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Antimicrobial resistance represents a major health challenge, particularly due to the ability of 
Staphylococcus aureus to form biofilms and persist under antimicrobial pressure. In this context, 
drug repurposing has emerged as a promising strategy to identify alternative therapeutic options from 
approved drugs. This study aimed to evaluate the antimicrobial, antibiofilm, and cytotoxic activities 
of the antidepressants fluoxetine, paroxetine, and duloxetine against planktonic and biofilm-forming 
Staphylococcus aureus strains. Antibacterial activity was determined by broth microdilution assays 
to establish the minimum inhibitory concentration and minimum bactericidal concentration against 
Staphylococcus aureus ATCC 33591 and ATCC 29213. Antibiofilm activity was assessed in mature 
biofilms using cell viability assays and biomass quantification. Cytotoxicity was evaluated in RAW 
264.7 macrophages using a cell viability assay, with calculation of mean effective concentration values. 
Fluoxetine and duloxetine exhibited lower inhibitory and bactericidal concentrations compared to 
paroxetine. In biofilm assays, fluoxetine and duloxetine significantly reduced biofilm cell viability and 
biomass, whereas paroxetine showed a less consistent effect. Cytotoxicity analysis revealed similar EC₅₀ 
values among the evaluated drugs, and the concentrations associated with relevant antibacterial and 
antibiofilm effects were approximately 20-fold higher than the EC₅₀ values determined in macrophages, 
indicating that, in this in vitro model, antimicrobial and antibiofilm activity occur in a concentration 
range accompanied by measurable cytotoxicity. Overall, the results indicate that antidepressants, 
particularly fluoxetine and duloxetine, exhibit in vitro antimicrobial and antibiofilm activity against 
Staphylococcus aureus, reinforcing the potential of these compounds for future drug repurposing studies.
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biofilms.
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A resistência antimicrobiana representa um importante desafio em saúde, especialmente devido à 
capacidade de Staphylococcus aureus formar biofilmes e persistir sob pressão antimicrobiana. Nesse 
contexto, o reposicionamento de fármacos surge como uma estratégia promissora para a identificação 
de alternativas terapêuticas a partir de medicamentos já aprovados. O objetivo deste estudo foi avaliar 
a atividade antimicrobiana, antibiofilme e a citotoxicidade dos antidepressivos: fluoxetina, paroxetina 
e duloxetina frente a cepas planctônicas e formadoras de biofilme de Staphylococcus aureus. A 
atividade antibacteriana foi determinada por microdiluição em caldo para a obtenção da concentração 
inibitória mínima e da concentração bactericida mínima frente às cepas Staphylococcus aureus 
ATCC33591 e ATCC 29213. A atividade antibiofilme foi avaliada em biofilmes maduros por ensaio 
de viabilidade celular e quantificação de biomassa. A citotoxicidade foi avaliada em macrófagos 
RAW 264.7 por ensaio de viabilidade celular, com cálculo dos valores de concentração efetiva 
média. A fluoxetina e a duloxetina apresentaram menores concentrações inibitórias e bactericidas 
em comparação à paroxetina. Nos ensaios em biofilme, fluoxetina e duloxetina promoveram redução 
significativa da viabilidade celular e da biomassa do biofilme, enquanto a paroxetina apresentou 
efeito menos consistente. Os ensaios de citotoxicidade demonstraram valores de EC₅₀ semelhantes 
entre os fármacos, e as concentrações associadas à atividade antibacteriana e antibiofilme foram 
aproximadamente 20 vezes superiores aos valores de EC₅₀ obtidos em macrófagos, indicando 
que, neste modelo  in vitro, tais efeitos ocorrem em uma faixa de concentração acompanhada de 
citotoxicidade mensurável. Os resultados indicam que antidepressivos, especialmente fluoxetina e 
duloxetina, apresentam atividade antimicrobiana e antibiofilme in vitro frente a Staphylococcus aureus, 
reforçando o potencial desses compostos para estudos futuros de reposicionamento farmacológico.

