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ABSTRACT

Catheter associated urinary tract infection is an important nosocomial infection that can
be involved by one or more parts of the urinary system including bladder, ureters, urethra and
kidneys. The infection is common as studies estimated that the mean incidence of catheter associ-
ated urinary tract infection per 1000 catheter-days was as high as 9.86, and when the infection is
caused by multidrug resistant bacteria, it can lead to severe sufferings to the patients with longer
morbidity and higher medical expenses.

Many of the catheter associated urinary tract infection causing bacteria are known to form
biofilms and pathogens like Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Proteus mirabilis, Enterococcus faecalis etc. are among the most notorious. As such biofilms are
extremely resistant to ant external physical, chemical or biological agents, the treatment against
them pose serious challenges.

Present study analyses the antibacterial activity of a repurposing anti-depression drug dulox-
etine against two of the most prevalent catheter associated urinary tract infection causing bacterial
pathogens — viz. Escherichia coli and Enterococcus faecalis. Duloxetine showed antibacterial and
the lowest inhibitory concentration was found to be 37.5 pg/ml for both microbes. It was also evalu-
ated for their effect against microbial colonization and biofilm formation. The duloxetine didn’t
allow the microbial colorization up to its minimum inhibitory concentration thus the biofilm reduc-
tion was observed as 64% and 86% for Escherichia coli and Enterococcus faecalis respectively. To
prevent biofilm formation on urinary catheters, the drug was coated with silicone catheter tube and
exhibited antibacterial activity against Escherichia coli and Enterococcus faecalis.

Study suggested that duloxetine can be an effective antibacterial agent against Escherichia
coli and Enterococcus faecalis.
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INTRODUCTION

Infections that occur in the urinary tract are  dogdu Z, Wagenlehner F, 2016; Papanikolopoulou
common and can range from uncomplicated to se-  Aet al., 2022]. The earlier report says, the urinary
vere infections affecting over several million peo-  tract infections are third most important cause for
ple worldwide [Flores-Mireles A et al., 2015; Tan- ~ nosocomial infection which is regularly related to
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indwelling catheter usage resulting high morbidity
and mortality rate [Flores-Mireles A et al., 2019;
Medina M, Castillo-Pino E, 2019; Skelton-Dudley
F et al.,, 2019]. Unfortunately, the catheters al-
lowed the urobacteria to adhere on their surface
and form the biofilm which may lead to catheter
associated urinary tract infection (CAUTI) when
the bacteria enter into urinary tract by catheter in-
sertion or through the drainage system [Feneley R
et al., 2012; Newman D et al., 2016; Vergidis P,
Patel R, 2012]. With prolonged insertion of the
catheter, the risk of bacteriuria increases, which
leads to additional complications, such as septice-
mia [Lo E et al., 2014].

Catheter associated urinary tract infection in-
volves both gram-positive and gram-negative bac-
terial colonization and their biofilm formation on
catheters surface. The Escherichia coli and En-
terococcus faecalis are most prevalent organisms
causing CAUTI and makes the management of
CAUTI is very difficult owing to its biofilm form-
ing ability and resistance to existing antibiotics
[Bjarnsholt T, 2013; Sharma G et al., 2016]. Bio-
films often decreases the antibiotic susceptibility
due to the extracellular polymeric substances pro-
tective effect, efflux pumps which force out the an-
timicrobial compound and the transfer of antibiotic
resistance genes in bacterial cells. Therefore, the
management of CAUTI is ineffective due to rising
of the biofilm thereby prevalence of antibiotic resis-
tance pathogens [Balcazar J et al., 2015; Karigou-
dar R et al., 2019; Walker J et al., 2020]. Conse-
quently, there is an urgent call for the development
of new antimicrobial agent with anti-infective prop-
erty against microbial colonization and biofilm for-
mation of microbes involved in CAUTI. This devel-
opment process is time consuming and quite expen-
sive, requiring many clinical trials before being re-
leased to the market. Hence, in this study, the anti-
bacterial activity of a repurposing drug duloxetine
against Escherichia coli and Enterococcus faecalis
and its activity against bacterial colonization and
biofilm formation were evaluated.

