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Abstract
The development of multidrug resistance in bacterial pathogens in many ways including by the formation
of biofilms has been considered as one of the major challenges that human beings face. As the biofilms
form complex structures that help the bacteria to evade the host defense mechanisms resulting in serious
socio-economic implications due to longer morbidity and higher mortality, there is an urgent need for new
antimicrobial compounds with promising mechanisms of action. Drug repurposing is a novel method to
find out the antibacterial activities of well-defined drugs in use, and here, citalopram, an antidepressant
that comes under the SSRI category was investigated for its potential against three of the major hospital-
acquired infection-causing bacteria, viz., Enterococcus faecalis, Escherichia coli and Staphylococcus
aureus. In the present study, analyses were performed for the antimicrobial activities by well-diffusion
protocols, for the minimal inhibitory concentrations (MICs) by microdilution method, the effect of the
drug on pre-formed and mature biofilms by crystal violet method, synergic effects of the drug and selected
antibiotics on the bacterial pathogens by checkerboard assay, etc., using standard protocols. The drug
citalopram displayed potential activities against all of the selected bacterial pathogens and its MICs were
found to be 62.5 µg/ml against E. faecalis, 125 µg/ml each against S. aureus and E. coli. The drug also
showed remarkable antibiofilm activities and, at MIC levels, the eradication was 96.3%, 82% and 89% of
mature biofilms by S. aureus, E. coli and E. faecalis. When combined with ampicillin and rifampicin, the
drug citalopram displayed enhanced synergic effects against the pathogens. The drug was found to possess
promising antibacterial and antibiofilm activities against three of the major hospital-acquired infections
causing microbial pathogenic organisms, viz., E. faecalis, S. aureus, and E. coli. As the drug exhibited
enhanced activities when combined with commercially available antibiotics, further studies could be
conducted for a repurposed use of citalopram as an antibiotic.
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1. Introduction

Many of the microorganisms are able to cause life-threatening
infections and, more frequently, gain resistance to already available
therapeutic agents, leading to antimicrobial resistance, which is
considered to be a global threat to the public. As they limit the
treatment options for the clinicians and disrupt their schedules, the
infections by microorganisms showing antimicrobial resistance are
difficult to treat and are accountable for more than 700,000 deaths
worldwide, indicating that if no novel antibacterials are discovered
by 2050, due to drug resistance itself, there can be above a million
deaths per annum (Salam et al., 2023; Farha et al., 2019; Aslam et al.,
2018; Yssel et al., 2017; Magill et al., 2014; Nathan et al., 2014).
Thus, the consequence of the spread of drug-resistant organisms is
the biggest global threat, which significantly contributes to higher
morbidity and mortality (Walsh et al., 2023; Serweciñska 2020;

Cassini et al., 2019; Gajdács, 2019). Among a number of life-
threatening microbes, E. faecalis, S. aureus, and E.coli are among the
most frequently encountered bacteria in healthcare settings (Banawas
et al., 2023; Szabó et al., 2022; Caldara et al., 2021). The drug
resistance may occur due to gene transfer mechanism, biofilm
formation, efflux pumps, target site alternation, and enzyme
inactivation that mediate resistance in organisms indicating that the
defence mechanism of multidrug-resistant organisms has been broken
already (Mahdyeh and Hossein, 2023; Mirghani et al., 2022; Chi’ et
al., 2022; Steven et al., 2016; Li and Nikaido, 2009). Developing
novel antimicrobial agents against multidrug resistant organisms is
an extremely time-consuming and expensive process that may take
up to several years to complete, and as a consequence of this, the
idea of discovering novel antimicrobial agents has been dropped by
more than 50% (Silva et al., 2018; Rai et al., 2013; Silver, 2011).
Owing to a drastic increase of drug resistance to commercially used
antibiotics, researchers are now widely focusing the antimicrobial
potentials of the drugs whose initial therapeutic action is not
antimicrobial activity, and this repurposing has widely attracted as
the drugs have already been tested for their efficacy and safety, and
have been approved and promoted (Poyil and Bari, 2023; Kunz
Coyne et al., 2022; Paes Leme et al., 2021; Schein, 2020). This



844

method can cut down the costs and may speed up the approval
process, and it has been a hopeful approach to finding probable
antimicrobial agents for treating infections that could be life-
threatening (Krishnamurthy et al., 2022; Hua et al., 2022). Therefore,
in the present study, the antibacterial, antibiofilm, and synergic
potentials of an antidepressant non-antibiotic drug, citalopram, were
investigated against E. coli, E. faecalis, and S. aureus.

