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ABSTRACT 

 

The aim of this study is to evaluate the microbial activity of an endodontic sealer containing rosemary extract in 

comparison to Sealer 26
®
. Agar well diffusion assays were used to evaluate the antimicrobial activity of the 

materials in the presence of the following bacterial strains: S. mutans (ATCC 25175), S. aureus (ATCC 9811) and E. 

faecalis (ATCC 51299). Bacterial growth inhibition halos were measured. The Mann-Whitney test was used to 

determine the statistical significance of differences between groups. Mean inhibition halos were 27.1, 26.4 and 38.6 

mm for the strains of S. aureus, E. faecalis and S. mutans when the rosemary-based sealer was used and 16.3, 15.8 

and 25.5 mm, respectively, when Sealer 26
®
 was used. Significant differences between sealers were found for each 

bacterial strain (p < 0.05). The rosemary-based endodontic sealer demonstrated greater antimicrobial efficacy in 

comparison to Sealer 26
®
.  
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INTRODUCTION 

 

Microorganisms and their byproducts are considered 

the main agents of endodontic disease. Thus, the 

major goal of endodontic treatment is the destruction 

of these microorganisms in the root canal system 
[1]

. 

The success of endodontic treatment depends on 

effective performance in all phases. While no 

particular phase is considered the most important, 

special care must be given to obturation, which 

involves the use of a solid material (gutta-percha) and 

a sealer 
[2]

.  

Microorganisms can cause persistent and secondary 

infections of root canal systems. Enterococcus 

faecalis is an anaerobic, facultative bacterium related 

to the failure of root canal treatment as well as pulp 

necrosis and periapical lesions. Although the genus 

Enterococcus is not present in considerable amounts 

in the initial flora of untreated root canals, once 

stabilized, it becomes viable and resistant to 

antimicrobial treatment and medicinal interactions, 

persisting after the obturation 
[3]

. Staphylococcus 

aureus is a spherical (coccus), Gram-positive 

bacterium that appears in pairs in short chains or 

bunches upon microscopic examination 
[4]

. It is one 

of the main agents of hospital-acquired infection and 

the main cause of surgical infection throughout the 

world 
[5]

. This bacterium is considered one of the 

most resistant species and a possible cause of the 

failure of root canal treatment 
[6]

. The mutans 

streptococci are a group of heterogeneous cocci that 

make up part of the resident microbiota in the oral 
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cavity. Many are infectious and considered the main 

etiologic agent of dental caries as well as important 

contributors to infectious endocarditis 
[7]

. 

Endodontic sealers perform a special function in 

filling root canals. These products have inherent 

antimicrobial activity, which contributes to the 

control of the microbial population. In typical clinical 

situations, the complete elimination of bacteria from 

root canal system appears to be impossible. However, 

the use of sealers with antibacterial properties helps 

reduce the number of microorganisms and 

contributes to the avoidance of infection 
[8]

. Thus, the 

incorporation of antimicrobial agents in endodontic 

sealers can enhance these desirable properties 
[9]

. 

The current trend is the development of endodontic 

sealers that maintain and/or enhance the properties of 

traditional fillers and are more biocompatible 
[10]

. In 

principle, it is possible to improve the properties of 

these materials through the addition of antimicrobial 

agents. A number of such substances have been 

employed in dentistry in the form of mouthwashes, 

restorative materials and toothpastes 
[11]

. 

There is an ongoing search for the development of an 

endodontic sealer that meets all the requirements to 

be considered ideal. Many researchers have 

investigated the use of plant extracts and 

phytochemicals with antimicrobial properties. In 

recent years, studies have demonstrated the 

effectiveness of these extracts, which mainly stems 

from the antimicrobial action of their secondary 

metabolites 
[12]

. One such plant, rosemary 

(Rosmarinus officinalis Linn.), has been described to 

have a number of medicinal properties, which 

justifies its traditional use in folk remedies. The 

plants contain essential oil, flavonoids, phenols and 

terpenoids, which have antioxidant and antimicrobial 

properties 
[13]

.  

The aim of the present study was to evaluate the 

microbial activity of an endodontic sealer containing 

rosemary extract in comparison to Sealer 26
® 

(Dentsply Maillefer, USA). 

