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Abstract
Objective Evaluate, in vitro, the antimicrobial activity of Psidium cattleianum leaf extracts combined with calcium hydroxide
against Enterococcus faecalis and Candida albicans biofilm.
Materials and methods Dentin specimens obtained from extracted bovine incisors were infected during 14 days with E. faecalis
ATCC 29212 and C. albicans ATCC 10231. The specimens were filled with calcium hydroxide pastes prepared with the
following vehicles: Psidium cattleianum ethanolic, Psidium cattleianum propylene glycolic, distilled water, and saline as control.
After 24 h, 3, 7, and 14 days, the canals were irrigated with sterile saline and dried. Dentin samples were collected from the canals
with burs of increasing diameters. To determine the number of colony-forming units (CFU), samples were inoculated onto BHI
agar supplemented with yeast extract (0.5%), at 37 °C, for 48 h, in CO2 enriched atmosphere. Comparisons among the groups for
the variation factors were performed by ANOVA and Tukey’s test.
Results Ethanolic and propylene glycolic extracts showed significantly higher antimicrobial activity against E. faecalis (p < 0.01)
when compared with distilled water. The ethanolic extract exhibited in 24 h the same antibacterial activity that propylene glycolic
extract and distilled water after 7 and 14 days. For C. albicans, all were effective in reducing the number of CFU at all periods.
Conclusion The P. cattleianum ethanolic extract presented the fastest and highest antimicrobial activity against E. faecalis,
significantly reducing the microbial load in 24 h. All medications were effective against C. albicans.
Clinical relevance The antibacterial potential of P. cattleianum and its biological compatibility associated with calcium hydroxide
indicate promising applications in the field of dentistry.
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Introduction

Invasive microorganisms of root canal system and their met-
abolic products have a key role in the development of pulpal
and periapical diseases [1]. One of the goals of biomechanical
preparation is to eliminate microorganisms and their products

by associating mechanical action of instrumentation with
chemical and physical action of irrigating solutions. The use
of intracanal medication is an important stage for success in
endodontic therapy.

However, the capacity of certain microorganisms to prolif-
erate and invade dentin tubules hinders the action of
chemomechanical preparation [2, 3] and may lead to the devel-
opment of endodontic infections, sometimes refractory to treat-
ment [4]. Unlike most primary endodontic infections,
polymicrobial in nature, with predominance of obligate anaer-
obes, secondary infections are caused by one or few species [5].

Calcium hydroxide (CH) is widely used as intracanal med-
ication in endodontic infections due to its excellent properties,
biocompatibility, and capacity of altering the microbial enzy-
matic metabolism by creating an environment of highly alka-
line pH gradient [6]. However, CH acts by direct contact [7]
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requiring a disinfection period of more than 7 days [8]. It has
been demonstrated that some microorganisms such as
Enterococcus faecalis and Candida albicans can resist the
action of CH-based medications [9–12].

Candida albicans is the most common yeast isolated from
the oral cavity or root canals and has the ability to form bilayer
biofilm, rich in an extracellular matrix composed by carbohy-
drates, proteins, phosphorus, and hexosamines, allowing good
tolerance and growth in nutrient-restricted environments, as
occurs in retreatment of the canal system [13, 14]. Also, has
been considered tolerant to chemical compounds commonly
used in the biomechanical instrumentation of infected root
canals or dressings, such as calcium hydroxide [15–17], and
this resistance may be comparable to that evidenced for
E. faecalis [18]; E.faecalis is a cocci Gram-positive anaerobe
facultative which occur in primary root canal infections and is
the most common organism cultured from failed root canal
therapy, with 12–90% prevalence [19]. Both species exhibit
similar starvation survival behaviors and are capable of star-
vation survival for 6 months, using low levels of serum for
growth. These characteristics are conducive to species survival
and contribution to posttreatment apical periodontitis [20].
Therefore, the association between E. faecalis and
C. albicans is frequently detected in persistent endodontic in-
fections [21–23].