Palavras-chave: resistência microbiana; reposicionamento de medicamentos; bactérias gram-
positivas; citotoxicidade; biofilmes bacterianos

Resumo

Introduction

Antimicrobial resistance constitutes an evo-
lutionary response of bacteria to exposure to anti-
microbial agents introduced into their environment 
and currently represents one of the major global 
public health challenges (1). Antibiotic resistance 
occurs when microorganisms acquire or develop 
mechanisms capable of neutralizing, avoiding, or 
circumventing the action of these drugs, thereby 
making infections caused by resistant pathogens 
more difficult to treat (2). As highlighted by Har-
barth et al. (3), the recurrent use of antibiotics exerts 
selective pressure on bacterial populations, favor-
ing the emergence of mutations or the exchange of 
genetic material, which directly contributes to the 
development of antimicrobial resistance.

According to the 2024 World Health Orga-
nization Priority Bacterial Pathogens List (4), meth-
icillin-resistant Staphylococcus aureus (MRSA) 

remains classified as a high-priority pathogen, rep-
resenting a problem of global relevance. It is esti-
mated that approximately 50% of reports attributed 
to antimicrobial resistance are associated with two 
main pathogens, Staphylococcus aureus and Esch-
erichia coli, which are directly related to increased 
morbidity, mortality, and healthcare costs resulting 
from potentially severe and difficult-to-treat infec-
tions.

Staphylococcus aureus is a Gram-positive 
bacterium that has emerged as one of the leading 
causes of hospital-acquired infections. Infections 
caused by resistant strains, such as MRSA, present 
greater therapeutic complexity, particularly due to 
the ability of this microorganism to form biofilms 
on both abiotic and biotic surfaces (5). Microbial 
biofilms consist of organized communities of cells 
embedded in a self-produced extracellular poly-
meric matrix composed mainly of polysaccharides, 
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proteins, and nucleic acids. This structure provides 
protection against adverse environmental condi-
tions, including ultraviolet radiation, extreme vari-
ations in temperature and pH, nutrient limitation, 
and exposure to antimicrobial agents (6).

Gram-positive bacteria, such as S. aureus, 
exhibit multiple barriers to eradication when or-
ganized in biofilms, directly impacting different 
sectors, including healthcare settings and the food 
industry. In hospital environments, biofilm-produc-
ing microorganisms can colonize tissues of patients 
with chronic diseases as well as medical devices 
such as catheters and prostheses. S. aureus ex-
presses several virulence factors, including toxins, 
enzymes, and adhesion proteins, which promote 
colonization, immune evasion, and dissemination 
within host tissues (7). Despite therapeutic advanc-
es, the treatment of biofilm-associated bacterial in-
fections remains challenging, even when strategies 
based on pharmacokinetic and pharmacodynamic 
profiles are applied (8). Given the high level of re-
sistance exhibited by S. aureus, particularly related 
to biofilm formation, controlling infections caused 
by resistant strains, including MRSA, has become 
a priority in healthcare settings, reinforcing the 
need for studies aimed at identifying effective ther-
apeutic alternatives.

 In this context, drug repurposing, also re-
ferred to as drug repositioning, has emerged as a 
promising strategy in response to the high costs, 
long timelines, and elevated failure rates associ-
ated with the development of new drugs (9). This 
approach involves identifying new therapeutic 
applications for medications that have already 
been approved for other clinical indications (10). As 
emphasized by Breckenridge and Jacob (11), drug 
repurposing offers relevant advantages, including 
cost reduction, lower toxicity risk, and shorter de-
velopment timelines. However, economic factors 
and the need for dose adjustments or additional 
clinical trials still represent barriers to the broader 
implementation of this strategy (17).

