi.org/10.1099/jmm.0.000032. 
PMid:25670813.

PITONDO-SILVA, A., GONÇALVES, G.B. and STEHLING, E.G., 2016. 
Heavy metal resistance and virulence profile in Pseudomonas 
aeruginosa isolated from Brazilian soils. APMIS: Acta Pathologica, 
Microbiologica, et Immunologica Scandinavica, vol. 124, no. 8, pp. 
681-688. https://doi.org/10.1111/apm.12553. PMid:27197940.

PITOUT, J.D., NORDMANN, P. and POIREL, L., 2015. Carbapenemase-
producing Klebsiella pneumoniae, a key pathogen set for global 
nosocomial dominance. Antimicrobial Agents and Chemotherapy, 
vol. 59, no. 10, pp. 5873-5884. https://doi.org/10.1128/AAC.01019-
15. PMid:26169401.

RAMPERSAD, S.N., 2012. Multiple applications of Alamar Blue as 
an indicator of metabolic function and cellular health in cell 
viability bioassays. Sensors (Basel), vol. 12, no. 9, pp. 12347-
12360. https://doi.org/10.3390/s120912347. PMid:23112716.

RASMUSSEN, K., NIKRAD, J., REILLY, C., LI, Y. and JONES, R.S., 2016. 
N-acetyl-L-cysteine effects on multi-species oral biofilm formation 

and bacterial ecology. Letters in Applied Microbiology, vol. 62, no. 
1, pp. 30-38. https://doi.org/10.1111/lam.12513. PMid:26518358.

SAMUNI, Y., GOLDSTEIN, S., DEAN, O.M. and BERK, M., 2013. 
The chemistry and biological activities of N-acetylcysteine. 
Biochimica et Biophysica Acta, vol. 1830, no. 8, pp. 4117-4129. 
https://doi.org/10.1016/j.bbagen.2013.04.016. PMid:23618697.

SEVIER, C.S. and KAISER, C.A., 2002. Formation and transfer of 
disulphide bonds in living cells. Nature Reviews. Molecular Cell 
Biology, vol. 3, no. 11, pp. 836-847. https://doi.org/10.1038/nrm954. 
PMid:12415301.

SIQUEIRA JUNIOR, J.F. and RÔÇAS, I.N., 2013. Microbiology and 
treatment of acute apical abscesses. Clinical Microbiology 
Reviews, vol. 26, no. 2, pp. 255-273. https://doi.org/10.1128/
CMR.00082-12. PMid:23554416.

SIQUEIRA JUNIOR, J.F. and RÔÇAS, I.N., 2022. Present status and 
future directions: microbiology of endodontic infections. 
International Endodontic Journal, vol. 55, suppl. 3, pp. 512-530. 
https://doi.org/10.1111/iej.13677. PMid:34958494.

SOUSA, E.L.R., FERRAZ, C.C.R., GOMES, B.P., PINHEIRO, E.T., 
TEIXEIRA, F.B. and SOUZA-FILHO, F.J., 2003. Bacteriological 
study of root canals associated with periapical abscesses. 
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and 
Endodontics, vol. 96, no. 3, pp. 332-339. https://doi.org/10.1016/
S1079-2104(03)00261-0. PMid:12973290.

TACCONELLI, E., CARRARA, E., SAVOLDI, A., HARBARTH, S., MENDELSON, 
M., MONNET, D.L., PULCINI, C., KAHLMETER, G., KLUYTMANS, J., 
CARMELI, Y., OUELLETTE, M., OUTTERSON, K., PATEL, J., CAVALERI, 
M., COX, E.M., HOUCHENS, C.R., GRAYSON, M.L., HANSEN, P., 
SINGH, N., THEURETZBACHER, U., MAGRINI, N., ABODERIN, A.O., 
AL-ABRI, S.S., AWANG JALIL, N., BENZONANA, N., BHATTACHARYA, 
S., BRINK, A.J., BURKERT, F.R., CARS, O., CORNAGLIA, G., DYAR, O.J., 
FRIEDRICH, A.W., GALES, A.C., GANDRA, S., GISKE, C.G., GOFF, D.A., 
GOOSSENS, H., GOTTLIEB, T., GUZMAN BLANCO, M., HRYNIEWICZ, 
W., KATTULA, D., JINKS, T., KANJ, S.S., KERR, L., KIENY, M.-P., KIM, 
Y.S., KOZLOV, R.S., LABARCA, J., LAXMINARAYAN, R., LEDER, K., 
LEIBOVICI, L., LEVY-HARA, G., LITTMAN, J., MALHOTRA-KUMAR, 
S., MANCHANDA, V., MOJA, L., NDOYE, B., PAN, A., PATERSON, 
D.L., PAUL, M., QIU, H., RAMON-PARDO, P., RODRÍGUEZ-BAÑO, J., 
SANGUINETTI, M., SENGUPTA, S., SHARLAND, M., SI-MEHAND, M., 
SILVER, L.L., SONG, W., STEINBAKK, M., THOMSEN, J., THWAITES, 
G.E., VAN DER MEER, J.W.M., VAN KINH, N., VEGA, S., VILLEGAS, 
M.V., WECHSLER-FÖRDÖS, A., WERTHEIM, H.F.L., WESANGULA, 
E., WOODFORD, N., YILMAZ, F.O. and ZORZET, A., 2018. Discovery, 
research, and development of new antibiotics: the who priority 
list of antibiotic-resistant bacteria and tuberculosis. The Lancet. 
Infectious Diseases, vol. 18, no. 3, pp. 318-327. https://doi.org/10.1016/
S1473-3099(17)30753-3.