 

MATERIALS AND METHODS 

 

Production of rosemary-based endodontic sealer: 

Rosmarinus officinallis Linn. was acquired and 

identified through comparisons with material 

deposited in the herbarium of the Pernambuco 

Institute of Agricultural Research (Brazil). The 

material was washed and dried at room temperature. 

Leaves and stems were weighed (320 g) and 

macerated in 1 L of ethanol for 30 days under 

refrigeration. The extract was filtered and placed in a 

rotary evaporator at a temperature of 50
o
C. The dried 

extract was divided into portions for the 

microbiological, toxicological and phytochemical 

tests and kept under refrigeration between tests. A 

sealer similar to Sealer 26
® 

(Dentsply Maillefer, 

USA) was mixed at a compounding pharmacy 

(Sensoriale
®
 Manipulação Farmacêutica e Cosmética, 

Recife, Brazil). The blended sealer did not contain 

calcium hydroxide, which was replaced with the 

rosemary extract at the minimum inhibitory 

concentration (MIC) for the bacteria tested. The MIC 

of the extract for each bacterium was tested in a 

previous experiment 
[14]

 (Chart 1). As three different 

microorganisms were tested, the largest MIC was 

used while respecting the LD50 for this 

phytotherapeutic substance. The sealer produced 

exhibited similar physical and organoleptic 

characteristics to Sealer 26
®
 and was compounded in 

the same way, following the manufacturer’s 

instructions. 

  

Antimicrobial evaluation of rosemary-based 

endodontic sealer: Agar well diffusion assays 
[15]

 

were performed for the evaluation of the 

antimicrobial activity of the rosemary-based 

endodontic sealer in the presence of S. mutans 

(ATCC 25175), S. aureus (ATCC 9811) and E. 

faecalis (ATCC 51299). The bacterial strains were 

acquired from the Microbial Collection Laboratory of 

the Department of Antibiotics of the Federal 

University of Pernambuco (Brazil) and reactivated in 

test tubes containing Brain Heart Infusion (BHI
®
, 

DIFCO, USA). The strains were inoculated on glass 

dishes containing 10 ml of BHI
®
 agar medium. The 

growth conditions of each bacterium were respected: 

aerobiotic conditions for 24 h for S. aureus and E. 

faecalis and anaerobiotic conditions for 48 h for S. 

mutans in a bacteriological chamber at 37 ºC. 

Colonies of each inoculum were diluted in test tubes 

with sterile water and placed in a vortex mixer for 

one minute to achieve turbidity similar to tube n
0 

2 of 

the McFarland Scale
®
.  

100µl of homogenized suspension were inoculated on 

sterile glass dishes containing 10 ml of BHI
®
 medium 

and homogenized with the aid of sterile swabs so that 

the entire medium was inoculated. Wells measuring 

10 mm in diameter were made with a perforator in 

the center of each plate and filled with the test sealer 

and Sealer 26
®
 as the positive control – both blended 

following the manufacturer’s instructions. An 

inoculated dish with a well filled with sterile gelose 

of the medium was used as the negative control. The 

dishes were incubated in accordance with the 

requirements of each microorganism. All assays were 

conducted in triplicate. Following incubation, the 

bacterial growth inhibition halos were measured with 

the aid of halo meter and the results were expressed 

as mean values in millimeters.  
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The normality test demonstrated the need for a 

nonparametric test, as no variables exhibited normal 

distribution. The Mann-Whitney test was used to 

determine the statistical significance of differences 

between the materials (p < 0.05).  

 

RESULTS 

 

Mean inhibition halos were 27.1, 26.4 and 38.6 mm 

for the strains of S. aureus, E. faecalis and S. mutans 

when the rosemary-based sealer was used and 16.3, 

15.8 and 25.5 mm, respectively, when Sealer 26
®
 was 

used. Significant differences between sealers were 

found for each bacterial strain (p < 0.05) (Table 1). 