Repurposing the old drug for new application
is one approach gains many attentions as exclu-
sive method for new antimicrobial development.
This approach is mainly based on discovering the
novel application which is not their original scope
of the drug indication [Thangamani S et al.,

2015]. Because these drugs have been already un-
dergone many clinical trials in humans and their
safety, efficacy and pharmacological profiles are
known which reduces the time and cost as well as
it often reduces the risk involved in antibiotic in-
novation [Chong C, Sullivan D, 2007; Thanga-
mani S et al., 2015]. Considering all these facts,
an attempt was made to repurpose the non-micro-
bial drug as antibacterial agent. This study, evalu-
ated the antibacterial activity of duloxetine, an
anti-depression drug was evaluated against the
most prevalent microbes involved in CAUTI and
also evaluated for their ability to prevent colony
formation as well as biofilm eradication.

MATERIALS AND METHODS

Mueller Hinton agar from Hi Media was used
throughout the study to culture the organism. Ri-
fampicin used as positive control for Escherichia
coli and ampicillin used as positive control for En-
terococcus faecalis. Culture without treatment
served as negative control.

Determination of antibacterial activity: To es-
tablish the antibacterial activity of duloxetine
against Enterococcus faecalis and Escherichia
coli, the well diffusion method was adopted as de-
scribed earlier [Gowri M et al., 2016]. The Mueller
Hinton agar and the overnight cultures of Entero-
coccus faecalis and Escherichia coli were adjusted
to 0.5 MacFarland unit was used for the antibacte-
rial activity. The prepared sterile Mueller-Hinton
agar plates were swabbed with the above-men-
tioned cultures and the wells were drilled. The
various concentrations of duloxetine (125 ug/ml,
150 pg/ml, 200 pg/ml) were loaded
in each well and incubated for 24
hours. After incubation, the plates
were observed for the activity. The
antibacterial activity of duloxetine
was determined based on the width
of the zone of inhibition. The ex-
periments were done in duplicates.

To overcome it

is possible, due to the

uniting the knowledge and
will of all doctors in the world R
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Minimum inhibitory concentration determina-
tion: To ascertain the Minimum Inhibitory Concen-
tration of duloxetine against Enterococcus faecalis
and Escherichia coli, the micro dilution method was
implemented as illustrated previously [Gowri M et
al., 2016]. Here, Mueller-Hinton broth used to cul-
ture the microbes. Two-fold serial dilutions of du-
loxetine (300-2.3 pg/ml) were prepared using 200
pl of Mueller-Hinton broth in 96 well plates. 20 pl
of each culture was added to each well and incu-
bated for 24 hours. Plate incubation was monitored
turbidity and the optical density was measured at
600 nm using a spectrophotometer. The experiments
were carried out in triplicate.

Duloxetine effect on colony formation: To deter-
mine the duloxetine effect on Escherichia coli and
Enterococcus faecalis colonization, the culture was
used to grow in Mueller-Hinton broth using 96 well
plate. Two-fold serial dilutions of duloxetine (300-
2.3 pg/ml) were prepared using 200 pl of Mueller-
Hinton broth in 96 well plates. 20 ul of each culture
was added to each well and incubated for 96 hours.
After incubation, each well was washed with phos-
phate-buffered saline to remove the non-adherent
cells and the colonies were fixed with methanol for
30 mins followed by staining with 0.1% crystal violet
for 45 mins. Then, the excess stain was removed by
washing followed by air drying. 200 pl of mixture of
ethanol and acetone was added and the plate was read
at 570 nm using spectrophotometer. The experiments
were done in triplicates.