VALLANO, A. and IZARRA, A., 2006. Principios de terapêutica 
antimicrobiana. Medicine, vol. 9, pp. 3196-3203.

VILLARMET, C.G., TEJA-ÁNGELES, E., CEBALLOS-HERNÁNDEZ, H. and 
ORDAZ-FAVILA, J.C., 2007. Infecciones faciales odontogénicas: 
informe de un caso. Revista Odontológica Mexicana, vol. 28, 
pp. 95-100.

WANG, S., WANG, L., JIN, J., LI, G., SHAO, H., SONG, Y., SUN, Y., 
ZHANG, Y., CHENG, J. and LI, L., 2023. Genomic epidemiology and 
characterization of carbapenem-resistant Klebsiella pneumoniae 
in ICU inpatients in Henan Province, China: a multicenter cross-
sectional study. Microbiology Spectrum, vol. 11, no. 3, pp. e0419722. 
https://doi.org/10.1128/spectrum.04197-22. PMid:37212684.

WORLD HEALTH ORGANIZATION  - WHO, 2020. Antimicrobial 
resistance: global report on surveillance 2020. Geneva: WHO.

https://doi.org/10.1034/j.1399-302X.2003.00078.x
https://doi.org/10.1034/j.1399-302X.2003.00078.x
https://pubmed.ncbi.nlm.nih.gov/12930519
https://doi.org/10.1128/CMR.00040-09
https://doi.org/10.1128/CMR.00040-09
https://pubmed.ncbi.nlm.nih.gov/19822890
https://pubmed.ncbi.nlm.nih.gov/17322806
https://doi.org/10.1016/j.carbpol.2015.11.052
https://pubmed.ncbi.nlm.nih.gov/26794940
https://pubmed.ncbi.nlm.nih.gov/26794940
https://doi.org/10.1007/s12275-015-4500-2
https://pubmed.ncbi.nlm.nih.gov/25935303
https://pubmed.ncbi.nlm.nih.gov/25935303
https://doi.org/10.1016/j.cmi.2020.07.045
https://pubmed.ncbi.nlm.nih.gov/32771643
https://doi.org/10.3390/antibiotics10030271
https://doi.org/10.3390/antibiotics10030271
https://pubmed.ncbi.nlm.nih.gov/33800296
https://doi.org/10.1099/jmm.0.000032
https://pubmed.ncbi.nlm.nih.gov/25670813
https://pubmed.ncbi.nlm.nih.gov/25670813
https://doi.org/10.1111/apm.12553
https://pubmed.ncbi.nlm.nih.gov/27197940
https://doi.org/10.1128/AAC.01019-15
https://doi.org/10.1128/AAC.01019-15
https://pubmed.ncbi.nlm.nih.gov/26169401
https://doi.org/10.3390/s120912347
https://pubmed.ncbi.nlm.nih.gov/23112716
https://doi.org/10.1111/lam.12513
https://pubmed.ncbi.nlm.nih.gov/26518358
https://doi.org/10.1016/j.bbagen.2013.04.016
https://pubmed.ncbi.nlm.nih.gov/23618697
https://doi.org/10.1038/nrm954
https://pubmed.ncbi.nlm.nih.gov/12415301
https://pubmed.ncbi.nlm.nih.gov/12415301
https://doi.org/10.1128/CMR.00082-12
https://doi.org/10.1128/CMR.00082-12
https://pubmed.ncbi.nlm.nih.gov/23554416
https://doi.org/10.1111/iej.13677
https://pubmed.ncbi.nlm.nih.gov/34958494
https://doi.org/10.1016/S1079-2104(03)00261-0
https://doi.org/10.1016/S1079-2104(03)00261-0
https://pubmed.ncbi.nlm.nih.gov/12973290
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1128/spectrum.04197-22
https://pubmed.ncbi.nlm.nih.gov/37212684

