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ABSTRACT RESUMEN

Introduction: Intracanal medication with antibiotics is Introducciéon: La medicacion intracanal con antibioticos

used to ensure the success of treatments. However, no
studies evaluating the efficacy of triantibiotic paste after
several hours of preparation have been reported.
Objective: To evaluate the antimicrobial activity of the
triantibiotic paste against Enterococcus faecalis, according
to the time of application and storage of the components
used for its preparation.

Methods: An experimental in vitro study was carried out
in the microbiology laboratory of Universidad Nacional
Mayor de San Marcos. The sample consisted of three colo-
nies of Enterococcus faecalis, formed in bile-esculin agar.
On three specific days (0, 14 and 28), the antimicrobial
activity of the conventional (ciprofloxacin/metronidazole/
minocycline) and modified (cefaclor/metronidazole/mino-
cycline) paste was evaluated, measuring (mm) the inhibi-
tion zones. The freshly obtained components were used to
prepare the paste on day 0, and the stored components
(powdered antibiotics kept in amber glass bottles at room
temperature) were used on days 14 and 28. Two inter-
ventions were performed on each specific day (morning
and afternoon). Freshly prepared pastes were used in the
morning (immediate application), while pastes stored for
6 hours (delayed application) were used in the afternoon.
Results: On day 0, it was found that the modified trianti-
biotic paste of immediate application had higher antimi-
crobial activity than the one of delayed application (p =
0.046). On day 28, the conventional triantibiotic paste for
immediate application showed higher antimicrobial acti-
vity than that for delayed application (p = 0.049). Pasta
prepared with fresh components (day 0) had higher anti-
microbial activity than pasta prepared with components
stored for 14 and 28 days.

Conclusions: The application time of the triantibiotic pas-
te and the storage times of the components could influen-
ce the antimicrobial activity for the eradication of Entero-
coccus faecalis.

Key words: triantibiotic paste; antimicrobial activity; En-
terococcus faecalis.

se utiliza para asegurar el éxito de los tratamientos. Sin
embargo, no se han reportado estudios que evaluen la efi-
cacia de la pasta triantibiotica después de varias horas de
preparacion.

Objetivo: Evaluar la actividad antimicrobiana de la pas-
ta triantibiotica frente al Enterococcus faecalis, segun el
tiempo de aplicacion y de almacenamiento de los compo-
nentes utilizados para su preparacion.

Métodos: Estudio experimental in vitro, realizado en el la-
boratorio de microbiologia de la Universidad Nacional Ma-
yor de San Marcos. La muestra consistio en tres colonias
de Enterococcus faecalis, formadas en agar bilis-esculina.
En tres dias especificos (0, 14 y 28) se evaluo la actividad
antimicrobiana de la pasta convencional (ciprofloxacina/
metronidazol/minociclina) y modificada (cefaclor/metroni-
dazol/minociclina), midiendo las zonas de inhibicion (mm).
Los componentes recién obtenidos se utilizaron para pre-
parar la pasta el dia 0, y los componentes almacenados
(antibioticos pulverizados conservados en frascos de vidrio
color ambar a temperatura ambiente) se utilizaron los dias
14 y 28. Se realizaron dos intervenciones en cada dia es-
pecifico (manana y tarde). Las pastas recién preparadas se
utilizaron por la manana (aplicacion inmediata), mientras
que por la tarde se utilizaron las pastas almacenadas du-
rante 6 horas (aplicacion tardia).

Resultados: El dia 0, se encontro que la pasta triantibioti-
ca modificada de aplicacion inmediata presento una acti-
vidad antimicrobiana superior a la de aplicacion tardia (p
= 0,046). El dia 28, la pasta triantibiotica convencional de
aplicacion inmediata presento una actividad antimicrobia-
na superior a la de aplicacion tardia (p = 0,049). La pasta
preparada con componentes recién obtenidos (dia 0) tuvo
una mayor actividad antimicrobiana que la pasta prepara-
da con componentes almacenados durante 14 y 28 dias.
Conclusiones: El tiempo de aplicacion de la pasta trian-
tibiotica y los tiempos de almacenamiento de los compo-
nentes podrian influir en la actividad antimicrobiana para
la erradicacion de Enterococcus faecalis.

