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Abstract 
      The aim of this study was to evaluate the effectiveness of chlorhexidine gelTM compared to 
chlorhexidine activ pointTM as an intracanal medicament against Enterococcus faecalis (ATCC 
29212) by counting the E. faecalis colony count as well as testing the minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) test.   
      Calculation of the E. faecalis colony counts was using the Total Plate Count (TPC) technique 
while the MIC and MBC test was using two microplates 96 well. The result using the Kruskal Wallis 
test and then the Mann Whitney U-Test on day 1, 3, 7, and 14.  
      The decrease occurred more in the gel group on day 1(1857.50 ± 903.377); 3(322.50±109.048); 
7(225.00±55.677) and 14(189.25±117.709) compared to the active point group. The MIC of 
chlorhexidine gelTM against E. faecalis was 0.5%, while chlorhexidine pointTM was 1.25%. The 
MBC of chlorhexidine gelTM for E.faecalis is 1%, while chlorhexidine pointTM is 2.5%.  
      There was a significant difference in the decrease of bacterial colonies number. The MIC and 
MBC of chlorhexidine activ pointTM were higher than chlorhexidine gelTM. Chlorhexidine gelTM 
has better antibacterial properties and is more effective as an intra-canal medicament against E. 
faecalis (ATCC 29212). 
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 Introduction 
 

Bacteria and their products are the main 
causes of pulpal and periapical disease. Root 
canal treatment aims to eliminate 
microorganisms and their by-products and create 
an environment that makes bacteria unable to 
grow in the root canal.1,2 Failure of endodontic 
treatment can occur due to inadequate treatment 
or persistent bacterial infection in the root canal 
system and periapical.3 E. faecalis is the most 
common bacterial species found in cases of 
failed endodontic treatment. E. faecalis is one of 

the most resistant pathogens of all root canal 
microflora because of its ability to form biofilms, 
enter dentinal tubules, survive in low pH, and be 
resistant to various intracanal drugs.1,4 
Prevalence of E. faecalis in cases of endodontic 
failure ranged from 24-77%.4,5,6,7 

Successful endodontic treatment is based 
on crown access to the root canal, adequate root 
canal shaping and cleaning, irrigation, 
medicament, and proper root canal filling.8,9 The 
use of intracanal medicaments between 
appointments is recommended to reduce the 
number of bacteria.8,9,10 The ideal medicaments 
should have antibacterial properties, be able to 
reduce residual microbial biofilm, not irritate the 
periapical tissue, help regenerate periapical 
tissue, and be easy to apply and clean.11,12  

Chlorhexidine is an antimicrobial agent 
with a broad spectrum because it can fight gram-
positive, gram-negative, and facultative aerobic 
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and anaerobic bacteria, especially E. faecalis.13 
Chlorhexidine is used as an intracanal 
medicament because it can enter the dentinal 
tubules and cell walls of microorganisms.11 
Chlorhexidine can inhibit and kill bacteria by 
changing the protein structure of the bacterial cell 
wall membrane by increasing the permeability of 
the membrane. Increased permeability of the cell 
wall membrane causes cell wall leakage so that 
the cytoplasm or fluid inside the bacterial cell 
comes out of the cell and the bacteria will lyse or 
die.14 

Chlorhexidine gelTM as a medicament is 
effective in reducing the growth of E. faecalis, but 
it has the disadvantage of being difficult to reach 
apically and to clean.15,16 Chlorhexidine active 
point can be used as an alternative material so 
that intra-canal medicaments can reach the 
apical end and are easy to clean.17 Chlorhexidine 
active pointTM has a higher concentration (5%) 
with ISO standard size from number 15-40 which 
makes this material easy to apply.18 

This study aims to evaluate the 
effectiveness of chlorhexidine gelTM with 
chlorhexidine activ pointTM as an intracanal 
medicament against E. faecalis (ATCC 29212) by 
counting the E. faecalis bacteria colonies, as well 
as the minimum inhibitory concentration test and 
minimum bactericidal concentration test. 
   

