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Abstract: Background: Antimicrobial drug resistance is an emerging threat worldwide. Replacing antibiotics with 
non-antibiotic compounds has been suggested as a way to counteract the magnitude of this problem. We aimed 
to assess the effect of the non-steroidal anti-inflammatory drug, diclofenac, on the growth of clinical enterococcal 
isolates, their resistance to the fluoroquinolone antibiotic, ciprofloxacin, and their biofilm forming ability. Methods: 
We retrieved fifty enterococcal isolates from 36 urine and 14 purulent discharge specimens and determined diclof-
enac’s antimicrobial activity and its effect on their biofilm formation. The effect of exposure of enterococci to diclofe-
nac on the expression levels of the efflux pump genes (efrA and efrB) and the adherence-related genes (asa1, efaA) 
was also studied. Results: We observed that diclofenac inhibited the growth of enterococcal isolates and induced 
a statistically significant reduction in the expression of efrA and efrB. However, it failed to reduce either ciprofloxa-
cin resistance rates or its minimal inhibitory concentration. Both ciprofloxacin and diclofenac showed a significant 
inhibitory effect on enterococcal biofilm formation. Furthermore, diclofenac induced a statistically significant reduc-
tion of the expression of asa1 and efaA. Conclusions: The antibacterial activity and the anti-biofilm forming ability of 
diclofenac demonstrated in this study may provide a promising preventive and therapeutic alternative for medical 
and dental prosthesis-associated enterococcal infections.
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Introduction

Enterococci constitute the major cause of com-
munity and health-care associated infections 
[1]. The ubiquitous distribution of the genus as 
normal intestinal flora and the extensive use of 
broad-spectrum antibiotics and invasive medi-
cal devices are major factors contributing to 
the emergence of resistance of enterococci to 
the last resort antibiotics, hence the treatment 
of multi-drug resistance (MDR) enterococcal in- 
fections has become a challenging clinical cri-
sis [2, 3]. 

Ciprofloxacin is a fluoroquinolone antibiotic th- 
at targets DNA gyrase and topoisomerase. It 
has been commonly used for the management 
of urinary tract infections (UTIs) caused by 
Enterococcus faecalis, resulting in the emer-
gence of fluoroquinolone-resistant enterococci. 

Quinolone resistance in enterococci is often 
associated with several mechanisms including 
mutational alteration of the target and exter- 
nalization of the antibiotic through over-expres-
sion of efflux pumps [3]. EfrAB belongs to one  
of the multidrug efflux transporters called the 
ATP-binding cassette (ABC) superfamily which 
is identified in E. faecalis as well as in E. faeci-
um [4]. Drug resistance occurs only when efrA 
and efrB genes are expressed together [5]. 

Bacterial biofilm is a population of cells that 
irreversibly adheres on different biotic and abi-
otic surfaces [6]. The presence of bacterial bio-
film, including enterococcal biofilm, correlates 
with device-associated infections such as cath-
eter-associated UTIs [7], periodontitis and peri-
implantitis causing implant failure [8]. Different 
studies have described associations between 
genes coding for adhesion factors and biofilm 
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development [9]. Amongst these factors, E. fae-
calis endocarditis antigen A (EfaA) and aggre-
gation substance have been studied. The role 
of EfaA gene in the attachment of E. faecalis to 
heart cells has been recognized in cases of 
endocarditis [10]. It has also been found in  
E. faecalis strains isolated from urine, blood, 
pleural fluid, peritoneal fluid, eye discharge  
and endotracheal tubes [11]. Aggregation sub-
stance is encoded by a plasmid gene asa1 and 
mediates attachment to the host’s epithelial 
cells, inducing biofilm formation [12]. Entero- 
coccal isolates having asa1 or efaA genes have 
been found to produce significantly more bio-
films than negative isolates [13]. Because of 
the role of biofilms in bacterial virulence and 
antibiotic resistance, biofilm prevention/elimi-
nation has been widely studied. Sub-inhibitory 
concentrations of antibiotics have been used in 
order to change the physico-chemical charac-
ters and the outer surface structure of entero-
coccal cells, and to reduce attachment of bac-
teria to synthetic substrates [14].