The possibility of using others biocompatible antimicrobial
substances may also enhance some effective therapies against
oral microorganisms, refractory to conventional chemical
agents during treatment. The involvement of E. faecalis, and
C. albicans, in those cases deserve special attention [24, 25].

Psidium spp. belongs to the Myrtaceae and is native to
tropical America. The capacity of Psidium cattleianum leaf
extracts to inhibit growth of both planktonic and biofilm forms
of anaerobes such as Streptococcus mutans [26],
Porphyromonas gingivalis, Prevotella intermedia and
Fusobacterium nucleatum, and microaerophiles or facultative
bacteria such as Aggregatibacter actinomycetemcomitans has
been previously demonstrated [27]. These extracts also reduce
expression of proteins involved in the metabolism, glycolysis,
and acid lactic production of S. mutans [28], growth of
S. mutans biofilms, and enamel demineralization [29].
Ethanolic extract of Psidium cattleianum leaf has similar bio-
compatibility to saline [30]. The biocompatibility of
P. cattleianum extracts used as vehicle for CH has been re-
cently demonstrated [31], indicating that these extracts have
promising applications in the field of dentistry. However,
these extracts have not been evaluated against biofilm of
E.faecalis and C. albicans.

The aim of this study was evaluate, in vitro, the antimicro-
bial activity of Psidium cattleianum leaf extracts combined
with CH against biofilms of E. faecalis and C. albicans. The
null hypothesis was that P. cattleianum does not improve the
antimicrobial activity of calcium hydroxide.

Material and methods

Psidium cattleianum was grown and collected at UNESP—
Univ Estadual Paulista, Araçatuba, Brazil, in natural condi-
tions, without addition of chemical compounds such as chem-
ical fertilizers, pesticides, and insecticides. The voucher spec-
imen was deposited at the Herbarium of Pharmacognosy and
Phytotherapy under the number HLF2006/71. After washed
three times in deionized water, Psidium cattleianum leaves
were dried protected from light at 27 °C during 5 days and
at 37 °C during 15 days until becoming friable. Dried leaves
were ground to a fine powder in a blender [31].

To obtain the ethanolic extracts, 5 g of powder was loaded
into the main chamber of the Soxhlet extractor. A total of
150 mL 96°GL ethanol was placed in Soxhlet extractor. The
solvent was heated to reflux for 4 h. The solution was then
filter sterilized using cellulose membranes with 0.22 μm pore
size (Millipore™; Billerica, USA) and stored in dark bottles.
To obtain the propylene glycolic extract, 5 g of powder was
placed in a percolator and subjected to lixiviation with 150mL
of propylene glycol. The extract was filtered, sterilized, and
stored as previously described.

The dentin blocks were obtained from freshly extracted bo-
vine incisors and prepared according to Haapasalo andOrstavik
[32]. Teeth were decoronated and the apical third removed to
obtain root blocks measuring approximately 4 mm in height.
Root canal lumen was standardized to a diameter of 1.8 mm
with stainless steel round burs (ISO 018, Maillefer/Dentsply,
Switzerland). After canal preparation, smear layer was removed
in ultrasonic bath with 17% EDTA during 10 min, followed by
ultrasonic bath with distilled water during 15 min, and washed
in running water during 1 h. The dentin blocks were
autoclaved, dried, and externally coated with nail varnish.

The sterile dentin blocks were transferred to test tubes con-
taining 5 mL of brain heart infusion (BHI) broth (Difco
Laboratories, Detroit, MI, USA) supplemented with yeast ex-
tract (0.5%) and glucose (1%) and incubated at 37 °C during
24 h for sterility test. Then, an inoculum of 106 colony-
forming units (CFU) of E. faecalis ATCC-29212 was trans-
ferred aseptically to dentin tubules and the mixture incubated
at 37 °C for 14 days, at CO2 enriched atmosphere. At the 8th
day after inoculation of E. faecalis, 106 CFU of C. albicans
ATCC-10231 were also inoculated. In order to provide fresh
culture medium, all BHI supplemented broth was substituted
daily and at every change of culture medium, exogenous mi-
crobial contamination was checked by mean of inoculation on
BHI supplemented agar, incubated at 37 °C for 48 h.
Microbial identification was performed by morphocolonial
and morphocellular analysis to confirm existence of culture
formed only by enterococci and yeasts.