Since the first description of antimicrobial 
activity of a psychotropic drug, chlorpromazine, in 
1959 (12), several studies have demonstrated that cer-

tain antidepressants exhibit antimicrobial activity 
against different groups of microorganisms, partic-
ularly Gram-positive bacteria (5,13,20). Among these 
drugs, paroxetine, a selective serotonin reuptake 
inhibitor, has been reported to exhibit antimicrobi-
al activity against a wide range of microorganisms, 
including Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus faecalis, Enterococcus 
faecium, Escherichia coli, Klebsiella pneumoniae, 
and Pseudomonas aeruginosa, among others (4,13). 
Fluoxetine, the first antidepressant of this class to 
achieve widespread clinical efficacy and a well-es-
tablished safety profile, has also been reported to 
exhibit antimicrobial activity in addition to its con-
solidated use in the treatment of depression (8,14). 
Similarly, duloxetine, classified as a serotonin and 
norepinephrine reuptake inhibitor, has demonstrat-
ed promising results against resistant bacteria (18).

Although the precise mechanisms under-
lying the antibacterial activity of antidepressants 
have not been fully elucidated, evidence from the 
literature suggests that these compounds may al-
ter bacterial membrane integrity, modulate efflux 
pumps, and disrupt cellular energy metabolism, 
among other stress-response pathways (4,5,12,18,20). 
Such pleiotropic effects could contribute to their 
activity against both planktonic and biofilm-asso-
ciated cells, particularly in Gram-positive species 
such as S. aureus (16,21,23). Although previous studies 
have reported antimicrobial effects of antidepres-
sants against Gram-positive bacteria, comparative 
analyses integrating planktonic susceptibility, anti-
biofilm activity, and cytotoxicity within the same 
experimental design remain limited. Furthermore, 
differences between non-biofilm-forming and bio-
film-forming S. aureus strains, including MRSA 
isolates, remain poorly explored in the context of 
antidepressant drug repurposing.

Therefore, the present study aims to system-
atically evaluate the antimicrobial, antibiofilm, and 
cytotoxic activities of the antidepressants fluoxe-
tine, paroxetine, and duloxetine against planktonic 
and biofilm-forming S. aureus strains, including a 
methicillin-resistant S. aureus (MRSA) strain. By 
simultaneously assessing antibacterial and antibio-
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film effects and cytotoxicity at the same concentra-
tions, this work seeks to contribute to a better un-
derstanding of the potential and limitations of these 
drugs as candidates for therapeutic repurposing in 
the context of antimicrobial resistance.

Materials and Methods

Study design

This study consisted of a quantitative, 
non-clinical experimental assay. The experimental 
design was conceived to correlate the concentra-
tions associated with antibacterial and antibiofilm 
activity with their corresponding effects on host 
cell viability, an essential aspect in the early evalu-
ation of drug repurposing candidates.

Study location

The experiments were conducted at the Mi-
crobiology Laboratory and the Inflammation and 
Immunology Laboratory of Universidade Guarul-
hos (UNG), Brazil.

Materials

For bacterial culture, Brain Heart Infusion 
(BHI) broth (HiMedia, Mumbai, India), Mueller–
Hinton (MH) broth (HiMedia, Mumbai, India), and 
a 0.5 McFarland standard (equivalent to 1.5 × 10⁸ 
colony-forming units per milliliter) were used. For 
cell culture, RPMI 1640 medium (Sigma-Aldrich, 
St. Louis, MO, USA) supplemented with 10% fe-
tal bovine serum (Sigma-Aldrich, St. Louis, MO, 
USA), glutamine (4 mM), glucose (4500 mg/L), 
sodium pyruvate (1 mM), sodium bicarbonate 
(1500 mg/L), penicillin (100 U/mL), streptomycin 
(100 µg/mL), and gentamicin (10 µg/mL) was em-
ployed.

The solutions used included 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) (Sigma-Aldrich, St. Louis, MO, USA), 
0.9% saline solution, phosphate-buffered saline 

(PBS), and dimethyl sulfoxide (DMSO) (Synth, 
Diadema, SP, Brazil).

