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Over the past few decades, researches have reported an increased incidence of invasive 

candidiasis and suggested that the majority of infections produced by this pathogen are 

associated with biofilm growth, which are more resistant to antimicrobial agents than 

planktonic cells. In addition to these problems, there are few antifungal agents available 

and it is necessary the development of novel therapeutic strategies. In that context, this 

study aimed to assess the antifungal potential of ibuprofen against fluconazole-resistant 

Candida spp. planktonic and biofilm forms proposing a new view to the drug that are used 

with other therapeutic indications. After 24 h, the fluconazole-resistant Candida spp. 

strains showed minimum inhibitory concentration (MIC) in the ranges of 1.5–3 mg/mL for 

ibuprofen by the broth microdilution method (M27-A3). According to our data by flow 

cytometry, ibuprofen cause fungal death after damaging the plasma and mitochondrial 

membrane associated to an increase of phosphatidylserine externalization which activates 

apoptotic signaling pathways. Regarding biofilm-forming isolates, ibuprofen promotes a 

reduction of viability cell in mature biofilm of Candida spp. (p<0.05). Therefore, it was 

concluded that ibuprofen is capable of inhibit the growth in vitro of Candida spp. 

fluconazole-resistant, both in planktonic as biofilm form, inducing cell death by apoptosis. 
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Introduction 
 

In recent years, the treatments used for 

HIV/AIDS and the medical advances in 

Intensive Care Units (ICUs) and in organ 

transplantation have led to an increase in the 

life expectancy of patients. However, 

associated with these advances in medicine, 

there has been an increased incidence of 

opportunistic infections, especially fungal 

infections, with the main pathogenic fungi 

belonging to the genus Candida, responsible 

for 70% to 90% of cases of invasive fungal 

infections, being associated with high 

mortality rates (Yapar, 2014; Delaloye and 

Calandra, 2014). 

 

Currently, the increased incidence of Candida 

non-albicans as well as its potential to 

develop resistance to antifungal drugs have 

been reported, thus representing a challenge 

for clinical management. This change in the 

epidemiology of Candida spp. has been 

partially related to the widespread use of 

fluconazole, an inexpensive antifungal drug 

and available for oral administration, thus 

promoting selection of strains less sensitive to 

this antifungal agent (Garnacho-Montero et 

al., 2010; Sanguinetti et al., 2015; Whaley et 

al., 2017). 

 

Candidemia is often related to the biofilm 

growth of Candida spp. in medical devices 

such as central venous catheter and those used 

for hemodialysis (Pierce et al., 2015).These 

infections associated with devices with 

biofilm have a strong impact on patient 

management and hospital expenses, since 

once the biofilm infection is settled, the 

treatment becomes more difficult, increasing 

hospitalization time and patient-related 

hospital costs (Rajendran et al., 2016). 

 

Faced with this problem, it is necessary to 

search for new therapeutic alternatives. In this 

context, it may be highlighted the redirection 

of drugs approved by the Food and Drug 

Administration (FDA). These drugs have well 

characterized pharmacological and 

toxicological properties, thus reducing the 

time and the cost for the development of a 

new medicine (Siles et al., 2013). The 

literature has reported the antifungal activity 

of ibuprofen, a nonsteroidal anti-

inflammatory drug (NSAID) whose 

mechanism of action is inhibition of the 

enzyme cyclooxygenase (COX) and 

consequent inhibition of the synthesis of 

prostaglandin (PGD2, PGF2, PGE2, PGI2) 

and thromboxane (TX) (Pina-Vaz et al., 2000, 

Alem and Douglas., 2004, Goodman and 

Gilman’s, 2012). 

 

The present work aimed to study the 

antifungal action of ibuprofen against both 

planktonic and biofilm forms of fluconazole-

resistant Candida spp. strains and, by means 

of flow cytometry and comet assay 

techniques, to evaluate the possible 

mechanisms involved in cell death. 

 

Materials and Methods 

 

Yeast strains 

 

Ninefluconazole-resistant clinical strains of C. 

albicans, C. tropicalis and C. parapsilosis 

molecularly identified and two ATCC strains 

(Candida parapsilosis ATCC 22019 and 

Candida krusei ATCC 6258) were used. 

These strains are from the yeast collection of 

the Laboratory of Bioprospection in 

Antimicrobial Molecules (LABIMAN/ 

FF/UFC). 

 

In vitro antifungal activity 

 

The drug was tested according to the 

document M27-A3 using RPMI broth (pH 

7.0) buffered with 0.165 M MOPS (Sigma 

Chemical, St. Louis, MO). Ibuprofen (IBU; 

Sigma Chemical, St. Louis, MO) was 
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dissolved in distilled water and tested at 

concentrations ranging from 0.058-3 mg/mL. 