To evaluate the antibacterial effect of intracanal dressing,
eight dentin blocks with 0.85% saline formed the control
group, and three experimental groups (n = 16) with different
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vehicles were used for preparation of CH-based intracanal
medications: ethanolic extract of Psidium cattleianum leaf
(1 g/mL) + CaOH2; propylene glycolic extract of Psidium
cattleianum leaf (1 g/mL) + CaOH2; and distilled water (1 g/
mL) + CaOH2, as a positive control group. In a laminar flow
chamber, 20 mL of BHI agar was poured into 20 × 10 mm
sterile Petri dishes. After solidification, wells were made at
equidistant. The root canals were filled with the medications,
and their ends sealed with sterile wax to maintain material
moisture. Each well received one dentin block.

Using candle jar technique, specimens were incubated at
37 °C in microaerophilia in glass desiccators for 24 h, 3, 7, and
14 days in duplicate. Concluded each experimental period, in a
laminar flow chamber, dentin blocks were removed from cul-
ture and their external surface disinfected with alcohol 70%.
The canals were flushedwith 5mL of sterile saline for removal
of intracanal medication and dried with sterile paper points.

Each dentin block was secured with a sterile Mayo-Hegar
needle holder, at the open end of a test tube with 1 mL of
saline. Burs of increasing diameter (ISO 021, 023, 025, and
027) rotating at 300 rpm were used to remove intracanal den-
tin at different depths. The first bur removed 300 μm of dentin
and each subsequent bur 200 μm. The test tube with dentin
chips and saline was vortexed during 30 s.

Serial tenfold dilutions of the suspension were prepared,
and 0.1 mL of solution was inoculated onto BHI agar supple-
mented with yeast extract (0.5%), incubated at 37 °C, for 48 h,
in CO2-enriched atmosphere. After incubation, CFU in the
different dilutions was enumerated using a digital colony
counter.

The results were expressed as CFU per 0.1 mL of solution.
Comparisons among the groups for the variation factors
Bevaluation period,^ Bdentin depth,^ and Bintracanal
medication^ as well as the interactions among the factors were
done by ANOVA and Tukey’s test. A significance level of 5%
was set for all analyses.

Results

Saline presented no antimicrobial activity, exhibiting a large
number of viable microorganisms at all periods. All CH-
pastes presented antimicrobial activity. Tables 1 and 2 present
the mean values of E. faecalis and C. albicans CFU in the
samples collected from the canals at different depths and
periods.

Concerning the depth of collected dentin samples, there
was no statistically significant difference in E. faecalis CFU
number (p > 0.05) among the groups, regardless of the evalu-
ation period and intracanal medication. When analyzing only
the evaluation period, there was a significant factor (p =
0.000001), showing more accentuated reduction in the num-
ber of microorganisms at 7 and 14 days.

On enterococci, the association of CH with ethanolic and
propylene glycolic Psidium cattleianum extracts showed
higher antimicrobial activity than CH with distilled water
(p = 0.000002). Comparing only herbal medications, CH-
paste prepared with ethanolic extract presented significantly
higher (p = 0.000212) antimicrobial activity than propylene
glycolic extract.

The combination of CH and ethanolic extract exhibited in
24 h the same reduction of microorganisms than CH-pastes
prepared with distilled water and propylene glycolic extract
after 7–14 days. At 24 h, CH associated with propylene
glycolic extract was significantly more effective than its asso-
ciation with distilled water (p < 0.05). At 7 and 14 days, all
pastes had similar antibacterial action, evidencing profound
microbial load reduction (Fig. 1).

For C. albicans, all medications were significantly effec-
tive in reducing CFU counts at all periods (Table 2).

Discussion

In the present study, the association of P. catleianum with
calcium hydroxide enhanced the antimicrobial activity of the
paste, significantly reducing the microbial load, rejecting the
null hypothesis.

