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Abstract
Aim: This study aimed to compare and evaluate the antimicrobial efficacy of chemical and phytomedicinal
agents when used as intracanal irrigants against Candida albican (C. albican) and Enterococcus faecalis (E.
faecalis).

Materials and methods: This study was conducted at Kothiwal Dental College and Research Centre,
Moradabad, India. One-hundred human tooth roots with a standardized length of 12±0.5 mm were divided
into two groups (A and B, 50 each) inoculated with C. albican and E. faecalis, respectively. The groups were
further divided according to the irrigants: A1 (11% ethanolic extract of propolis), A2 (2% chlorhexidine
gluconate (CHX)), A3 (0.5% metronidazole), A4 (10% babool), and A5 (sterile saline (control) for the C.
albican group and E. faecalis group (B1 to B5, respectively). The samples of different specimens were taken at
subsequent intervals. The first collection was taken two days and 21 days after inoculation in group A and

group B, respectively. The second collection was taken post irrigation, and the third collection seven days
after different irrigants were used in both the groups. Microbiological samples were grown in a culture
medium and incubated at 37°C for 24 hours for C. albican and 48 hours for E. faecalis (Sabouraud dextrose
agar for C. albican and brain heart fusion for E. faecalis). The results were submitted for analysis of variance
(ANOVA) and post-hoc test for statistical analysis.

Results: In group A, 2% chlorhexidine gluconate showed a highly significant percentage reduction of colony-
forming unit (CFU) count (p≤0.001) with respect to the time interval against C. albican, followed by
metronidazole, babool, propolis, and saline, whereas in group B, propolis showed a significant percentage
reduction of CFU count (p<0.001) with respect to time interval against E. faecalis, followed by 2% CHX,
metronidazole, babool, and saline.

Conclusion: Two percent chlorhexidine gluconate showed the highest antimicrobial efficacy against C.
albican, whereas propolis showed the highest antimicrobial efficacy against E. faecalis. Chemical irrigants
proved effective over herbal irrigants against C. albican, whereas herbal irrigants showed better
antimicrobial efficacy over chemical irrigants against E. faecalis.

Categories: Dentistry
Keywords: irrigation, metronidazole, babool, propolis, 2% chlorhexidine gluconate

Introduction
Metabolic products of microorganism play a keen role in causing pulp and periapical lesion, which
eventually turns into pulp necrosis and inflammatory reactions [1]. The root canal infections are
polymicrobial in nature. The most important of which is Enterococcus faecalis  [2]. In addition to these
microorganisms, some yeast-like microorganisms have also been found to be associated with secondary
endodontic infections, particularly Candida albican [3]. Because of its physiochemical and biofilm forming
property E. faecalis have been able to survive in surrounding environmental and nutritional conditions [4].
Most commonly it is found in endodontically treated cases (22-77%) [5]. C. albican are the most commonly
found fungi, ranging from 7-18% of the infections [6]. The hyphal formation and thigmotropism (turning and
bending of microorganism in response to touch stimulus) property allow C. albican to penetrate deep into
the dentinal tubules, and also phenotypic alteration of C. albican helps to adapt in ecologically harsh
conditions as in high alkaline environment [7].
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Bacterial neutralization and toxin inactivation with a proper method of instrumentation and irrigating
solutions is a key to the successful treatment. Chlorhexidine gluconate (CHX), a bis-biguanide (a compound
that has a bactericidal property), has routinely been used as an effective antibacterial solution in dentistry,
but it lacks tissue-dissolving activity in endodontics. CHX is used in two concentrations (0.2% and 2%) [8].
Metronidazole is a main antibiotic used in the treatment of anaerobic infections. Its mechanism of action is
not entirely clear, but it usually interferes with the DNA synthesis. It is widely used in root canal
disinfection and has been found successful in making the canal sterile [9]. Due to the increased microbial
resistance and harmful and toxic effect of these chemical antibacterial agents, there is a need for herbal
agents that should be affordable, less toxic, and effective [10]. Propolis is one such herbal product that has
both antibacterial and antifungal properties. It is resinous substance yellow to dark brown in color used by
bees to seal their unwanted hive spaces from outside contamination [11]. Higher temperature, small size,
and wetness of the hive make it an ideal place for bacterial growth; however, microorganisms do not grow
because of the antibacterial properties of propolis. The antibacterial property is attributed to flavonoids and
aromatic compounds, such as caffeic acid [12].