To overcome the problem of emergence of anti-
microbial drug resistance, substitution of anti-
biotics with non-antibiotic drugs that demon-
strate antibacterial activity is recommended 
[15]. Diclofenac, a non-steroidal anti-inflamma-
tory drug (NSAID) with a potent analgesic and 
anti-pyretic effect, has exhibited profound anti-
bacterial effect against both Gram-positive and 
Gram-negative organisms. The antibacterial 
effect of this drug is mediated by its phenothi-
azine compound. The antibacterial effect of 
phenothiazines is strongly attributed to the 
halogen groups located in their basic tricyclic 
ring structure [16-19]. These findings recom-
mend diclofenac as a potent non-antibiotic 
antibacterial agent [19]. Furthermore, it has 
been found to decrease biofilm production by 
some bacterial pathogens including enterococ-
ci [20].

There is a paucity of researches that studied 
the effect of diclofenac on bacterial growth, 
biofilm formation as well as its effect on antibi-
otic susceptibility. Therefore, the present study 
was carried out to evaluate the effect of diclof-
enac on the growth, ciprofloxacin resistance 
and biofilm forming ability of enterococcal clini-
cal isolates, as well as its effect on the expres-
sion of efflux pump genes (efrA and efrB) and 
adherence-related genes (asa1 and efaA) in 
enterococci.

Methods

Clinical bacterial isolates

This experimental study involved 50 previously 
identified enterococcal isolates recovered from 
clinical specimens from Kasr-El-Aini Clinical 
Laboratories during the period from December 
2017 to April 2018. The enterococcal isolates 
were retrieved from 36 urine samples and 14 
purulent discharge samples. An informed con-
sent was obtained from each participant. The 
study was approved by the Research Ethics 
Committee of the Institutional Review Board, 
Faculty of Medicine, Cairo University.

Agar dilution method for diclofenac MICs 
determination

The minimal inhibitory concentrations (MICs) of 
diclofenac were also determined by agar dilu-
tion method using diclofenac sodium IV infu-
sion ampoules (Novartis, Egypt) (25000 µg/ml) 
[19, 21]. 

Briefly, bacterial suspensions of each of the  
50 isolates were prepared equivalent to 0.5 
McFarland, and 1 µL of each suspension was 
inoculated on each of ten Mueller Hinton agar 
plates containing serial dilutions of diclofenac 
(ranging from 800 to 1.5625 µg/ml). After  
incubation at 37°C for 24 hours, diclofenac 
MICs were determined as the lowest concen-
tration of the drug at which there is no visible 
growth of the organism. 

Agar dilution method for ciprofloxacin MICs 
determination 

The MICs of ciprofloxacin were determined  
by agar dilution method using ciprofloxacin IV 
infusion vials (2000 µg/ml) (Amriya pharma-
ceutical industries, Egypt) according to the 
Clinical and Laboratory Standards Institute 
guidelines. Briefly, 1 µL of bacterial suspen-
sions equivalent to 0.5 McFarland standard of 
turbidity of each of the 50 enterococcal iso-
lates was inoculated on Mueller Hinton agar 
(Oxoid, UK) plates that contain serial dilutions 
of ciprofloxacin ranging from 64-0.125 µg/ml. 
Isolates with MIC ≤ 1 µg/ml were considered 
sensitive to ciprofloxacin, isolates with MIC  
of 2 µg/ml were considered of intermediate 
resistance and isolates with MIC of ≥ 4 µg/ml 
were considered resistant [21].
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Table 1. Primer sequences of the studied genes
Gene Primer sequence Reference
asa1 Forward primer: GCACGCTATTACGAACTATATGA Kafil et al., 2016 [22]

Reverse primer: TAAGAAAGAACATCACCACGA
EfaA Forward primer: TGGGACAGACCCTCACGAATA Kafil et al., 2016 [22]

Reverse primer: CGCCTGTTTCTAAGTTCAAGCC
EfrA Forward primer: TTGGCTTTATGACGCCAGT Lerma et al., 2014 [26]