The yeasts and compound were incubated in 

96-well culture plates at 35 °C for 24 h and by 

CLSI recommendation the results were 

analysed visually. The minimum inhibitory 

concentration (MIC) of each compound was 

determined as the concentration that inhibited 

50% of fungal growth. The strains C. 

parapsilosis ATCC 22019 and C. krusei 

ATCC 6258 were used as controls (CLSI, 

2012). 

 

Cell treatments and preparation of yeast 

suspensions 

 

To assess cell density, mitochondrial 

transmembrane potential, annexin V staining 

and to detect reactive oxygen species (EROs) 

generation, one representative FLC-resistant 

strain of each species of Candida spp (Table 

1) was exposed for 24 h to various 

concentrations (MIC, 2MIC and 4MIC) of 

ibuprofen. Cells treated with FLC (64 µg/mL) 

or amphotericin B – ampho B (4 µg/mL) were 

included for comparison. All the tests were 

performed in triplicate in three independent 

experiments (Andrade Neto et al., 2014). 

 

Cell suspensions were prepared from cultures 

in the exponential growth phase. The cells 

were collected, washed, re-suspended and 

adjusted to 10
6
 cells/mL in HEPES buffer (pH 

7.2) supplemented with 2% glucose. Ampho 

B (Sigma Chemical) was used as a cell death 

control (Andrade Neto et al., 2014). 

 

Evaluation of cell density  

 

Cell density of the fungal strain was evaluated 

by the exclusion of 2 mg/L propidium iodide 

(PI). After 24h for incubation, aliquots from 

yeast cells with IBU, FLC, and AMPHO B 

were analyzed by flow cytometry. A total of 

10.000events was evaluated per experiment 

(n=2) and cellular debris was omitted from 

the analysis. Cellular fluorescence was then 

determined by flow cytometry using a Guava 

EasyCyte™ Mini System cytometer (Guava 

Technologies Inc., Hayward, CA, USA) and 

analyzed using CytoSoft 4.1 software 

(Andrade Neto et al., 2014; Da Silva et al., 

2016). 

 

Measurement of mitochondrial 

transmembrane potential (∆ψm) 

 

∆ψm was determined by measuring 

rhodamine 123 dye retention by the 

mitochondria of yeast cells after 24h of 

exposure. Cells were washed with phosphate-

buffered saline (PBS), incubated with 5 mg/L 

rhodamine 123 at 37°C for 30 min in the dark, 

and then washed twice with PBS. 

Fluorescence was measured by flow 

cytometry (Guava EasyCyteminisystem). A 

total of 10.000 events were evaluated per 

experiment (n = 2), and cellular debris was 

omitted from the analysis (Andrade Neto et 

al., 2014). 

 

Annexin V staining 
 

Yeast cells were harvested by centrifugation 

and digested with 2 mg/mL zymolyase 20T 

(Seikagaku Corp., Japan) in potassium 

phosphate buffer (PPB, 1 M sorbitol, pH 6.0) 

for 2 h at 30 °C. The protoplasts were then 

stained with FITC-labelled Annexin V and PI 

using a FITC-Annexin V apoptosis detection 

kit (Guava Nexin Kit, Guava Technologies).  

 

Subsequently, the cells were washed with 

PPB, incubated for 20 min in Annexin 

binding buffer containing 5 μL/mL FITC-

Annexin V and 5 μL of PI and analyzed by 

flow cytometry (Guava EasyCyte™ Mini 

System). For each experiment (n= 2), 

10.000events were evaluated and cell debris 

was omitted from the analysis (Andrade Neto 

et al., 2014). 
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Detection of reactive oxygen species (ROS) 

 

ROS produced over a 24 h culture period 

were detected by incubating the cells with 20 

μM CM-H2DCFDA [5-(and-6)-chloromethyl-

2ʹ,7ʹ-dichlorodihydrofluorescein diacetate 

acetyl ester] for 30 min in the dark at 35 °C. 

Subsequently, the cells were harvested by 

centrifugation, washed with PBS, 

resuspended in the same buffer and analyzed 

by flow cytometry (Guava EasyCyte Mini 

System). CM-H2DCFDA readily diffuses 

through the cell membrane and is hydrolyzed 

by intracellular esterases to form non-

fluorescent DCFH (2ʹ,7ʹ-dichlorodi-

hydrofluorescein), which is then rapidly 

oxidized to highly fluorescent DCF (2ʹ,7ʹ-

dichlorofluorescein) by a broad range of 

intracellular oxidative stresses other than 

H2O2. The fluorescence intensity of DCF is 

proportional to the amount of ROS formed 

intracellularly (Andrade Neto et al., 2014; Da 

Silva et al., 2016). 