Duloxetine effect on biofilm formation: To
establish the duloxetine effect on Escherichia
coli and Enterococcus faecalis biofilm, the bio-
film formation assay was performed in 12 well
polystyrene microtiter plates as described earlier
[Gowri M et al., 2020]; 2 ml of bacterial cultures
were added into respective wells and incubated
for 96 hours to allow the biofilm formation. After
incubation, the drug was added at their 1X mini-
mum inhibitory concentration (MIC) (37.5 pg/
ml) and 2X MIC (75 ug/ml) concentrations and
incubated for 24 hours. After treatment, each well
was washed with phosphate-buffered saline to re-
move the non-adherent cells and the colonies
were fixed with methanol for 30 mins followed by
staining with 0.1% crystal violet for 45 mins.
Then, the excess stain was removed by washing
followed by air drying. 200 pul of mixture of etha-

nol and acetone was added and the plate was read
at 570 nm using spectrophotometer. The experi-
ments were done in triplicates.

In vitro bladder model: The in vitro bladder
model was used to determine the antibacterial activ-
ity of duloxetine coated catheters against Esche-
richia coli and Enterococcus faecalis as per stan-
dard protocols [Goda R et al., 2022]. The sterile
catheter tube was cut into small pieces and the
pieces were dipped into 25 mg/ml of duloxetine so-
lution for 30 mins. Then, the drug coated tube pieces
were air dried. The sterile Mueller-Hinton agar
plates were swabbed with respective microbes and
the air-dried catheter piece was placed on the sur-
face of plates and incubated for 24 hours. After in-
cubation, the plates were observed for zone of inhi-
bition. The experiments were done in duplicates.

Statistical analysis: Mean and standard devia-
tions were calculated for minimum inhibitory con-
centration determination, colony formation, bio-
film formation assays.

RESULTS

Determination of antibacterial activity: The
antibacterial activity of a repurposing anti-depres-
sion drug duloxetine was determined against Esch-
erichia coli and Enterococcus faecalis at various
concentrations. The antibacterial activity of dulox-
etine was determined against prevalent microbes
involved in CAUTI and measured zone of inhibi-
tions are presented in figure 1 and table. As seen in
figure 1, the duloxetine showed activity at 125 g

Ficure 1. Zones of growth inhibition exhibited by du-
loxetine: A) Enterococcus faecalis B) Escherichia coli.

TABLE
Antibacterial activity of duloxetine
Zone of inhibition (mm)

Mikroorganisms

125pug 150 ug 200 ug
Enterococcus faecalis 19 20 20
Escherichia coli 18 19 19
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Freure 3. Pictorial representation minimum inhibitory
concentration of duloxetine: A) Enterococcus faecalis

FiGcure 2. Minimum inhibitory concentration of dulox-
etine against Enterococcus faecalis and Escherichia coli

against both the organism. This shows that, the ac-
tivity was increased while increasing the concen-
tration against both microbes.
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Frcure 4 Duloxetine effect on Enterococcus faecalis(left
columns) and Escherichia coli (right columns) colony
formation
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coli and Enterococcus faecalis was determined
using micro dilution method and the obtained re-
sults are presented in Figure 2 and 3. Here, MIC
indicates the lowest concentration of particular
drug which inhibit the growth of respective bacte-
ria was calculated. As shown in figure 2, the calcu-
lated MIC of duloxetine was 37.5 pg/ml against
both Escherichia coli and Enterococcus faecalis.

Duloxetine effect on colonization: The dulox-
etine effect on Escherichia coli and Enterococcus
faecalis colonization was studied using 96 micro
titre plate and the obtained results are interpreted in
figures 4 and 5. As mentioned in Figure 5, the du-
loxetine does not allow the bacteria to grow and
form colonies on polystyrene surfaces up to its MIC.
With decreasing concentration, colonies were
formed on the surfaces, while the formation of colo-
nies was observed, which was reflected in the result.
The result indicates the duloxetine potency to de-
stroy the colony forming ability of Escherichia coli
and Enterococcus faecalis.

