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INTRODUCTION

The medicaments most extensively used to relieve 
acute and chronic pain from inflammatory conditions 
in a variety of musculoskeletal disorders [1-3], includ-
ing the treatment of osteoarthritis of the temporoman-
dibular joint are nonsteroidal anti-inflammatory drugs 
(NSAIDs).

Diclofenac sodium (DCS) is an NSAID that belongs to 
the phenylacetic acid family. It acts by inhibiting the ac-
tivity of both cyclooxygenase enzymes, COX-1 and COX-2 
and is considered one of the most efficient inhibitors of 
PGE2 production [4], an essential component of the in-
flammatory response. Its efficacy as a topical medication 
has been proven [5], and moreover, it appears to have few 
adverse effects when used for cutaneous application in 
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Abstract
The objective of this research was to evaluate the efficacy of diclofenac sodium solu-
tions, with or without cetrimide (CTR) added, against polymicrobial root canal bio-
films grown in dentin specimens. The study groups were: (1) 5% diclofenac sodium 
(DCS); (2) 2.5% DCS; (3) 2.5% DCS + 0. 2% CTR; (4) 2.5% DCS + 0.4% CTR and (5) 0.9% 
saline solution (SS) as the control. After 5 min of solution contact with the biofilms, 
the antimicrobial activity was evaluated by means of the adenosine triphosphate 
(ATP) assay as well as confocal laser scanning microscopy (CLSM). Microbial quan-
tification was indicated as the percentage reduction of relative light units (RLUs) for 
the ATP assay, the Log10 total biovolume and the viability percentage (green cells) 
for CLSM. Solutions of 2.5% DCS + 0.4% CTR and 5% DCS showed the highest anti-
microbial efficacy. Cetrimide increased the antibiofilm activity of diclofenac sodium 
against endodontic biofilms.
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acute and chronic musculoskeletal conditions, especially 
at concentrations ≤5% [6].

In endodontics, effective pain management is some-
times challenging. The efficacy of DCS using different 
delivery routes for preventing post-endodontic pain has 
been studied with favourable results [7-9]. Likewise, stud-
ies have demonstrated the antimicrobial efficacy of DCS, 
considering it a non-antibiotic compound useful in resis-
tant infections of various kinds [10-12].

Its effectiveness against Enterococcus faecalis is greater 
than calcium hydroxide [13], enhancing the activity of 
the latter when combined in a paste form as temporary 
intracanal medication [14]. A recent study has shown the 
efficacy of DCS solutions at 5% and 2.5% against E. faecalis 
biofilm [15], pointing to its utility as an alternative for the 
control of infection in teeth with apical periodontitis.

In turn, surfactants are substances that reduce the sur-
face tension between two phases [16]. In this sense, one 
way to improve the antimicrobial efficacy of disinfectant 
solutions in root canal preparation is to use surface-active 
agents to increase the antimicrobial solution's wettability 
[17]. Thus, various surfactants incorporated into irrigat-
ing solutions for endodontic use have shown their efficacy 
against planktonic bacteria and microbial biofilms [18]. 
Cetrimide (CTR) is a surface-active agent with proven 
antifungal [19] and antibacterial activity [20, 21], and its 
topical use does not present toxicity at concentrations of 
up to 2% [22].

To date the antibiofilm effects of diclofenac sodium 
with the addition of surfactants is unknown. The null hy-
pothesis of this study was that the antimicrobial effects of 
diclofenac sodium increase with the addition of cetrimide. 
Accordingly, the aim was to evaluate the efficacy of 5% 
DCS and 2.5% DCS solutions, with or without the addition 
of CTR, against polymicrobial biofilms grown on radicu-
lar dentin specimens.

MATERIALS AND METHODS

The protocol of the work (no. 1076 CEIH/2020) was ap-
proved by the Ethics Committee of the University of 
Granada, Spain.

Dentin specimen preparation

Forty-one freshly extracted single-rooted human teeth 
were selected and stored at 4°C in 0.2% thymol until use. 
The crowns were sectioned at the cemento- and enamel 
junction, and the middle and apical thirds of the root 
were discarded to obtain 80 dentin blocks that served 
as substrate for grown biofilm. Dentin specimens of 

4 × 4 × 0.7 mm (width × length × height) were obtained by 
sectioning longitudinally the coronal portion of the roots 
into two halves. To create a flat surface, the outer cemen-
tum of each half was removed and the dentin root was 
polished with silicon carbide papers (220–800-grit). The 
smear layer created during specimen preparation was 
eliminated with 17% EDTA for 5 min. The specimens 
were then washed for 10 min with distilled water and 
sterilised at 121°C for 20 min. The sterility of the samples 
was proven by incubating the specimens in 5 mL of brain–
heart infusion broth (BHI) (Scharlau Chemie SA) for 24 h 
at 37°C and verifying the absence of turbidity in the cul-
ture medium.

