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ABSTRACT
Introduction: Bacteria plays a principal role in the pathogen-
esis and progression of pulpal and periapical diseases. The 
chronic resistant bacterial existence in the root canals has a 
greater influence on the endodontic treatment outcome by 
the persistence of periapical tissues. Higher proportions of 
enterococci, ranging from 29 to 77% are found in filled root 
canals with the persistent periapical disease. Placement of an 
intracanal medicament can reduce the bacterial load.

Materials and methods: Extracted and decoronated, 72 nos. 
single-rooted human teeth prepared to maintain the root length 
of 18 mm were selected for the study. After instrumentation,  
E. faecalis suspension was inoculated in each of the root 
canal and teeth were incubated at 37° C for 72 hours within the 
orbital incubator. Root canal samples were randomly divided 
into four groups. After placement of various medicaments 
(namely saline, triantibiotic paste, mixture of calcium hydroxide 
[Ca(OH)2] and omeprazole and carnosic acid) inside the canal, 
teeth were divided into three subgroups of five samples and 
incubated at 37° C under humid conditions for the time period 
of 24 hours, 48 hours and 7 days within Orbital incubator. 
Viable cell count assay was used to see the effect of these 
antimicrobials on E. faecalis biofilm. 

Results: Results were statistically evaluated using Kruskal-
Wallis one-way analysis of variance tests. A p-value < 0.05 
was considered significant 

Conclusion: Carnosic acid showed better antimicrobial proper-
ties compared to TAP, calcium hydroxide and omeprazole over 
the experimental period of time.

Clinical significance: A preliminary study using carnosic acid 
which is a plant derivative as an intracanal medicament.
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INTRODUCTION

An infected root canal system serves as a unique locale for 
the selective species of the microbial flora of endodontic 
origin.1,2 Complexities of root canal systems, virulence 
of endodontic microbes, the action of dentinal fluid in 
decreasing the antiseptic activity of medicaments, relative 
diffusion of antimicrobials, bacteria in the biofilms are 
some of the factors that hamper the total eradication of 
microbes by intracanal medication.3 Majority of studies 
have depicted that sustained endodontic infections are 
often caused by Enterococcus faecalis.1,4-6 Virulence factors 
of E. faecalis which play a key role in the bacterium’s 
pathogenesis are hemolysin, gelatinase, and enterococcal 
aggregation substance (EAS). Medications used during 
root canal therapy may not act on E. faecalis because of 
their capacity to withstand higher pH range up to 11.5 
or lower.4,7 E. faecalis surviving in biofilms are 1000 times 
more resistant to antimicrobials used during therapy, 
phagocytic process, antibodies produced, than non-
biofilm producing bacteria.8

Since 1920, Ca(OH)2 has been used in dentistry for its 
antimicrobial action, which is exerted predominantly by 
direct contact with bacteria through pH effects.9 Ca(OH)2  
has limited action on E. faecalis, since it thrives in an alka-
line medium and maintains cytoplasmic homeostasis, 
using a prevailing functional proton pump in their cell 
membrane.6,7 Wagner et al. to increase the effectiveness 
of Ca(OH)2 suggested omeprazole as a proton pump 
inhibitor.10 As root canal infections are polymicrobial 
in nature, Hoshino et al. used a combination of antibiot-
ics.11 Triple antibiotic paste (TAP) which consists of Met-
ronidazole, minocycline, and ciprofloxacin is the most 
widely used medicament to disinfect necrotic teeth, to 
promote healing of periapical tissue and also during the 
endodontic regenerative procedure.12,13

Rosmarinus officinalis L. (Lamiaceae) is an edible ever-
green shrub native to the Mediterranean area. Its main 
ingredients are rosmarinic acid, carnosic acid, carnosol, 
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ursolic acid, oleanolic acid, genkwanin, apigenin, and 
luteolin.14 A bioassay-guided fractionation of the leaf 
extract of R. officinalis led to the discovery of carnosic 
acid and carnosol as the major compounds displaying the 
highest activity against oral pathogens as Streptococcus 
mutans, S. salivarius, S. sobrinus, S. mitis, S. sanguinis, and 
Enterococcus faecalis.14 It also exhibits anti-in ammatory 
and anticarcinogenic action.15,16 Wang et al. have shown 
that carnosic acid has a relatively low oral toxicity profile 
and their oral median lethal dose (LD50) was 7100 mg/kg 
body weight for mice.17 But there is a paucity of literature 
on carnosic acid using it for intracanal medication.  