Reverse primer: ATGCGCGTATTACCCGCAA 
EfrB Forward primer: TAGTGATGATGTTCTTAATCAA 

Reverse primer: ATTGACTTGTTTAAAGCCTTCA
Lerma et al., 2014 [26]

23S rRNA Forward primer: CCTATCGGCCTCGGCTTAG Kafil et al., 2016 [22]
Reverse primer: AGCGAAAGACAGGTGAGAATCC

The effect of exposure of enterococcal isolates 
to diclofenac on their ciprofloxacin susceptibili-
ty was determined by testing for ciprofloxacin 
MICs by agar dilution method. Briefly, bacterial 
colonies were isolated from plates containing 
the highest concentration of diclofenac that 
allowed bacterial growth (sub-inhibitory con-
centration or half MIC of diclofenac). 1 µL of 0.5 
McFarland standard of bacterial suspensions 
of these colonies were inoculated on Mueller 
Hinton agar plates containing serial dilutions of 
ciprofloxacin ranging from 64-0.125 µg/ml.

Enterococcal biofilm formation 

Enterococcal isolates were tested for biofilm 
formation by tissue culture plate method in 
96-well polystyrene microtiter plates [22]. Fur- 
thermore, enterococcal isolates grown in the 
presence of sub-inhibitory concentrations (½ 
MIC) of each of diclofenac and ciprofloxacin 
(the sub-inhibitory concentrations were de- 
termined by agar dilution method) were also 
examined for their biofilm-forming ability. The 
optical density of the stained adherent biofilm 
was obtained using micro ELISA autoreader 
Stat Fax-2100 (Awareness Technology, USA) at 
wavelength 570 nm. The interpretation of bio-
film-formation was done according to the crite-
ria of Stepanović et al. (2007) [23].

Quantitative reverse transcription PCR

Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) analysis was used to 
assess the effect of exposure of the enterococ-
cal isolates to diclofenac on mRNA expression 
of asa1, efaA by 20 biofilm forming enterococ-
cal isolates, as well as the expression of efrA 

and efrB by 20 ciprofloxacin resistant entero-
coccal isolates. Enterococcal isolates grown  
on Mueller Hinton agar plates containing sub-
inhibitory concentrations of diclofenac (that 
were determined by agar dilution method) were 
subjected to total mRNA isolation, subsequent 
cDNA synthesis and quantitative PCR. RNA ex- 
traction was performed using QIAGEN RNeasy 
Mini extraction kit (Qiagen, USA) according to 
the manufacturer’s instructions. The extracted 
total RNA was used for cDNA conversion using 
QuantiTect reverse transcription kit (Qiagen, 
USA). Amplification was performed using SYBR 
Green I (Qiagen, USA) according to the manu-
facturer’s instructions. In a reaction DNase-
free microcentrifuge tube, 10 μl of Syber  
green master mix was added to 1 µl of each 
primer, 3 µl of DNA extract and then 10 µl 
RNAse-free distilled water was added to com-
plete the reaction volume to 25 μl. A negative 
control tube was set using 3 µl distilled water 
instead of the DNA extract. The primer sets 
used in this study (Bio Basic Inc., Canada) are 
shown in Table 1. The prepared reaction mix-
tures were processed in Applied Biosystems 
StepOne Thermal Cycler with software version 
3.1 (Applied Biosystems, USA) for amplification 
and analysis. The cycling conditions were as  
follows: one hold cycle at 50°C for 2 min, fol-
lowed by 40 cycles composed of denaturation 
at 95°C for 15 sec., annealing at 60°C for 60 
seconds, and extension at 72°C for 60 sec-
onds. The expression levels of each investigat-
ed gene were normalized to the housekeeping 
23S rRNA gene and analyzed using the com-
parative 2-ΔΔCT method.22 The relative quantity 
(RQ) of studied genes was compared before 
and after exposure to diclofenac. 



