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In	vitro	evaluation	of	the	root	canal	cleaning	
ability of plant extracts and their antimicrobial 
action

Abstract: This in vitro study evaluated both the antimicrobial activity and the 
root canal cleaning ability of plant extracts used in irrigation solutions. The 
antimicrobial activities of the aroeira-da-praia (Schinus terebintifolius Raddi) 
and the quixabeira (Syderoxylum obtusifolium Roem & Schult) hydroalcoholic 
extracts, of 2.5% sodium hypochlorite (NaOCl) and of 0.12% chlorhexidine 
(positive control) against Enterococcus faecalis were tested with the agar well 
diffusion method. The level of root canal cleanliness was examined by scan-
ning electron microscopy (SEM). Twenty one single-rooted human teeth were 
divided into three groups according to the irrigation solution applied: 1) 50% 
aroeira-da-praia; 2) 50% quixabeira and 3) a combination of 2.5% sodium 
hypochlorite + 17% EDTA. All solutions tested demonstrated antimicrobial 
activity against Enterococcus faecalis. The SEM analysis revealed that high-
er and lower degrees of surface cleaning were observed, in the three groups, 
respectively for the coronal and apical thirds, in that quixabeira showed the 
greatest	 efficiency	 in	 removing	 the	 smear	 layer	 in	 the	 apical	 third.	 All	 the	
agents tested presented antimicrobial activity against E. faecalis. None, how-
ever, was able to completely remove the smear layer of the dentinal surface 
in the different thirds of the root canal. The results suggest that the analyzed 
plant extracts may represent a new therapeutic option in the list of alternative 
agents available for endodontic treatment.

Descriptors:	Root	Canal	Irrigants;	Plant	Extracts;	Enterococcus	faecalis.

Introduction
A predominant trend in modern dentistry has been to search for biocom-

patible agents, especially those to be used in direct contact with tissues.1	 In	
this context, phytotherapy has evolved as a science, and there has been grow-
ing interest in evaluating plant extracts with a potential therapeutic application 
in dentistry.

Cleaning of both the root canal and the dentinal tubule system, as well as 
proper	filling	of	the	canal,	are	essential	procedures	for	the	success	of	root	ca-
nal treatment. Even when treatment is adequate, failure may occur owing to 
the presence of potentially pathogenic residual bacteria in sites within the ca-
nal.2,3 Thus, disinfection and shaping of the canal with a combination of chem-
ical agents and endodontic instruments play an important role in the success of 
endodontic therapy.4

A number of agents have been used as auxiliary irrigation solutions for 
the biomechanical preparation of root canals, including ethylenediaminetet-
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raacetic acid (EDTA), sodium hypochlorite, chlorhexi-
dine and others.4 Of these, sodium hypochlorite is cur-
rently the most widely used. Nevertheless, cytotoxic 
and genotoxic effects on human peripheral lymphocytes 
have been observed in connection with its application.5 
Moreover, it has been shown that a combination of 1% 
NaOCl + 2% chlorhexidine results in the formation of 
flocculate	precipitates	that	function	as	a	chemical	smear	
layer, reducing dentinal permeability in the apical third.

In	 recent	 years	 there	 has	 been	 a	 greater	 interest	 in	
medicinal plants and phytotherapy because of their ther-
apeutic	and	profit	potential.	This	is	particularly	true	on	
the part of the pharmaceutical industry, which continu-
ously searches for new products that have less adverse 
effects.6-10

Schinus terebintifolius Raddi extract has been used 
as	 an	 anti-inflammatory	 and	 antimicrobial	 agent,	 and	
studies have demonstrated that acute and sub-acute 
administrations do not produce toxic effects on Wistar 
rats. Only a few studies have investigated the thera-
peutic potential of Syderoxylum obtusifolium Roem & 
Schult, which has been used as an alternative medicine 
in the northeast of Brazil for the treatment of oral infec-
tions.11

The aim of this study was to evaluate the antimicro-
bial activity of aroeira-da-praia and quixabeira against 
Enterococcus faecalis, as well as their root canal clean-
ing potential in irrigation solutions.