Hence the purpose of this study to comparatively 
evaluate the antimicrobial efficacy of triantibiotic paste, 
a mixture of Ca(OH)2 and omeprazole, and carnosic 
acid (R. officinalis leaf extract) on E. faecalis biofilm as an 
intracanal medicament.

MATERIALS AND METHODS

Methodology

The study was conducted after obtaining Institutional 
ethical committee (Protocol no: 13143) approval.

Selection and Preparation of the Samples 

Seventy-two extracted single-rooted human teeth with 
class I root anatomy were selected for the study. Teeth 
were decoronated maintaining the root length of 18 mm. 
After ensuring apical patency with#15 K-file (Dentsply 
Maillefer, Ballaigues, Switzerland), root canals were 
enlarged up to#20 K-file (Dentsply Maillefer, Ballaigues, 
Switzerland). Instrumentation of the root canal system 
is done using Protaper rotary nickel-titanium system 
(Dentsply Maillefer, Ballaigues, Switzerland) up to fin-
ishing file F3 using 2.5% NaOCl for irrigation. Finally, all 
the teeth were irrigated with 17% EDTA followed by 2.5% 
NaOCl and sterile water to eliminate the smear layer. The 
apical foramens of all the roots were sealed with cyano-
acrylate, and they were fixed in the center of screw-cap 
plastic vials and autoclaved twice. After autoclaving, one 
sample tooth (S1) was taken and evaluated under SEM to 
show sterile canal. Negative control (group V) was sterile 
tooth samples without E. faecalis  biofilm (n = 5).

Biofilm Development 

A clinical isolate of  E. faecalis  obtained from the 
Microbiology Laboratory (Department of Microbiology, 
KMC, Mangaluru) was used for the inoculation. The 
experimental suspension of E. faecalis ATCC19433 was 
prepared in BHI broth, which had its optical density 
adjusted to approximately 108 colony forming units 
(CFUs) mL-1 by comparing its turbidity to a McFarland 0.5 

BaSO4 standard solution. Each root canal was inoculated 
with 10μl of the E. faecalis suspension using sterile 1 ml 
tuberculin syringes. The blocks were then placed inside 
stainless steel boxes and incubated at 37° C for 72 h within 
Orbital Incubator (Sanyo).

Verification of Biofilm Development

One tooth infected by E. faecalis (approximately 108 CFU/
mL) (S2) was longitudinally sectioned using chisel and 
hammer into two halves. Then the sample was dehy-
drated, mounted on stubs, gold sputtered, and evaluated 
under scanning electron microscopy (SEM) operated at 
15 kW. using 500 X magnification, pre- intracanal medica-
ment placement biofilm formation was confirmed. 

Preparation of the Intracanal Medicament 

The intracanal dressing was prepared according to 
experimental groups.

Preparation of Triantibiotic Paste

Ciprofloxacin (Ciplox 500 mg tablet, Cipla India), met-
ronidazole (Metrogyl 400 mg tablet, JB Chemicals and 
Pharmaceuticals Ltd) and minocycline (Minoz, 100mg 
tablet, Ranbaxy India.) were weighed separately in a 
digital weighing machine to obtain a 1:1:1 proportion 
for mixing together to obtain a triple antibiotic powder.1

Preparation of Calcium Hydroxide and Omeprazole

Omeprazole powder (Capsule Omez DR. Reddy’s India) 
was prepared by grinding the contents to a fine powder 
using sterile mortar and pestle. The omeprazole powder 
and Ca(OH)2 were weighed to obtain a 1:1 proportion for 
mixing together.2

Preparation of Carnosic Acid 

Carnosic acid is available as a powder which was dis-
pensed on the paper pad just before its use. 