Bacterial and cell strains

Staphylococcus aureus strains obtained 
from the American Type Culture Collection were 
used: ATCC 33591, a methicillin-resistant  S. au-
reus  (MRSA) strain with low biofilm-forming 
capacity, and ATCC 29213, a methicillin-
susceptible  S. aureus  strain with high biofilm-
forming capacity.

Drug solubilization

Paroxetine, fluoxetine, and duloxetine were 
solubilized in the respective assay media with the 
aid of DMSO and prepared in serial dilutions start-
ing from 1000 µM.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration 
(MIC) was determined using the broth microdilu-
tion method, according to the recommendations of 
the Clinical and Laboratory Standards Institute¹⁶. 
Ciprofloxacin was used as a reference antimicro-
bial agent for comparison. Bacterial inocula were 
prepared in saline solution and standardized to a 
0.5 McFarland turbidity standard. Ninety-six–well 
microplates containing the drugs (1000 to 0.1 µM/
mL) and bacterial inocula were incubated (N = 4/
group) at 37 ± 2 °C for 24 h. The MIC was de-
fined as the lowest drug concentration capable of 
completely inhibiting visible bacterial growth after 
incubation. The positive growth control consisted 
of BHI broth with bacterial inoculum (5 µL), while 
sterility controls contained only culture medium.

Minimum bactericidal concentration (MBC)
The minimum bactericidal concentration 

(MBC) was determined according to the method 
described by the National Committee for Clinical 
Laboratory Standards¹⁷. After MIC determination, 
approximately 10 µL from wells without visible 
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bacterial growth and from the last well showing 
visible growth were plated onto Mueller–Hinton 
agar and incubated at 37 ± 2 °C for 48 h. The MBC 
was defined as the lowest concentration at which 
no bacterial growth was observed.

Evaluation of antimicrobial activity against 
biofilms

Drugs presenting bactericidal activity (MBC 
values) were selected for evaluation of antimicro-
bial activity against in vitro monospecies biofilms.

Biofilm formation

Biofilms were formed at the bottom of 96-
well plates using bacterial inocula adjusted to 10⁷ 
CFU/mL in BHI broth (N = 12/group). Plates were 
incubated at 37 ± 2 °C for 24 h. After incubation, 
wells were washed twice with saline solution, the 
culture medium was replaced, and plates were in-
cubated for an additional 24 h, totaling 48 h of bio-
film formation. Subsequently, biofilms were treat-
ed with drug concentrations previously determined 
based on MIC and MBC values and incubated for 
a further 24 h. Saline solution was used as the neg-
ative control, with 200 µL added per well for all 
treatments.

MTT assay for biofilm cell viability

After treatment, wells were washed with 
saline solution and subjected to the MTT assay to 
assess biofilm cell viability. A volume of 200 µL 
of MTT solution (0.3 mg/mL) was added to each 
well, followed by incubation in the dark for 3–4 
h at 37 ± 2 °C. After incubation, the solution was 
removed and 100 µL of absolute ethanol was add-
ed to solubilize formazan crystals. Absorbance was 
measured at 570 nm using a microplate reader, and 
results were expressed as percentage of cell via-
bility.

Biofilm biomass quantification by crystal vio-
let assay

Adhered biofilm biomass was quantified us-
ing the crystal violet method. After treatments, 200 
µL of methanol was added per well for 20 min to 
fix the biofilm. Methanol was removed, and plates 
were incubated at 37 ± 2 °C for 24 h to dry. Subse-
quently, 200 µL of 1% (v/v) crystal violet solution 
was added for 5 min. The dye was removed, wells 
were washed with sterile saline solution, and the 
retained dye was solubilized with absolute etha-
nol. Absorbance was measured using a microplate 
reader, and values were used to quantify biofilm 
biomass.

Cell culture

RAW 264.7 cells were cultured in RPMI 
medium in culture flasks with a growth area of 75 
cm² and maintained at 37 °C in a humidified at-
mosphere containing 5% CO₂. Experiments were 
performed at approximately 80% confluence.

