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ABSTRACT

Objective: Catheter-associated urinary tract infections make one of the leading nosocomial
diseases worldwide. Most of the bacteria causing catheter-associated urinary tract infections
form protective biofilms inside which the pathogens would be more resistant to antimicrobial
agents, making the treatment more complicated resulting in severe sufferings of the patients with
prolonged morbidity, increased hospital expenses and comparatively higher mortality. Treatment
of infections caused by two of such pathogens - Enterococcus faecalis and Escherichia coli are
challenging and the pharmaceutical world is trying to find alternative antimicrobial agents.
Thus, the current investigation is a trial to repurpose paroxetine - an anti-depression drug to
evaluate its antibacterial potentials against these pathogens.

Material and methods The repurposing of paroxetine to evaluate its efficiency against
Enterococcus faecalis and Escherichia coli was performed by agar diffusion method. Using
microdilution protocols, the minimal inhibitory concentration was also calculated. To qualitatively
analyse the anti-biofilm activity of the drug, paroxetine was coated on catheters and the activity
was evaluated against the bacterial growth.

Results: Paroxetine exhibited promising antibacterial activity and the minimum inhibitory
concentrations were found to be 75 pg/ml and 37.5 pg/ml against Enterococcus faecalis and
Escherichia coli respectively. The drug could also reduce the formation of biofilms by 72% in the
case of Enterococcus faecalis and by 86% in case of Escherichia coli. Paroxetine also shown to
possess potential anti-adhesive properties.

Conclusion: The results suggest that the anti-depression drug paroxetine has antibacterial,
anti-biofilm and anti-adhesive properties against two of the most prevalent bacteria involved in
catheter-associated urinary tract infections
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INTRODUCTION

Urinary system plays an important role in excret-
ing the liquid wastes from the human body. Gener-
ally, the urinary system does not allow any bacterial
entry from the outer skin to bladder but sometimes
the bacteria may be able to enter the system when the
immune system fails resulting the occurrence of uri-
nary tract infections (UTIs) which initiate the use of
catheters [Feneley et al., 2015]. One of the most im-
portant indwelling medical devices is catheter which
become an essential part in modern medicine for
helping the hospitalized patients to improve their
quality of life [Andersen et al., 2020; Trautner 2010].
Still, the infection of the catheters is occurred whether
short or long term because it has more suitable envi-
ronment for microbial contamination leading severe
catheter-associated urinary tract infection (CAUTI)
which related to more than 40% of hospital acquired
infections (HAIs) [Milo et al., 2019]. CAUTI is a
main global concern owing to high morbidity and
mortality rate and ultimately, high economic burden
due to extended stay in hospital, increasing health-
care maintenance, extensive chemotherapy as well as
high risk for the development of antibiotic resistance
[Haque et al., 2018, Hollenbeak and Schilling 2018].
The primary cause of CAUTIs has been suggested as
the biofilm formation by the Gram positive as well as
Gram negative bacteria on the indwelling catheter
surfaces. Many reports say, Enterococcus faecalis
and Escherichia coli are the prevalent microbes in-
volved in CAUTIs [Laupland et al., 2005; Chatterjee
et al., 2014; Sievert et al., 2013]. These prevalent
organisms make the management CAUTIs very criti-
cal due to their biofilm forming ability resulting in
the formation of antibiotic resistant strains. is the
Biofilm, the fundamental factor for CAUTI forma-
tion is a complex dense structure attached on the
catheter surfaces which produces polymeric sub-
stances to aid the bacteria to effectively avoid the an-
tibiotic treatment rendering medical devices dysfunc-
tion [Aleksandra et al., 2020; Di Martino 2018; Kur-
moo et al., 2020].

Since, CAUTI is mainly related to biofilm for-
mation on catheter surfaces, there is an alarming
need for researches to alternate or modify the cath-
eter surface to avoid the biofilm formation in order
to prevent further infections [Costa et al., 2019;
Junter et al., 2016]. In other words, there is a need
for the search of new anti-adhesive agents that

fight against antibiotic resistance and biofilm for-
mation of prevalent microbes involved in CAUTIs.
It is in this scenario that the repurposing the drugs
(used in the management of other diseases) for new
application has emerged as a promising treatment
choice for antibiotic resistance as they are readily
available for the treatment since, the pharmacologi-
cal facts are known which reduces the time, cost and
risk associated with the antibiotic development
[Poyil and Bari, 2023]. Thus, in the study, the anti-
bacterial and anti-adhesive properties of paroxetine,
an antidepression drug was investigated against En-
terococcus faecalis and Escherichia coli prevalent
microbes involved in CAUTIs.