Dentin specimen infection

Microbial samples were collected from infected root ca-
nals of single-rooted teeth of three volunteers with apical 
periodontitis, as described in a previous methodology [23]. 
Afterwards, the microbial samples were mixed in BHI and 
incubated in anaerobic conditions for 24 h at 37°C. The 
density of cells was balanced to a concentration of ap-
proximately 3.0 × 107 colony-forming units per millilitre 
in BHI broth, using a spectrophotometer.

The wells of microtiter plates were inoculated with 
1.8 mL of sterile BHI and 200 μL of the microbial suspen-
sion. Seventy-eight dentin specimens were introduced 
in the wells and incubated at 37°C in an anaerobic at-
mosphere for 3 weeks [24]. The BHI was refreshed once 
a week. Throughout the experiments, four dentin speci-
mens inoculated in sterile BHI were used as a sterility 
control.

Eight specimens were used to confirm the growth of 
the biofilms on dentin samples. The specimens were pro-
cessed and observed with field-emission scanning elec-
tron microscopy (FESEM) Gemini [Carl Zeiss, Centre for 
Scientific Instrumentation (CIC), University of Granada, 
Spain].

Antimicrobial determination

Antimicrobial efficacy was determined by the ATP test 
(BacTiter-Glo; Promega) and CLSM evaluation.

Fifty infected specimens were washed with SS for 1 min 
and used for the ATP determination. They were randomly 
divided into five groups (n = 10/group) according to the 
solutions tested (Table 1): (1) 5% DCS; (2) 2.5% DCS; (3) 
2.5% DCS + 0.2% CTR; (4) 2.5% DCS + 0.4% CTR; and (5) 
0.9% SS.

The specimens were immersed in the antimicrobial 
solutions (120 μL) for 5 min. Next, the specimens were 
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placed in 200 μL of BHI in Eppendorf tubes, vortexed for 
10 s and then sonicated for 10 min to dislodge the biofilms. 
The control group (0.9% SS) was not exposed to any anti-
microbial solution. Afterwards, 100 μL of bacterial suspen-
sion was added to 100 μL BacTiter-Glo reagent in a 96-well 
white plate (Greiner) and the mixture was incubated for 
5 min. A luminometer (GloMax; Promega) was used to 
measure the luminescence produced and was expressed 
as the percentage reduction of relative light units (RLUs) 
of the test specimens with respect to the control using the 
formula: (1 − [RLUs test/RLUs control]) × 100.

For CLSM evaluation, 20 infected dentin specimens 
(n = 5/group) were used to obtain 20 stacks/group for each 
solution used (Table 1). After washing the specimens with 
saline solution for 1 min they were submerged in the solu-
tions for 5 min. The samples were rinsed anew with 0.9% 
SS and stained with a 1:1 mixture of Syto 9 and propid-
ium iodide [PI] for 15 min, and cell viability was evalu-
ated by means of the viability kit (LIVE/DEAD; BacLight; 

Invitrogen) [20]. They were then rinsed again with SS 
and mounted on a 60 L-Dish (Ibidi) with mounting oil 
(BacLight; Invitrogen), and they were observed in a CLSM 
(Leica TCS-SP5 II; Leica Microsystems). The absorption 
and emission wavelengths were 494/518 nm for Syto 9 and 
536/617 nm for PI. A total of five microscopic volumes of 
512 × 512 pixels were obtained from random areas from 
each specimen, using a 40× oil lens and 1-μm step size. 
Each picture represented an area of 387 × 387 μm. The 
scanning was carried out from the top surface of the bio-
film to the dentin. Results were expressed as total biovol-
ume and green percentage (cells with intact membrane).