Babool has got higher concentration of methionine, cysteine, threonine, lysine, tryptophan, potassium,
phosphorus, magnesium, iron, and manganese. It possesses good antimicrobial activity, antioxidant activity
antifungal, and antiviral activity. The antimicrobial potency of plants is believed to be due to tannins,
saponins, phenolic compounds, essential oils, and flavonoids. Because of so many effective ingredients
found in herbal agents, it was concluded that these agents could be used as effective endodontic irrigants
[13]. According to the literature, few studies have performed a comparison of the antimicrobial efficacy of
the above-mentioned herbal agents with chlorhexidine gluconate and metronidazole as intracanal irrigants.

Thus, this in-vitro study was conducted with an aim to compare and evaluate the antimicrobial efficacy of
propolis and babool with chlorohexidine gluconate and metronidazole taking saline as a control when used
as intracanal irrigants against C. albican and E. faecalis.

Materials And Methods
This study was conducted at Kothiwal Dental College and Research Centre, Moradabad, India. Ethical
approval was obtained from its Institutional Ethical Review Board (IERB) with approval number
IERB/06/2017/05.

Tooth sample preparation 
Small sample sizes of 100 single-rooted human teeth extracted for periodontal disease were cleaned and
washed in saline before use. The inclusion/exclusion criteria notified below were considered during the
selection process. Single-rooted extracted teeth, no pathological resorption of the roots, and caries-free
roots were selected for the study, whereas multirooted teeth and pathologically resorbed and carious roots
were excluded from the study. Removing the crown portion, the remaining length of the root was
standardized at 12±0.5 mm. The instrumentation was done 0.5 mm beyond the apex by a mean of a #25K file
followed by instrumentation to 1 mm short of apex with a #30 K-file. Ethylenediaminetetraacetic acid
(EDTA) (17%) was then used to fill the root canals for three minutes, followed by rinsing with 5 ml of saline
solution. The apex was closed using 3M ESPE Filtek Z350 XT composite resin (3M Company, USA), and the
roots were embedded in a self-cure acrylic except for the root canal opening. The selected specimens were
divided into two groups (group A and group B), with 50 teeth in each group. In group A, antimicrobial
efficacy of used irrigants was tested against C. albican. In group B, antimicrobial efficacy of irrigants was
tested against E. faecalis.

Preparation of species
The microorganism’s strains used were C. albican (MTCC 227) and E. faecalis (MTCC 439). Both
microorganisms were seeded on Petri dishes containing Sabouraud dextrose agar (SDA) for C. albican and
brain heart infusion (BHI for E. faecalis). The SDA dishes were incubated in a bacteriological oven at
37±1°C for 24 hours, while the BHI dishes were incubated for a period of 48 hours. Standardized saline
solution suspensions of C. albican and E. faecalis were prepared (108 cells/mL). The root canals of group A
were inoculated with 10 μL of C. albican and Sabouraud dextrose broth each, and group B root canals were
inoculated with 10 μL of E. faecalis and BHI, each resulting in 20 ul of inoculated medium in each root
canal in the respective groups. A sterile cotton pellet embedded in the respective broth was placed at the
entrance of the canals. Group A samples were stored in an incubator at 37±1ºC in a humid medium for two
days and group B samples for 21 days. A small amount of BHI broth was poured after every three days for 21
days. Once the incubation period for each group was completed, the samples of all the specimens were
collected and counted using a digital colony counter (Obst1) (Figures 1, 2).
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FIGURE 1: Confirmatory collection of Candida Albican (after inoculation)

The confirmatory collection of E. faecalis (after inoculation) is shown in Figure 2.

FIGURE 2: Confirmatory collection of Enterococcus faecalis (after
inoculation)

The specimens in each group were further divided into five subgroups according to the irrigants used: group
A (C. albican, A1: 11% propolis, A2: 2% chlorhexidine gluconate, A3: 0.5% metronidazole, A4: 10% babool,
A5: saline) and group B (E. faecalis, B1: 11% propolis, B2: 2% chlorhexidine gluconate, B3: 0.5%
metronidazole, B4: babool, B5: saline).
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Canals of all the specimens of each subgroup were sequentially prepared using the step-back technique up to
size #30 master apical file, flaring the canal was performed up to size #50, and 3 ml of the experimental
intracanal irrigants in each subgroup were used after each file used for instrumentation. Microbiological
samples were then collected immediately post-irrigation (second collection) and seven days post-irrigation
(third collection). The collection method of microbial sampling was as follows.

