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According to some recent studies, Non steroidal anti inflammatory drugs(NSAIDs) have shown some antimicrobial
activity. The aim of this study is to evaluate the antimicrobial activity of Diclofenac sodium against Candida
albicans in comparison with Calcium hydroxide. The test samples consisting of diclofenac sodium (DS) 20mM/
ml was prepared as a stock solution at various concentrations (0.5, 2.5, 5.0, 7.5 and 10.0 mM/ml) of the working
solution was prepared for Minimal Inhibitory Concentration (MIC) and Minimal Fungicidal Concentration (MFC)
assay. Ca(OH)2 1.75mg/ml was used as positive control. Fungal strains (Candida albicans) (ATCC 10231) were chosen
based on their clinical and pharmacological importance. The fungal stock cultures were incubated for 24 hours at
37°C on potato dextrose agar (PDA) medium, following low temperature storage at 4°C. The fungal strains were
grown in Sabouraud dextrose agar and PDA media, respectively, at 28°C. The stock cultures were maintained at 4°C.
On analysing the MIC, all the test groups showed significant differences when compared to the negative control
group (p<0.01), no significant difference seen between Diclofenac sodium (10 mM/ml) and calcium hydroxide
group (p>0.05). On analysing the MFC,no significant difference is seen between Diclofenac sodium (7.5 mM/ml)
to Diclofenac sodium (10 mM/ml) (p>0.05). Within the limitations of the study, it has been noticed that diclofenac
sodium has some fungicidal activity but less when compared to calcium hydroxide.
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INTRODUCTION

Micro organisms play a key role in the development of
pulpal and periapical diseases. Hence it is important to
eliminate these bacteria by using certain local or systemic
antimicrobial agents along with root canal therapy. The
main aim of root canal therapy is to remove the necrosed
pulp tissue, deceased bacteria, disinfect the canal and
placement of intracanal medicament (Narayanan and
Vaishnavi, 2010). The cleaning and shaping of the canal
makes sure that most of the bacteria are eliminated.
But the complex anatomy of the pulpo-dental system
will allow either multiplication or recolonization of
microorganisms (Young et al., 2007) Hence the placement
of intracanal medicament will minimize the colonization
of microorganisms. As it has a fluid consistency, it can
penetrate into the inaccessible areas of canals where
usual filing is not possible (Blanscet et al., 2008).

The rationale behind placing intracanal medicament is
to eliminate the microorganisms and make the canal
inert. This ensures that the canal is free of any possible
bacteria or any other microorganisms, no weeping
canals and no drainage. This makes the canal ready for
obturation (Blanscet et al., 2008).The most commonly
used intracanal medicament is calcium hydroxide based.
This is most commonly used because of its ability to
dissolve the necrotic tissue, viability in weeping canals
and biocompatibility (Kim and Kim, 2014). But there are
also certain potential limitations of calcium hydroxide as
an intracanal medicament. These include the following:It
might inhibit or delay the setting of zinc oxide eugenol
sealer.Calcium hydroxide is not totally very effective
against E.faecalis and Candida albicans (Kim and Kim,
2015).The precise concentration of calcium hydroxide
at which it is effective against microbes is clearly not
known (Blanscet et al., 2008).

Antibiotics have also been used for this purpose.
However, extensive use of antibiotics led to antibiotic
resistance. Hence keeping these limitations in mind,
there have been studies going on for newer intracanal
medicaments. NSAIDs are usually anti-inflammatory
and analgesic in nature. NSAIDs act by different
mechanisms one of which is antibacterial effect. The
conventional use of NSAIDs is analgesic action. It may
possess additional properties therapeutically such as
antimicrobial efficacy mediated by inhibition of bacterial
DNA synthesis or impairment of membranous activity
or inhibition of biofilm formation by intervening with
quorum sensing (Chockattu et al., 2018) Kristiansen and
Amaral coined the term ‘non antibiotic. These drugs
have been used to treat non infectious diseases but they
have also been known to exhibit antimicrobial efficacy
(Kristiansen, 1997).