Diclofenac activity against enterococci

1510 Int J Clin Exp Med 2021;14(3):1507-1515

Statistical analysis

Microsoft excel 2013 was used for data entry 
and the statistical package for social science 
(SPSS version 24) was used for data analysis. 
Quantitative data were summarized using sim-
ple descriptive statistics (mean and standard 
deviation) for normal quantitative data, while 
median and inter-quartile range were used for 
non-parametric quantitative data. Frequencies 
were used for qualitative data. Wilcoxon test 
was used to compare skewed quantitative 
data, McNemar test was used to compare 
paired categorical data. Pearson correlation 
coefficient was used to study correlations be- 
tween quantitative data. The level of signifi-
cance was set at probability (P) value ≤ 0.05.

Results

The present study was conducted on 50 previ-
ously identified enterococcal clinical isolates 
retrieved from 36 (72%) urine specimens and 
14 (28%) purulent discharge specimens (16% 
from surgical wounds and 12% from burns). 

Antibacterial effect of diclofenac on enteroccal 
isolates

Out of the 50 enterococcal isolates, the growth 
of 41 (82%) isolates has been inhibited by 
dicolfenac at an MIC of 800 µg/ml, while 9 
(18%) isolates had a diclofenac MIC of 400 µg/
ml.

21/50 (42%) isolates were sensitive to cipro-
floxacin, 2 (4%) isolates were intermediately 
resistant and 27 (54%) isolates were resistant. 
Only one of the intermediately resistant iso-
lates became sensitive to ciprofloxacin after 
diclofenac exposure. There was no statistically 
significant difference between ciprofloxacin 
MICs before (median: 16, IQR (inter-quartile 
range): 1-32) and after exposure to diclofenac 
(median: 8, IQR: 1-32) (P = 0.277). 

Effect of diclofenac on the enterococcal efflux 
pump genes expression

Twenty ciprofloxacin resistant enterococcal iso-
lates were subjected to qRT-PCR in order to 
measure the expression of efrA and efrB genes 
before and after exposure to diclofenac. The 
expression of efrA was significantly lower after 
diclofenac exposure (0.38 ± 0.25) compared to 
before diclofenac exposure (1.06 ± 0.36) (P < 
0.001). Similarly, Exposure to diclofenac in- 
duced statistically significant reduction in the 
efrB expression (0.34 ± 0.36) compared to 
before diclofenac exposure (1.04 ± 0.28) (P < 
0.001) (Figures 1, 2).

Interestingly, there was no statistically signifi-
cant correlation between ciprofloxacin MIC  
values and the expression of each of efrA and 
efrB genes either before or after exposure to 
diclofenac (r = 0.307, P = 0.188, r = 0.019, P = 
0.938).

Figure 1. Effect of exposure of enterococcal isolates to diclofenac on efrA 
gene expression. Enterococcal efrA gene expression was significantly re-
duced after exposure to sub-inhibitory concentration of diclofenac (0.38 ± 
0.25 vs. 1.06 ± 0.36; P < 0.001). RQ: relative quantity; Before: before expo-
sure to diclofenac; After: after exposure to diclofenac. 

Effect of diclofenac on 
ciprofloxacin susceptibility of 
enterococcal isolates 

In this study, out of the  
50 enterococcal isolates, 20 
(40%) isolates were sensitive 
to ciprofloxacin, 3 (6%) isolate 
were intermediately resistant 
and 27 (54%) isolates were 
ciprofloxacin resistant. Cipro- 
floxacin resistance rate am- 
ong urine sample was 58.3%, 
while 42.9% of enterococci 
isolated from purulent dis-
charge specimens were cipro-
floxacin resistant.

After exposure of the entero-
coccal isolates to diclofenac, 
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Effect of diclofenac and ciprofloxacin on en-
terococcal biofilm formation

Out of the 50 enterococcal isolates, 18 (36%) 
were non biofilm forming, and 32 (64%) were 
biofilm forming (29 were weak biofilm forming 
and 3 were moderate biofilm forming). The bio-
film forming enterococci were retrieved from 
25/36 (69.4%) urine samples and 7/14 (50%) 
purulent discharge samples.