Cytotoxicity analysis by MTT reduction assay

RAW 264.7 cells (5 × 10⁵ cells/mL) were 
seeded in 96-well plates and exposed to fluoxetine, 
paroxetine, and duloxetine at increasing concentra-
tions for 24 h. RPMI medium was used as the control. 
Cytotoxicity was assessed using the MTT reduc-
tion assay. After incubation, wells were washed 
with PBS (pH 7.4), and 200 µL of RPMI contain-
ing MTT (0.3 mg/mL) was added. Following 4 h of 
incubation, the medium was removed and 100 µL 
of absolute ethanol was added to dissolve the for-
mazan crystals. Absorbance was measured at 570 
nm, and cell viability was expressed as a percent-
age relative to the control.
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Statistical analysis

Data were analyzed using one-way analysis 
of variance (ANOVA), followed by Tukey’s post 
hoc test (p ≤ 0.05), using GraphPad Prism version 
5.0.Parte superior do formulário

Results

Antimicrobial activity against Staphylococcus 
aureus

For the S. aureus ATCC 33591 strain, fluox-
etine and duloxetine exhibited MIC₉₀ values ≥ 500 
µM, whereas paroxetine showed higher MIC₉₀ val-

ues (≥ 1000 µM). All tested drugs presented min-
imum bactericidal concentration (MBC) values ≥ 
1000 µM, indicating that, at higher concentrations, 
each compound was capable of inhibiting bacterial 
growth in this strain.

For the S. aureus ATCC 29213 strain, all 
drugs exhibited MIC₉₀ values ≥ 500 µM, with com-
parable MBC values, except for paroxetine, which 
showed an MBC ≥ 1000 µM. These results suggest 
a relatively uniform antimicrobial profile among 
the compounds, with slight variation observed for 
paroxetine.

After completion of the MIC and MBC as-
says, the results obtained are summarized as fol-
lows:

Table 1. Minimum inhibitory concentration (MIC₉₀) and minimum bactericidal concentration (MBC) of 
antidepressant drugs against Staphylococcus aureus.

Drug
S. aureus (ATCC 33591) S. aureus (ATCC 29213)

MIC90 (µM) MBC (µM) MIC90 (µM) MBC (µM)

Fluoxetine 500 1000 500 500

Paroxetine 1000 1000 500 1000

Duloxetine 500 1000 500 500

Legend: MIC₉₀, minimum inhibitory concentration required to inhibit 90% of bacterial growth; MBC, 
minimum bactericidal concentration.
Source: The authors.

Fluoxetine and duloxetine exhibited greater 
efficacy than paroxetine in reducing the viability of 
the tested Staphylococcus aureus strains. The data 
indicate that fluoxetine and duloxetine showed 
lower MIC₉₀ and MBC values compared to parox-
etine, reflecting higher antibacterial activity under 
the experimental conditions evaluated.

Cytotoxicity assessment in RAW 264.7 cells

The cytotoxicity of the drugs was evaluated 
in immortalized RAW 264.7 macrophages using 
the MTT reduction assay after 24 h of exposure 

to different concentrations. At the lowest concen-
trations tested (0.1–1 µM), all drugs exhibited cell 
viability close to 100%, indicating low cytotoxicity 
within this range. As shown in Figure 1, fluoxetine 
and duloxetine induced a gradual, dose-dependent 
reduction in cell viability starting at 10 µM, with 
a statistically significant decrease observed at 100 
µM and 1000 µM compared with the untreated 
control (p < 0.05). Paroxetine also reduced cell vi-
ability at higher doses, but at 100 µM and 1000 
µM it maintained significantly higher percentages 
of viable cells than fluoxetine and duloxetine at the 
same concentrations (p < 0.05).
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Figure 1. Cell viability of RAW 264.7 macrophages after 24 h exposure to fluoxetine, paroxetine, and duloxetine. 
Results are expressed as mean ± SD. Cell viability is shown as percentage relative to the untreated control. Statistical 
analysis was performed using one-way ANOVA followed by Tukey’s post hoc test;  p  < 0.05 was considered 
statistically significant for comparisons between treated groups and the control, as well as between different drugs 
at the same concentration.