 

DISCUSSION 

 

There has been growing interest in research into the 

anaerobic microorganisms that infect root canal 

systems, especially with regard to long-term 

infections 
[1,9,16]

. Anaerobic bacteria are well adapted 

to survive in necrotic pulp tissue, where the blood 

supply is either limited or nonexistent. Facultative 

anaerobic microorganisms can interact with strict 

anaerobic microorganisms, leading to changes in the 

nutritional relationship and oxygen tension-reduction, 

which favor microbial bonding and survival 
[9]

. Thus, 

the antimicrobial action of endodontic sealers may 

participate in the control of infection. 

 The ideal endodontic sealer should exhibit 

adequate antimicrobial activity, provide a hermetic 

seal and offer a low degree of toxicity to biological 

tissues. Antimicrobial substances can be added to 

enhance the properties of endodontic sealers 
[9,17]

. 

Gjorgievska et al 
[11]

 evaluated the effect of the 

addition of benzalkonium chloride and 

cetylperydinium chloride to endodontic sealers on 

strains of S. mutans, L. casei and A. viscosus and 

found an increase in the antimicrobial activity of all 

sealers analyzed, demonstrating that these substances 

have potential clinical applications in root canal 

treatment. However, further studies are needed to 

evaluate whether the addition of such substances can 

compromise the physicochemical characteristics of 

endodontic sealers. 

 In the present study, Sealer 26
®
 was used for 

the purposes of comparison to the rosemary-based 

sealer. Sealer 26
®
 is composed of bismuth oxide, 

calcium hydroxide and epoxy resin and is known for 

its excellent sealing property and satisfactory 

biocompatibility 
[18]

. A number of studies have 

evaluated the antimicrobial activity of Sealer 26
®
 in 

the presence of bacterial strains or microorganisms of 

the oral cavity 
[2,3,18]

. 

In the present study, the rosemary-based 

endodontic sealer demonstrated greater inhibition 

halos in comparison to Sealer 26
®
. Gomes et al 

[2]
 

also found lesser antimicrobial activity with Sealer 

26
® 

in comparison to Endo-fill
®
, Endomethasone

®
, 

Endomethasone N
®
 and AH-Plus

®
, but the 

differences did not achieve statistical significance. 

Cruz et al 
[19]

 and Kooper et al 
[20] 

found smaller 

inhibition halos with Sealer 26
®
 for all 

microorganisms tested in comparison to Rickert
®
/N-

Rickert
®
 and Endo-Fill

®
. However, Kooper et al

 [20]
 

found a larger inhibition halo for S. aureus using 

Sealer 26
®
, which is in agreement with findings 

described by Leonardi et al 
[21]

, who compared this 

substance to Endo-fill
®
, AH-Plus

®
 and Acroseal

®
 

with regard to the same bacterium. Tanomaru-Filho 

et al 
[18]

 also report the adequate performance of 

Sealer 26
®
. Maia et al. 

[3]
 report the antimicrobial 

action of this product in the presence E. faecalis. 

However, this bacterium is known to be resistant to 

calcium hydroxide 
[22]

. Thus, the action of Sealer 26
®
 

on E. faecalis may be due to the release of another 

substance, such as formaldehyde, which occurs after 

the mixture of the other components of the product 
[23]

. 

 Aal-Saraj et al 
[16]

 evaluated the 

antimicrobial activity of a novel endodontic sealer 

containing nano-hydroxyapatite epoxy resin 

(nanoseal) in comparison to the commercial products 

AH 26
®
, Tubliseal

®
, Sealapex

®
 and Roekoseal

®
 in 

the presence of the facultative anaerobic bacteria E. 

faecalis, P. aeruginosa, S. mutans, S. sobrinus and E. 

coli. The authors found that the nanoseal had better 

antimicrobial action in comparison to Roekoseal
®
, 

similar action to AH 26
®
 and lesser action in 

comparison to Tubliseal
®
 and Sealapex

®
 in the 

presence of E. faecalis, P. aeruginosa and E. coli as 

well as greater action in comparison to Sealapex
®

 and 

Roekoseal
®
, similar action to AH 26

®
 and lesser 

action in comparison to Tubliseal
®
 in the presence of 

S. mutans and S. sobrinus. 

 In the present study, agar well diffusion was 

used to test antimicrobial activity. This is one of the 

most widely used methods for this purpose 
[2,24,25]

. 