Exposure of enterococci to ciprofloxacin and 
diclofenac significantly decreased their biofilm 
forming ability (P < 0.001). After ciprofloxacin 
exposure, 37/50 (74%) were non biofilm form-
ing and 13/50 (26%) were weak biofilm form-
ing. On the other hand, after diclofenac expo-
sure 46 (92%) were non biofilm forming and 4 
(8%) were weak biofilm forming (Tables 2, 3). 
Interestingly, 19 out of 32 biofilm forming iso-
lates (59.4%) lost their biofilm forming ability 
after exposure to ciprofloxacin whereas 28/32 
(87.5%) isolates lost their biofilm forming ability 
after exposure to diclofenac. 

Effect of diclofenac on the enterococcal 
adhesion-related genes expression

Twenty biofilm forming enterococcal isolates 
were subjected to quantitative RT-PCR in order 
to measure the expression of asa1 and efaA 
genes before and after exposure to diclofenac. 
We found that asa1 gene showed significantly 
lower asa1 expression levels after diclofenac 
exposure (0.39 ± 0.2) compared to before 

ity of diclofenac against enterococci has been 
shown in previous studies. A lower diclofenac 
MIC of 50 μg/ml was reported by Mazumdar  
et al. (2006) and Salem-Milani et al. (2013) 
[19]. The MICs reported in the different inves- 
tigations for diclofenac show great variations, 
which may be the result of methodological  
factors, such as the technique and the type of 
solvent used in the dissolution of the drug. 
Johnston et al. (2013) reported efficient diffu-
sion of a combination of ciprofloxacin and 
diclofenac loaded on a fibre device used for  
the treatment of periodontal disease which 
demonstrated antimicrobial activity against E. 
faecalis, Streptococcus mutans and Escheri- 
chia coli at pH 4.0 and 6.8 [23].

We investigated the effect of exposure to di- 
clofenac sodium on ciprofloxacin MICs against 
enterococci but we found no significant differ-
ence either in ciprofloxacin resistance rate, 
where only one of the intermediately resistant 
isolates became sensitive, or in ciprofloxacin 
MICs. Although there was no phenotypic chan- 
ge regarding ciprofloxacin resistance rates or 
MICs, the expression of efrA and efrB efflux 
pump genes were markedly reduced after ex- 
posure of the enterococcal isolates to diclofe-
nac (P < 0.001). A study done by Lavilla Lerma 
et al. (2014) indicated that efrAB expression 
depends to a great extent on the drug used  
and the type of bacteria. In their study, in spite 
of the significant changes in mRNA levels of 
resistance genes, no change in the phenotypic 
resistance was observed following treatment  

Figure 2. Effect of exposure of enterococcal isolates to diclofenac on efrB 
gene expression. Enterococcal efrB gene expression was significantly re-
duced after exposure to sub-inhibitory concentration of diclofenac (0.34 ± 
0.36 vs. 1.04 ± 0.28; P < 0.001). RQ: relative quantity; Before: before expo-
sure to diclofenac; After: after exposure to diclofenac. 

diclofenac exposure (1.05 ± 
0.37) (P < 0.001). Similarly, 
exposure to diclofenac indu- 
ced statistically significant re- 
duction in the efaA expres- 
sion (0.36 ± 0.28) compared 
to before diclofenac exposure 
(1.05 ± 0.34) (P < 0.001) 
(Figures 3, 4).

Discussion

We found that diclofenac 
inhibited the growth of the 
studied enterococcal isolates 
at an MIC of 800 µg/ml in 
82% of the enterococcal iso-
lates and 8% of the isolates 
had their diclofenac MIC at 
400 µg/ml. Antibacterial activ-
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of MDR enterococci with different drugs [25]. 
This can be attributed to the presence of other 
mechanisms involved in enterococcal antibio- 
tic resistance, for example, mutation of the 
target genes gyrA and parC, or the presence of 
the qnr gene which encodes for a protein that 
protects DNA gyrase by decreasing DNA bind-
ing to the quinolone [3]. In other words, diclof-
enac can reduce efrA and efrB gene expres- 
sion but the isolates remain ciprofloxacin re- 
sistant by other mechanisms. This assumption 
can be confirmed by another finding in the  
present study which is the absence of correla-
tion between ciprofloxacin MIC values and the 
expression of each of efrA and efrB genes.