The commonly prescribed NSAIDs are Diclofenac sodium
or ibuprofen. If such compounds are incorporated as
intracanal medicaments the beneficial effects such as
anti inflammatory action, analgesic action and potent
antimicrobial efficacy (Zimmermann and Curtis, 2017)
In this study, the antimicrobial efficacy of Diclofenac
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sodium is being tested. Diclofenac sodium is a potent
non steroidal anti inflammatory drug, analgesic with
very few side effects (Chockattu et al., 2018) There are
several studies which proved its efficacy in reducing
postoperative complications especially after the
extraction of third molars. It has also been advocated
after endodontic therapy to alleviate post endodontic
pain (Negm, 1994; Saatchi et al., 2009) It has also shown
its antibacterial efficacy against certain gram positive
and gram negative bacteria and also synergistic action
with other antibiotics. However its antibacterial efficacy
against all endodontic pathogens by placing it within
the canal has not been studied so far (Chockattu et al.,
2018; Salem-Milani et al., 2013).

We have numerous highly cited publications on well
designed clinical trials and lab studies (Azeem and
Sureshbabu, 2018; Govindaraju et al., 2017; Janani
and Sandhya, 2019; Jenarthanan and Subbarao, 2018;
Khandelwal and Palanivelu, 2019; Malli Sureshbabu
et al., 2019; Manohar and Sharma, 2018; Nandakumar
and Nasim, 2018; Poorni et al., 2019; Rajakeerthi
and Ms, 2019; Rajendran et al., 2019; Ramarao and
Sathyanarayanan, 2019; Siddique, Nivedhitha, et al.,
2019; Siddique, Sureshbabu, et al., 2019; Siddique and
Nivedhitha, 2019; Teja et al., 2018). This has provided
the right platforms for us to pursue the current study.
The aim of this study is to determine the antimicrobial
efficacy of Diclofenac sodium against the endodontic
pathogen Candida albicans by using it as an intracanal
medicament.

MATERIAL AND METHODS

Test samples: The diclofenac sodium (DS) 20 mM/ml was
prepared as a stock solution and various concentrations
(0.5, 2.5, 5.0, 7.5 and 10.0 mM/ml) of the working
solution was prepared for MIC and MFC assay. Ca(OH)2
1.75 mg/ml was used as positive control (Figure 1).
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Figure 1: Test drugs

Fungal strains: Fungal strains (Candida albicans)
(ATCC 10231) were chosen based on their clinical and
pharmacological importance. The fungal stock cultures
were incubated for 24 hours at 37°C on potato dextrose
agar (PDA) medium, following low temperature storage
at 4°C. The fungal strains were grown in Sabouraud
dextrose agar and PDA media, respectively at 28°C. The
stock cultures were maintained at 4°C.



Determination of MIC:

Tube dilution assay: For determining MIC, further
dilutions of DS were prepared and tested at the various
concentrations (pg/ml) on the C.albicans. The stock
solutions were diluted and studied on the microorganism.
Antimicrobial activity of DS was determined using the
tube dilution method. MIC, is defined as the lowest
concentration of a compound that has the ability to
completely inhibit the microbial growth. It was determined
by a standard broth dilution technique (Figure 2). The
cultures were then incubated and subsequently, serially
diluted to reach the density of 2 x 104 cells per ml. Two
milliliters of MHB broth was dispensed in tubes, and 100
pL of cell culture was inoculated in it followed by 100
pL of different concentrations of DS was added to each
tube. Growth control was parallelly assessed with every
experimental group, for 48 hours, in an anaerobic jar all
the experimental tubes were incubated. After completion
of the incubation period, the optical density was
measured at 600 nm. MIC was defined as the minimum
concentration of DS that caused 20% inhibition in growth
of test microorganism. Each experiment was carried out
in a triplicate set. The Minimum Inhibitory Concentration
(MIC) was then determined which was nothing but the
lowest concentration prior to colour change.

Figure 2: Broth dilution with various conc of DS and
Ca(OH)2

The percentage of bacterial inhibition by the test product
was computed using the following equation: Percentage
Inhibition = OD in control - OD in test x100 / OD in
control

Determination of MFC

Agar well diffusion assay: Agar well diffusion assay
method was applied to find out the zone of inhibition
for the diclofenac sodium. C. albicans were incubated
in yeast mold agar plates at 37°C for 24 h and the
cultures were used to determine the zone of inhibition.
The Sabouraud dextrose agar medium was poured into
the petri plates and about 1 ml of 24 h incubated old
culture was inoculated; then the plates were set at
room temperature for 10 minutes. Using a microtip
the wells were made and the wells were filled with
100 pl of test samples (7.5 and 10 mM). Ca(OH)2 was
used as a positive control and distilled water used as
negative control. All the plates were incubated at 37°C
for 24 hours. The zone of inhibition was measured and
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expressed in millimetres(Figure 3). All the tests were
repeated thrice.