Methodology
Obtaining the plant extracts

Schinus terebintifolius Raddi (aroeira-da-praia) and 
Syderoxylum obtusifolium Roem & Schult (quixabeira) 
were collected in the shore region of the state of Rio 
Grande do Norte, Northeastern Brazil. Their extracts 
were obtained via percolation by immersing the desic-
cated plants into a 70% hydroalcoholic solution for 72 h. 
This	was	followed	by	filtration	and	final	volume	adjust-
ment of the extracts, which were then stored under room 
temperature in amber-colored jars.

Antimicrobial activity
The antimicrobial activity of aroeira-da-praia and 

quixabeira hydroalcoholic extracts against Enterococ-
cus faecalis (ATCC 29212) was evaluated at the concen-
trations of 100%, 50%, 25%, 12.5% and 6.25%. Solu-

tions containing 2.5% sodium hypochlorite and 0.12% 
chlorhexidine were also tested. The testing described 
above was performed using an agar well diffusion assay. 
Twenty-four-hour bacterial suspensions were prepared 
to a 0.5 Mac Farland standard and seeded onto Petri 
plates containing 25 mL of Mueller Hinton agar. Six 
wells 6 mm in diameter were created in each plate, and 
filled	with	50	µL	of	 the	 test	solution.	Bacterial	growth	
inhibition halos were measured after 48 h at 37°C with a 
digital pachymeter. The assays were performed in trip-
licate. The means and standard deviations of inhibition 
halo measurements were calculated and the data was 
subjected to analysis of variance (ANOVA).

Chemical-mechanical preparation
Twenty one human single-rooted teeth were divided 

into three groups according to the irrigation solution 
used: 
1. 50% aroeira-da-praia; 
2. 50% quixabeira and 
3. a combination of 2.5% sodium hypochlorite + 17% 

EDTA. 

Teeth crowns were separated from the roots using 
a cylindrical diamond bur mounted on a high-speed 
turbine and under adequate refrigeration. Chemical-
mechanical preparation was performed using a standard 
step-back technique. The study protocol was approved 
by the local Research Ethics Committee.

After applying each instrument, 3 mL of either a 
50% aroeira-da-praia or a 50% quixabeira solution were 
used	 for	 irrigation	 in	 the	 experimental	 groups.	 In	 the	
control group, irrigation was performed initially with 
2.5% sodium hypochlorite followed by 17% EDTA and 
then 3% saline solution. The teeth were maintained in 
10% formalin until the root surface was analyzed using 
scanning electron microscopy.

Scanning electron microscopy (SEM)
The roots were cleaved longitudinally and their api-

cal, middle and coronal thirds were examined by SEM 
(JEOL - JSM T330A, Tokyo, Japan). The roots were 
immersed in 2.5% glutaraldehyde in 0.1 M sodium 
cacodylate buffer at 4°C and pH 7.4 for 12 h. The same 
specimens were washed with 0.2 M sodium cacodylate 
buffer, pH 7.4 for 1 h, and subsequently rinsed with dis-
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tilled water for 1 min. This process was repeated three 
times. They were then dehydrated in increasing concen-
trations of ethanol: 
•	 20 min in 25% ethanol, 
•	 20 min in 50% ethanol, 
•	 20 min in 75% ethanol, 
•	 30 min in 95% ethanol and 
•	 1 h in 100% ethanol. 

After dehydration, the specimens were stored over-
night in an incubator at 37°C for drying. The specimens 
were metalized with a gold-palladium alloy. Photomi-
crographs of the apical, middle and coronal thirds of 
each specimen were then obtained. The images of the 
apical third observed in the photomicrographs were 
taken of a region approximately 3 mm from the root ca-
nal terminus, and those of the middle and coronal thirds 
were taken in an area approximately 6 mm and 9 mm 
short of the terminus, respectively.12

Analysis of the photomicrographs was based on the 
following scoring system, previously described:13 
•	 0 - absence of smear layer and presence of dentinal 

tubules free of residues; 
•	 1 - presence of smear layer or smear plugs in den-

tinal tubules; 
•	 2 - presence of smear layer and tubules free of resi-

dues in dentinal surface areas; 
•	 3 - presence of smear layer and tubules without clear 

delimitation on dentinal surface areas; 
•	 4 - Abundant smear layer on the dentinal surface.

