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IN VITRO COMPARISON OF THE ANTIMICROBIAL EFFECTS OF
DIFFERENT ROOT CANAL MEDICAMENTS ON ENTEROCOCCUS FAECALIS
AND CANDIDA ALBICANS

ABSTRACT

Objectives: To evaluate the antimicrobial effects of experimental root canal
medicaments on Enterococcus faecalis and Candida albicans on day 3 and day
7 using quantitative polymerase chain reaction (Q-PCR) analyses.
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Materials and Methods: 240 single-rooted, single-canalled human teeth were

used. Root canals were shaped mechanically and embedded in acrylic blocks,

then sterilized in an autoclave. The samples were divided into two groups and

infected with E. faecalis and C. albicans, and then divided into subgroups

(n=10); calcium hydroxide (Ca(OH)y), triple paste (TAP), double paste (DP), ORCID IDs of the authors:
modified double paste (MDP), lactoferrin (Lf), negative and positive groups. B.A. 0000-0001-5757-0571
At the end of 3 and 7 days, paper points containing the root canal samples were HS.0.  0000-0003-4709-422X
placed in empty Eppendorf tubes, and DNA was isolated. Real-time Q-PCR

was applied and the data were analyzed statistically.

Results: The antimicrobial effects of each medicament increased from days 3
to 7. Ca(OH); and TAP groups showed the similar eradication rates for E.
faecalis and C. albicans on day 3 and 7 (P>0.05). There was no significant
difference between DP, MDP and Lf for the eradication of microorganisms at
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Conclusions: Experimental medicaments demonstrated antimicrobial
efficiancy similar to those used routinely in endodontic clinic. It is promising
that lactoferrin which is a very biocompatible material can be used in different
combinations as an intracanal medicament.
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New Intracanal Pastes Against Root Canal Pathogens

INTRODUCTION

The central aim of root canal treatment is to
eliminate bacteria from the infected root canal and
prevent a subsequent reinfection.! Microorganisms
and their byproducts are the main etiological
factors in dentinal, pulpal, and periapical pathosis.
Enterococcus faecalis and Candida albicans are
the most common microorganisms isolated during
root canal treatments that can best adapt easily to
environmental changes.? Intracanal medicaments
should be used to eliminate these factors following
mechanical preparation.

Several root canal medicaments are in use to
successfully  eliminate  microorganisms and
infected tissues. Ca(OH), is commonly used as an
effective intracanal agent; however, some recent
studies have questioned the ability of Ca(OH); to
kill some resistant bacterial species in root
canals.®>* The combination of metronidazole,
ciprofloxacin, and minocycline (TAP) has been
developed to disinfect oral lesions.> However, this
combination of medicaments has some
disadvantages, such as the inability to remove the
antibiotics from the root canal® and crown
discoloration.” Thus, new medicaments and
antibiotic combinations should be developed.

In 1979, Streptococcus faecalis was reported
to be resistant to aminoglycosides. However, using
the aminoglycosides with penicillin caused a
synergistic effect against the same microorganism.®
This combination has been advised for use as a
treatment option against infective endocarditis by
the European Society of Cardiology since 2009.°
Accordingly, it may show antimicrobial effects
against persistent microorganisms isolated from
the root canal and may be used as a new generation
intracanal medicaments in endodontics.

Another potential medicament could be
lactoferrin (Lf), which is a multifunctional iron
glycoprotein in human secretions, such as milk,
amniotic fluid, vaginal mucus, synovial fluid, and
seminal plasma.l® Lf exhibits non-iron-dependent
antibacterial, antioxidant, antifungal, antiviral,
antitumor, anti-inflammatory, and immunoregulatory
activities.™2 Lf inhibits the initial stage of
infection by destroying the cell membrane
structure or blocking adhesion to the host cell.™®
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Moreover, it was reported that Lf severely prevent
the formation of bacterial biofilm.