contain chlorine atoms in their ortho positions. 
These chlorine atoms may play a pivotal role in 
conveying antimicrobial activity to this drug 
[18]. The exact mechanism of antibacterial 
activity of diclofenac remains to be elucidated. 
Studies have proposed different mechanism(s) 
of action like inhibition of bacterial DNA syn- 
thesis, impairment of membrane activity [17], 
anti-plasmid activity [18], and alteration in 
genes encoding transport/binding proteins, 
DNA synthesis and cell envelope, down-regula-
tion of efflux pumps [27] and reduced quorum 
sensing-controlled motility leading to reduced 
biofilm formation [28]. Furthermore, these non-
antibiotic medications may exhibit their antimi-

Figure 3. Effect of exposure of enterococcal isolates to diclofenac on asa1 
gene expression. Enterococcal asa1 gene expression was significantly re-
duced after exposure to sub-inhibitory concentration of diclofenac (0.39 ± 
0.2 vs. 1.05 ± 0.37; P < 0.001). RQ: relative quantity; Before: before expo-
sure to diclofenac; After: after exposure to diclofenac.

Several factors may contrib-
ute to the reduction in mRNA 
expression of EfrAB in entero-
cocci after diclofenac expo-
sure, for instance, the impair-
ment of the pathway essential 
for regulation of the expres-
sion of efflux pump genes, 
structural modification of the 
efflux pump machinery, or  
lack of the energy necessary 
for pump activity [26]. The 
antibacterial effect of diclofe-
nac can be mediated by its 
chemical structure i.e., chlo-
rine atoms and phenothiazine 
ring. Diclofenac is composed 
of a phenyl ring and a se- 
condary amino group; both 

Table 2. Effect of exposure of enterococcal isolates to ciprofloxacin on their biofilm forming ability
After exposure to ciprofloxacin  

Total P value*

Biofilm Non Biofilm
Before exposure to Ciprofloxacin Biofilm 13 19 32 (64%) < 0.001

Non Biofilm 0 18 18 (36%)
Total 13 (26%) 37 (74%) 50 (100%)
*McNemar test.

Table 3. Effect of exposure of enterococcal isolates to diclofenac on their biofilm forming ability 
After exposure to diclofenac

Total P value*

Biofilm Non Biofilm
Before exposure to Diclofenac Biofilm 4 28 32 (64%) < 0.001

Non Biofilm 0 18 18 (36%)
Total 4 (8%) 46 (92%) 50 (100%)
*McNemar test.
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crobial activity via mechanisms distinct from 
those of known antibiotics, thus promoting anti-
biotic activity or even reducing antibiotic resis-
tance [29].

Out of the 50 enterococcal isolates involved in 
this study, 64% were biofilm forming. The bio-
film forming enterococci were retrieved from 
69.4% of urine samples and 50% of purulent 
discharge samples. Higher rates of biofilm for-
mation among enterococci were previously re- 
ported. Here we showed that exposure of en- 
terococci to sub-inhibitory concentration (half 
MIC) of each of ciprofloxacin and diclofenac  
significantly decreased their biofilm forming 
ability by 59.4% and 87.5% respectively (P < 
0.001). This finding denotes a decrease in the 
enterococcal capability to adhere to surfaces. 
Moreover, we showed that this phenotypic 
change represented by the significant reduc-
tion of the ability of enterococci to form biofilm 
in-vitro after exposure to diclofenac was sup-
ported by the significant reduction in the adhe-
sion-related genes (asa1 and efaA) expression 
levels (P < 0.001). Similarly, Diclofenac has sig-
nificantly enhanced the effect of calcium 
hydroxide against preformed biofilms of E. fae-
calis on bovine dentin blocks [30]. It also pro-
duced significant reduction in the colony form-
ing units count of E. faecalis, showing both 
antibacterial and anti-biofilm activity in an end-
odontic model [20]. There is a paucity of infor-
mation about the effect of diclofenac on bio- 
film production by enterococci. However, sub-
inhibitory concentrations of diclofenac have 

components that form the biofilm matrix (such 
as glycocalyx and teichoic acids), alteration of 
cell surface hydrophobicity, or inhibition of quo-
rum-sensing components may contribute to the 
antibiofilm effect of these drugs.