Results
The two plant extracts studied presented antimi-

crobial activity against E. faecalis. Aroeira-da-praia 
demonstrated antimicrobial activity at all concentra-
tions	 tested,	 with	 statistically	 significant	 differences	
compared to quixabeira (t test, p < 0.05), the latter 
yielding growth inhibition halos only at the concen-
trations of 100% (12.61 mm) and 50% (10.20 mm). 
The mean growth inhibition halos for aroeira-da-praia 
at the different concentrations tested (100%–6.25%) 
were 18.91 mm, 16.32 mm, 13.93 mm, 13.08 mm and 
11.41 mm. The 0.12% chlorhexidine and 100% aroeira-
da-praia solutions induced greater mean growth inhi-
bition halos (24 mm and 18.91 mm, respectively) than 
the 2.5% sodium hypochlorite solution (17.07 mm), 

with	a	statistically	significant	difference	(p	<	0.05).	The	
0.12% chlorhexidine solution produced greater bacte-
rial growth inhibition halos than all the other solutions 
tested (p < 0.05).

The data relative to the ability of the solutions to 
clean the root canal dentinal surface were subjected to 
non-parametric Kruskal-Wallis analysis. The presence 
of a smear layer on the dentinal surface and inside the 
dentinal tubules was observed in all photomicrographs 
examined. The images showed an irregular amorphous 
smear	 layer.	There	were	no	statistically	significant	dif-
ferences regarding smear layer removal when the api-
cal, middle and coronal thirds of the teeth irrigated with 
quixabeira	 extract	 were	 compared	 (p	 =	 0.272).	 In	 the	
aroeira-da-praia group, the coronal third was the area in 
which the lowest accumulation of the smear layer on the 
dentinal	surface	was	observed.	In	this	group,	there	were	
statistically	 significant	 differences	 between	 the	 mid-
dle and coronal thirds (p = 0.035), as well as between 
the	 coronal	 and	 apical	 thirds.	 There	 were	 no	 signifi-
cant differences between the middle and apical thirds 
(p	=	 0.714).	 In	 the	 sodium	hypochlorite	 +	EDTA	con-
trol group there was greater smear layer accumulation 
at	 the	 apical	 third,	 with	 a	 statistically	 significant	 dif-
ference when compared to the coronal (p = 0.017) and 
the	middle	(p	=	0.009)	thirds.	There	were	no	significant	
differences between the coronal and the middle thirds 
(p = 0.846). A comparison of smear layer accumulation 
in the root thirds of the different groups revealed sta-
tistically	significant	differences	in	the	apical	third,	with	
the samples from the quixabeira and sodium hypochlo-
rite groups showing respectively less and greater smear 
layer accumulation on the dentinal surface, as seen in 
Table 1, Figures 1 through 3.

Discussion
There has been growing interest in the use of me-

dicinal plants for therapeutic application. Accordingly, 
a greater number of studies have been carried out with 
different plant species. Their possible activity as anti-
microbial	agents	has	been	of	particular	 interest.	 In	 the	
present study, it was shown that hydroalcoholic extracts 
of aroeira-da-praia and quixabeira display antimicro-
bial activity against E. faecalis. This bacterium has 
been related to recurrent endodontic infections, even 
after re-treatment.14,15 Aroeira-da-praia has been the 
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object of investigation in a number of studies that have 
shown that this species displays antimicrobial activity 
against a range of microorganisms of the oral cavity.6,16 
In	 contrast,	 quixabeira	has	not	been	as	 extensively	 in-
vestigated. Martinez Guerra et al.6 evaluated the activity 
of aroeira-da-praia extract at different concentrations 
and observed antimicrobial activity against Gram+ and 
Gram- bacteria, as well as against Candida fungi, at all 

concentrations tested. Similar results were also seen in 
the study of Martinez et al.,16 where aroeira-da-praia was 
evaluated	 at	 concentrations	 of	 100%	 and	 50%.	 In	 that	
study, however, no antimicrobial activity against Gram+ 
and Gram- bacteria was found at the 10% concentration. 
In	the	present	study,	aroeira-da-praia	demonstrated	anti-
microbial activity at all concentrations analyzed (100% 
through 6.25%).