Although there are several studies about the
antimicrobial activity of Ca(OH).and TAP against
endodontic pathogens®’, to the best of authors’
knowledge there are no studies in the literature
regarding antimicrobial effect of the mentioned
novel antibiotic combinations and lactoferrin.
Therefore, in the present study, it was aimed to
compare the antimicrobial activities of these new
age medicaments and traditional agents towards E.
faecalis and C. albicans using quantitative
polymerase chain reaction (Q-PCR) analyses.

MATERIAL AND METHODS

All patients signed informed consent to permit use
of their extracted teeth in this study. A total of 240
intact teeth which were freshly extracted for
periodontal or orthodontic reasons were selected
for study. The inclusion criterion was single-rooted
and single-canalled teeth. The exclusion criteria
were teeth from patients who received antibiotic
therapy in the previous 3 months, teeth with a root
fracture, previous endodontic therapy, oval shaped
canal, curved canal, and carious lesions.

Preparation of root canals

A total of 240 roots from freshly extracted human
teeth were used. The bone, calculus, and
periodontal tissues on the root surface were gently
removed with periodontal curettes. The teeth
remained in saline solution until they were used.
Each tooth was decoronated horizontally at the
cement to enamel junction, and root lengths were
standardized to 15 mm. After preparing the access
cavity, root canal patency was defined with a 15 K
file. The Protaper Universal System (Dentsply
Maillefer, Ballaigues, Switzerland) was used as
rotary instrumentation. An SX file was used
followed by S1 and S2 files in the coronal part of
the canal. The canals were finished using F1, F2,
and F3 files to full working length. After using each
instrument, 5.25% NaOCI was used for irrigation
for 1 minutes. A final rinse with 10 mL of 5.25%
NaOCI was used followed by 10 mL irrigation with
17% EDTA to remove the dentin particles.” The
apical foramen was closed with composite resin
and the outer surfaces of the specimens were
covered with nail varnish to prevent possible
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contamination from the external surface. The roots
were embedded in acrylic blocks and sterilized by
autoclaving for 30 min at 120°C.

Sample contamination
Ten teeth from each microorganism group were
used as a negative control (Figure 1).

E. faecalis

C. albicans

n=10 (Negative control group)

n=10 (Positive control group)

Figure 1: Distribution of the 240 extracted teeth according to the
groups

The 220 teeth were randomly divided into two
groups; 110 teeth were contaminated with freshly
subcultured (24 h) E. faecalis ATCC 29212, which
was grown in brain heart infusion (BHI) agar and
BHI broth. The other 110 teeth, contaminated with
freshly subcultured (24 h) C. albicans ATCC
10231, were grown in Sabouraud dextrose (SD)
agar and SD broth. The cell suspensions were
adjusted to 0.5 McFarland units. Each tooth was
inoculated with  microorganisms using a
micropipette and agitated with a #15 K file. This
procedure was repeated every 24 h for 2 days using
freshly prepared 24 h cultures. The root canal
orifices were sealed with temporary filling material
each time. The teeth were always kept in a humid
environment at 37°C.

Dressing of the canals

At the end of the 48h inoculation period, the
temporary filling material was removed and the
root canals were irrigated with 10 mL saline
solution. Ten teeth from each microorganism group
were used as a control to check for contamination
of the canal. Three sterile paper points were placed
in the canal and kept in the place for 60 s to sample
the microbes. These paper points were placed in
sterile Eppendorf tubes.

In total, 100 teeth from each microorganism
group were divided into five groups, according to
the intracanal medicaments used, as follows:
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eGroup 1 (n: 10 + 10): Calcium hydroxide
(Ca(OH),) (Vision, Frankfurt, Germany) was
mixed with sterile saline in a ratio of 2:1
(liquid/power) to obtain a paste-like consistency.