Anti-biofilm activity of Duloxetine: The dulox-

etine effect on Escherichia coli and Enterococcus
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Ficure 6. Effect of Duloxetine on biofilm formation by
Enterococcus faecalis and Escherichia coli. Note: PC-
Positive control

FIGcure 7. Pictorial representation duloxetine effect on
biofilm formation: A) Enterococcus faecalis, B) Esche-
richia coli
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faecalis biofilm formation was quantified after
treatment with different concentrations and the re-
sults are presented in figures 6 and 7. As indicated
in figure 4, duloxetine showed 64% and 65% of
biofilm reduction against Enterococcus faecalis
whereas 81% and 86% of biofilm reduction was
observed against Escherichia coli. It shows the
ability of duloxetine in eradicating biofilm forma-
tion of Escherichia coli and Enterococcus faecalis.

Antibacterial activity of duloxetine coating:
The antibacterial activity of duloxetine coated
catheter tube was evaluated against Escherichia
coli and Enterococcus faecalis using dip and dry
method and the obtained result is presented in fig-
ure 8. As seen in this figure, the clear zone of inhi-
bition was observed in drug coated catheter tube
against both Escherichia coli and Enterococcus
faecalis.

DiscussioNn

Catheter associated urinary tract infections rep-
resent an important nosocomial infection which
creates considerable clinical challenges. Naturally,
these infections are polymicrobial in their struc-
ture and are regularly connected to multi drug re-
sistance and biofilm formation which makes treat-
ment challenge [Ansari M et al., 2020; Sanchez B
et al., 2022]. Hence, in this study the antibacterial
activity of a repurposing anti-depression drug du-
loxetine against the most prevalent organisms
Escherichia coli and Enterococcus faecalis in-
volved in CAUTI was examined. Repurposing an
old drug with well-known pharmacology and toxi-
cology profile executed for new application is a
new approach to decrease the cost, time as well as
risk related to antibiotic innovation. Here, the du-
loxetine antibacterial activity was evaluated

Frecure 8. Antibacterial activity of duloxetine coated
urinary catheter tube: A) Enterococcus faecalis, B)
Escherichia coli

against Escherichia coli and Enterococcus faecalis
and exhibited their activity against both microbes.
Consequently, the lowest concentration which in-
hibits the growth of both Escherichia coli and En-
terococcus faecalis was determined as 37.5 pg/ml.
Our study was correlated with previous report in
which sertraline showed antibacterial effect against
Escherichia coli in combination with tetracycline
[Kromann S et al., 2019]. Our study was supported
by previous study wherein a repurposing ebselen
(organoselenium compound) showed excellent ac-
tivity against both methicillin and vancomycin re-
sistant Staphylococcus aureus by inhibiting the
protein synthesis and toxin production [Thanga-
mani S et al., 2015]. A study from Muhammad
group investigated the anti-depression drug sertra-
line against various microbes including Esche-
richia coli, Pseudomonas aeruginosa, Enterococ-
cus faecalis and Acinetobacter baumannii [Mu-
hammad A et al., 2015]. A recent study reported
the antibacterial activity of repurposing drugs such
as amlodipine, azelastine, ebselen and sertraline
against multidrug resistant S. aureus and the MIC
of amlodipine was 64 ug/ml, sertraline showed 20
ug/ml, azelastine exhibited 200 pg/ml and ebselen
showed 0.25 ug/ml [Natalie K et al., 2021]. Ahmet
group investigated the antibacterial activity of ser-
traline against various clinically relevant organ-
isms including Escherichia coli and Enterococcus
faecalis [Ahmet Y et al., 2009].