MATERIALS AND METHODS

Antibacterial activity determination: The well
diffusion method was performed to investigate the
antibacterial activity of the repurposing drug parox-
etine against Enterococcus faecalis and Escherichia
coli as described previously [Meiyazhagan et al.,
2016]. In brief, the sterile Mueller Hinton Agar
(MHA) plates were swabbed with overnight cul-
tures of both the bacterial pathogens viz, Enterococ-
cus faecalis and Escherichia coli followed by the
addition of varying concentrations of paroxetine to
each wells drilled. The plates and incubated at 37°C
for 24 to 36 hours and after the incubation plates
were observed for the antibacterial activity of par-
oxetine by measuring the zone of inhibition around
the wells in millimetres (mm). Ampicillin and ri-
fampicin were used as positive controls for Entero-
coccus faecalis and Escherichia coli respectively.
The experiment was repeated twice.

MINIMUM INHIBITORY CONCENTRATIONS
(MICs) DETERMINATION: The microdilution
method was adopted to determine the paroxetine
minimum inhibitory concentrations against En-
terococcus faecalis and Escherichia coli [Mei-
yazhagan et al., 2016]. For the experiment, in a 96
well plate, 300 pg/ml of paroxetine drug was seri-
ally diluted using Mueller Hinton Broth (MHB) to
obtain the final concentration as 2.3 pug/ml. Finally,
the overnight cultures of both the bacteria were
added and incubated in standard conditions. Then,
the optical density of the plates was measured
using spectrophotometer at 600 nm. The experi-
ments were repeated thrice.
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Paroxetine effect on colony formation: The
effect of paroxetine on the colony formation of En-
terococcus faecalis and Escherichia coli was stud-
ied as described [Meiyazhagan et al., 2015].
Briefly, the paroxetine drug was serially diluted
using MHB in 96 well plates. The overnight cul-
tures of mentioned bacteria were added to the well
which contained various concentrations of the drug
and the plates were incubated for 96 hours. Then,
the phosphate buffer saline (PBS) wash was done
to remove the non adherent cells followed by col-
ony fixation using methanol. The colonies fixed
were stained with 0.1% crystal violet solution. The
wells were air dried after removing the excess
stain. The ethanol and acetone mixture was added
to dissolve the crystal violet and the obtained pur-
ple product was read at 570 nm. Untreated wells
served as negative controls for both bacteria. The
experiments were done in triplicate.

Paroxetine effect on biofilm formation: The
biofilm formation assay was performed to ascer-
tain the effect of paroxetine on biofilm formation
by the bacterial pathogens Enterococcus faecalis
and Escherichia coli [Gowri et al., 2020]. The
overnight cultures of both bacteria were added in
polystyrene microtiter plates and allowed for 96
hours for maturation. After that, the matured bio-
film was treated for 24 hours with the paroxetine
as 1X MIC and 2X MIC. Afterwards, the non ad-
herent cells were removed by PBS wash and the
attached cells were fixed with methanol for some-
times followed 0.1% crystal violet staining. The
excess stain was removed and the mixture of etha-
nol and acetone was observed to get purple colour.
The plate was measured at 570 nm. Untreated
wells served as negative controls for both microbes
whereas ampicillin and rifampicin treated wells
served as positive controls for Enterococcus faeca-
lis and Escherichia coli respectively. The experi-
ment was repeated twice.

Antibacterial activity of catheter coating:
The paroxetine coating catheter was evaluated for
their antibacterial activity against Enterococcus
faecalis and Escherichia coli using in vitro cathe-
ter models as per standard protocols [Goda et al.
2022]. In brief, the small pieces of sterile silicone
catheter tube were coated with paroxetine solution
for 30 mins followed by air dry. The coated cathe-
ter pieces were placed over the MHA plates which

were swabbed with particular microbes and the
plates were incubated in standard conditions. After
incubation, the zones of inhibition around the cath-
eter pieces were observed and considered as the
proof for the antibacterial activity of paroxetine
coated on catheters. Sterile catheter pieces were
used as negative control.

Statistical analysis: One-way ANOVA analy-
sis was carried out on IBM SPSS Statistics Ver.
22.0 software (SPSS Inc. in Chicago, lllinois,
United States). The statistical analyses of the data
from the minimum inhibitory concentrations deter-
mination, colony formation, biofilm formation as-
says etc. were represented as mean + standard de-
viations and the statistical significance was con-
sidered, with a p<0.05. All the experiments were
performed in triplicates.