2. Materials and Methods

2.1 Chemicals and reagents

For the study, the bacteriological media brain heart infusion agar
(BHA), mueller hinton agar (MHA) and the antibiotics, including
ampicillin and rifampicin were procured from Himedia laboratories
private limited, India. The bacterial cultures of E. faecalis (ATCC
29212), S. aureus (ATCC 25923), and E. coli (ATCC 25922) were
purchased from the ATCC (American type culture centre), and they
were grown in respective media. The above-mentioned overnight
cultures, which were adjusted to 1X106 CFU/ml, were used
throughout the study.

2.2 Antibacterial potentials of the drug citalopram

The antibacterial potentials of the antidepressant drug citalopram
were determined against three bacterial pathogens, viz., E. faecalis,
S. aureus, and E. coli using the well-diffusion method (Meiyazhagan
et al., 2015). Shortly after, the overnight cultures were swabbed on
the sterile surfaces of the BHI agar and the MH agar, and the wells
were drilled. Each well was loaded with various concentrations (250
µg/ml, 125 µg/ml, 62.5 µg/ml, 31 µg/ml, 15.5 µg/ml, 7.75 µg/m, 3.8
µg/m, 1.9 µg/ml) of citalopram and incubated. The antibacterial
efficiency of citalopram was calculated by measuring the zones of
inhibition around the well against E. faecalis, S. aureus and E. coli.
Ampicillin and rifampicin were the positive controls.

2.3 Determination of minimal inhibitory concentrations (MICs)
of citalopram against the pathogens

The drug citalopram was analyzed for its MICs against each of the
selected bacterial pathogens using the microdilution method
(Meiyazhagan et al., 2016). In brief, in a 96-well plate, 250 µg/ml of
citalopram was serially diluted to make the concentration to 1.9 µg/
ml in the respective broth. Later, overnight cultures of E. faecalis, S.
aureus, and E. coli were added to the well, followed by incubation in
standard conditions. Then, at 600 nm, the optical densities of the
plates were read using a spectrophotometer.

2.4 Effect of citalopram on pre-formed biofilms

The drug citalopram was analyzed for its effect on pre-formed
biofilms by the bacteria using polystyrene plates (Meiyazhagan et
al., 2015). For the assay, the drug was subjected to serial dilution to
reach a concentration of 1.9 µg/ml from 250 µg/ml in the respective
broth, and the overnight cultures of S. aureus, E. faecalis and E. coli
were added and incubated for 96 h to allow biofilm formation, followed
by a phosphate buffered saline (PBS) wash and methanol fixation.
Then the wells were stained with a crystal violet solution, washed
with PBS and destained with ethanol-acetone complex. The untreated
wells were the negative controls. The purple colour developed was
spectrophotometrically analyzed at 570 nm.

2.5 Effect of citalopram on mature biofilms

To find out the antibiofilm effect of the drug citalopram on E. faecalis,
S. aureus and E. coli mature biofilms, the biofilm formation assay
was performed using crystal violet (Gowri et al., 2020). For the
experiment, overnight cultures of E. faecalis, S. aureus and E. coli
were added and incubated for 96 h to allow biofilm formation. After
incubation, the mature biofilm was treated with three different
concentrations of citalopram and allowed for 24 h. Then, with PBS,
both the biofilms were washed, followed by methanol fixation, and
then stained with crystal violet with ethanol-acetone complex. The
untreated wells were the negative controls. Finally, the developed
purple-coloured compound was read using a spectrophotometer at
570 nm.

2.6 Checkerboard assay for synergic effect analysis

To study the synergistic effect of citalopram with antibiotics in
common use like rifampicin (against E. coli) and ampicillin (against
E. faecalis and S. aureus), checkerboard assay was performed
(Meiyazhagan et al., 2016). In brief, citalopram and the two antibiotics
(rifampicin and ampicillin) were taken at concentrations, one above
the MIC, the other at MIC, and three below MIC in combinations
followed by the addition of overnight cultures of E. coli, S. aureus,
E. faecalis, and incubated. Later, the plate was read spectrophoto-
metrically at 600 nm, and the synergistic effect was studied by
calculating the FICI (fractional inhibitory concentration index) by
adding FIC of ampicillin, citalopram and rifampicin. Here, the FIC of
citalopram was obtained by dividing the MIC of citalopram in
combinations with their original MIC.