Figure 3: Agar well diffusion assay

1-Negative control; 2-DS(7.5mM);3- DS(10.0mM); 4-
Ca(OH)2

Statistical analysis: Results were expressed as mean
+ SD. Statistical significance was determined by
one-way analysis of variance (ANOVA) using SPSS
software (version22.0) and post hoc least significant
difference test. P values less than 0.05 were considered
significant.

RESULT AND DISCUSSION

Table 1: The table shows the mean minimum inhibitory
concentration (C. albicans) of the negative control group,
various concentrations of Diclofenac Sodium and Calcium
hydroxide.

Table 1
GROUPS Mean N Std.
Deviation

NEGATIVE CONTROL 512 3 .04
DICLOFENAC SODIUM 1494 3 .04
[1 mM/ML]

DICLOFENAC SODIUM .399 3 .03
[2.5 mM/ML]

DICLOFENAC SODIUM .301 3 .02
[5 mM/ML]

DICLOFENAC SODIUM 215 3 .01
[7.5 mM/ML]

DICLOFENAC SODIUM .104 3 .01
[10 mM/ML]

CALCIUM HYDROXIDE .098 3 .02
Total .303 21 .16
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The mean values of different concentrations of diclofenac
sodium, calcium hydroxide and negative control are taken
and minimum inhibitory concentration and minimum
fungicidal concentrations values are obtained (Table
1 & Table 2). The results indicate that at a minimum
inhibitory concentration of diclofenac sodium at 2.5mM/
ml, the percentage of microbial growth inhibition of
diclofenac sodium is lesser than calcium hydroxide
(Figure 4) and the minimum fungicidal concentration
was 7.5mM/ml (Figure 5). Kristiansen and Amaral (1997)
were paramount in bringing research into antibacterial
activity of “nonantibiotics,” Non antibiotics are those
that not only treat noninfectious diseases but also exhibit
antimicrobial activity. The application of diclofenac
sodium either intracanal or systemic application has
shown to alleviate postoperative endodontic pain
(Blanscet et al., 2008; Young et al., 2007) Diclofenac
sodium has exhibited antimicrobial effect against both
gram-positive and gram-negative bacteria (Dastidar et al.,
2000) and also exhibited synergism with other antibiotics
(Mazumdar et al., 2009) These studies have proven that
diclofenac is a potent non-antibiotic antibacterial agent.
But the doubt arises if diclofenac sodium is compatible
as an antimicrobial agent in systemic or intracanal usage
in endodontics with simultaneous anti-inflammatory and
pain management effects. In an in vitro study conducted
by Salem Malini et al, antibacterial effect of Diclofenac
sodium was tested against an endodontic pathogenic E.
faecalis (Salem-Milani et al., 2013)

Figure 4: Bar chart depicts the Minimal Inhibitory
Concentration of all groups. *denotes all test groups
resulted better than the negative control group (p<0.05),
“a” denotes Calcium hydroxide and Diclofenac Sodium
(10mM/ml) were better when compared to other groups
(p<0.05). No significant difference seen between calcium
hydroxide and Diclofenac Sodium (10mM/ml). The
minimum inhibitory concentration of Diclofenac sodium
was found to be 2.5mM/ml
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Diclofenac sodium has been used in the management of
post endodontic pain over a period of time. It is known
to alleviate the pain post endodontic treatment when
it is administered preoperatively(Negm, 1994; Saatchi
et al., 2009) There are certain potential advantages of
using NSAIDs as intracanal medicament which are stated
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as follows: anti-inflammatory action, local analgesic
action and possible antimicrobial action. Domenico et
al was probably the first to conduct a research into the
antimicrobial efficacy of NSAIDs (Domenico et al., 1989)
In the in vitro and in vivo animal studies conducted by
Annadurai et al, Dastidar et al, Dutta et al, they revealed
that Diclofenac sodium exhibited antibacterial efficacy
against Salmonella typhimurium, Mycobacterium
tuberculosis and Listeria monocytogenes (Dutta et al.,
2008; Dutta, Mazumdar, et al., 2007)