Legend: Cell viability (mean ± SD) of RAW 264.7 cells after 24 h of exposure to different concentrations of 
fluoxetine, paroxetine, and duloxetine. The y-axis represents the percentage of cell viability relative to the control 
group. The x-axis represents the logarithm of drug concentration (µM). n = 17.
Source: The authors.

EC₅₀ values were calculated using nonlinear 
regression analysis (log[inhibitor] vs. normalized 
response, variable slope model). As shown in Ta-
ble 2, no significant differences were observed in 
EC₅₀ values among the tested drugs (p > 0.05), 
indicating similar cytotoxicity profiles under the 
evaluated conditions. Considering these results to-
gether with the MIC₉₀ and MBC data, the concen-

trations required to achieve antibacterial activity 
were approximately 20-fold higher than the EC₅₀ 
values determined in macrophages, indicating that 
antimicrobial and antibiofilm activity occurs at 
concentrations above those affecting cell viability, 
with cytotoxic effects restricted to the highest con-
centration ranges.
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No significant differences were observed in 
cytotoxicity values among the tested drugs, indi-
cating similar cellular profiles under the evaluated 
conditions. Accordingly, the concentration required 
to achieve antibacterial activity was approximately 
20-fold higher than the EC₅₀ values determined in 
macrophages, indicating that antimicrobial activ-
ity occurs at concentrations above those affecting 
cell viability, with cytotoxic effects restricted to the 
highest concentration ranges.
Antibiofilm activity against S. aureus ATCC 29213 

The antibiofilm activity of fluoxetine, par-
oxetine, and duloxetine against mature biofilms of 
Staphylococcus aureus ATCC 29213 was evaluat-
ed using cell viability (MTT) assays and biomass 
quantification by the crystal violet method after 24 
hours of exposure to the treatments (Figure 2A–F).

The MTT assay results demonstrated that all 
drugs promoted a significant reduction in biofilm 
cell viability at higher concentrations compared 
with the control group (0 mM) (Figure 2A, 2C, 
2E). Duloxetine and fluoxetine exhibited a more 
pronounced effect on biofilm viability reduction, 
whereas paroxetine showed a less consistent effect, 
particularly at intermediate concentrations.

Complementarily, the crystal violet assay 
revealed a significant reduction in biofilm biomass 
following treatment with the antidepressants, cor-
roborating the findings obtained in the cell viabil-
ity assay (Figure 2B, 2D, 2F). Biomass reduction 
was more evident in the groups treated with fluox-
etine and duloxetine, indicating a greater ability of 
these compounds to interfere with the structure and 
maintenance of the bacterial biofilm.

Table 2. EC₅₀ values (µM) of the antidepressants tested in RAW 264.7 cells after 24 h.

Drug EC50 (µM) (±DP)

Fluoxetine 20.33 (0.040)

Paroxetine 24.71 (0.036)

Duloxetine 19.96 (0.036)

Source: The authors.

Figure 2. Antibiofilm activity of duloxetine, fluoxetine and paroxetine against Staphylococcus aureus ATCC 29213.

(continued on the next page)
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Legend: Cell viability of biofilm-associated cells was assessed by the MTT reduction assay (A, C, E), and 
biofilm biomass was quantified by the crystal violet method (B, D, F) after 24 h of exposure to the treatments. 
Panels A–B correspond to duloxetine, C–D to fluoxetine and E–F to paroxetine. Results are expressed as mean 
± standard deviation (SD). The y-axes represent the percentage of cell viability or biofilm biomass relative to the 
untreated control (Control), and the x-axes represent drug concentration (mM). * Indicates a statistically significant 
difference compared with the untreated control (0 mM), p < 0.01, one-way ANOVA followed by Tukey’s post hoc 
test. # Indicates a statistically significant difference compared with the antibiotic group (penicillin [100 U/mL], 
streptomycin [100 μg/mL] and gentamicin [10 μg/mL]), p < 0.01, one-way ANOVA followed by Tukey’s post hoc 
test. ## Indicates a statistically significant difference compared with the antibiotic group, p < 0.05, one-way ANOVA 
followed by Tukey’s post hoc test. n ≥ 8.
Source: The authors.