Palabras clave: pasta triantibiotica; actividad antimicro-
biana; Enterococcus faecalis.
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INTRODUCTION

Endodontic treatment failures are caused by many factors such as the persistence of bacteria, poorly clea-
ned root canals, inadequate seals (underfilling or overfilling), and untreated root canals. Nonetheless, the
main reason for the failure is the persistence of some bacterial species in the root canals such as Enterococ-
cus faecalis. This bacterium has been frequently related to endodontic failures because it resists the increase
in pH produced by calcium hydroxide (the most commonly used intracanal medicament in endodontics).2:34
Additionally, Enterococcus faecalis can form its own biofilm in the root canal dentin and dissolve the mineral
fraction of the dentin, these characteristics being responsible for its persistence in endodontically treated
teeth.:6.789

Triantibiotic paste has been proved to be effective against Enterococcus faecalis, and acts as an intracanal
medicament for non-vital teeth (permanent and deciduous) with persistent infection.%12 Superior results
have been obtained in the elimination of endodontic pathogens in vitro and in situ studies evidenced clinically
and radiographically, being superior to calcium hydroxide (the most widely used intracanal material) in ter-
ms of root canal disinfection and persistent infections. ™ In pediatric dentistry, triantibiotic paste can be an
alternative material to dental extraction, because it allows non-instrumented pulp treatment. This leads to a
reduction of premature extractions in deciduous pieces. In addition, as mentioned above, due to its potential
effect against Enterococcus faecalis, the paste can be used for persistent endodontic infections such as peria-
pical lesions.(1911,12)

Triantibiotic paste is made up of three antibiotics: ciprofloxacin, metronidazole, and minocycline. Cefa-
clor-modified triantibiotic paste has been used due to the pigmentation produced by minocycline in teeth.
(12,14,15)

According to the European Pharmacopoeia.® extemporaneous preparations are pharmaceutical prepara-
tions prepared individually for a specific patient or group of patients and supplied after preparation. There-
fore, the triantibiotic paste can be considered an extemporaneous preparation due to the manipulation and
combination of drugs for its preparation.

Today, crushed and stored drugs are marketed for use. Moreover, some dentists after preparing and using
the triantibiotic paste, keep the excess paste for later use.

Falconer™ mentions that for topical extemporaneous products the short-term expiration date is 28 days.
Furthermore, Nagel and others.(18) mentioned that semisolid topical extemporaneous formulations can be sto-
red for up to three months if they are dispensed in amber glass containers and stored at room temperature.

To our knowledge, no studies have been reported evaluating the efficacy of applying a triantibiotic paste
after several hours of preparation. For this reason, the purpose of the present study was to evaluate the anti-
microbial activity of the triantibiotic paste against Enterococcus faecalis according to the moment of applica-
tion and the storage time of the components used for its preparation.

METHODS

Experimental in vitro study carried out at the Microbiology Laboratory of the Universidad Nacional Mayor
de San Marcos (UNMSM). The sample consisted of three colonies of bacterial strains of the Enterococcus fae-
calis ATCC® 29212 group formed on bile esculin agar, selected for convenience.

Facultative anaerobic bacteria belonging to the Enterococcus faecalis group were considered as inclusion
criteria and opportunistic bacteria as exclusion criteria.

Bacteria processing

The bacteria were acquired from the Gen Lab SAC laboratory and stored in their original Kwik-Stik contai-
ner at 2 to 8°C until reactivation. Subsequently, under aerobic conditions and room-temperature (25°C), the
bacteria were seeded on a bile esculin agar plate (initial plate), where the development of the strain waited
for 24 hours.

After reactivation, three bacterial colonies were extracted from the initial plate with an inoculation loop
and inoculated into a test tube with physiological serum. Then, turbidity was evaluated every 5 minutes until
the medium presented turbidity of 0,5 according to McFarland (observed at 15 minutes).