Table 2. The table shows the mean values of minimum
fungicidal concentrations of the control group, various
concentrations of Diclofenac Sodium and Calcium
hydroxide.NI means no inhibition zone. Each value is
expressed as mean + SD (n = 3)

Samples Conc (mM) C. albicans
Zone of
Inhibition(mm)
(Mean + SD)
Negative control - NI
DS 7.5 8.1 + 0.75
DS 10.0 9.4 + 0.92
Ca (OH), 13.5 + 1.1

Figure 5: The graph depicts the minimum fungicidal
concentration of the negative control group,Diclofenac
Sodium at two different concentrations (7.5 mM/ml, 10
mM/ml) and the calcium hydroxide group. *denotes all
the test groups performed better than the negative control
group (p<0.01). “a” denotes p<0.001 as compared with
Ca.(OH)2.The minimum fungicidal concentration is found
to be 7.5mM/ml
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The exact mechanism of antimicrobial activity of
diclofenac remains unclarified. Few studies have
proposed following mechanisms:Inhibition of bacterial
DNA synthesis (Silva et al., 2018), Impairment of cell
membrane activity, Anti Plasmid activity, Reduced
quorum sensing leading to decreased biofilm formation
(Chockattu et al., 2018; Dutta, Annadurai, et al., 2007)
In this study, the antimicrobial activity of Diclofenac



sodium as an intracanal medicament was tested against
Candida albicans strain. Its efficacy was compared
with the standard and most commonly used intracanal
medicament Calcium hydroxide. The reason to select
Candida albicans is based on the studies that showed
the presence of these microorganisms in refractory
infections after endodontic treatment. The minimum
inhibitory concentration at which the fungal growth was
suppressed at 2.5mM/ml. It is less compared to calcium
hydroxide’s efficacy but not in significant amounts.
The minimum fungicidal concentration determined
on agar well diffusion assay also showed that calcium
hydroxide has a little higher fungicidal activity compared
to Diclofenac sodium.

Some studies have shown that inclusion of diclofenac
sodium in the intra canal dressings managed to alleviate
the inter appointment pain (Dutta et al., 2004)However,
few studies have shown the antibacterial efficacy of
diclofenac sodium mainly against bacteria such as
E.faecalis (Salem-Milani et al., 2013) The results of
those studies have proposed that theoretically diclofenac
sodium can act as a substitute for calcium hydroxide. But
however, the results of those studies should be interpreted
with caution and further studies should be conducted
to evaluate the exact efficacy of diclofenac sodium
(Padma and Yalavarthy, 2015) The exact mechanism of
action of diclofenac sodium is unclear. Few studies have
mentioned it may be due to the inhibition of microbial
DNA synthesis or impairment of membrane activity or
impairment of plasmid activity (Chockattu et al., 2018)

Agar well diffusion assay is a simple, rapid and
well standardized traditional method for testing of
antimicrobial efficacy. It is most commonly used by all
the clinical laboratories because of its minimal equipment,
cost effectiveness and readily accessible supplies (Balouiri
et al., 2016) Umpteen variety of materials can be tested
quickly by using this method. However, the accuracy of
the results should be contemplated as there are chances
of false results (Chen et al., 2019) For example, the
inhibition zone does not always have regular boundaries
because it can be influenced by factors such as diffusion
rates of materials through agar, concentration and
solubility of various antimicrobials (Besra and Kumar,
2018) Besides, the determination of MIC by tube dilution
method in vitro may not reflect the ideal conditions in
vivo as in in vivo there will be a complex biofilm instead
of a single strain (Hiremath et al., 2015) Hence, further
studies should be conducted to precisely determine the
antimicrobial efficiency of diclofenac sodium.

CONCLUSION

Minimal inhibitory concentration is used to evaluate
the antimicrobial efficacy of various compounds by
measuring the effect of decreasing concentrations of
the compound over a defined time period in terms
of inhibition of microbial growth. These evaluations
can be useful to determine the final concentration of
the antimicrobial compound. MFC is complementary
to MIC where it identifies the lowest concentration
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of antimicrobial agent that reduces the viability of
fungal inoculum and denoting the microbial death.
These testings are good and relatively inexpensive to
simultaneously evaluate multiple antimicrobial agents
for efficacy.Within the limitations of the study, it has
been noticed that diclofenac sodium has some fungicidal
activity but less when compared to calcium hydroxide.
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