Materials and methods 
 
E. faecalis (ATCC 29212) was obtained 

from a frozen preparation of the Microbiology 
Laboratory of School of Pharmacy, Bandung 
Institute of Technology, Indonesia, cultured on 
Mueller Hinton Agar (MHA) slants and incubated 
for 24 hours at 37℃. One loop was taken from 
the slanting agar and transferred into a tube 
containing 10 ml of Mueller Hinton Broth (MHB), 
then incubated for 24 hours at 37°C. Using a 
spectrophotometer at l625 nm, the absorbance 
of the suspension is 0.08 – 0.12 or adjusted to 
the standard turbidity of 0.1 McFarland. The 
culture suspension of E. faecalis was diluted with 
a ratio of 1:20 to produce a population of 106 
CFU/ml.52 

Counting the number of E. faecalis 
colonies with Total Plate Count (TPC) 

Dilution of E. faecalis was carried out by 
adding 1 ml of E. faecalis suspension to 9 ml of 
0.9% NaCl (10-1 dilution). Then 1 ml of 10-1 
dilution suspension was added to 9 ml of 0.9% 

NaCl (10-2 dilution), carried out until 10-6 dilution. 
Then, 1 ml of the 10-6 dilution suspension was 
put into a petri dish and added 20 ml of liquid 
MHA whose temperature was around 50 . The 
suspension was homogenized by shaking the 
petri dish, and was carried out in triplicate. After 
solid suspension, put it in an incubator at 37  for 
24 hours. Samples were divided into 8 groups 
namely A-1 chlorhexidine activ pointTM (roeko 
activ pointTM) #LOT 183148 1 day, A-2 
chlorhexidine activ pointTM 3 days, A-3 
chlorhexidine activ pointTM 7 days and A-4 
chlorhexidine activ pointTM 14 days. Group B-1 
chlorhexidine gelTM (Gluco-CheX 2% gelTM) 
#LOT 1011 1 day, B-2 chlorhexidine gelTM 3 days, 
B-3 chlorhexidine gelTM 7 days and B-4 
chlorhexidine gelTM 14 days. The number of 
bacterial colonies was counted using the colony 
counting method with a colony counter which is 
expressed in units of CFU/mL. 

Minimum Inhibitory Concentration Test 
and Minimum Bactericidal Concentration Test 

Two 96-well microplates were added with 
100μL of MHB media except for well column 12, 
row 1 to row 3. The well in column 1 only 
contained MHB media as a media control. Well 
column 2 contains MHB medium added with 
10μL of E. faecalis suspension as a bacterial 
control. Serial dilution of chlorhexidine gelTM  was 
carried out by adding 100 µL of chlorhexidine 
gelTM into well column 12, then into wells in 
column 11 which contained 100 µL of MHB and 
then homogenized. The mixture of MHB and 
chlorhexidine gelTM in well column 11 was taken 
using a micropipette as much as 100 μL and then 
put into well column 10 which already contained 
100 μL MHB and homogenized. This procedure 
was carried out until well column 3. Well in 
column 3 containing a mixture of 200 μL of MHB 
and chlorhexidine gelTM, discarded 100 μL to 
equalize the amount of the mixture in the well. 
This procedure is carried out up to three 
repetitions. 

Well in column 11, rows 4 to 6, 200 μL of 
MHB was added. Dilution of chlorhexidine activ 
pointTM in well column 12 rows 4 to 6 was carried 
out by inserting one chlorhexidine activ pointTM 
into well column 12 containing 100 μL MHB and 
then homogenizing. Well, in column 11 
containing 200 μL MHB, one chlorhexidine activ 
pointTM was added and then homogenized. A 
mixture of chlorhexidine activ pointTM and MHB in 
well column 11 was taken as much as 100 μL 
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and then put into well column 10. This treatment 
was continued until well column 3. Well in column 
3 containing a 200 µL mixture of MHB and 
chlorhexidine activ pointTM was removed as much 
as 100 µL to equalize the amount of the mixture 
in the well. The procedure is carried out up to 
three repetitions. 