Use of a sterile paper point was done for collecting microbial samples. No. 30 paper point was standardized,
which was placed in the root canals for almost one minute and further dipped in a test tube filled with 5 ml
of a sterile saline solution. With this, the paper point was stirred for about 30 seconds. About 0.1 mL of the
solution prepared was poured in two separate dishes containing SDA for C. albican and BHI for E. faecalis.
The second microbial collection was done after seven days, but till then, the root canals of all the specimens
were filled with a sterile saline solution, and the root canal opening was closed with the help of a sterile
cotton pellet. All the samples were then placed in the incubator at 37°C.

The culture plates were incubated at 37°C for 48 hours, and the number of colonies was then counted using a
colony counter for C. albican and E. faecalis. The colonies of C. albican were identified based on their colony
character, which appeared microscopically as cream-colored raised cocci-forming striations and E. faecalis
as spheres or cocci, and the obtained data were subjected to statistical analysis.

Results
One-way analyses of variance (ANOVA) and post-hoc test were used to assess the statistical significance
between groups and within the group. In the above test, a p-value less than 0.05 was taken to be statistically
significant. The results were assessed on the percentage reduction of colony-forming units (CFUs) with
respect to the time interval. The data were analyzed using IBM SPSS Statistics version 16 for Windows 10.5
(released 2007, IBM Corp., Armonk, New York, United States).

The distribution of mean CFUs per mL (CFU/mL) for each subgroup against C. albican and E. faecalis were
determined, as shown in Table 1 and Table 3 and Table 2 and Table 3, respectively. The percentage reduction
of CFUs per mL with respect to time interval against C. albican and E. faecalis were statistically determined,
as shown in Table 2 and Table 4. There was a statistically highly significant (p≤0.001) difference among all
the subgroups against C. albican and E. faecalis (Table 1).

Group A                          Means and standard deviation

Subgroups (n=10) ObsT1 ObsT2 ObsT3

Propolis 7.48±0.717         6.659±0.673 5.175±0.944

2% chlorohexidine 7.667±0.505 4.031±0.860 0.811±0.377

0.5% metronidazole 7.462±0.72 5.406±0.82 2.902±1.36

10% babool 7.388±0.653 5.93±0.445 3.91±0.833

Saline 7.808±0.668 7.673±0.657 7.13±0.732

TABLE 1: Distribution of mean±standard deviation of the colony-forming unit (CFU) count of
Candida albican with respect to time interval in subgroups

The percentage reduction of the CFU count of C. albican with respect to time interval in subgroups is
presented in Table 2.
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Group A Subgroup %reduction1 p-value %reduction2 P-value

Candida albican

Propolis 10.67

<0.001

29.84

<0.001

2% chlorohexidine 47.62 89.60

Metronidazole 26.49 59.96

10% babool 19.45 47.10

Saline 1.73 8.68

Total 21.19 47.03

TABLE 2: Percentage reduction of the CFU count of Candida albican with respect to time interval
in subgroups

The distribution of mean±standard deviation of the CFU count of E. faecalis with respect to time interval in
subgroups is presented in Table 3.

Group B                          Means and standard deviation

Subgroups (n=10) ObsT1 ObsT2 ObsT3

Propolis 6.01±0.517 4.886±0.612 3.114±0.964

2% chlorohexidine 6.112±0.54 5.254±0.658 4.133±0.698

0.5% metronidazole 6.387±0.472 5.859±0.438 5.401±0.472

10% babool 6.077±0.506 5.807±0.561 5.459±0.491

Saline 6.273±0.328 6.059±0.293 5.943±0.295

TABLE 3: Distribution of mean±standard deviation of the CFU count of E. faecalis with respect to
time interval in subgroups

The percentage reduction of the CFU count of E. faecalis with respect to time in subgroups is presented in
Table 4.

Group B Subgroup %reduction1 p-value %reduction2 p-value

Enterococcus faecalis

Propolis 18.69

<0.001

48.31

<0.001

2% chlorhexidine gluconate 14.19 32.58

Metronidazole 8.13 15.49

10% babool 4.51 10.18

Saline 3.39 5.24

Total 9.78 22.36

TABLE 4: Percentage reduction of the CFU count of E. faecalis with respect to time in subgroups

The mean% reduction of CFUs with respect to time interval for CHX against C. albican was 47.62% (ObsT1-
ObsT2) and 89.60% (ObsT1-ObsT3). Against E. faecalis, the mean% reduction of CFUs with respect to time
interval was 14.19% (ObsT1-ObsT2) and 32.58% (ObsT1-ObsT3). CHX had shown maximum antimicrobial
efficacy against C. albican among all the subgroups used, whereas against E. faecalis, the CFU count
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reduction was less compared to propolis (ObsT1-ObsT2, 18.69% and Obst1-ObsT3, 48.31%), showing a
statistically highly significant difference (p<0.001) (Figure 3).