e Group 2 (n: 10 + 10) (TAP): Equal weights (200
mg) of metronidazole (Flagyl, Eczacibasi, Turkey),
ciprofloxacin (Cipro, Biofarma, Turkey), and
minocycline (Minocin, Teofarma, Italy) (1:1:1)
were mixed with sterile saline® to a final
concentration of 0.1 mg/mL. A paste-like
consistency was delivered to canal using a lentulo.
e Group 3 (n: 10 + 10) (DP): Ampicillin (Alfasilin,
Actavis, Istanbul, Turkey) (200 mg) was mixed
with gentamicin (Genta, IE Ulagay, Istanbul,
Turkey) (125 upL) to obtain a paste-like
consistency.

e Group 4 (n: 10 + 10) (MDP) Ampicillin (200 mg)
was mixed with gentamicin (125 pL) and 2% LF
suspension (50 plL) to obtain a paste-like
consistency,

e Group 5 (n: 10 + 10): A 2% suspension of Lf
(Sigma Aldrich, USA) in sterile saline was
prepared in an Eppendorf tube. The tube was
covered with aluminum foil to design a dark
medium. F3 paper points soaked in this suspension
were placed into the root canal.

A total of 12 pilot studies were conducted to
determine the proportions of the experimental root
canal medicaments. Of these pilot studies, 2 are on
the agar diffusion method, 8 on the culture method
and 2 on the testing of different PCR methods.

The prepared medicaments were placed in the
root canals by using lentulo until the excess
medicaments were seen from the coronal access.
Then F3 paper point was inserted into the root
canal 2mm beyond the working length and thus it
was aimed to ensure the contact of the medicament
with the dentin wall. Then this space was filled
with the medicament again. The root canal orifices
were sealed with temporary filling material after
applying the intracanal medicaments, which was
day 0. All root canals were kept in a humid
environment at 37°C. At the end of day 3, the
temporary filling material from 50 specimens (10
specimen from each group) was removed. Excess
medicament was removed with a #30 K file, and
each root canal was irrigated with sterile saline
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solution. Microbiological samples were collected
using three sterile paper points which were held in
the root canal for 1 min and stored in sterile
Eppendorf tubes. The same procedure was applied
for the other 50 specimens (10 specimen from each
group) at the end of day 7.

DNA isolation

Dead cells were removed from the samples via a
DNase-1 treatment.®® A 200 uL aliquot of 0.1 U/mL
DNase-1 was added to the samples and incubated
for 15 min at 37°C. The samples were
homogenized at 3,000 rpm for 1 min. A 400 pL
aliquot of binding buffer (6 M guanidine
thiocyanate, 20 mM Tris-HCI, pH 8) was combined
with the samples and incubated at 98°C for 10 min.
The extracted DNA was combined with 400 pL 2-
propanol and captured on a silica column. The
column was washed twice with a buffer containing
20 mM NaCl and 2 mM Tris-HCI, pH 7.5; 80% v/v
ethanol. The DNA was eluted in 100 mM Tris-HCI
pH 8.0 and stored at —20°C.

Quantitative real-time PCR

The Biospeedy™ Real-Time PCR EvaGreen
Master Mix (Bioeksen Ltd., Co., Istanbul, Turkey)
was used for all reactions. E. faecalis cells were
guantified using the BactF 5’-AGA GTT TGA
TCC TGG CTC AG-3’ and BactR 5°’-AAG GAG
GTG ATC CAG CCG CA-3’ primers that target
bacterial DNA coding 16S Rrna.!® C. albicans cells
were quantified using the FungF 5°- TCC TCC

GCT TAT TGA TAT GC-3’ and FungR 5’-GGA
AGT AAA AGT CGT AAC AAG G-3’ primers
that target the fungal internal transcribed spacer
region.” The reaction mixtures contained 25 mg
template DNA, 6 mg/mL bovine serum albumin, 5
mg/mL PEG 400, 0.25% Tween 20, 20 mM Tris-
HCI pH 8.4, 50 mM KCI, 1.5 mM MgCl,, 0.2 mM
dNTP mix, 0.1 U Proof Reading Hot-Start DNA
Polymerase, 1x EvaGreen and 200 nM of each
primer. The following thermocycling program was
applied: 98°C, 3 min; 35 cycles of 10 s at 95°C, 5
s at 52°C and 20 s at 72°C. Melting curve analyses
were performed from 65°C to 95°C to determine if
only one amplified product was generated during
Q-PCR. The Q-PCR runs were analyzed using
CFX Manager Software 3.0. The 2-4“*method was
used for relative quantification of the targets in the
different samples.®