The 2% chlorhexidine solution as the 
control variable was serially diluted by taking 100 
μL of 2% chlorhexidine with a micropipette and 
putting it into the well in column 12, then 100 μL 
of 2% chlorhexidine into the well in column 11 
which already contained 100 μL MHB and then 
homogenized. The procedure was carried out 
until well column 3. Well in column 3 which 
contained 200 µL of MHB and 2% chlorhexidine, 
discarded 100 µL to equalize the amount of the 
mixture in the well. The procedure is carried out 
up to four repetitions. Well, in column 3 to column 
12, 10µL of E. faecalis suspension was given. 
This treatment was also carried out on the 
second 96 well microplate. Then incubated at 
37 ℃ for 24 hours. 

Microplate 96 well which has been 
incubated, seen for turbidity. Well on the 
chlorhexidine activ pointTM line, chlorhexidine 
gelTM, and the clearest 2% chlorhexidine solution 
were used as MIC. One ose was taken from each 
well and inoculated onto the plate with MHA 
medium, incubated at 37℃ for 24 hours, then 
observed the growth of the microbial colonies 
that appeared. Plates with no growth of microbial 
colonies and concentrations higher than MIC 
were designated as MBC. 

 
 

 
Figure 1. Results of the Mann Whitney U-Test 
Comparison of the Minimum Inhibitory 
Concentration of Chlorhexidine GelTM. 
 
 

 
Figure 2. Results of the Mann Whitney U-Test 
Comparison of the Minimum Inhibitory 
Concentration of Chlorhexidine Activ PointTM. 
 

 
Figure 3. Results of the Mann Whitney U-Test 
Comparison of the Minimum Inhibitory 
Concentration of Control. 
 

 
Table 1. Number of E. faecalis colonies on days 
1, 3, 7, and 14 in the groups of chlorhexidine 
gelTM and chlorhexidine activ pointTM. 
**p value < 0.01 : very significant. 
 

Results 
 

Total Colonies of E. faecalis 
The number of E. faecalis colonies can be 

seen in Table 1. 
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Table 2. The Kruskal Wallis Test Comparison of 
the Minimum Inhibitory Concentration of 
Chlorhexidine GelTM. 
 

 
Table 3. The Kruskal Wallis Test Comparison of 
the Minimum Inhibitory Concentration of Activ 
PointTM. 
 

 
Table 4. The Kruskal Wallis Test Comparison of 
the Minimum Inhibitory Concentration of Control. 
BC: Bacterial Control; CM: Media Control. 
 

Minimum Inhibitory Concentration Test 
The minimum inhibitory concentration of 

chlorhexidine gelTM, active pointTM, and controls 
can be seen in Table 2, Table 3, Table 4 and 
Figure 1, Figure 2, Figure 3 

The results of the Kruskall-Walis obtained 
a p-value of 0.000 <0.05 which indicated that 

there was a very significant difference in all 
treatment concentrations on the inhibition of 
bacteria. Further test results showed that 
concentrations of 0.003%, 0.007%, 0.015%, and 
0.031% were significantly different from 
concentrations of 1% and 2% (p-value <0.05). 
The minimum inhibitory concentration of 
chlorhexidine gelTM was 0.31%. 

Table 2,3, and 4 showed a significant 
difference in all treatment concentrations on the 
results of bacterial inhibition on chlorhexidine 
activ pointTM with a p-value of 0.000 <0.05. 
Further tests obtained a concentration of 0.007%; 
0.015%; 0.03%; 0.07%; 0.15%; 0.31%; 0.625% 
differed significantly with concentrations of 2.5% 
and 5% (p-value <0.05). The minimum inhibitory 
concentration of chlorhexidine pointTM was 
1.875%. 