However, the size of the inhibition zone does not 

indicate the absolute antimicrobial effect of an 

endodontic sealer. According to Bodrumlu & Semiz 
[24]

, the inhibition zone can be affected by the 

diffusibility of the sealer through the agar, the 

interaction between the sealer and components of the 

medium and the in vivo micro-environmental 

conditions.  

 The mean inhibition halos for S. aureus, E. 

faecalis and S. mutans were significantly larger with 

the rosemary-based endodontic sealer in comparison 

to Sealer 26
®
. This finding may be explained by the 

fact that rosemary has anti-inflammatory, antioxidant 

and antimicrobial properties 
[13]

. This plant is made 
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up of essential oil, flavonoids, phenols and 

terpenoids. Klancnik et al 
[26] 

report greater 

sensitivity to rosemary extract among Gram-positive 

bacteria in comparison to Gram-negative bacteria.  

The essential oil of rosemary is considered 

to have the greatest antimicrobial action. Bernardes et 

al 
[27]

 analyzed the effect of rosemary extract on E. 

faecalis, S. salivarius, S. sanguinis, S. mitis, S. 

mutans and S. sobrinus. The authors also performed 

both biomonitored fractioning and a chromatographic 

analysis of the extract to identify the main 

components, attributing the antimicrobial activity 

mainly to carnosic acid and carnosol. Moghtader & 

Afzali 
[28]

 report that the essential oil of rosemary has 

antibacterial, antinociceptive and antifungal 

properties.  

Hofling et al 
[29]

 found strong antifungal 

activity of rosemary extract on some species of the 

genus Candida. Fungal adherence to biomaterials 

used in medicine, such as catheters, valves and 

implants, was the object of a study by Chifiriuc et al 
[30]

, who combined the unique properties of 

nanoparticles with the antimicrobial activity of the 

essential oil from rosemary to create a nanobiological 

system that could be used to cover the surface of 

these materials and impede both microbial 

colonization and the development of biofilm. The 

authors found that the essential oil fortified with 

nanoparticles was able to inhibit and control fungal 

adherence (C. tropicalis and C. albicans). Del-

Campo et al 
[31]

 evaluated the effect of rosemary 

extract on different microorganisms and found 

activity against Gram-positive bacteria, such as S. 

aureus, B. cereus and S. mutans. According to the 

authors, the phenols in the plant are responsible for 

this activity.   

 

CONCLUSION 

 

In the present study, the rosemary-based endodontic 

sealer demonstrated greater antimicrobial efficacy in 

comparison to Sealer 26
®
 with regard to S. aureus, E. 

faecalis and S. mutans. Further studies are needed to 

evaluate the effectiveness of rosemary-based 

endodontic sealers in daily clinical use. 

 

ACKNOWLEDGEMENTS 

 

To the Microbial Collection Laboratory of the 

Department of Antibiotics of the Federal University 

of Pernambuco to allow the experiments in their 

facilities; To the Sensoriale® Pharmaceutical and 

Cosmetics Manipulation for the creation and 

manipulation of the sealer technology. 

 

 

Chart 1: MIC of rosemary extract for bacterial strains studied
[14]

 

Bacterial strain MIC 

S. aureus (ATCC 9811) 6.25 mg/ml 

E. faecalis (ATCC 51299) 6.25 mg/ml 

S. mutans (ATCC 25175) 14.9 mg/ml 

 

 

 

Table 1: Mean inhibition halos (in mm) using Sealer 26 and the rosemary-based endodontic sealer in the 

presence of S. aureus, E. faecalis and S. mutans  

Bacterial strain Sealer Mean Standard deviation p-value
1 

S. aureus 
Sealer 26 16.3 1.5 

0.030* 
Rosemary 27.1 1.0 

E. faecalis 
Sealer 26 15.8 1.0 

0.013* 
Rosemary 26.4 1.3 

S. mutans 
Sealer 26 25.5 1.0 

0.030* 
Rosemary 38.6 2.5 

1
Nonparametric Mann-Whitney test 

* Statistically significant difference   
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