RESULTS

Antibacterial activity determination: The de-
termined antibacterial activity of various concen-
trations of paroxetine against Enterococcus faeca-
lis and Escherichia coli is is in figure 1. The zone
of inhibitions around the well which contain vari-
ous concentrations indicating the antibacterial ac-
tivities of paroxetine against the selected bacteria.
The antibacterial activities were attained in 125 g
of paroxetine against both Enterococcus faecalis
and Escherichia coli. As seen in figure, sizes of
the zones of inhibition ere increased for both the
microbes with respect to the increase in the parox-
etine concentrations.

Minimum inhibitory concentrations determi-
nations: The lowest concentrations of the drug par-
oxetine which were able to inhibit the growth of both
Enterococcus faecalis and Escherichia coli were de-
termined and the graphs were plotted as in figure 2

Ficure 1. Antibacterial activity of Paroxetine against
A) Enterococcus faecalis B) Escherichia coli
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Freure 2. Minimum inhibitory concentrations de-
termination of paroxetine against Enterococcus faecalis
(dotted line) and Escherichia coli (solid line)
and 3. As seen in the graph, 75 pg/ml of paroxetine
concentration was needed to inhibit the growth of
Enterococcus faecalis whereas 37.5 pg/ml was
enough for Escherichia coli growth inhibition.
Paroxetine effect on colony formation: The
effect of the drug paroxetine on Enterococcus fae-
calis and Escherichia coli colony formation was
investigated and the results are shown in figure 4
and 5. As mentioned in figure, the paroxetine was
able to inhibit the colony formation of both the mi-
crobes up to its MIC level. Fortunately, the trace of
paroxetine present in the well was able to decrease
colony formation of Escherichia coli in the poly-
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FIGURE 4. Percentage of colony formation after treatment
with paroxetine against Enterococcus faecalis (dotted line)
and Escherichia coli (solid line)
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Ficure 6. Biofilm formation inhibition after treatment
with paroxetine against Enterococcus faecalis and
Escherichia coli. Note: PC- positive control
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Frcure 3. Minimum inhibitory concentrations of
paroxetine determination against Enterococcus faecalis
(A) and Escherichia coli (B)
styrene plate surfaces. In contrast, the Enterococ-
cus faecalis colony formation was observed after
the MIC level of paroxetine. This showed the effi-
ciency of paroxetine in eliminating the colony for-
mation of both the microbes.

Paroxetine effect on biofilm formation: The
paroxetine effect on biofilm formations of Entero-
coccus faecalis and Escherichia coli quantified in
96 well plates are presented in figure 6 and 7. As
seen in figure, the paroxetine effectively inhibited
the biofilm formation of both of the bacterial
pathogens, in the tested concentrations in the poly-
styrene surfaces. The paroxetine reduced 69% and
72% of biofilms after treatment with 1X MIC and
2X MIC respectively against Enterococcus faeca-
lis. Whereas, paroxetine reduced 81% and 86% of

Ficure 5. Visual observation of colony formation of
Enterococcus faecalis (A) and Escherichia coli (B) after
treatment with paroxetine

::jl\:: > ; '\\\__ i il

Ficure 7. Photographic view of biofilm formation after

treatment with paroxetine against Enterococcus faeca-
lis and Escherichia coli
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Frcure 8. Anti-adhesive property of paroxetine against
A) Enterococcus faecalis B) Escherichia coli

biofilm when treated with 1X MIC and 2X MIC
respectively against Escherichia coli. It showed
the ability of paroxetine in eradicating biofilms of
both the selected bacteria involved in CAUTIs.

Antibacterial activity of paroxetine catheter
coating: The antibacterial activity of paroxetine
coated catheter is presented in figure 8. As seen in
figure, the clear zone of inhibition around the par-
oxetine coated catheter piece indicated the anti-
adhesive property of paroxetine against Entero-
coccus faecalis and Escherichia coli. This sug-
gested the antibacterial and anti-adhesive property
of paroxetine against prevalent organism involved
in CAUTI. Whereas, the uncoated catheter piece
was not showed any zone of inhibition.