2.7 Statistical analysis

For all the experiments, mean and standard deviations were performed
to calculate the standard error.

3. Results

3.1 Antibacterial potential determination

The antibacterial potentials of the drug citalopram were determined
against E. faecalis, S. aureus, and E. coli, and the zones of inhibition
are shown in Figure 1. The citalopram exhibited antibacterial activity
in all the tested concentrations against the above-mentioned organisms
and was determined by observing the zone of inhibition around the
well. The inhibition areas were bigger when the concentration of the
drug citalopram against the bacteria was increased.

3.2 Determination of minimal inhibitory concentration (MIC)

The minimal inhibitory concentrations of the drug citalopram were
calculated against E. faecalis, S. aureus, and E. coli using the microdi-
lution method and are represented graphically (Figure 2). As seen in
the graph, 62.5 µg/ml of citalopram was needed to inhibit the E.
faecalis growth, and 125 µg/ml of citalopram was needed for the
inhibition of S. aureus and E. coli growth.

3.3 Citalopram effect on preformed biofilm

The effect of the drug citalopram was studied on preformed biofilms
of E. faecalis, S. aureus, and E. coli, and the inhibitory effects are
presented in Figure 2. As indicated in the figure, the citalopram
displayed potential efficiency in inhibiting bacterial biofilm formation
at their MIC level, and the gradual increase of S. aureus biofilm
formation was noted after their MIC level. Fortunately, a trace of
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citalopram can slow down the E. faecalis and E. coli biofilm formation
on non-living surfaces, indicating the potency of citalopram in

preventing biofilm formation, with no growth of any organisms at
the first two higher concentrations.

Figure 1: Citalopram antibacterial activity against: A. S. aureus, B. E. faecalis and C. E. coli.

Figure 2: Citalopram least inhibitory concentrations against S. aureus, E. faecalis and E. coli.

Figure 3: Citalopram impact on preformed biofilms of S. aureus, E. faecalis and E. coli.
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3.4 Effect of citalopram on mature biofilms

The effect of the drug citalopram on mature biofilms of E. faecalis, S.
aureus, and E. coli was studied and quantified using crystal violet,
and the calculated percentage of biofilm reduction is shown in Figure
5. As clearly seen in the figure, various concentrations (1X MIC, 2X
MIC, and 3X MIC) of citalopram reduced the mature biofilm
effectively. The citalopram effectively reduced 86%, 89%, and 96.3%
of S. aureus biofilm after treatment with 1X MIC (125 µg /ml), 2X

MIC (250 µg/ml), and 3X MIC (375 µg/ml), respectively. Similarly,
84%, 89%, and 89% of E. faecalis biofilm reduction were observed
after treatment with various concentrations 1X MIC (62.5 µg/ml),
2X MIC (125 µg/ml), and 3X MIC (187.5 µg/ml) of citalopram.
Whereas, citalopram effectively inhibited 79%, 81%, and 82% of E.
coli biofilm after treatment with 1X MIC (125 µg/ml), 2X MIC (250
µg/ml), and 3X MIC (375 µg/ml), indicating the citalopram potency
in removing biofilms.

Figure 4: Citalopram impact on mature biofilms of S. aureus, E. faecalis, and E. coli (Note: PC-positive control).

3.5 Checkerboard assay

The synergistic effect of citalopram with already known antibiotics
(ampicillin and rifampicin) was studied, and the findings are shown
in Figure 5. The level of MIC declined when the citalopram was
added along with ampicillin from their original MIC (125 µg /ml) to
62.5 µg/ml against S. aureus; while E. faecalis was treated with
citalopram in combination with ampicillin, showing a decrease in

their MIC level from 62.5 µg/ml to 31 µg/ml. In the same way, when
E. coli was treated in combination with rifampicin, it could reduce
the minimal inhibitory concentration required against the organisms
to 62.5 µg/ml, from an initial level MIC of 125 µg/ml when only one
drug was drug was used. The fractional inhibitory concentration
index (FICI), which indicates a lack of substantial interaction between
these antimicrobial agents was determined for both drugs as 0.5,
indicating a synergistic effect.
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Figure 5: Combined effect of citalopram with ampicillin and rifampicin.