For sowing, 100 pyL of the previous solution was extracted and deposited on a bile esculin agar plate; re-
peating the process at 14 and 28 days. Dissemination was done with a Digralsky loop. This sequence was per-
formed six times on each study day.

Preparation of the triantibiotic paste

First, the coating of the metronidazole (Metroflaxyl® 500 mg, Sherfarma Laboratory, Peru), ciprofloxacin
(Ciprofloxacin® 500 mg, Portugal Laboratory, Peru), and minocycline (Acnebiot® 100 mg, Igfarma Laboratory,
Peru) tablets was removed. Then the tablets were crushed in sterile mortars. Due to their presentation, the
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capsules of cefaclor (cefaclor® 500 mg, Igfarma Laboratory, Peru) did not need to be removed or crushed.
Second, they were placed in four sterile amber glass containers and labeled with the name of each drug (com-
ponents). Propylene glycol and macrogol (polyethylene glycol 400 and polyethylene glycol 4000 mixed in a 1:1
ratio) were used as vehicles.

The medicated paste was prepared in 2 formulations: conventional triantibiotic paste (Paste A: ciprofloxa-
cin, metronidazole, and minocycline) and modified triantibiotic paste (Paste B: cefaclor, metronidazole, and
minocycline). 1 mg of each of the powdered antibiotics was used in a 1:1:1 ratio and it was mixed with the
propylene glycol and macrogol vehicles in a 1:1 ratio, forming a 1 mg/mL powder/liquid pasty preparation. This
was made using a 0,001 g precision calibrated balance (Ohaus®).(%20

Interaction of medicated pastes and Enterococcus faecalis

In this research, evaluations were carried out on three specific days: day 0, day 14, and day 28. On day
0, for the preparation of the pastes, new components were used, just obtained from tablets or capsules. On
days 14 and 28 conserved components were used for 14 and 28 days respectively. Two interventions were per-
formed on each specific day (morning and afternoon), using three plates for each intervention; therefore, six
plates were used for each specific day. The experiment was repeated on days 0, 14 and 28. Finally, 18 plates
were used for the entire investigation.

At the beginning of each study day, two portions of paste A and two of paste B were prepared. In the
morning intervention, a portion of paste A and one of paste B (immediate application pastes) were used. The
unused portions of paste were wrapped in parchment paper and deposited in hermetic amber glass containers,
being stored for 6 hours at room temperature, to later be used in the afternoon intervention (late application
paste).

Three wells were made in each plate (the space between wells was 15 mm) for the placement of paste A,
paste B, and physiological saline respectively. Therefore, in each intervention, three wells were made to apply
paste A, three for paste B, and three for physiological saline. For each intervention, a portion of paste A and
a portion of paste B were used, each of these portions was divided into three equal sub-portions by means of
an electronic scale. The three sub-portions of paste A were distributed in their three corresponding wells, si-
milar action was performed with the sub-portions of paste B, while 20 yL of physiological saline was deposited
in the negative control wells. Finally, the plates were transported to the oven at 37°C for 1 day. Subsequently,
the antimicrobial activity of the evaluated pastes was determined by measuring the inhibition halos with a
calibrated vernier (Tactix®, precision of + 0,02 mm / 0,001) as shown in figure 1.

Fig.1 - Measurement of inhibition halos with a calibrated digital vernier.

Statistical analysis

For data processing, the statistical package Stata version 16.0 was used. For the descriptive analysis, the
categorical variables were expressed as absolute and relative frequencies; and numerical variables, such as
mean and standard deviation.

For the comparison between the groups, the Kruskal Wallis test and its post hoc test of multiple compari-
sons (Kwallis) were used in which the value of p was penalized. For the comparison between two study groups,
the Student’s t-test was used for independent samples.
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RESULTS

A total of 54 wells were evaluated, of which 18 physiological saline wells were not included in the analysis
because no inhibition zone was observed. For each intervention, the inhibition zones of six wells were measu-
red: three corresponding to paste A and three to paste B; then the average of the three measurements (mm)
corresponding to each well was obtained.