The presence of a large number of CFU in control group,
up to 14 days in different depths, confirms the methodology
effectiveness in producing fcontamination in dentin tubules,
surpassing the 10-day experimental period without nutrients
used by Orstavik and Haapasalo [9, 32]. Bacteria were re-
trieved from all dentin depths. At 900 μm (ISO 027), there
was a tendency to a larger number of CFU, which was expect-
ed due to the distance from the medicated root canal lumen.

The choice of C.albicans and E.faecalis in this study
was because of the frequency this association is found in
endodontic disease [21, 33, 34]. The ability to form
biofilms is considered one of the reasons why C. albicans
is more pathogenic than other Candida species that are less
capable to form these complex structures [35], which al-
lows adaptability to starvation, even surviving in environ-
mental unfavorable conditions, and also the ability of mor-
phologic polymorphism [36].

Calcium hydroxide is widely used as an intracanal dressing
due to its alkaline pH, leading to antibacterial properties, abil-
ity to stimulate mineralization, and tissue-dissolving capabil-
ity [37, 38], therefore, used in the present study associated
with distilled water, as a positive control group. However,
alkalization caused by hydroxyl ions is slow, since the ionic
dissociation and diffusion depend on the vehicle employed,
which differs on hydrosolubility, viscosity, and dentinal per-
meability [39]. Despite its use in endodontics, both E. faecalis
and C. albicans are very resistant to the action of calcium
hydroxide [40–42], and its mixing with another medicament
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could improve significantly the antimicrobial effect [43, 44],
since most of the substances used as a vehicle for calcium
hydroxide do not have significant antimicrobial activity. A
research conducted by Dezan-Junior [45] showed that the

association of calcium hydroxide and Psidium cattleianum
eliminated E. faecalis in 24 h, corroborating a recent study
with hydroethanolic association [46], suggesting that only
the presence of the leaf extract produced bactericidal effect.

Table 1 Mean values of
Enterococcus faecalis colony-
forming units in the samples col-
lected from the samples at differ-
ent dentin depths after treatment
with the experimental groups for
different periods

Experimental
groups

Evaluation period
(days)

Dentin depth (bur)

300 μm
(ISO 021)

500 μm
(ISO 023)

700 μm
(ISO 025)

900 μm
(ISO 027)

CH+ distilled water 1 62.7 ± 17.1 102.7 ± 81.8 68 ± 64.8 218 ± 158.5

3 159.2 ± 128.6 31.7 ± 33.9 44.2 ± 36.2 11.2 ± 11.8

7 5.7 ± 6.6 7.5 ± 14.3 2.0 ± 4.0 1.7 ± 2.2

14 4.5 ± 4.7 6.7 ± 10.9 3.7 ± 5.7 2.7 ± 3.1

CH+ EEPc 1 0 0.5 ± 0.6 0.5 ± 1.0 2.7 ± 3.8

3 0 0 1.7 ± 1.7 5.0 ± 4.2

7 1.5 ± 1.9 0 0.7 ± 1.5 2.0 ± 3.0

14 0 0 0 0

CH+ PEPc 1 1.7 ± 3.5 50.2 ± 70.2 19.2 ± 21.1 29.5 ± 57.7

3 20.2 ± 23.7 35 ± 21.8 36.5 ± 35.3 79 ± 69.0

7 0 0 1.5 ± 2.4 2.5 ± 4.4

14 0.5 ± 1.0 0 1 ± 0.8 0

Control 1 333,000 32,500 12,500 46,500

3 326,000 85,500 14,000 54,000

7 100,500 19,000 12,000 26,500

14 84,500 19,000 10,500 29,500

CH calcium hydroxide, EEPc ethanolic extract of Psidium cattleianum leaf, PEPc propylene glycolic extract of
Psidium cattleianum leaf

Table 2 Mean values of Candida
albicans colony-forming units in
the samples collected from the
samples at different dentin depths
after treatment with the experi-
mental groups for different
periods