Statistical analyses

Eradication of E. faecalis and C. albicans were
reported as a number (percentage) and the
differences were detected using the two-tailed t-
test. MINITAB 17 software (Minitab Ltd., London,
England) was used for all calculations. Degrees of
freedom (df) and alpha level (p) were 18 and 0.05,
respectively. All the tests and analyses were
executed with p=0.05.

RESULTS
Relative eradication (%) of microorganisms
compared to day 0 was represented in Table 1.

Table 1. Relative eradication (%) of microorganisms compared to day 0. Values for the groups marked with different
superscript letters in the same column were significantly different (P < 0.05).

E. faecalis C. albicans
day 3 day 7 day 3 day 7
Mean 97.618¢ 98.389P 99.8492 99.986~
Group 1
Std dev. 2.033 1.854 0.182 0.004
Mean 96.9474 96.918P 99.915% 99.988A8
Group 2
Std dev. 2.082 2.157 0.023 0.003
Mean 91.673¢ 96.798PF 99.8922 99.988~
Group 3
Std dev. 6.121 2111 0.056 0.004
Mean 89.505¢ 94.062EF 99.898% 99.9864C
Group 4
Std dev. 8.880 4.114 0.020 0.003
Mean 89.943¢ 92.509F 99.900* 99.986~
Group 5 Std dev. 7.794 4.674 0.016 0.003

(Std dev: Standart deviation)
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E. faecalis and C. albicans present in the root
canals decreased in all study groups on days 3 and
7. All medicaments eliminated at least 99.849% of
C. albicans and 89.505% of E. faecalis on day 3
compared to day 0. At least 99.986% of the C.
albicans and 92.509% of the E. faecalis were
eradicated on day 7 compared to day O (Table 1).
Ca(OH), and TAP groups showed similar the
eradication rates for E. faecalis and C. albicans on
day 3 and 7 (P>0.05). There was no significant

eradicated E. faecalis by DP at day 7 in which DP
caught the similar percentages with TAP and
Ca(OH); (P<0.05).Beside, adding Lf to DP did not
change its efficiancy against the tested pathogens
(P>0.05).

Differences in eradication rates on days 3 to 7
was shown in Table 2. The antimicrobial effects of
each medicament increased from days 3 to 7.
However, no significant difference was observed

. between the antimicrobial effects of the
dlffe_ren_ce between D_P, MDP. and Lf for the medicaments (P>0.05) (Table 2).
eradication ~of  microorganisms at  both
experimental days (P> 0.05), except the amount of
Table 2. Differences in eradication rates on day 3 to day 7.

E. faecalis C. albicans

Group 1 0.38717406" 0.04071924™

Group 2 0.97614066" 0.00000335™

Group 3 0.02914106™ 0.00042520"

Group 4 0.16525757" 0.00000017*

Group 5 0.39266484" 0.00000002"

P value >0.05 >0.05

*

P > 0.05 indicates *, P < 0.05 indicates

Q-PCR DNA amplification and melt peak of E.
faecalis (Figure 2) and C. albicans (Figure 3) on
experimental days were also shown. The same
melting peaks revealed both the accuracy of the
application of the method and no contamination.

Figure 2: Q-PCR DNA Amplification and Melt peak of Enterococcus
faecalis on day 0 (A), day 3 (B) and day 7 (C)

Figure 3: Q-PCR DNA Amplification and Melt peak of Candida
albicans on day 0 (A), day 3 (B) and day 7 (C).
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DISCUSSION

Adequate elimination of microorganisms from root
canals is the golden key of a successful endodontic
treatment. Although calcium hydroxide is routinely
used in endodontics, it is insufficient for this
purpose in some cases. Therefore, the creation of
new drugs with better antimicrobial activity and
more biocompatible than calcium hydroxide could
open a new era in endodontic therapy. From this
point of view, it was aimed to test new intracanal
medicament combinations against endodontic
pathogens in this study.