Discussion

The use of indwelling catheter may lead the
most common CAUTIs which are related to lengthy
stay in hospitals resulting high economic burden
and antibiotic resistance development ultimately
leading to high morbidity and mortality [Mitchell
et al., 2021; Smith et al., 2019; Fasugba et al.,
2017]. In such a situation there is an urgent call for
alternative solutions for treating antibiotic resis-
tance and for the prevention of biofilm formation
on catheter surface. Therefore, in the study, the an-
tibacterial, anti-biofilm and anti-adhesive proper-
ties of a repurposing anti-depression drug parox-
etine was evaluated against Enterococcus faecalis
and Escherichia coli involved in CAUTI. The par-
oxetine exhibited promising antibacterial activity
against both bacteria - Enterococcus faecalis and
Escherichia coli. Similarly, the antibacterial activ-
ity of an anti-depression drug fluoxetine was eval-
uated against Pseudomonas aeruginosa, Esche-
richia coli and Staphylococcus aureus and it was
effectively inhibited the growth of tested microbes

and also it showed elevated activity when com-
bined with known drugs [Karine de Sousa et al.,
2018). Likewise, the phosphate prodrugs with anti-
cancer activity were repurposed for their antibac-
terial activity against Enterococcus faecalis and
Staphylococcus aureus and found have potential
antibacterial activity [Pertusati et al., 2020]. Eb-
selen- the anti-inflammatory, anti-oxidant and cy-
toprotective drug is also known to possess antibac-
terial activity against vancomycin and methicillin
resistant Staphylococcus aureus [Thangamani et
al., 2015]. Another study by Ayaz et al., 2015
showed the activity of the antidepression drug ser-
traline against multiple pathogenic bacteria includ-
ing Acinetobacter baumanii, Escherichia coli, En-
terococcus faecalis and Pseudomonas aeruginosa.
Boyd et al., (2021) have showed the potential anti-
bacterial activity of repurposed drugs such as am-
lodipine, azelastine, ebselen and sertraline against
multidrug resistant Staphylococcus aureus. Many
investigations have been conducted to study the
antibacterial activities of repurposing drugs like
duloxetine, amodiaquine, curcumin, ibuprofen, el-
lagic acid, diiodohydroxyquinoline, mitomycin -C
and quercetin against Psudomonas aeruginosa,
Klebsiella pneumoniae, Clostridium difficile, En-
terococcus faecalis, Escherichia coli, Staphylo-
coccus aureus etc. and have showed promising ac-
tivities [Ahmet, 2009; Kamurai et al., 2020; Pa-
cios et al., 2021; Shi et al., 2022].

Besides the antibacterial activity, the paroxetine
was evaluated for their anti-biofilm activity against
Enterococcus faecalis and Escherichia coli involved
in CAUTIs as the CAUTI is mainly related biofilms
which colonize on the catheter surface leading dif-
ficult in the management of infection [Zhu et al.,
2019]. The biofilm starts from the attachment of mi-
crobes to any living and non-living surfaces to form
matured structures which are not easily to eradi-
cated [Pelling et al., 2019]. Our study showed that,
in the presence of the drug paroxetine, the colony
formation by the selected pathogens was not possi-
ble on the polystyrene surface which inhibited the
biofilm formation in the beginning itself. Our find-
ings are correlated with previous reports wherein
the anti-biofilm and antibacterial of activities of
penfluridol and etoposide —A were investigated
against Enterococcus faecalis and Staphylococcus
aureus [Zeng et al., 2021; Vidhya, 2022].
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Coating of catheters with antimicrobial agents in
and on the outer surface of the catheter is an excel-
lent method to prevent the biofilm formation by the
uropathogens. The drug paroxetine has also shown
its anti-adhesive property as it showed against both
Enterococcus faecalis and Escherichia coli when
coated on catheters. Ivanova et al., (2021) have also
reported a similar finding in which the catheter
coated with zinc oxide nanoparticles showed poten-
tial activities against Escherichia coli and Staphylo-
coccus aureus when treated up to seven days of
[Ivanova et al., 2021]. Likewise, silver nanoparticle
coated catheters showed excellent anti-biofilm ac-
tivity against Escherichia coli and Staphylococcus
aureus [Rahuman et al., 2021] and, fosfomycin
showed activity against Enterococcus faecalis using
bladder infectious model [Abbott, 2020].

CONCLUSION

CAUTI is an important medical problem for
many people around the world and is directly re-
lated to the biofilm formation by the causative bac-
terial pathogens. In the present study, two of such
important CAUTI causing bacteria — viz, Entero-
coccus faecalis and Escherichia coli were sub-
jected to various treatments by the an antidepres-
sion drug paroxetine in an attempt to repurpose it
for its antibacterial and anti-adhesive properties.
The drug showed excellent capability in prevent-
ing biofilm formation on polystyrene surfaces and
it also showed the activity on catheter surfaces
against Enterococcus faecalis and Escherichia
coli. So, the paroxetine can be further studies for
using as an anti-biofilm coating material for cath-
eters prevent biofilm formation of Enterococcus
faecalis and Escherichia coli.
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