The results of the Mann Whitney U-Test 
on chlorhexidine gelTM, chlorhexidine active 
pointTM, and 2% chlorhexidine solution are shown 
in Figure 1, Figure 2, and Figure 3. Chlorhexidine 
gel at a concentration of 0.003%; 0.007%; 
0.015%; 0.031%; 0.06%; 0.12%; 0.25%; 0.5% 
and well as control bacteria have different anti-
bacterial power with a concentration of 1%; 2% 
and media control with a p-value of 0.001 <0.05, 
which means that the difference is statistically 
significant. All concentrations of chlorhexidine 
activ pointTM tested with the Mann Whitney U-
Test showed a difference in the anti-bacterial 
effect on the bacterial control, concentration 
0.007%; 0.015%; 0.03%; 0.07%; 0.15%; 0.31%; 
0.62%; 1.25% with a concentration of 2.5%; 5% 
and media control with a p-value of 0.001. 
Statistical tests of the concentration of 2% 
chlorhexidine solution showed that there was a 
difference in the effectiveness of the anti-
bacterial against E. faecalis in the control 
bacteria, with concentrations of 0.003%; 0.007%; 
0.015%; 0.031%; 0.06%; 0.12% with a 
concentration of 0.25%; 0.5%; 1%; 2% and 
media control with a p-value of 0.001 <0.05. 
 
 Discussion 
 

E. faecalis was used in this study 
because it is a microorganism that can survive in 
the presence or absence of oxygen, has the 
ability to enter the dentinal tubules, and causes 
endodontic treatment failure.7,9-22 There was a 
significant difference in the decrease of E. 
faecalis colonies number on days 1, 3, 7 and 14 
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in both groups. The chlorhexidine gelTM group 
experienced a greater decrease because it is 
biocompatible and water soluble, and contains 
natrosol compounds which cause chlorhexidine 
to have longer contact with the dentinal tubules 
and root canal walls so that the anti-bacterial 
effect lasts a long time.22 However, the used of 
chlorhexidine as intracanal medicament will 
decrease the amount of endotoxins levels during 
root canal treatment.23 

The contact of chlorhexidine with the 
bacterial wall of E. faecalis changed the surface 
structure of the bacteria which caused a loss of 
osmotic balance, thereby increasing the 
permeability of the bacterial cell wall. 
Chlorhexidine molecules penetrate into the 
bacteria and damage the cytoplasmic membrane, 
so the bacteria become lysed and the number of 
E. faecalis decreased.24-26 The decrease in the 
number of E. faecalis colonies in the 
chlorhexidine gel group occurred on days 1, 3, 
and 7. The biggest decrease occurred on the 7th 
day, while the smallest was on the 14th day. 
These results are in line with the research by 
Gomes BPFA et. al that 2% chlorhexidine gel 
was able to inhibit the growth of E. faecalis for up 
to 15 days.27 

The number of E. faecalis chlorhexidine 
activ pointTM colonies decreased on days 1, 3 
and 7. The decrease was smaller than that of 
chlorhexidine gelTM, because its ability to release 
chlorhexidine ions was not as good as gel. 
According to Shaaran M, the number of E. 
faecalis chlorhexidine activ pointTM colonies 
decreased until day 7,12 in line with this study. On 
the 14th day, there was an increase in the 
number of colonies, this was due to the absence 
of the ability to release chlorhexidine ions, so that 
the mechanism of action of chlorhexidine on the 
cell walls of E. faecalis bacteria was reduced 
which caused the remaining growth of E. faecalis 
bacteria to occur. 

Chlorhexidine activ pointTM is used as an 
intracanal medicament because it can reduce the 
number of microorganisms in root canals.12 The 
effectiveness of chlorhexidine activ pointTM is 
different from chlorhexidine gelTM in reducing E. 
faecalis colony numbers, but it is easy to apply 
and remove from the root canal. According to 
Stojanovic.N et.al, chlorhexidine gelTM or activ 
pointTM can reduce the number of bacteria and 
inhibit bacterial colonization of dentine. 
Chlorhexidine gelTM is more effective than 

chlorhexidine activ pointTM. Chlorhexidine activ 
pointTM is recommended for persistent periapical 
inflammation or as an agent for apexification.28 