The agar diffusion test, direct contact test,
culture and molecular methods have been widely
used to determine the effectiveness of removing
microorganisms from root canals.*%?> Because of
being an extensive investigation, we performed
several pilot studies. We used agar diffusion test,
culture methods, Reverse transcription polymerase
chain reaction (RT-PCR) and Q-PCR method.
When compared with DNA-based methods, RT-
PCR is an excellent indicator of cell viability. By
using this method, we also succeeded to obtain
double-chained DNA. However, we did not prefer
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to use this method because of being very complex,
sensitive, time consuming and not reproducible.?

Under harsh conditions, such as insufficient
nutrient supply and environmental stress including
extremes in temperature, pH, UV irradiation, and
fluctuating levels of toxic chemicals and oxygen
concentrations, microorganisms enter a viable but
non-cultivable (VBNC) state.? When optimum
conditions are realized, these microorganisms
recover from this phase.?? Molecular methods are
useful for determining which microorganisms enter
the VBNC phase. Q-PCR is the sensitive and
reliable method. However, Song reported several
major practical problems that yield false results,
including inadequate removal of PCR inhibitors
from the sample, ineffective release of microbial
DNA from the cells, poor DNA recovery after the
purification step, presence of compounds derived
from extracted substrates that inhibit the reaction,
and contamination of the assay by background
DNA leading to false results.®

In light of these studies and our pilot studies,
samples were taken from the canals using three
paper points to increase sample volume. The
samples were placed in empty sterile Eppendorf
tubes to avoid any excess substrates that could
inhibit the PCR reaction, and DNA was isolated
immediately. DNA-based methods detect total
amounts of DNA but cannot differentiate living or
dead cells.® Thus, DNA of viable cells was
distinguished from dead microorganisms using
DNase | followed by the real-time Q-PCR. The
same melting peaks revealed no contamination
except for the sample with a melting peak of
81.5°C, number 9 in group 5 on day 7, which was
removed from the study.

According to previous studies, Ca(OH), and
TAP are the most popular medicaments used in
microbiota studies.®*2® However, the evidence for
these medicaments is paradoxical. Chua et al.?
evaluated the antimicrobial effects of several
medicaments on C. albicans, and no difference was
detected between TAP and the Ca(OH). groups,
which were prepared in saline solution. The
antimicrobial effects of Ca(OH), and TAP were
evaluated at the end of a 7-day period in another
study in which root blocks were contaminated with
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E. faecalis. According to that study, TAP was more
effective than Ca(OH), for eliminating the
microorganisms from the root canal wall.® These
results are in accordance with Mozayeni et al.* In
our study, no significant difference between the
groups was found. The vehicle could have been a
cause for this difference. Polyethylene glycol,
which has an antimicrobial effect?’, was used as the
liquid vehicle in those investigations. Saline
solution was chosen as the vehicle in the present
study to evaluate the antimicrobial effects of newly
designed medicaments. Saline solution has no
antimicrobial effect, so using this liquid may have
decreased the efficacy of the paste. In addition, the
extracted teeth were mechanically shaped instead
of using dentine blocks to mimic routine root canal
therapy. Furthermore, a Glidden drill was used to
take samples from the root canals. In light of pilot
studies, paper points, which were used by Siqueira
and Rogas, were used to take samples from the
canal.?®

E. faecalis has high capacity to form biofilm.2®
Several studies reported that 100% E. faecalis
strains had the ability to form biofilm.303
However, it is an open-secret that creating biofilm
is not an easy procedure in in-vitro conditions.
Several factors such as surface energy of the
substrate, temperature, pH, flow rate of the fluid
passing over the surface, virulance factors, contact
time, surface hydrophobicity, and nutrient
availability affect the biofilm formation.®
Although genetic structure of the biofilm formation
is unclear, virulance factor such as enterococcal
surface protesin (esp), surface aggregating protein
(asa), cytolysin A (cylA), aggregation subtance
(agg) were also shown to be associated with weak,
medium, or strong biofilm formation of E.
faecalis.?>* Beside this, the adhering capacity of E.
faecalis in VBNC state reduces. For this reason,
they are unable to form measurable biofilms, but
still have the ability to form polymeric matrix and
maintain its pathogenicity.%