The bioImage_L software was used for quantifica-
tion purposes [25]. The Log10 total biovolume and the 
percentage of viable cells [green population/(green pop-
ulation + red population)] were calculated in each study 
group. Statistical analysis was performed by means of 
SPSS 23.0 (SPSS Inc.). The Log10 total biovolume followed 
a normal distribution by the Kolmogorov–Smirnov test. 
Data on the reduction percentage of RLUs and the green 
percentage were previously subjected to the Anscombe 
transformation. The Levene test showed significant differ-
ences of variances among groups for all variables tested. 
Global comparisons were performed using the ANOVA 
test with Welch's correction and the Games-Howell test 
for post-hoc comparison.

RESULTS

The representative scanning electron microscope images 
of 3-week polymicrobial endodontic biofilms obtained by 
SEM are shown in Figure 1. The percentage of RLU re-
duction ranged between 42.80 and 88.55, respectively, for 
2.5% DCS and 2.5% DCS + 0.4% CTR. There were no statis-
tically significant differences between the 5% DCS and the 
2.5% DCS groups with CTR (0.2% and 0.4%), whereas the 
2.5% DCS group was statistically different from all groups.

T A B L E  1   Reduction percentage of RLUs, Log10 biovolume 
(μm3) and green percentage, after 5 min contact of irrigating 
solutions on polymicrobial root canal biofilms. Mean (standard 
deviation).

Solutions
RLUs % 
reduction

Log10 
biovolume Green %

5% DC 83.21 (2.21)a 4.52 (0.27)a 4.88 (6.38)a

2.5% DC 42.30 (18.28)b 4.44 (0.24)a,b 9.84 (7.33)b

2.5% DC + 0.2% CTR 75.54 (20.28)a 4.17 (0.27)b,c 6.68 (2.10)b

2.5% DC + 0.4% CTR 88.55 (7.15)a 3.96 (0.24)c 2.03 (3.10)a

0.9% Saline 
solution*

— 4.89 (0.38)d 82.70 (7.31)c

Note: Global comparison between groups determined by ANOVA test with 
Welch's correction (p < 0.001). The same superscript letter read vertically 
indicates differences that were not statistically significant according to the 
Games-Howell test.
*Values of RLUs control: mean (standard deviation): 835406 (32228).

F I G U R E  1   (a) Representative scanning electron microscope image of 3-week polymicrobial endodontic biofilms. (b) Note the layered 
structure of bacterial aggregates with green arrows showing different species and (c) their introduction into dentinal tubules with red 
arrows.
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For antimicrobial quantification with CLSM, 100 op-
erative fields (3-dimensional stacks) were evaluated. In 
all groups, the Log10 total biovolume showed significant 
differences with respect to the control (Table  1). In the 
control group cell viability was 82.70%. Concentrations 
of 2.5% DCS + 0.4% CTR and 5% DCS showed the greatest 
reduction in cell viability percentage (2.03% and 4.88%, re-
spectively), giving statistically significant differences from 
2.5% DCS and 2.5% DCS + 0.2% CTR, yet without signifi-
cant differences between the two. Representative CLSM 
images of polymicrobial biofilms after treatment in the 
study groups are displayed in Figure 2.

DISCUSSION

Bacterial infection—organised as biofilms attached to 
root canal dentin—is the main cause of apical periodon-
titis [26]. The resistance to antibiotics is an important 
concern behind the search for new approaches to root 
canal disinfection, including the use of NSAIDs [27]. 
Several investigations report that NSAIDs have antimi-
crobial and antibiofilm effects against clinically relevant 
bacteria [10-13, 28]. Their topical application, as irrigat-
ing solutions or intracanal medication, is an alternative 
in root canal therapy that is gaining interest in terms 

F I G U R E  2   Representative confocal laser scanning microscopic images of polymicrobial biofilms in dentine samples after the different 
treatments: (a) positive control; (b) 5% diclofenac; (c) 2.5% diclofenac; (d) 2.5% diclofenac+0.2% cetrimide; (e) 2.5% diclofenac + 0.4% 
cetrimide.
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of antibiofilm efficacy [14, 15]. On the other hand, qua-
ternary ammonium salts could become an antimicrobial 
support and innovative means of managing bacterial re-
sistance [29].

In order to approximate clinical reality, this study used 
a polymicrobial root canal biofilm to determine the effi-
cacy of the antimicrobial solutions. Concentrations of 5% 
DCS and 2.5% DCS were selected in view of their previ-
ously demonstrated efficacy on E. faecalis biofilm [15]. 
CTR was the surfactant of choice given its antimicrobial 
effectiveness and residual activity in dentin specimens 
[30] and in root canals [31]. Additionally, when combined 
with chelating and antimicrobial irrigating solutions it can 
enhance the antibiofilm activity of the mixture [32, 33].