Besides the antibacterial activity of duloxetine,
the drug was evaluated for microbial colonization
and biofilm formation. The CAUTI are initiated
when the bacteria enter into the catheter during the
insertion followed by adhesion of microbes on the
surface of catheter resulting microbial colonization
leading biofilm formation which is critical for
CAUTI treatment [Arnoldo L et al., 2013; Zhu Z et
al., 2019]. After the adherence of urobacteria on the
surfaces, produced dense complex biofilm con-
nected to microbial polysaccharides, host products
and extracellular materials. These complex struc-
tures protect the bacteria from host defence mecha-
nism, escaped from the regular antibiotic activity
[Pelling H et al., 2019]. As a consequence, biofilms
are not eradicated easily because of the gene trans-
fer between the resistant and non-resistant strains
resulting antibiotic resistant biofilm development
which act as the reservoir for development of patho-
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gens which makes treatment critical. In this regard,
our results revealed the ability of duloxetine to
eliminate microbial colonization, as well as the for-
mation of Escherichia coli and Enterococcus faeca-
lis biofilms. In approaching biofilm prevention, it is
necessary to focus on each stage of biofilm develop-
ment from attachment to maturation. [Koo H et al.,
2017; Roy R et al., 2018; Ghosh A et al., 2020; Mu-
hammad M et al., 2020]. The first stage of biofilm
formation is the attachment; hence our study pointed
out the duloxetine effect on microbial colonization.
Here, the duloxetine does not allow the microbial
colonization of both Escherichia coli and Entero-
coccus faecalis at its MIC level, when the concen-
tration decreases the microbial colonization was in-
creased. Followed by duloxetine effect on biofilm
formation of Escherichia coli and Enterococcus
faecalis was determined and inhibited the Esche-
richia coli and Enterococcus faecalis biofilm for-
mation after treatment.

Besides the anti-biofilm activity of duloxetine,
the drug was exposed for coating the catheter tube
to prevent biofilm development on the inner and
outer surface of the catheter surfaces. The coating of
anti-biofilm agent on the inner and outer surface is
an excellent method to prevent biofilm formation.
To test the duloxetine efficacy of coated catheter,
we have adopted the in vitro bladder model to mimic
the common process in a suitable environment.
Here, the silicone urinary catheter tube was coated
with duloxetine to study the efficacy of the drug.
Our findings showed the efficacy of duloxetine in
coated catheters as zone of inhibition around the
tubes. It indicates that the activity of duloxetine
which suppress the growth of Escherichia coli and
Enterococcus faecalis in the surrounding environ-
ment whereas the uncoated catheter tube showed no
inhibition around the tubes. Our study was corre-
lated with previous results wherein the silicone

catheter tube was coated with silver nanocomposite
exhibited excellent antibacterial activity against
Escherichia coli and S. aureus and also reduce the
bacterial adherence and biofilm formation [Shuai Z
etal., 2019; Rahuman H et al., 2021]. Similarly, an-
tibacterial activity of oral fosfomycin was evaluated
against Enterococcus faecalis using in vitro bladder
infectious model wherein the fosfomycin showed
excellent activity at its MIC level and found that the
fosfomycin was able to suppress the re-growth of
the Enterococcus faecalis [Abbott | et al., 2020].
Likewise, a study reported the ability of new agents
benzalkonium chloride, gluteraldehyde and poly-
acrylic acid that prevents the biofilm formation on
coating silicone catheter against Escherichia coli
and Pseudomonas. aeruginosa. Initially, they have
studied the ability on biofilm formation in three vari-
ous urine catheters made of silicone, red rubber and
polyvinyl chloride. The result revealed that the antib-
iofilm agent was effectively inhibiting the biofilm
formation formed on silicone catheter tube [Navarro
S et al., 2022]. Likewise, Henly E. and co-authors
(2019) studied the biocides coating catheter against
most prevalent microbes involved in CAUTI.

CONCLUSION

The present study highlights the antibacterial
activity of the reused antidepressant duloxetine
against Escherichia coli and Enterococcus faeca-
lis, which are predominantly involved in CAUTI.
Therefore, duloxetine exhibited antibacterial
against both microbes and also inhibited colony
formation thereby reduction of biofilm formation
was observed. It also showed the antibacterial ac-
tivity when the catheter was coated with dulox-
etine against both microbes. All the results sug-
gested that duloxetine can be better antibacterial
agent for CAUTI.
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