In our pilot studies, we obtained variable and
contradictory data using culture methods because
of the VBNC phase of the E. faecalis. Therefore,
our aim in this study was to examine the
eradication of these microorganisms which are
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capable of living in any environment changes such
as VBNC state in which microorganism still have
the ability to synthesize polymetric matrix. For this
purpose, the root canals and the lumen were
infected with experimental microorganisms for 2
days rather than creating strong and mature
biofilms.

Shen et al. evaluated the susceptibility of
biofilm formation at different growth phases for
time periods ranging from 2 days to 12 weeks.
They showed that although biofilm formation
could occur even at 2 days with the average
thickness of 57 um, mature biofilms at 3 weeks
were more resistant to chlorhexidine solution.®
Kristich et al.*¥studied the esp-independent biofilm
formation by several E. faecalis strains and
reported a dense biofilm within 24 h of growth.
Zheng et al.?® also used 1 day biofilm formation in
their study in which they analyzed the association
between virulance factor and biofilm formation of
E. faecalis strains by using RT-QPCR. In the
present study, each tooth was infected with
microorganisms every 24 h for 2 days using freshly
prepared 24 h cultures. According to our results, all
medicaments  eradicated at least 90%
microorganisms from the root canal at both day 3
and day 7. The possible reason for this good result
could be the creation of young and fresh biofilm on
the root surface.

New-generation root canal medicaments
should be developed because of the poor
antimicrobial  effects of  routinely  used
medicaments. Several antibiotics and their
combinations have been used against resistant
microorganisms, such as E. faecalis in in vivo and
in vitro studies. Pinheiro et al.* evaluated the root
canal microorganisms isolated from teeth with
endodontic  failure and their antimicrobial
susceptibility. All species isolated from these failed
canals were susceptible to penicillin-type
antibiotics. The results of that study were
compatible with Aksoy’s study.'® Aslangiil et al.*’
proposed the use of a combination of penicillin and
glycopeptide against E. faecalis. Wang et al.*®also
evaluated drug resistance in outpatients over 8
years and showed that the combination of
ampicillin and gentamicin was very effective
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against enterococcal infections. The synergistic
effects of a penicillin type of ampicillin and a kind
of glycopeptide, gentamicin, was an option in
microbiological studies in the dental sciences and
clinical practice. In our in-vitro study, groups 3 and
4 showed considerable antimicrobial activities,
which tended to increase from days 3 to 7. Further
investigations should be conducted to consider the
timing interval.

Dental studies based on Lf are generally
conducted on treating oral dryness®, anti-biofilm
efficacy®, toothpaste content?®, effects on
cariogenic  microorganisms*, and irrigation
solutions.> Gudipaneni et al.?® showed that the
tooth pastes containing Lf, lysozyme and
lactoperoxidase reduced the salivary levels of
Streptococcus  mutans and  Lactobacillus
acidophilus in children with severe early childhood
caries. Mizuhashi et al.* reported that the oral
dryness was related with the level and flow rate of
Lf in the saliva. Alves et al. used lactoferrin as a
root canal irrigant in different concentrations and
compared its effect with xylitol, farnesol and
salicylic acid on the biomass of bacterial biofilms.
They reported that the combination of farnesol,
xylitol and lactoferrin was the most effective
against E. faecalis MB35 and this combination also
reduced the biomass of Staphylococcus epidermis
biofilms.*? Surprisingly, no study has used Lf or the
aminoglycoside-penicillin combination as
intracanal medicaments despite their antimicrobial