 

Yeast comet assay 

 

This assay was performed essentially as 

described by Da Silva et al.(2016). For each 

experimental group, it was under analysis 

images obtained by fluorescence microscopy 

of 100 randomly selected cells (50 cells from 

each of 2 replicate slides).  

 

The cells were scored visually and depending 

on their tail size they were assigned to one of 

five classes (from undamaged [class 0] to 

maximally damaged [class 4]), and a damage 

index value was calculated for each sample of 

cells. The damage index values, thus, ranged 

from 0 (completely undamaged: 100 cells x 0) 

to 400 (maximum damage: 100 cells x 4). The 

tailed cells were taken as an indicator of DNA 

damage and its frequency was calculated 

based on the numbers of cells with tails (DNA 

strand breaks) and without them (Da Silva et 

al., 2016). 

Formed biofilm 

 

Candida spp. biofilm was formed on 96-well 

plates (1.0 x 10
6
 cells/well) (Table 1). The 

plates were incubated at 35 °C for 24 h and 

after this time, the wells were washed three 

times with PBS and 200 µL of ibuprofen 

solution, ranging from 0.75 to 60 mg/mL, was 

added to each well containing viable 24 h 

biofilm. The plates were incubated at 35 °C 

for 24 h. The measurement of the metabolic 

activity of biofilm cells was evaluated using 

the MTT colorimetric assay and the readings 

were performed in a microplate reader at 540 

nm (Pierce et al., 2008). 

 

Statistical analysis 

 

In vitro susceptibility experiments were 

repeated three times on different days and 

geometric means were used to compare the 

MIC values. The data obtained from the flow 

cytometry and alkaline comet assays were 

compared using a one-way analysis of 

variance (ANOVA) followed by the 

Newman-Keuls test (p<0.05). Mean 

absorbance values from the biofilm formation 

assay were compared using one-way ANOVA 

followed by the Tukey test (p <0.05). 

 

Results and Discussion 

 

Initially, the antifungal activity of ibuprofen 

against fluconazole-resistant strains of 

Candida spp. was evaluated and 

concentrations between 1.5-3 mg/mL could 

inhibit 50 % of the fungal growth of C. 

albicans, C. tropicalis, C. parapsilosis (Table 

1). In accordance with our result, a study by 

Pina-Vaz et al., (2000) evaluated the 

antifungal activity of ibuprofen, that showed 

80 % growth inhibition of Candida spp. 

resistant and sensitive to fluconazole at 

concentrations ranging from 1 to 3 mg/mL. 

Based on these findings, flow cytometry 

assays and comet assay techniques were 
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performed with the purpose of suggesting 

possible mechanisms of action of ibuprofen, 

as well as to analyze if cell death occurs due 

to apoptosis of strains of Candida spp. One 

strain of each species (C. albicans, C. 

tropicalis and C. parapsilosis) was selected to 

observe if there were behavioral differences 

between species when in contact with 

ibuprofen.Fluconazol was used with negative 

control and there wasn’t significant alterations 

when the fluconazole-resistant strains were 

treated with this drug in comparison to 

untreated cells (p>0.05). 

 

Cell death by apoptosis can be activated in 

two ways: intrinsic pathway, with 

mitochondrial involvement and induced 

mainly by cellular damage, such as DNA 

damage and oxidative stress; and extrinsic 

pathway, with the participation of a specific 

receptor that promotes the direct activation of 

the caspase cascade, leading to cell 

destruction (Bayles et al., 2014). 

 

In that context, initially, the cells were treated 

with ibuprofen at different concentrations 

(MIC, 2xMIC, 4xMIC) and submitted to flow 

cytometry techniques to verify: cell density, 

alteration of the mitochondrial membrane 

potential, production of reactive oxygen 

species (ROS) and externalization of 

phosphatidylserine. 

