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Abstract Ureteral catheters are indispensable devices used in the management of ureteral obstruction. Although
the stent is essential for treatment, it also has complications, which are encrustation, stone formation and biofilm
formation. Biofilm infections result in a complication in the course of treatment, increasing the length of patients
stay in hospital and overall cost. Catheter-associated infections are difficult to be treated with antibiotics and there is
a need to change catheters due to the formation of biofilm on their surfaces. In this study, In this study, we examine
the effect of some of prescribed drugs as NSAIDs and N-acetylcysteine on the adherence of S. aureus, K.
pneumoniae, P. aeruginosa and Proteus mirabilis on the surface of catheters, and their effects on the preformed
mature biofims. Also, we determine their antibacterial activity. The results showed that the tested agents had good
antibacterial activity, a significant effect on the inhibition of adherence of the tested strains to plastic surfaces and a
high disruptive effect on mature biofilms. In conclusion, the tested drugs can be used in the treatment of catheterassociated infections.
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1. Introduction
Bacterial biofilms can be defined as microbe-derived
sessile communities attached to a surface and embedded in
a self produced matrix of polymers. These biofilm bacteria
show a different metabolic state than planktonic bacteria,
especially with respect to transcription and cell
interactions [1,2]. Biofilm-forming organisms are often
more resistant to high levels of antimicrobial agents than
the planktonic cells, which makes bacterial eradication
difficult to achieve despite the use of in vitro active
antibiotics [3,4,5,6]. It seems that biofilm-embedded
bacteria enter in a stationary state, driving to
physicochemical interactions with production of slime,
followed by lower diffusion of active molecules, and then
a lesser susceptibility to antimicrobial killing [7]. Medical
and environmental impact of microbial biofilm has led to
an expanding investigation of the biology and regulatory
mechanisms of biofilm formation and dispersal [8,9].

Strategies have been proposed to inhibit biofilm formation
by using different drugs both in solution and applied to
some medical devices [10,11,12,13].
Catheter-associated infections are difficult to be treated
with antibiotics and there is a need to change catheters due
to the formation of biofilm on their surfaces. In recent
years, due to the increased resistance of many bacteria to
the commonly used antimicrobial agents, attention has
shifted to drugs belonging to different pharmacological
classes for possible antimicrobial activity. Many studies
showed that NSAIDs have antibacterial activity and
decrease adherence and biofilm formation by bacteria.
Unfortunately, one of the main side effects of NSAID
administration is renal function damage. NSAID are
accountable for 7% of all cases of acute renal failure and
for 37% incidents of drug-associated acute renal failure
[14]. Inhibition of prostaglandin synthesis by NSAID
administration might lead to renal ischaemia, decline in
glomerular hydraulic pressure and, consequently, to acute
renal insufficiency [15,16,17]. Indeed, renal biopsies from
patients with NSAID-induced acute renal failure disclose
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signs of acute tubular necrosis [14]. N-acetylcysteine (NAC)
has been shown to effectively prevent nephrotoxicity
induced by contrast media, hypoperfusion or in toxininduced renal failure in humans and experimental animals
[18-23]. In addition, NAC is known to exert a vasodilatatory
effect on renal microcirculation [24]. The operative
mechanisms have not yet been fully elucidated. Thus far,
the probability of NAC playing a role in prevention or
attenuation of NSAID-induced acute renal failure has
never been approached. NAC successfully attenuated the
deterioration of renal function by inducing renal
vasodilatation, decreasing oxidative stress via inhibition of
intrarenal ROS content and, most importantly, restoration
of intrarenal PGE2 release back to the normal levels [25].
So, we studied the effect of Three NSAIDs with and without
N-acetylcysteine on the adherence and Biofilm formation
of some pathogens which may cause urinary tract infection.

2. Mateirals and Methods
2.1. Microbial Strains
Standard strains of S. aureus (ATCC 6538), K. pneumoniae
(ATCC 10031), Ps. aeruginosa (ATCC 10145), were
obtained from MIRCIN culture collection of the Faculty
of Agriculture, Ain Shams University. Proteus mirabilis
(clinical strain) was obtained from the department of
microbiology and immunology, Faculty of Pharmacy,
Minia university, Minia, Egypt.

2.2. Biofilm Production
The tested organisms were tested for their ability to
form biofilm by Tissue Culture Plate method (TCP) [26].