Aroeira Quixabeira NaOCl + EDTA

Scores Teeth (n) Scores Teeth (n) Scores Teeth (n)

Coronal 
third

1 – 1 1 1 1

2 4 2 2 2 2

3 3 3 4 3 2

4 – 4 – 4 2

Middle 
third

1 – 1 – 1 –

2 – 2 3 2 3

3 5 3 4 3 3

4 2 4 – 4 1

Apical 
third

1 – 1 – 1 –

2 – 2 1 2 –

3 4 3 5 3 –

4 3 4 1 4 7

Table 1 - Score distribution with 
regard to smear layer removal in 

each group.

Figure 2 - Representative photomicrograph of the dentinal sur-
face of the apical third in the aroeira-da-praia group, where 
dentinal tubules and smear layer are observed (700×).

Figure 1 - Representative photomicrograph of the dentinal 
surface of the apical third in the quixabeira group. Numerous 
dentinal tubules are observed (700×).
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A number of agents have been used in endodontic 
therapy as auxiliary chemical solutions during chemi-
cal-mechanical preparation. Among these, sodium hy-
pochlorite14,15,17 and chlorhexidine18-20 have widespread 
use. This can probably be attributed to their antimicro-
bial action.10,19,21-23 Nevertheless, although chlorhexidine 
has been shown to have adequate antimicrobial activity, 
it does not dissolve residual pulp tissue.18,24

Studies have been performed associating sodium 
hypochlorite with other agents, especially EDTA. This 
combination has proved to remove debris, smear layer 
and	 smear	 plugs	 more	 efficiently	 than	 sodium	 hypo-
chlorite alone.14,15,17	 In	 the	present	 study,	 the	use	of	 so-
dium hypochlorite with EDTA did not result in superior 
cleaning of the root canals, when compared to the two 
plant extracts analyzed, and accumulation of the smear 
layer, mainly in the apical third, was observed in all 
specimens examined. Greater smear layer accumulation 
in the apical third has also been reported by others.25

A greater accumulation of the smear layer was ob-
served in the apical third compared to the coronal and 
middle	 thirds,	 in	 all	 groups	 studied	 here.	 These	 find-
ings may be explained by both an instrumentation-as-
sociated residue impaction and the small diameter of 
the region, which hinders the action of irrigation solu-

tions at the instrument / dentinal surface interface of the 
root	 canal.	 In	 contrast,	 the	 coronal	 and	middle	 thirds	
presented less smear layer accumulation in compari-
son with the apical third. This may be explained by the 
greater	influx	of	the	irrigation	solutions,	as	well	as	the	
closer contact of the chemical agent with the root canal 
surface.13

A comparison of the three solutions used in this 
study shows that the quixabeira solution presented the 
best results in terms of root surface cleaning, especial-
ly in the apical third. This may have resulted from the 
tonic and astringent properties of the solution.26 Con-
versely, the solution presenting the worst results in the 
apical third was the sodium hypochlorite and EDTA 
combination, that did not prevent abundant dentinal sur-
face smear layer accumulation in all the teeth evaluated.

The effectiveness of the association of EDTA and so-
dium hypochlorite in removing the smear layer formed 
during endodontic instrumentation has been proven by 
countless authors.27-29 EDTA solutions at concentrations 
ranging from 15% to 17% act on the non-organic con-
tents	 of	 the	 smear	 layer,	 promoting	 decalcification	 of	
peri- and intertubular dentin, exposing collagen without 
dissolving organic matter.28 On the other hand, when 
EDTA is associated to sodium hypochlorite, the action 
of the resulting solution extends to the rest of the pulp 
tissues28,29 and presents antimicrobial properties.30

The results of this study suggest that the plant ex-
tracts evaluated may represent new therapeutic options 
in the armamentarium of antimicrobial agents for use in 
endodontics. However, additional research is necessary 
to	further	substantiate	 their	efficacy	and	clinical	appli-
cation, especially as auxiliary agents in the chemical-
mechanical preparation of root canals.

Conclusion
All the agents tested for root canal cleansing pre-

sented antimicrobial activity against E. faecalis. None, 
however, was able to completely remove the smear layer 
of the dentinal surface in the different thirds of the root 
canal.
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