The results of the MIC and MBC tests in 
this study showed that chlorhexidine gelTM could 
inhibit growth and kill E. faecalis at 
concentrations of 0.5% and 1%. In line with 
research conducted by Babickaite et al, that 1% 
chlorhexidine gel had anti-bacterial activity 
against Staphylococcus aureus, E. faecalis, 
Escherichia coli, and Pseudomonas 
aeruginosa.29 

This study results showed that 
chlorhexidine activ pointTM at a concentration of 
2.5% could kill E. faecalis, while at a 
concentration of 1.25% could inhibit the growth of 
E. faecalis. Sinha et al. said that the MIC of the 
chlorhexidine solution was 0.0078% and the 
MBC was 0.0625%. This difference was 
influenced by 5µL E. faecalis suspension in the 
96 well microplate30, whereas in this study it was 
10µL. Thus, a higher concentration of 
chlorhexidine solution is needed to inhibit and kill 
E. faecalis.30,31 

The 2% chlorhexidine solution as a 
control in this study had a MIC of 0.12%, in line 
with the research conducted by Karpinski and 
Szkaradkiewicz that 0.12% chlorhexidine could 
inhibit bacterial growth.32 0.25% MBC was 
produced in the test using 2% chlorhexidine 
solution. In contrast to the results of Kohli et al's 
study, the MIC was lower by 0.03% and the MIC 
was higher by 1%33 in a 2% chlorhexidine 
solution. This difference may be influenced by 
the number of samples using a micropipette and 
the homogeneity between the solution and the 
anti-bacterial sample, so there is a risk of 
confusion in preparing various anti-bacterial 
concentrations. 

The results showed that the MIC and 
MBC chlorhexidine activ pointTM were higher than 
chlorhexidine gelTM  because the point 
preparations were rigid which made it difficult for 
chlorhexidine ions to be released. Besides that, 
the natrosol content is biocompatible and water-
soluble, causing Chlorhexidine ion gelTM to have 
longer contact with bacteria.12,34 A 2% 
chlorhexidine solution has the lowest MIC and 
MBC because chlorhexidine ions are released 
more quickly in liquid preparations, so a lower 
concentration can inhibit growth and kill E. 
faecalis.29 Chlorhexidine gelTM and activ pointTM 
are used as intra-canal medicaments because 
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they can eliminate bacteria and their by-products 
within 24 hours in vitro. 35 

MIC and MBC of chlorhexidine gelTM 
smaller than chlorhexidine activ pointTM, but 
larger than 2% chlorhexidine solution. At low 
concentrations, chlorhexidine will bind to the 
bacterial cell wall membrane which can affect the 
osmotic pressure balance of the bacterial cell 
and stop the bacterial replication process. 
However, at high concentrations, the positive 
molecules of CHX will bind to the negative 
molecules on the bacterial cell wall membrane 
and changing the osmotic pressure of the 
bacterial cytoplasm and resulting in cell lysis. 36,37 

Chlorhexidine activ pointTM is effectively 
used in endodontic treatment in cases of the 
open apex and the presence of periapical 
inflammation because it is easy to insert or 
remove from the root canal and the length of 
action can be estimated. The use of 2% 
chlorhexidine solution as an intra-canal 
medicament has the risk of being able to pass 
the apical foramen of the tooth so that it cannot 
come into contact with the root canal wall. This 
causes the remaining bacteria attached to the 
root canal walls not to disappear and the 
chlorhexidine solution that exits apically can 
cause inflammation.38,39 
 
 Conclusions 
 

There was a significant difference in the 
average number of bacterial colonies on days 1, 
3, 7, and 14 in the chlorhexidine gelTM and activ 
pointTM groups, with a decrease in the number of 
bacterial colonies more in the chlorhexidine gel. 
The minimum inhibitory concentration of 
chlorhexidine gelTM against E. faecalis was 0.5%, 
while chlorhexidine activ pointTM was 1.25%. The 
minimum bactericidal concentration of 
chlorhexidine gelTM for E. faecalis is 1%, while 
chlorhexidine activ pointTM is 2.5%. Chlorhexidine 
gel has better antibacterial properties and is 
more effective as an intra-canal medicament 
against E. faecalis (ATCC 29212). 
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