(figure continuation)

Discussion

Antimicrobial resistance represents one 
of the most pressing contemporary challenges in 
public health, compromising the effectiveness of 
available antibiotics and significantly increasing 
morbidity and mortality rates associated with bac-
terial infections. In the face of the scarcity of new 

antimicrobial classes in the pharmaceutical pipe-
line, drug repurposing has emerged as a promising 
strategy by enabling the identification of new ther-
apeutic applications for already approved drugs 
with previously established pharmacokinetic and 
safety profiles (3,17).

In this context, antidepressants belonging to 
the selective serotonin reuptake inhibitors and se-
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rotonin–norepinephrine reuptake inhibitors classes 
have attracted growing interest due to their demon-
strated antimicrobial and antibiofilm activities in 
different experimental models. Evidence from the 
literature indicates that these drugs exhibit in vi-
tro antimicrobial activity, possibly related to alter-
ations in bacterial membrane integrity, modulation 
of efflux pumps, and disruptions in cellular energy 
metabolism (4,5,13,18). 

The present study was not designed to elu-
cidate the molecular mechanisms underlying the 
observed antimicrobial or antibiofilm effects. 
Therefore, any mechanistic interpretations should 
be considered exploratory and based on previously 
published evidence, as such mechanisms were not 
experimentally investigated herein. The primary 
contribution of this study lies in the phenotypic 
characterization of antimicrobial and antibiofilm 
activity combined with cytotoxicity assessment, a 
critical step in early-stage drug repurposing stud-
ies.

The results demonstrated that fluoxetine and 
duloxetine exhibited lower MIC₉₀ and MBC val-
ues compared to paroxetine against Staphylococ-
cus aureus ATCC 33591 and ATCC 29213 strains. 
These findings corroborate previously reported 
data indicating greater antibacterial activity of 
certain antidepressants against clinically relevant 
Gram-positive bacteria. Cabral et al. reported an-
timicrobial activity of paroxetine against a wide 
range of microorganisms, including S. aureus, 
often at relatively high concentrations, which is 
consistent with the higher MIC₉₀ and MBC values 
observed in the present study (4). In contrast, flu-
oxetine has been consistently described as one of 
the selective serotonin reuptake inhibitors with the 
greatest antimicrobial potential, exhibiting bacte-
ricidal activity against both susceptible and multi-
drug-resistant S. aureus strains (8,21).

Duloxetine, although classified as a sero-
tonin–norepinephrine reuptake inhibitor, has also 
been associated with relevant antibacterial effects, 
particularly against resistant bacteria (18). The activ-
ity observed in this study supports the hypothesis 

that antidepressants with higher lipophilicity and 
enhanced ability to cross cellular membranes may 
exhibit superior antimicrobial efficacy, possibly re-
lated to direct interactions with bacterial structures.

Importantly, the antibacterial activity ob-
served in the present study was comparable between 
the methicillin-resistant strain (S. aureus  ATCC 
33591) and the methicillin-susceptible strain (S. 
aureus  ATCC 29213), particularly for fluoxetine 
and duloxetine, which showed lower MIC₉₀ and 
MBC values than paroxetine against both isolates 
(Table 1). This finding suggests that the mecha-
nisms underlying the activity of these antidepres-
sants are not directly affected by methicillin resis-
tance and may bypass classical resistance pathways 
associated with β-lactam antibiotics. Considering 
that MRSA remains a high-priority pathogen in 
the global antimicrobial resistance agenda (22), the 
maintenance of antibacterial activity against the 
MRSA strain is a relevant aspect of the potential 
repurposing of fluoxetine and duloxetine.