Preparation of Paste

The pastes were prepared just before placement of medi-
cament by mixing the powder with propylene glycol 
vehicle.

Application of the Medicament

The lentulo spiral was used for placement of the paste 
inside the infected canals. After placement of various 
medicaments, the groups were randomly again divided 
into three subgroups of five samples each and incu-
bated at 37° C under humid conditions for the different 
experimental time period of 24 hours, 48 hours and 7 days  
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within Orbital Incubator. Group I consisted of 0.85% 
saline, group II, TAP group III mixture of Ca(OH)2 and 
omeprazole and group IV carnosic acid.

Bacterial Sampling 

After incubation for 24 hours at 37° C, samples (n = 5 
from each group) were uncovered in an aseptic envi-
ronment. The colony counts were performed for these 
samples. Similarly, after 48 hours (n = 5 from each group) 
and the 7th day (n = 5 from each group) of incubation, 
the colony counts were performed. Samples from each 
group were irrigated with 20 mL of the sterile saline 
solution to remove intracanal medicament. The #15 K-file 
is used to circumferentially file the canal for 10 seconds. 
Following this, three #25 sterile absorbent paper points 
were successively inserted into the root canals and after  
1 minute, were transported to a test tube containing 
1.0 mL of saline. All samples were vortexed for twenty 
seconds and 10-fold dilutions were prepared in saline. 

Microbiological Monitoring

One hundred-µl aliquot made from collected samples 
were spread onto brain heart infusion agar (BHIA; Difco, 
Detroit, MI) in triplicate. Incubating at 37° C for 48 hours, 
cultures were examined, for estimation of the number 
of colony-forming units (CFU)/mL. Gram staining and 
catalase testing were used to confirm Mono-infection 
by E. faecalis.

RESULTS

Manual counting of colony forming units (CFU) was 
performed after 72 hours of incubation of E. faecalis into 
the canals before placement of intracanal medicament in 
each group. The counting was repeated after placement 
of medicament in a similar manner for five samples in 
each group at a time period of 24 hours, 48 hours and 7 
days. Data were normalized by log10 transformation of 
each CFU/mL value and analyzed by Kruskal–Wallis 
one-way analysis of variance test to determine statisti-
cal significance and a p-value < 0.05 was considered 

significant. Statistical analysis was performed with the 
statistical software SPSS version15.0 (SPSS for Windows; 
SPSS Inc, Chicago, IL). The scanning electron microscope 
analysis showed root canal dentin surface with or without 
biofilm. There was statistically (p < 0.001) reduction in no 
of CFU/mL in group II, III and IV when compared with 
group I. There is a statistically significant reduction in 
the no of CFU/mL in group II, and IV when compared 
to group III (Graph 1 and Table 1).

DISCUSSION

Results have shown that E. faecalis biofilm was suscep
tible to all the three test materials used in the study. There 
was a significant reduction in CFU/mL in 24 hours, 48 
hours and 7 days after placement of medicament in group 
II, III and IV when compared to CFU/mL in control group I.  
This difference was found to be statistically significant. 
This shows that all the three materials used in the study 
namely triantibiotic paste, Ca(OH)2 plus omeprazole 
and carnosic acid shows potent antimicrobial activity. In 
the present study TAP (group II) showed better results 
by successfully in eradicating E. faecalis as compared 
to group III [Ca(OH)2 plus omeprazole] and showed 

Table 1: Comparison of the effect of medicaments with the control group (Group I–Saline) on the count of  
Enterococcus faecalis ATCC 29212 within root canal preparations

Hours/Days of Incubation

Mean Percentage (± SD) reduction in Colony forming units (CFU)/mL

Group I         (Saline)
Group II *    
(Triantibiotic paste)

Group III*                  
(Ca(OH)2 + 
Omeprazole)

Group IV*                  
(Carnosic acid)