One of the limitations of this study is the  
small sample size; however, power analysis for 
repeated measures was performed and re- 
vealed that the study power is 100%. Another 
limitation is the need to investigate the antibio-
film and the antimicrobial effect of diclofenac 
under various conditions that can be encoun-
tered on medical devices such as exposure to 
other antimicrobials or disinfectants, tempera-
ture and pH, as well as in vivo parameters 
including the presence of body fluids, purulent 
discharge and immunological and inflammatory 
cells and proteins. Further studies are recom-
mended to elucidate the effect of theses 
parameters. 

An obstacle to the current use of diclofenac as 
an alternative to the conventional antibiotics, 
or as an adjuvant drug to the antibiotics, is  
that, with a few exceptions, the MICs obtained 
in in-vitro tests are above those achieved in 
serum. However, the fact that diclofenac pene-
trates efficiently into inflamed tissues and  
joint fluid producing higher concentrations in 
these tissues compared to the drug concentra-
tions in plasma should be taken into account. 
High concentrations of the drug can also be 
achieved with topical therapy [32]. Alternative- 
ly, the use of antimicrobial-coated urinary cath-

Figure 4. Effect of exposure of enterococcal isolates to diclofenac on efa1 
gene expression. Enterococcal efa1 gene expression was significantly re-
duced after exposure to sub-inhibitory concentration of diclofenac (0.36 ± 
0.28 vs. 1.05 ± 0.34; P < 0.001). RQ: relative quantity; Before: before expo-
sure to diclofenac; After: after exposure to diclofenac.

been shown to cause marked 
inhibition of biofilm formation 
produced by other microor-
ganisms such as Staphyloco- 
ccus aureus and E. coli [31].

To the best of our knowledge, 
there are no previous studies 
that investigated the effect  
of diclofenac on the expres-
sion of the adherence-related 
genes, asa1 and efaA, by 
enterococci. Though, previous 
studies have also verified the 
inhibitory effect of NSAIDs on 
genes responsible for biofilm 
formation. The mechanism by 
which NSAIDs affect biofilm 
formation is not completely 
understood. The reduction of 
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eters is a feasible preventive strategy to re- 
duce the risk of catheter-associated UTIs and 
other device-associated infections [33]. There- 
fore, coating of medical devices and dental 
implant-supported prosthesis with diclofenac  
is a potential approach to combat device-asso-
ciated infection.

Conclusion

In conclusion, ciprofloxacin resistance was re- 
ported in high rate among enterococcal clini- 
cal isolates. Accordingly, the use of antibiotics 
must be restrictive and discriminative to con-
trol the emergence of resistant clones. Diclo- 
fenac was found to have an in-vitro antibacteri-
al activity against enterococci; it inhibited the 
growth of enterococcal isolates at MIC of 400-
800 µg/ml. Although diclofenac induced a sta-
tistically significant reduction in the expression 
of efflux pump genes (efrA and efrB), it fail- 
ed to reduce either ciprofloxacin resistance 
rate or ciprofloxacin MIC values. These results 
highlight the fact that quinolones resistance in 
enterococci can be mediated by various mech-
anisms other than extrusion of the drug by 
efflux pump proteins. Additionally, exposure of 
enterococcal isolates to diclofenac and cipro-
floxacin significantly decreased their biofilm  
formation. Diclofenac also induced a statisti-
cally significant reduction in the expression of 
adhesion-related genes (asa1 and efaA). The 
findings of this study may provide a new strate-
gy to overcome enterococcal drug resistance 
and biofilm formation by coating medical devic-
es and dental implant-supported prosthesis 
with diclofenac. Further in-vitro and clinical 
studies are required to confirm the antibacteri-
al and anti-biofilm activity of diclofenac, taking 
into consideration the pharmacokinetics and 
the pharmacodynamics of the drug. 
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