4. Discussion

The emerging multidrug-resistant organisms to many classes of
antibiotics create a serious threat to human health, resulting in high
morbidity and mortality. The occurrence of multidrug-resistant
organisms is mainly related to biofilms, making treatment difficult
(Ying et al., 2021). So, there is a need for alternative antimicrobials to
overcome multidrug resistance and eradicate biofilms. Therefore,
citalopram, an antidepressant drug, was evaluated for its antibacterial
and antibiofilm activity against hospital-associated infections causing
microbes such as S. aureus, E. faecalis, and E. coli. Many repurposing
drugs have a successful clinical treatment ratio against fungi and
bacteria (Muthu et al., 2020; Vidya et al., 2022). Our study also
again proved the antibacterial and antibiofilm activity of citalopram
against tested organisms, indicating the repurposing drugs

applications beyond their original approved use. Also, citalopram
showed a synergistic effect with rifampicin and ampicillin. Similarly,
various antidepressant drugs such as escitalopram, fluoxetine,
duloxetine, mirtazapine, fluvoxamine, and venlafaxine against common
gut microbes, including  S. aureus, E. faecalis, Lactobacillus
rhamnosus, E. coli, Bifidobacterium and Candida albicans
(Rukavishnikov et al., 2023). All the tested antidepressants showed
activity against all the tested microbes. Among them, venlafaxine
and fluvoxamine had the very least effect on C. albicans E. faecalis,
E. coli, and S. aureus. Also, escitalopram had the greatest effect on
E. faecalis, E. coli, L. rhamnosus, B. bifidum, and C. albicans, which
confirmed the effect of antidepressant drugs against gut microbes,
and it has novel directions as an antibacterial agent (Rukavishnikov
et al., 2023). Recently, a non-steroidal synthetic estrogen drug,
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hexestrol, was evaluated against methicillin-resistant S. aureus for
its antibacterial and antibiofilm effect. It showed excellent
antibacterial activity with MIC of 16 µg/ml, effectively reducing the
biofilm and exhibiting synergism with antibiotics (Liu et al., 2023).
In the same way, the drug selamectin was analysed for its
antimicrobial potential against S. aureus, and a change in cell
morphology was observed also after treatment. Then, it effectively
reduced the biofilm formation and showed a synergistic effect with
ampicillin (Folliero et al., 2023). Similarly, another repurposing drug,
paroxetine, was evaluated for antimicrobial potentials against both
methicillin-resistant and methicillin-sensitive S. aureus, and its
synergistic effect was investigated. The drug showed antibacterial
activity with MIC of 64 g/ml and had additive interactions with
oxacillin. The mechanism of action revealed the morphological changes
(Cabral et al., 2023). In vitro, the antimicrobial efficiency of the drug
amlodipine was investigated against S. aureus and found antibacterial
activity at 128 g/ml. The synergistic effect was analyzed with
oxacillin and also showed antibiofilm activity against mature biofilm.
The activity achieved through membrane damage leads to cell death
(Barbosa et al., 2023). Another study proved the antibacterial activity
of escitalopram oxalate and their interaction with the DNA of bacteria
and showed hyperchromism. The drug showed antibacterial activity
against Bacillus subtilis and E. coli with the least inhibitory
concentrations of 0.185 mM and 0.55 mM, respectively (Valipour
et al., 2019). A study investigated the two repurposing drugs such as
escitalopram oxalate and clonazepam antibacterial activity alone and
in combinations with known antibiotics ciprofloxacin and
trimethoprim. They proved the antibacterial activity, minimum
inhibitory concentrations, and fractional inhibitory concentrations
were determined against Gram-positive organisms and also had
synergistic effects with antibiotics (Rosa et al., 2021).

5. Conclusion

An antidepressant drug, citalopram, was investigated for its
antibacterial activity against common hospital pathogens like S.
aureus, E. faecalis, and E. coli.  Citalopram exhibited antimicrobial
potential, and the minimum inhibitory concentrations were calculated.
Citalopram effectively inhibited the biofilms and excellently
eradicated the mature biofilms by E. coli, S. aureus and E. faecalis,
after the treatment. The combination study proved the synergistic
effect of citalopram with ampicillin and rifampicin. Overall, the study
proved the antibacterial activity, antibiofilm activity, and synergistic
effect of citalopram, suggesting that it can be a better alternative
antibacterial agent when it is combined with any of these tested
antibacterials for better treatment against bacterial infections.
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