0 Hrs (S0) 100 – – –
After 24 Hrs (S1) 1.02 ± 0.91 94.35 ± 3.66 92.61 ± 4.8 96.22 ± 4.41
After 48 Hrs (S2) 2.36 ± 1.3 97.40 ± 2.11 94.30 ± 5.36 98.85 ± 2.88
After 7 days (S3) 2.70 ± 1.9 99.83 ± 1.41$ 81.71 ± 6.23 99.12 ± 1.1$
*Statistically significant (p < 0.001) reduction in no of CFU/mL in Groups II, III and IV when compared with Group I; $ statistically significant (p < 0.05) reduction 
in no of CFU/mL in groups II and IV when compared to Group III

Graph 1: Percentage reduction in colony forming units (CFU)/
mL of Enterococcus faecalis within root canals after exposure to 
medicaments for varying periods of time
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comparable results with group IV (carnosic acid). It has 
shown a continuous reduction in CFU/ml count from 
24 hours till 7 days. These findings are consistent with 
the study done by Madhubala et al. in which propolis 
and TAP have shown higher antimicrobial activity 
against E. faecalis as compared to calcium hydroxide.17 
A study by Sabrah et al. has also shown that TAP had 
greater antimicrobial activity in comparison to Ca(OH)2 

against E. faecalis and Porphyromonas gingivalis.18 Results 
obtained in the present study could be attributed to the 
synergistic action of antibiotics used in TAP. The TAP 
was shown to have complete inhibition of E. faecalis 
strain on BHI agar plates.19

Results have shown that the bactericidal effect of the 
combination of Ca(OH)2 plus omeprazole (group III) was 
initially high at 24 hours and 48 hours of the experimental 
period, but its antimicrobial efficacy significantly reduced 
at day 7 when compared with other groups (groups II 
and IV). Wagner et al. have shown the lack of effect of 
Ca(OH)2 plus omeprazole on total CFU counts at 15 and 
28 days’ time interval.13 

According to the present study, group IV (carnosic 
acid) has shown a maximum reduction in colony count in 
24 hours and 48 hours when compared to groups II and III.  
Carnosic acid (group IV) showed comparable results to 
TAP (group II). The reduction in CFU/mL was observed 
subsequently over 48 hours and 7 days. This shows that 
carnosic acid has higher antimicrobial activity against 
E. faecalis which increases continuously over a consecu-
tive period of time. There was a statistically significant 
difference between groups III and IV at 7 days interval. 
The antimicrobial effect of group IV can be attributed to 
its efflux pump modulator effect by dissipation of the cell 
membrane potential of E. faecalis.20

 There are no previous studies to show the effective-
ness of carnosic acid as an intracanal medicament. But 
several studies have shown it to be effective against 
various oral pathogens including E.  faecalis.14,15,21,22 Mech-
anisms regarding antimicrobial activities of this phenolic 
diterpenes is still unknown. Speculations for its antimi-
crobial activity can be explained by two mechanisms, 
firstly the lipophilic structure of these compounds allows 
them to insert into the bacterial membrane, where their 
hydrogen bond donor group(s) could interact with mem-
brane phosphorylated groups and secondly, the carnosic 
acid acts as a modulator of the ethidium bromide efflux 
which is responsible for membrane permeability.20,23

According to findings of the present study carnosic 
acid (group IV) was more efficacious than the combi-
nation of Ca(OH)2 plus omeprazole (group III) and its 
antimicrobial efficacy was comparable to TAP (group II)  
in eradicating E. faecalis biofilm. Although the TAP has 
shown good antimicrobial activity, it has several known 

disadvantages such as dentin staining, the concern of 
development of resistant bacterial strain.23 From the 
results of this study, it can be concluded that carnosic 
acid can be considered an effective and comparable sub-
stitute to TAP. But further extensive in vitro and in vivo 
studies are required for evaluation of its antimicrobial 
efficacy since this material has not been previously used 
in endodontics. 

CLINICAL SIGNIFICANCE

Carnosic acid which is a plant derivative shows com-
parable antimicrobial efficacy to TAP as an intracanal 
medicament in the preliminary study. 
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