On days 0 and 14, there was no significant difference between the antimicrobial activity of the conventio-
nal triantibiotic paste with immediate application and that of delayed application. However, on day 28, the
antimicrobial activity of the conventional triantibiotic paste for immediate application was significantly higher
than that of late application (table 1).

Table 1 - Evaluation of the antimicrobial activity of conventional triantibiotic paste

Measure of conventional triantibiotic paste (mm)

X sD P
Dav 0 Immediate 36,93 0.658 0.658
Late 3677 021
Day 14 Immediate 35.00 0,487 0487
Late B 1.04
Day 28 Immediate 3483 0.049 0.049

Late 3587 042

Kruskall - Wallis statistical test (p < 0,05).
X: media.
SD: Standard Deviation.

On day 0, the antimicrobial activity of the modified triantibiotic paste for immediate application was sig-
nificantly higher than that of late application. On days 14 and 28, there was no significant difference between
the antimicrobial activity of the modified triantibiotic paste for immediate application and that of late appli-
cation (table 2).

Table 2 - Evaluation of the antimicrobial activity of the modified triantibiotic paste

Measure of modified triantibiotic paste (mm)

X sD P
Day 0 Immediate 3723 0,046 0,046
Late 34.67 127
Day 14 Tmmediate 33,67 0246 0246
Late 32,83 1.04
Day 28 Immediate 33,60 1,000 1,000

Late

33.60

085

Kruskall - Wallis statistical test
(p < 0,05); X: media
SD: Standard Deviation
Cl: Confidence Intervals

In the immediate application (table 3), the conventional triantibiotic paste during day 0 had a significantly
greater inhibition zone than during days 14 and 28. In the late application (table 4), during day 0, the conven-
tional triantibiotic paste had a significantly greater inhibition zone than the modified triantibiotic paste.

In the multiple comparisons test, it was found that, in the group of conventional paste for immediate appli-
cation, there was a statistically significant difference between day 0 and 14 (p = 0,003).

DISCUSSION

The present study aimed to evaluate the antimicrobial activity of two triantibiotic pastes (conventional and
modified) against Enterococcus faecalis, according to the moment of application and the conservation time of
the components used for their preparation.

This study found that at day 0, the modified triantibiotic paste applied immediately had potentially higher
antimicrobial activity than the paste applied later. By day 28, the conventional immediate-application trian-
tibiotic paste had potentially higher antimicrobial activity than the delayed-application paste. Furthermore,
paste prepared with freshly obtained components (day 0) had higher antimicrobial activity than paste prepa-
red with components stored for 14 and 28 days.
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Table 3 - Comparison of the antimicrobial activity of immediately prepared triantibiotic paste according to the time of

application
Immediate
Conventional Modified r**
(mm) (mm)
X sD X sD
Day 0 36,93 0.90 3723 042 0.827
Day 14 33,00 0,00 33,67 0.58 0,114
Day 28 34.83 042 33,60 0.88 0,184
r* 0,024 0.063

Kruskall - Wallis statistical test (p < 0,05).
X: media; SD: Standard Deviation.
(*) Intragroup comparison according to time of antibiotic pastes.
(**) Comparison between groups according to type of antibiotic paste.

Table 4 - Comparison of the antimicrobial activity of triantibiotic paste preserved for hours according to the time of

application
Late
Conventional Modified r**
{(mm) (mm)
X 5D X sD

Day 0 36,77 021 34.67 1.27 0.046
Day 14 3317 1.04 3283 104 0,822
Day 28 33.87 042 33,60 0.95 0,513

On days 0 and 14, it was found that the conventional triantibiotic paste for immediate application presen-
ted an antimicrobial activity similar to that of a late application. On the other hand, on day 28, the conven-
tional triantibiotic paste for immediate application presented an antimicrobial activity superior to that of late
application (p = 0,049). In the present study, the differences found in antimicrobial activity were minimal with
a marginal significance value (p = 0,049), which would lead to changes in these results in a clinical setting.
Nonetheless, these results suggest that conventional triantibiotic paste prepared and stored for 6 hours may
have lower antimicrobial activity compared to conventional triantibiotic paste prepared and used immediately.
These results differ from those reported by Sain and others,?® who mentions that prepared and unused con-
ventional triantibiotic paste can be stored for up to 24 hours after preparation or if the mix turns translucent
on storage, it has to be discarded.