Cytotoxicity assessment in RAW 264.7 cells 
demonstrated that the tested antidepressants pre-
sented EC₅₀ values lower than the concentrations 
required for antimicrobial activity, with no statis-
tically significant differences among the drugs. 
These findings indicate that, although antimicro-
bial activity occurs at concentrations higher than 
those affecting cell viability, the observed cytotox-
ic effects were dose-dependent and restricted to 
higher concentrations, which imposes limitations 
on direct extrapolation to the clinical context. Pre-
vious studies have highlighted that, despite in vitro 
antimicrobial activity, the effective concentrations 
of antidepressants often exceed those systemically 
achieved under conventional therapeutic regimens 
(8). In this regard, alternative strategies such as topi-
cal application, local formulations, or combination 
therapy with conventional antimicrobials may rep-
resent more feasible approaches.

Biofilm formation by S. aureus constitutes 
a critical virulence factor, contributing to infec-
tion persistence and antimicrobial resistance. In 
the present study, fluoxetine, duloxetine, and par-
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oxetine exhibited measurable antibiofilm activity, 
evidenced by reductions in both cellular viability 
and biofilm biomass. Fluoxetine and duloxetine 
demonstrated more consistent effects, whereas par-
oxetine showed less pronounced activity, particu-
larly at intermediate concentrations. These findings 
are consistent with studies reporting interference 
of these drugs with biofilm structural organization 
and bacterial metabolic activity (16,21).

Although our biofilm assays were con-
ducted using the high biofilm-forming strain  S. 
aureus  ATCC 29213, the ability of fluoxetine 
and duloxetine to reduce biomass and metabolic 
activity in mature biofilms reinforces their potential 
relevance in the context of persistent infections 
caused by both MRSA and methicillin-susceptible 
strains, in which biofilm formation represents a 
major therapeutic challenge (16,21,23).

Despite the promising results, this study 
presents limitations inherent to the in vitro experi-
mental model, which does not fully reproduce the 
complexity of pharmacokinetic and immunologi-
cal interactions observed in vivo. Therefore, future 
investigations should explore strategies to enhance 
the antimicrobial efficacy of these drugs, including 
controlled-release systems, topical formulations, 
combination therapy with conventional antimicro-
bials, and evaluation in in vivo models, as well as 
detailed elucidation of the mechanisms of action 
involved.

From a public health perspective, the con-
tinuous rise of antimicrobial resistance reinforces 
the need to investigate alternative and adjuvant 
strategies to conventional antibiotics, particularly 
against pathogens associated with persistent and 
difficult-to-eradicate infections. In this context, 
the findings of the present study contribute to the 
broader effort to identify non-conventional agents 
with potential relevance in infection control (22).

Conclusion

The results of this study demonstrate that 
the evaluated antidepressants exhibited in vitro an-

tibacterial activity against Staphylococcus aureus, 
with fluoxetine and duloxetine showing superior 
performance compared to paroxetine under the ex-
perimental conditions adopted. However, the con-
centrations associated with relevant antibacterial 
and antibiofilm effects were approximately 20-fold 
higher than the EC₅₀ values determined in macro-
phages, indicating that the antibacterial/antibiofilm 
doses tested in this in vitro model are accompanied 
by measurable cytotoxicity.

Additionally, assays performed on mature 
biofilms demonstrated a reduction in both met-
abolic viability and biofilm biomass, with more 
consistent effects observed for fluoxetine and du-
loxetine. These findings reinforce the potential of 
these drugs as candidates for therapeutic repurpos-
ing. However, further studies are required to elu-
cidate their mechanisms of action and to evaluate 
their feasibility in more complex experimental 
models,  particularly in scenarios that may allow 
local or topical administration or combination with 
conventional antimicrobials to minimize systemic 
toxicity.
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