 

Cell density was evaluated using the marker 

propidium iodide (PI), which binds to cellular 

DNA when there is membrane damage, thus 

emitting a high fluorescence; when there is no 

membrane damage, this marker cannot enter 

and emits a lower fluorescence (Mackilis and 

Madison, 1990; Andrade Neto et al., 2014). In 

this assay,a reduction was observed in the 

number of viable cells, related to the increase 

of ibuprofen concentration for the three 

species analyzed (Figure 1), thus suggesting 

the fungicidal activity of this drug at the 

concentrations evaluated. Pina-Vaz et al., 

(2000) investigated the mechanism of action 

of ibuprofen and showed that this drug 

promotes damage to the plasma membrane of 

Candida albicans at concentrations of 10-20 

mg/mL after exposure for 5-30 minutes. De 

Quadros et al., (2011) investigated 

mechanism of action of ibuprofen and other 

NSAIDs (aspirin, indomethacin and sodium 

salicylate) in Candida spp. and they suggested 

that ibuprofen caused damage to the cell 

membrane of C. albicans. 

 

Mitochondrial depolarization is an event that 

may indicate the initiation of the apoptotic 

process by the intrinsic pathway (Bonnet et 

al., 2007). In this study, there was no 

significant reduction in the number of viable 

cells when the fluconazole-resistant strains 

were treated with the azole in comparison to 

untreated cells (p>0.05). In contrast, it was 

observed an increase in mitochondrial 

depolarization with increasing concentration 

of ibuprofen (Figure 2), suggesting the 

beginning of the apoptotic process for the 

three selected strains of C. albicans, C. 

tropicalis and C. parapsilosis. In this context, 

a study by Sanz-Blasco et al., (2008) showed 

that, at very low concentrations (1 µM), 

ibuprofen and other NSAIDs caused 

mitochondrial depolarization of cerebellar 

granule cells. Another study, by Moorthy et 

al., (2008), showed that ibuprofen promotes 

morphological changes in the mitochondria of 

rats liver cells that were treated with 10 

mg/kg for 15 days. 

 

The externalization of phosphatidylserine to 

the cell surface corresponds to one of the first 

apoptotic events, indicating that the cell is 

phagocytosed by macrophages (Engeland et 

al., 1998). Its determination is performed 

using annexin V, which is a calcium-

dependent protein capable of binding 

externalized PS in the cell that is in the early 

stages of apoptosis (Liu et al., 2009). In the 

present work, ibuprofen promoted increased 
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PS externalization in the three selected 

strains, at the three concentrations used, 

suggesting that the strains were in the process 

of initial apoptosis. The treatment of 

fluconazole-resistant cells with the ibuprofen 

(4xMIC) clearly induced cell death in a 

similar way to what was found in cells treated 

with amphotericin B, which was used as a 

positive control (Figure 3). Redpath et al., 

(2009) have demonstrated from the 

externalization of phosphatidylserine that 

ibuprofen at 10mM induces apoptosis in 

human cutaneous cell lines HBL, 

corroborating with our results.  

 

This study also evaluated the production of 

reactive oxygen species and DNA damage. As 

shown in Figure 4, there was an increasing in 

the generation of ROS when the yeast cells 

were exposed to increasing concentrations of 

ibuprofen. Figure 5 shows that regarding the 

MIC concentration there wasn’t a significant 

DNA damage in the cells tested, but with an 

increase in concentration there was an 

increase in the frequency of damage (p<0.05). 

Ibuprofen is a derivative of propionic acid and 

a common feature of such derivatives is the 

ability to generate reactive oxygen species 

(ROS) in the presence of light. These 

compounds are photoactive and cause the 

DNA molecule to become sensitive to 

damage after exposure to light (Adachi et al., 

2007). Husain et al., (2015) demonstrated that 

the generation of ROS by ibuprofen in the 

presence of light is dependent on the 

concentration of ibuprofen, also observing the 

interaction of this drug with DNA (Fig. 6). 

 

Biofilm formation confers antifungal 

resistance to microorganisms which are 

associated. Thus, the capacity of Candida spp. 

to form drug-resistant biofilms is an important 

factor that contributes to the therapeutic 

failure and therefore the search for new 

antifungals, mainly targeting the biofilm, 

becomes fundamental (Pierce et al., 2015). 

 

Table.1 The effects of ibuprofen against FLC-resistant strains of Candida spp. 

 

Strain Nº Genbankof the ITS/5.8S 

sequence 

MIC (mg/mL) 

 IBU 

C.tropicalis 1 KF616840 3 

3 C.tropicalis 2* ** AB861490 

C. tropicalis3 KF616841 3 

C. tropicalis 4 KJ740181 3 

C. tropicalis 5 AB861491 3 

C. albicans1** KJ740174 1.5 

C. albicans 2* KJ740175 3 

C. parapsilosis 1** AB861487 3 

C.parapsilosis 2* KJ740191 3 

C. parapsilosis ATCC - 3 

C. krusei ATCC - 3 
Minimum inhibitory concentrations (MIC) of ibuprofen against clinical FLC-resistant strains of Candida spp. The 

MIC was defined as the lowest concentration that produced 50% reduction in fungal cells growth. The microdilution 

in broth was performed according to CLSI protocol M27-A3. The ibuprofen concentrations ranged from 0.0058 - 3 

mg/mL. The MICs represent the geometric means of at least three MICs determined on different days.  