The results obtained show the antimicrobial potential 
of 5% DCS and 2.5% DCS + CTR solutions on polymi-
crobial biofilm from necrotic root canals. The ATP assay 
confirmed significant differences between experimental 
groups. The highest RLU reduction was seen for 2.5% 
DCS + 0.4% CTR and 5% DCS (88% and 82%, respectively) 
followed by the combination of 2.5% DCS + 0.2% CTR 
(75%), without significant differences between these solu-
tions; differences were significant with respect to the 2.5% 
DCS solution (42%), however. The greater diversity of mi-
croorganisms in the biofilm might have required a higher 
concentration of DCS for their reduction, as evidenced 
by the lower efficiency obtained with a concentration of 
2.5% DCS. The amphipathic nature of CTR permits the 
surface tension reduction of solutions [34], facilitating 
penetration into the dentinal tubules and providing resid-
ual antibacterial activity  [30]. The use of CTR against a 
polymicrobial mature biofilm has been shown to increase 
the antimicrobial activity of antiseptic solutions in human 
dentin [35].

The outcomes of the reduction percentage of RLUs ap-
pear to coincide with the percentage of viable cells (green 
%) by the CLSM evaluation for the 2.5% DCS + 0.4% CTR 
and 5% DCS groups, which showed the lowest viability 
values. Although the total biovolume was scarcely re-
duced, the reduction was somewhat greater for the solu-
tions combined with CTR. This finding could be due to 
biofilm destabilisation when the surfactant interacts with 
the extracellular polymeric substance and might explain 
the minor biovolume obtained for both CTR-combined 
solutions [36].

In this study, the null hypothesis was accepted, given 
that both 2.5% DCS + CTR solutions demonstrated efficacy 
similar to 5% DCS solutions on polymicrobial biofilms ob-
tained from necrotic root canals. The addition of CTR re-
duced by half the effective antimicrobial concentration of 
diclofenac sodium in mixed solutions. In addition, CTR 
could lend substantivity to the combination and increase 
disinfection over time [31, 32]. The biological compatibility 

of the DCS and CTR association is determined by the ag-
gregation property of the tensioactive agent. Surfactant 
molecules are organised into micelles, which in aqueous 
solution show hydrophobic tails directed towards the 
centre and hydrophilic heads towards the outside. In this 
way, micellar partitioning can increase the bioavailability 
of a drug, providing a more sustained release pattern and 
protecting it against metabolisation and degradation [37]. 
Cationic surfactants improve the binding efficiency and 
sustained release of NSAIDs [38].

The purpose of the NSAID + CTR association is to 
maintain disinfection over time when used as final irri-
gation solution in root canal treatment and increase the 
effectiveness of disinfection between sessions when used 
as intracanal medication. A recent study evaluated the an-
timicrobial potential of new diclofenac-based hydrogels 
and triantibiotic and diantibiotic hydrogels and compared 
their efficacy with calcium hydroxide paste [39]. A 5% 
DCS hydrogel showed, in dentin specimens and in root ca-
nals, statistically significant differences with respect to all 
the other materials tested. In this sense, a previous inves-
tigation showed the effectiveness of a calcium hydroxide 
paste with 0.2% CTR as intracanal medication, for 2 and 
7 days, in simulated open apex root canals contaminated 
with E. faecalis biofilms [40]. Future research could inves-
tigate the antibiofilm effectiveness of mixed DCS + CTR 
hydrogels.

The possible introduction in endodontic protocols of 
DCS + CTR is meant to enhance disinfection in root canal 
treatments and, additionally, postoperative pain reduction 
[7-9]. Moreover, their use in regenerative procedures in a 
gel form could contribute to reducing antibiotic resistance 
[40]. Further studies are needed to determine the cytotox-
icity of mixed NSAIDs compounds and to address their 
usefulness as final irrigating solutions or intracanal medi-
cations in endodontic therapy.

CONCLUSION

Solutions of 2.5% DCS + 0.4% CTR and 5% DCS showed 
the highest antimicrobial efficacy. Cetrimide increases the 
antibiofilm activity of diclofenac against polymicrobial 
root canal biofilms.
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