2.3. Evaluation of the Antibacterial Effect of
the Tested Agents and the Determination of
Their MIC using Agar Well Diffusion Method
Microorganisms (0.5 ml) of 1.5×108 CFU/ml (0.5
Mcfarland turbidity) were plated in sterile petri dishes
then 20 ml of sterile, molten and cooled (45°C) Muller
Hinton agar media was added to all petri dishes. The
plates then were rotated slowly to ensure uniform
distribution of the microorganisms and then allowed to
solidify on a flat surface. After solidification, four
equidistant and circular wells of 10 mm diameter were
carefully punched using a sterile cork bore. Two fold
serial dilutions were performed on the tested NSAIDs and
N-acetyl cysteine. Equal volumes of each dilution were
applied separately to each well in three replicates using a
micropipette. All plates were incubated overnight at 37°C,
then collected and zones of inhibition that developed were
measured. The average of the zones of inhibition was
calculated. The minimum inhibitory concentration (MIC)
was calculated by plotting the natural logarithm of the
concentration of each dilution against the square of zones
of inhibition. A regression line was drawn through the
points. The antilogarithm of the intercept on the logarithm
of concentration axis gave the MIC value [27].

2.4. Testing the Effect of the Tested Drugs on
the Adherence of the Tested Pathogens to
Plastic Surfaces by Crystal Violet Assay Method

All strains were first streaked on Muller Hinton agar
media then, incubated at 25°C for 48 h. A large loop of
actively growing cells (for each strain) was transferred to
sterile trypticase soy broth (TSB) (Difco Laboratories)
containing 0.9% D-glucose. After incubation at 25°C for
24 h, the cells were centrifuged and washed twice with 0.5
ml PBS (phosphate buffered saline), followed by
vortexing and centrifugation at 5000 g for 5 min. The
washed cells were suspended in 1 ml TSB broth and
adjusted to a final OD600 nm value of 1.0 with TSB broth.
These cell suspensions were then used to grow biofilms.
100 µl of the suspension (OD600) was inoculated into
individual wells of polystyrene 96-well plates (flat bottom;
Nunc). TSB broth was used as a negative control. The
plates were incubated at 25°C for 90 min (adhesion
period). Supernatants including planktonic cells were
discarded and wells were gently washed with PBS twice
to remove any non-adherent cells. 100 µl of fresh TSB
broth containing MIC concentrations of each of the
following solutions: NSAIDs (Ketoprofen, Ibuprofen,
Sodium Diclofenac) and N-acetyl cysteine each alone and
in combination was added to each well. The plates were
covered to prevent evaporation and incubated at 25°C for
24 h. Liquid media containing the non adherent cells were
discarded through two rounds of washing with 200 µl
sterile PBS buffer. Adherent cells to the plastic surfaces
were quantified using Crystal violet assay. Experiment
was performed in triplicate.

2.5. Testing Their Ability to Disrupt the
Already Formed Mature Biofilms by Crystal
Violet Assay Method
100 µl of the suspension (OD600) was inoculated into
individual wells of polystyrene 96-well plates (flat bottom;
Nunc). The plates were incubated at 25°C for 48 h. After
the incubation period, the supernatants from each well
were aspirated and the wells washed twice with PBS
without disturbing the biofilms at the bottom of the wells,
100 µl of fresh TSB broth containing MIC concentrations
of each of the following solutions: NSAIDs (Ketoprofen,
Ibuprofen, Sodium Diclofenac) and N-acetyl cysteine each
alone and in combination was added to each well. Normal
saline without any agents was added to the control wells.
The plates were incubated at 25°C for 24 h. Supernatants
were discarded through two rounds of washing with 200
µl sterile PBS saline. Cells adherent to the plastic surfaces
were quantified using Crystal violet assay [28].
Experiment was performed in triplicate.

2.6. Scanning Electron Microscopy (SEM)
The untreated bacterial cells (control) and strains
treated with the tested drugs were fixed in 2.5% (vol/vol)
glutaraldehyde in Dulbecco PBS (PH 7.2) for 1.5 h, rinsed
with PBS, and then dehydrated through an ethanol series.
Samples were dried and gold-palladium coated. SEM
examinations were made on a JSM-840 SEM (JEOL Ltd.,
Tokyo, Japan) [29].