Experimental
groups

Evaluation period
(days)

Dentin depth (bur)

300 μm
(ISO 021)

500 μm
(ISO 023)

700 μm
(ISO 025)

900 μm
(ISO 027)

CH+ distilled water 1 0 0.25 ± 0.5 0 0

3 0 0 0 0

7 3.25 ± 5.9 0 0.25 ± 1.0 0.25 ± 0.5

14 1.75 ± 3.5 0.25 ± 0.5 0 0

CH+ EEPc 1 0 0.5 ± 0.6 0.5 ± 1.0 2.7 ± 3.8

3 0 0 0 0

7 0 0 0 0

14 0 0 0 0

CH+ PEPc 1 0 0 0 0

3 0 0 0 0

7 1.0 ± 2.0 0 0 0

14 0 0 0 0

Control 1 7000 1500 1000 1000

3 21,500 9000 1000 1000

7 2500 4000 1000 4000

14 7000 1500 1000 1500

CH calcium hydroxide, EEPc ethanolic extract of Psidium cattleianum leaf, PEPc propylene glycolic extract of
Psidium cattleianum leaf
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The microbial inoculation sequence used in this study was
performed according to the proliferation ability of the
E.faecalis and C.albicans. When Enterococcus faecalis was
inoculated prior, the growth of yeasts was not affected.
However, when Candida albicans was inoculated first, the
growth of E. faecalis into de dentinal tubules was significantly
affected, probably due to formation of aggregates of yeasts,
pseudohyphae, and hyphae on dentinal tubules, as previously
reported [3, 13, 15, 47]. At the 8th day after initial inoculation,
the contamination by enterococci was high and reached the
highest values. By this moment, it was decided to inoculate
the yeasts, which took 5–7 days to produce invasion of den-
tinal tubules.

In our study, both associations prepared with Psidium
cattleianum extracts presented higher inhibitory activity in
the first 24 h than the aqueous product. In addition, ethanolic
extract exhibited higher activity than the propylene glycolic
extract, reducing the time necessary to reach the maximum
action within 24 h against E. faecalis, which reportedly toler-
ant to alkalinity [48] and frequently involved in refractory
infections or endodontic retreatment [4]. The better results
achieved by the intracanal medications prepared with plant
extracts are probably due to the fact that the P. cattleianum
leaves contain flavonoids (kaempferol, quercetin, cyanidin)
and tannins (ellagic acid), which have recognized antibacterial
activity [49]. Flavonoids are secondary metabolites naturally
synthesized by plants in response to microbial infection [50],
and their action is attributed to capacity of forming complexes
with extracellular proteins [51]; tannins can be toxic to fila-
mentous fungi, yeasts, and bacteria [52]. Therefore, this abun-
dance of phenolic compounds is directly related to the antimi-
crobial activity, once this phenolic toxicity to microorganisms
is caused by enzyme inhibition by the oxidized form of the
phenolic compound [53].

A possible explanation for the faster inhibitory action of the
ethanolic extract is that this extraction mode may provide
greater amounts of active principles. Another explanation is
related to the physical properties of propylene glycol: as this

vehicle presents greater viscosity and surface tension than
ethanol, its penetration into dentin tubules is expected to occur
at a slower rate.

All CH-based pastes were significantly effective in reduc-
ing C. albicans CFU number at all periods. This result is
probably due to the lower tolerance of C. albicans to the en-
zymatic inhibition promoted by CH and to the fact that these
yeasts have a more superficial location than enterococci in
biofilms formed inside dentin tubules [3]. On the other hand,
using a different methodology, Waltimo et al. [10] showed
resistance of C. albicans even in direct contact with CH.

Conclusions

The potent antimicrobial activity of intracanal medications
associating CH and Psidium cattleianum extracts is a promis-
ing option for clinical use. From our results, it may be con-
cluded that the paste prepared with CH and the ethanolic ex-
tract had the fastest action, exhibiting maximum antimicrobial
activity against biofilms of E. faecalis and C. albicans in the
first 24 h.
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