FIGURE 3: Maximum reduction in CFU count in CHX group against
candida albican after 7 days of irrigation

The graph of percentage reduction of the CFU count of C. albican with respect to time interval in individual
groups is presented in Figure 4.
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FIGURE 4: Graph of percentage reduction of CFU count of Candida
albican with respect to time interval in individual groups

The mean% reduction of CFUs with respect to time interval for propolis against C. albican (ObsT1-ObsT2)
was 10.67% and that for ObsT1-ObsT3 was 29.84%. The mean% reduction of CFU with respect to time
interval against E. faecalis (ObsT1-ObsT2) was 18.69% and that for ObsT1-ObsT3 was 48.31%, respectively.
According to the results, the CFU count was reduced immediately after the irrigation and seven days after
irrigation with propolis. Among all the subgroups used against E. faecalis, propolis has shown the maximum
antimicrobial efficacy compared with other groups (Figure 5), whereas against C. albican, it had significantly
reduced the CFU count but less as compared to babool and the chemical irrigants used.
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FIGURE 5: Maximum reduction in CFU count in propolis group against
E. faecalis after 7 days of irrigation

The graph of percentage reduction of the CFU count of E. faecalis with respect to time interval in all
subgroups is shown in Figure 6.

FIGURE 6: Graph of percentage reduction of CFU count of E. faecalis
with respect to time interval in all subgroups

Discussion
Enterococcus species habitat in large quantities in the intestinal lumen of human beings, and under normal
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conditions, they cause no harm to their host [14]. E. faecalis has been frequently isolated from infected pulps
and persistent infections in post-endodontic treatments [15]. They oxidize many energy sources, such as
carbohydrates, glycerol, lactate, malate, citrate, arginine, and many keto acids. Enterococci can make
themselves adapt to harsh environmental conditions, including very extreme alkaline pH (9.6) and salt
concentration, have the capacity to withstand a high-degree temperature of 60 °Cfor 30 minutes, and also
grow in the temperature range of 10-45°C. Enterococci can also resist bile salts, detergents, heavy metals,
ethanol, azide, and desiccation [16]. In addition, yeast-like microorganisms have been found to be associated
with secondary endodontic infections, particularly C. albican. C. albican releases collagenolytic enzymes that
make it possible to use dentin as a nutrient source. Waltimo et al. [9] reported the presence of C. albican in
pure cultures in therapy-resistant apical periodontitis, establishing it as a plausible cause of root canal
failure.

In this study, the dentin block model method was used, which is considered the most standard method, and a
statistical comparison is feasible [16,17]. Penetration into dentinal tubules is the most important resistance
mechanism of E. faecalis and C. albican against antibacterial agents in endodontic treatments. This model
provides reconstruction of the microanatomy of dentin, especially dentinal tubules. The dentin block model
also simulates the chemical environment of the root canal and the ability of biofilm development [18];
therefore, this method was accepted as the method of choice. Using this method, the experimental species
were inoculated, and the specimens were incubated for two days for C. albican and 21 days for E. faecalis [19].
Chlorhexidine gluconate over the period of time has shown great results during the biomechanical
preparation because of its great antimicrobial efficacy against the microorganisms found in root canals
[20]. It is because CHX gluconate is water soluble, and at physiologic pH, it readily dissociates and releases
the positively charged CHX component. The interaction of the positive-charge and negative-
charge phosphate groups on microbial cell walls alters the cell’s osmotic equilibrium [21]. This increases the
permeability of the cell wall, which allows the CHX molecule to penetrate into the bacteria. The antifungal
action is explained by the fact that it leads to the coagulation of nucleoproteins and changes in the cell wall,
allowing the possible escape of cytoplasmic components through plasmalemma, and is also capable of
inhibiting the C. albican adhesion to biological and inert surfaces [22].

Oncag et al. [23] found that after five minutes and 48 hours, 2% CHX showed reduction in CFU count against
E. faecalis. The results of our study are in accordance with their study, where the CFU count also reduced
immediately after irrigation with CHX and seven days after irrigation.