2.7. Effect of MICs of the Tested Agents on
Motility of Ps. aeruginosa and Proteus
mirabilis Cells

American Journal of Epidemiology and Infectious Disease

Following 24-, 48- and 72-h incubation at 37 °C in the
presence and absence of MICs of NSAIDs and NAC.
Bacterial cells were centrifuged for 2 min at 2500 rpm to
separate the cells. Bacterial cells were washed three times
with PBS. Bacterial culture was inoculated into the tube
with Motility Agar. Control cultures contained no drugs
[30].
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strong >0.240. It was found that S. aureus ATCC 6538
and Ps. aeruginosa ATCC 10145 were strong biofilm
producers
Table 1. Ability of the tested microorganisms to produce biofilm
Strains

Ability to adhere to TCP surface
Strong

S. aureus (ATCC 6538)

2.8. Statistical Analysis

K. pneumoniae (ATCC 10031)

Moderate

One-Way ANOVA as employed to evaluate any
significant difference between the values obtained without
the drug (controls) and the values obtained in the presence
of different drug concentrations. Differences were done
using SPSS, 17 statistical software (SPSS Inc., Chicago, IL).

Ps. aeruginosa (ATCC 10145)

Strong

3. Results

Ibuprofen showed the highest antibacterial and the
lowest MIC against S. aureus, Ps. aeruginosa and Proteus
mirabilis while Sodium diclofenac showed the highest
activity against K. pneumoniae. The tested NSAIDs
showed higher antibacterial activity than N-acetylcysteine
(Table 2).

3.1. Biofilm Production
According to TCP method strains can be classified into
weak adherent at OD <0.120, moderate 0.120-0.240 and

Moderate

Proteus mirabilis

3.2. Antibacterial Activity and MIC of the
Tested Drugs against Microorganisms

Table 2. the Minimum inhibitory concentration of ketoprofen, Ibuprofen, Sodium diclofenac and N-acetyl cysteine
MIC (µg/ml)
Microorganisms
ketoprofen

Ibuprofen

sod Diclofenac

NAC

S. aureus (ATCC 6538)

1607.5

952

1465

20000

K. pneumoniae (ATCC 10031)

1732.5

250

173.7

2500

Ps. aeruginosa (ATCC 10145)

1756.7

1292.2

1675.7

2500

Proteus mirabilis

1635.3

1465.4

1769.5

2500

3.3. Effect of the Tested Drugs on the
Adherence of Microorganisms
Figure 1 and Figure 2 showed that N-acetyl cysteine
had a higher inhibitory effect on the adherence of S. aureus,
K. pneumoniae and Proteus mirabilis in comparison to
ketoprofen (P<0.05) and Sodium diclofenac (P<0.01). On
the other hand, Ketoprofen showed a higher effect
(P<0.05) on Ps. aeruginosa adherence than NAC. Their

Ketoprofen

combination significantly inhibit the adherence of (P<0.05)
all tested organisms in comparison to each drug and NAC
alone. Ibuprofen and NAC combination showed a
significant inhibitory effect (P<0.05) on adherence of the
tested organisms in comparison to Ibuprofen but not
significant in comparison to NAC (Figure 3). In addition,
Ketoprofen showed a higher inhibitory effect on S. aureus,
K. pneumoniae and Ps. aeruginosa compared to NSAIDs
(Figure 4).

NAC

Ket/NAC

% of adherence reduction

120
100
80
60
40
20
0
S. aureus

K.
pneumoniae

Ps.
aeruginosa

Proteus
mirabilis

Figure 1. Effect of MIC of ketoprofen, NAC each alone and
in combination on the adherence of the tested
Figure 1. Effect of MIC of ketoprofen, NAC each alone and in combination on the adherence of the tested
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Figure 2. Effect of the MIC of diclofenac sod, NAC each alone and in combination on the adherence of the tested microorganisms
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Figure 3. Effect of the MIC of Ibuprofen, NAC each alone and in com bination on the
adherence of the tested m icroorganism s