activities. In the present study, Lf showed
antimicrobial affect for both experimental
microorganisms when used in alone or

combination with antibiotics. The antimicrobial
effect of Lf against both E. faecalis and C. albicans
had tendency to increase from day 3 to day 7 and
almost caught the performance of other
experimental groups. When taking into
consideration the results of this study, Lf could be
used in several forms as intracanal medicament by
means of its biocompatibility. However, new
product should be tested not only about their
antimicrobial activity but also their effect on
dentinal tissue*® and its microhardness for various
time intervals.* Further studies conducted with
different forms of Lf and focused on dentinal
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effects of it could make a new epoch in
endodontics.

CONCLUSIONS

Under the limitation of this study, all intracanal
medicaments resulted in significant reductions in
E. faecalis and C. albicans compared to day O.
Although no significant differences were observed
between medicaments in both microorganism
groups, DP and MDP displayed increases from
days 3 to 7. As a result of all these results, the use
of new experimental combinations in the
endodontics clinic is promising. However, it is not
clear how many days the use of these new
generation intracanal medicaments will give better
results in the clinic. For this reason, further
investigations using different time intervals and
concentrations are needed.
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Farklh Kok Kanal Medikamentlerinin Enterococcus
Faecalis ve Candida Albicans Uzerine Antimikrobiyal
Etkilerinin in Vitro Olarak Karsilastirilmasi

oz

Amag: Bu c¢alismanin amact deneysel kok kanal

medikamentlerinin 3 ve 7 giinliik siire¢lerde Candida

tizerindeki
kantitatif

polimeraz zincir reaksiyonu (PZR) ile arastirmaktir.

Enterococcus
etkisini

albicans
antimikrobiyal

ve faecalis

Qercek zamanh
Gereg ve yontem: Calismamizda 240 adet tek kok tek
kanalli kullanild. Kok  kanallar
sekillendirildikten ve akrilik bloklara gomiildiikten

insan  disi
sonra otoklavda steril edildi. Ornekler iki gruba
ayrilarak birinci grubun kok kanallarmma E. faecalis
digerine ise C. albicans siispansiyonu inokiile edilmis ve
alt gruplara ayrildi; kalsiyum hidroksit (Ca(OH)»), tiglii
antibiyotik pati (TAP), ikili antibiyotik pati (DP),
modifiye iiglii pat (MDP), laktoferrin (Lf), negatif ve
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pozitif kontrol gruplari. Ugiincii ve yedinci giin sonunda
kok kanallarindan paper point ile alinan drnekler bos
eppendorf tiiplere alinip bir seri islemden gecirildikten
sonra DNA izolasyonu gerceklestirildi. Daha sonra da
PZR
istatistiksel olarak analiz edilmisti. Bulgular: Tiim

Gergcek Zamanl islemi uygulandi. Veriler
medikamentlerin antimikrobiyal etkinligi 3. giinden 7.
gtine yiikseldi. Ca (OH), ve TAP gruplari, 3. ve 7.
giinlerde E. faecalis ve C. albicans icin benzer
eradikasyon oranlarini gésterdi (P>0,05). DP’nin
vedince giinde E. faecalis’i eredike etme oraninin TAP
ve Ca (OH); ile benzerlik gostermesinin disinda, DP,
MDP ve Lf arasinda her iki deney giiniinde de
mikroorganizmalarin  yok edilmesi icin anlamli bir
Sfarklik bulunmadi (P<0,05). Sonuglar: Bu ¢alismanin
sonug¢larina gore deneysel olarak kullamilan kok kanal
medikamentleri endodonti klinigi rutininde olarak
kullanilanlan CH ‘ye benzer antimikrobiyal etkinlik
gostermistir. Biyouyumlu bir malzeme olan laktoferrinin
kanal i¢i bir ila¢ olarak farkli kombinasyonlarda
kullanilabilecegi umut vericidir. Anahtar kelimeler:
Antibiyotik pati, C. albicans, E. faecalis, Kok kanal

medikamenti, Laktoferrin.
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