* These strains were used in the biofilm formation assay.  

** These strains were used to investigate the antifungal action mechanism of the ibuprofen. 
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Figure.1 Effect of ibuprofen on the number of viable cells of FLC-resistant C. albicans, C. 

tropicalisand C. parapsilosis strains 
 

 

 

 
 

 

 

 

 

 

RPMI medium-control, FLC-64 μg/mL, Ampho B-4 μg/mL, Ibuprofen-MIC(3 mg/mL), 2xMIC(6 mg/mL), 

4xMIC(12 mg/mL).*p<0.05. 

 
Figure.2 Assessment of the mitochondrial transmembrane potential in a representative FLC-

resistant strain of each species of Candida spp. treated with IBU 

 
RPMI medium-control, FLC-64 μg/mL, Ampho B-4 μg/mL, Ibuprofen-MIC(3 mg/mL), 2xMIC(6 mg/mL), 

4xMIC(12 mg/mL).*p<0.05. 

 
Figure.3 Staining of phosphatidylserine with annexin V in a representative FLC-resistant strains 

of each species of Candida spp. treated with IBU 

 
RPMI medium-control, FLC-64 μg/mL, Ampho B-4 μg/mL, Ibuprofen-MIC(3 mg/mL), 2xMIC(6 mg/mL), 

4xMIC(12 mg/mL).*p<0.05. 
 

Figure.4 Evaluation of ROS produced in FLC-resistant C. albicans, C. tropicalis and C. 

parapsilosis strains treated with IBU 

 
RPMI medium-control, FLC-64 μg/mL, Ampho B-4 μg/mL, Ibuprofen-MIC(3 mg/mL), 2xMIC(6 mg/mL), 

4xMIC(12 mg/mL).*p<0.05. 
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Figure.5 Evaluation of the DNA damage index in a representative FLC-resistant strain of each 

species of Candida spp. treated with IBU 

 
RPMI medium-control, FLC-64 μg/mL, Ampho B-4 μg/mL, Ibuprofen-MIC(3 mg/mL), 2xMIC(6 mg/mL), 

4xMIC(12 mg/mL).*p<0.05. 

 

 

Figure.6 Activity of ibuprofen against Candida spp. biofilm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ibuprofen - MIC/4 (0,75 mg/mL), MIC/2 (1,5 mg/mL), MIC (3 mg/mL), 2xMIC 

(6 mg/mL), 4xMIC (12 mg/mL), 10xMIC (30 mg/mL), 20xMIC (60 mg/mL).*p<0.05. 
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In this context, after verifying the activity of 

ibuprofen against planktonic cells of Candida 

spp., assays were performed when the biofilm 

was already formed (24h) to verify if 

ibuprofen would be able to unbalance its 

organization. Three strains of Candida spp. 

were selected, one of each species (C. 

albicans, C. tropicalis, C. parapsilosis), 

which showed good biofilm formation. 

Inhibitory and subinhibitory concentrations of 

ibuprofen (MIC/4, MIC/2, MIC, 2xMIC, 

4xMIC, 10xMIC and 20xMIC) were used, 

being verified a reduction in the viability of 

the formed biofilm, directly related to the 

increase in concentration.  

 

The three species had a reduction of less than 

50 % in the viability of the biofilm when 

treated with MIC, a very encouraging result, 

since biofilms are difficult to eradicate and 

can be up to 2000 times more resistant than 

planktonic cells (Seneviratne et al., 2008). 

 

A study by Ashraf et al., (2015) showed that 

0,5mg/mL could reduce 38 % of the formed 

biofilm of C. albicans. 

 

In this way, ibuprofen showed to be a possible 

prototype for the development of new 

antifungal drugs, being able to potentiate its 

activity against these microorganisms from 

molecular alterations. 

 

In conclusion, ibuprofen had antifungal 

activity against fluconazole-resistant C. 

albicans, C. tropicalis and C. parapsilosis. Its 

activity may be related to promotion of 

mitochondrial dysfunction and externalization 

of phosphatidylserine suggesting that cell 

death occurs by apoptosis. Therefore, this 

study allowed a better understanding of the 

mechanism of action of this drug. Ibuprofen 

presented activity against the formed biofilm 

of fluconazole-resistant C. albicans, C. 

tropicalis and C. parapsilosis. 
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