Figure 3. Effect of the MIC of ibuprofen, NAC each alone and in combination on the adherence of the tested microorganisms
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Figure 4. A comparison among the different effects of the tested NSAIDs and NAC on the adherence of Microorganisms
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Figure 5. Effect of ketoprofen, NAC each alone and in combination on mature biofilms formed by tested organisms
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Figure 6. Effect of Ibuprofen, NAC each alone and in combination on mature biofilms formed by the tested microorganisms
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Figure 7. Effect of Diclofenac sod., NAC each alone and in combination on mature biofilms formed by the tested microorganisms
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3.4. Effect of the Tested Compounds on Mature
Biofilms Formed by the Tested Microorganisms
Combination between NSAIDs and NAC showed the
highest disruptive effect on the mature biofilms formed by
the tested microorganisms. Ketoprofen and Ibuprofen had
a significant disruptive effect (P<0.01) on all mature
biofilms formed by the tested microorganisms in comparison
to controls and NAC (Figure 5 and Figure 6). Sodium
Ketoprofen

diclofenac had the highest disruptive effect on biofilms
formed by all tested microorganisms except for K.
pneumoniae (Figure 7). A comparison among the tested
drugs in their effects on mature biofilms formed showed
that ketoprofen was more potent against biofilms formed
by S. aureus, K. pneumoniae and Proteus mirabilis but
Ibuprofen was more potent against biofilm formed by Ps.
aeruginosa (Figure 8).
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Proteus mirabilis

Microorganisms
Figure 8 . A comparison among the different effects of the tested NSAIDs and NAC on mature biofilms
formed by microorganisms

Figure 8. A comparison among the different effects of the tested NSAIDs and NAC on mature biofilms forms by microorganisms

Figure 9. Scanning electron micrographs showed the morphological response of S. aureus to the effect of Sodium diclofenac

3.5. Effect of the Tested Drugs on the
Morphology of Microorganisms Using SEM
Images showed a disturbance to membranes of bacteria
in the presence of Sodium diclofenac.

3.6. Effect of the Tested Drugs on Motility of
Ps. aeruginosa and Proteus mirabilis
The tested drugs showed no effect on the motility of the
tested organisms.