Among the chemical irrigants used, metronidazole also proved to be effective against C. albican over herbal
irrigants but less compared to 2% CHX. Metronidazole is bactericidal against most anaerobes that contain
electron transport components, such as ferredoxin, which donate electrons to metronidazole, forming
highly reactive nitro radical anions that kill susceptible organisms by a radical-mediated mechanism [24].
Topoisomerase II is homologous of bacterial gyrase found in fungus, which is the primary physiological
target responsible for quinolone cytotoxicity and kills the cells by converting the type II enzyme into cellular
poison [25]. Metronidazole had also effectively reduced the E. faecalis count immediately after irrigation and
seven days after irrigation, but propolis and CHX had shown better antimicrobial efficacy against E. faecalis.
Shweta et al. [26] stated that final flushing with 0.5% metronidazole after a hand or rotary instrument
significantly reduced the CFU count, which was consistent with our study results.

The antimicrobial property of propolis is mostly attributed to flavonoids. In a study conducted by Mori et al.
using radioactive precursors, they observed that flavonoids play a major role in the inhibition of DNA and
RNA synthesis. It also has a role on protein and lipid synthesis inhibition but to a lesser extent. It is the B
ring of the flavonoids that causes intercalation or hydrogen bonding that eventually leads to the stacking of
nucleic acid bases and thus causes the inhibition action of DNA and RNA synthesis. The antifungal action of
propolis studied by Mello et al. [27] is mainly because of its interaction with the cellular sulfhydryl
compounds found in the cell wall of the microorganism, thereby disturbing its integrity. Acacia nilotica (L.),
also known as Egyptian thorn, prickly acacia, gum Arabic, and babool, is a multipurpose nitrogen-fixing tree
legume. It possesses good antimicrobial, antioxidant, anti-fungal, antiviral, antibiotic, anti-cancer, and anti-
hypertensive activities. There are different varieties of babool used in leaves, flowers, stem, thorns, roots,
gums, and fruits [28]. As stated above, there are different forms available, so in this study, we have used the
fruit form of babool, which was first dried and then grinded.

In our study, 10% concentration of babool was used. It had shown a better antimicrobial efficacy against C.
albican than propolis but less as compared to CHX. Comparable results were seen in the percentage
reduction of CFU count with metronidazole, immediately after irrigation and also seven days after irrigation.
Against E. faecalis, babool had also a reduced CFU count with respect to time interval but less as compared to
propolis and CHX, whereas it had also shown comparable results with metronidazole. The antimicrobial
potency of this plant is believed to be due to tannins, saponins, phenolic, essential oils, and flavonoids.
Although babool has shown better antimicrobial efficacy against C. albican than E. faecalis, more studies are
still required on babool against E. faecalis at different concentrations.

Normal saline was used as one of the experimental solutions, but it was taken as the control group in our
study. Although saline had been used as a control group in our study, it also had shown significant reduction
in microbial count post irrigation compared to the other irrigants used. This is consistent with the findings
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of Akpata [29] who stated that there was a reduction in the microbial count when saline was used as an
irrigant, which is mainly attributed to its ability to flush debris from the root canal rather than having any
antimicrobial property. Ohara et al. [30] showed that saline irrigants have been successful in significantly
reducing the number of bacteria in the root canal but fail to completely eliminate it.

All the subgroups used against C. albican and E. faecalis had reduced the CFU count with respect to time
interval. Although there were comparable results of metronidazole and babool against both the species,
there was a statistically highly significant difference among all the subgroups (p<0.001). The results of this
study acclaim the use of propolis and babool as root canal irrigants in permanent teeth, which might prove
to be advantageous considering the several undesirable characteristics of CHX and metronidazole. Since the
natural irrigants are less toxic when compared with chemical agents, plant-derived endodontic irrigants
should be considered as promising agents to obtain root canals free of microbes and their by-products in
acquiring a successful endodontic treatment.

Limitations
In the present study, two chemical and two herbal agents were compared against the experimental species.
The study was conducted for 21 days. Although they have shown good antimicrobial efficacy against the
species, better results could have been obtained if the study was done for a longer duration of time and the
sample size taken was small for such a kind of studies. A larger sample size should be taken for more reliable
and significant results. Moreover, while counting the CFU count using a digital colony counter, there might
be a possibility of technical faults, which eventually must have not given accurate results.

Conclusions
From the above stated results, 2% chlorohexidine gluconate showed the highest antimicrobial efficacy
against C. albican among all the tested irrigants and 11% propolis showed the maximum mean percentage
reduction in CFU count with respect to the time interval among all the tested irrigants against E. faecalis.
Thus, chemical irrigants proved effective over herbal irrigants against C. albican, but propolis as a herbal
irrigant showed better antimicrobial efficacy against E. faecalis. Therefore, it can be used as an effective root
canal irrigant against E. faecalis.
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financial support was received from any organization for the submitted work. Financial relationships: All
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with any organizations that might have an interest in the submitted work. Other relationships: All authors
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