4. Discussion
Non-steroidal anti-inflammatory drugs (NSAIDs) are
commonly used medicines for the management of pain
and inflammation. Many studies showed that some NSAIDs
have good antibacterial action especially Diclofenac
sodium [31,32]. N-acetylcysteine (NAC) is a nonantibiotic drug that has antibacterial properties [34]. NAC
affects several processes that are important for bacterial
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biofilm formation on stainless steel surfaces medical
devices, including a drastic reduction in extracellular
polysaccharide production, its ability to detach mature
biofilms and thus acts as an antibiofilm substance [35].
On the other hand, Efrati et al., [25] demonstrated that
NAC act as renoprotective agent against NSAIDs induced
renal damage which may be due to the well-expected
antioxidant effects and the augmentation of PGE2 release
by renal tissue. Many studies reported that NAC increase
the therapeutic activity of antibiotics. El-Rehewy et al.,
[36] and El-Feky et al. [37] investigated the effect of NAC
(2 and 4mg/mL) in combination with ciprofloxacin (MIC
and 2 × MIC) against biofilm cells of several bacteria
including S. aureus, S. epidermidis, E. coli. and others.
The authors concluded that NAC potentiate the
therapeutic action of ciprofloxacin. This was due to the
ability of NAC to degrade the extracellular polysaccharide
matrix of biofilms. As general conclusion they suggest the
potential use of ciprofloxacin-NAC combination as
therapeutic strategy against bacterial infections mediated
by biofilms. Efrati et al., [25] reported that NAC was able
of acting at the level of the matrix promoting the
increasing therapeutic efficacy of vancomycin, which
alone had no significant effect on cells embedded in
biofilms. This activity of NAC can result in the
detachment of cells, individually or in clusters, resulting
in making biofilm and detached cells more susceptible to
the action of other antimicrobial agents and to the immune
system. Thus, the role of NAC and other antimicrobial
agents targeting matrix and promoting this mechanism of
detachment of cells can be an important help in the
eradication of biofilms associated infections.
Our study showed that N-acetyl cysteine had a higher
inhibitory effect on the adherence of S. aureus, K.
pneumoniae and Proteus mirabilis in comparison to
ketoprofen (P<0.05) and Sodium diclofenac (P<0.01). On
the other hand, Ketoprofen showed a higher effect
(P<0.05) on Ps. aeruginosa adherence than NAC while
the tested NSAIDs were reported to have higher disruptive
effect on mature biofilms more than NAC. In addition,
ketoprofen had the highest effect on the inhibition of
adherence of S. aureus, K. pneumoniae and Ps.
earuginosa but ibuprofen had the highest effect against
Proteus mirabilis in comparison to the tested agents. For
mature biofilms, ketoprofen had the highest effect on S.
aureus, K. pneumoniae and Proteus mirabilis but
ibuprofen had the highest effect on Ps. aeruginosa. Many
studies reported that Diclofenac sodium is a potent antiinflammatory, analgesic, anti-pyretic agent and in
reducing the post-operative endodontic pain with less
gastrointestinal side effects [37,38,39,40,41]. Diclofenac
was found to show antibacterial effect against both grampositive and gram-negative bacteria and synergism with
other antibiotics [42,43,44,45]. Hersh et al. [46]
demonstrated the antibacterial activity of ibuprofen
against six common periodontal pathogens. The exact
mechanism of this antibacterial activity of diclofenac and
ibuprofen is unclear. However, studies have proposed
inhibition of bacterial DNA synthesis [47] or impairment
of membrane activity that agree with results obtained by
SEM in this study [32,43,46,48,50,51]. Dutta N.K. and his
colleagues [45] had determinate the ability of diclofenac
to protect mice from a virulent Salmonella infection. Their
study had demonstrated that diclofenac (1.5-3 microg/g)
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protected animals from the lethality of Salmonella [45].
The time-kill curve study indicates of diclofenac comes in
part, from its ability to inhibit the DNA synthesis of E.
coli and L. monocytogenes. Diclofenac could protect
murine listeriosis, salmonellosis, and tuberculosis at doses
ranged within its maximum recommended human or nontoxic ex-vivo doses [48]. Although few studies found that
ibuprofen and acetaminophen has significant effects to
reduce some of body disorders after bacterial infection,
antibacterial action of these agents are not clear for many
species of pathogenic bacteria. Ibuprofen and acetaminophen
were tested for antibacterial activity against seven isolates
of bacteria including gram positive bacteria (Staphylococcus
aureus and Bacillus subtillis) and gram negative bacteria
(E. coli, Enterobacter aerogene, E. cloacae, Salmonella
typhi and Paracoccus yeei) [52]. The Staphylococcus
aureus and Paracoccus yeei strains were susceptible to
lower concentration of ibuprofen and acetaminophen
(MIC=1.25 mg/ml) and Enterobacter were resistant. The
same strains were tested with diclofenac sodium,
indomethacin and mefenamic acid. Diclofenac seems to be
effective to inhibit the growth of bacteria in lower
concentration (2.5-5 mg/ml). Staphylococcus aureus could
be considered the most susceptible bacteria to diclofenac
than other strains (according to disc diffusion method)
[53]. Spectrophotometer assay gave much more valuable
value about the inhibitory action of tested chemical agents.
Diclofenac sodium also considered the powerful compound
on tested bacteria. Comparing with control, the growth of
all isolates was significantly reduced by 2.5mg/ml (MIC)
of diclofenac sodium. Meanwhile, Paracoccus yeei tend to
be the most susceptible strain to lower level of diclofenac
(0.15-0.3mg/ml) followed by B. subtillis and S. aureus
(0.6-1.25mg/ml) [54]. In another study, aspirin or ibuprofen
was administered to mice undergoing treatment of
tuberculosis infection (Mycobacterium tuberculosis) to
determine if these non-steroidal anti-inflamatory drugs
enhance pyrazinamide activity in vivo [55]. Simultaneous
administration of either aspirin or ibuprofen with
pyrazinamide resulted in a further decrease of about 0.4
log10 CFU in the lung and more than 1 log10 CFU in the
spleen compared with mice receiving pyrazinamide alone.
Aspirin and ibuprofen enhance the effect of pyrazinamide
during the initial phase of tuberculosis treatment in the
mouse model. The antimicrobial ability of diclofenac
sodium, indomethacin and mefenamic acid to eliminate
pathogenic organisms is not limited with direct inhibitory
action of those organisms, but also includes indirect
effects by using the main function of such compounds as
anti-inflammatory to facilitate the destruction of affected
organisms. In meningitis patients, diclofenac sodium and
indomethacim reduce the inflammation resulted from
infection with bacterial meningitis [56].

5. Conclusion
The impact of NSAIDs on adhesion and bacterial
biofilm formation leads us to say that administration of the
drugs in post-surgical period may lead to decrease the
infection risk.
Many studies showed that NSAIDs act synergistically
with antibiotics, so application of these drugs in perioperative
period may increase the effectiveness of antibiotics
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applied for prophylactic purposes NAC showed more
significant effect on the adherence than the tested NSAIDs
while NSAIDs showed more disruptive effect than NAC
against mature biofilms. NSAIDs and NAC combination
showed increased activity and a higher effect than the
effect of each alone.
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