In addition, on day 0, it was found that the modified triantibiotic paste for immediate application presented
an antimicrobial activity superior to that of late application (p = 0.046). On the other hand, on days 14 and 28,
it was found that the modified triantibiotic paste for immediate application presented an antimicrobial activity
similar to that of a late application. To our knowledge, there are no previous studies that have evaluated the
antimicrobial effect of triantibiotic paste modified with cefaclor according to the time of application (imme-
diate or late).

Bravo(20) reported that the solutions of the conventional and modified triantibiotic combination with cefa-
clor had a minimum bactericidal concentration (MBC) of 25 ug/mL to eradicate Enterococcus faecalis in tryp-
ticase soy broth (TSB) tubes. Likewise, Dewi et al. ™ found that the conventional triantibiotic paste required
a MBC of 10 mg/mL and the amoxicillin-modified triantibiotic paste required a MBC of 20 mg/mL to eradicate
Enterococcus faecalis from the dentin tubules. This highlights the importance of evaluating triantibiotic pastes
and recognizing that the variability of the drugs used for their preparation influences the concentration ne-
cessary to eradicate Enterococcus faecalis. In addition, both studies indicate that it is necessary to carry out
research that evaluates the stability of triantibiotic paste over time because health professionals in dentistry
use it in a very variable way and without scientific evidence to support it.

On the shelf life of the components and immediate or delayed application of conventional and modified
triantibiotic paste, in the present study, it was found that paste prepared with just obtained new components
(day 0) had a higher antimicrobial activity than paste prepared with components stored for 14 and 28 days. The
handling and preservation of the drugs used in the preparation of the pastes (components) could have compro-
mised their physicochemical and microbiological stability. This could explain the lower antimicrobial activity
(evaluated by inhibition zones) of the pastes prepared with components stored for 14 and 28 days, compared
to the pastes prepared with freshly obtained new inputs.

Regarding the conservation time of the components used in the preparation of the conventional triantibio-
tic paste, Dasari and others"™ mentions that they can be kept for a maximum period of 30 days. Nevertheless,
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she does not report information on studies to support this claim regarding the antimicrobial activity of the
paste. To our knowledge, there are no similar studies that compare the antimicrobial activity of triantibiotic
paste according to the conservation time of the components used for its preparation.

The criteria to be considered to determine the expiration date of a drug depend on the type of storage,
the structural modification of the active ingredient, and the microbiological factors (number of viable parti-
cles that the drug may contain). In addition, when the package is opened and the medicine is manipulated,
the expiration date ceases to support the quality of the product due to factors that could modify its stability
such as chemical factors (oxidation, reduction, hydrolysis), physical factors (photolysis and agglomeration) and
microbiological (alteration of sterility).?"22

Some studies, such as the one by Makeen and others,? who performed stability tests of methyl salicylate
ointment to determine its shelf life, found that the dermatological formulation of methyl salicylate ointment
maintains 90% of its properties when stored for 176 days in the refrigerator (2°C - 8°C) and 131 days at room
temperature (25°C + 5°C). Therefore, this ointment is stable at cold temperatures but shows rapid degradation
under high-temperature conditions. This highlights the importance of knowledge of the environmental condi-
tions of the products used for their clinical application by health professionals.

An important aspect of the quality of extemporaneous preparations used in the medical field is the evalua-
tion of their stability over time. The extemporaneous preparations are not subjected to exhaustive studies to
evaluate their stability, as is the case with the products of the food industries.?® Therefore, the present study
is an approach to evaluate the stability of the components used for the preparation of triantibiotic pastes and
the stability of already prepared triantibiotic pastes, which are frequently used in pulp and periapical infec-
tions in pediatric patients.

This study presents some limitations regarding its design, because, being an in vitro study, it does not con-
sider the complexity of the oral biofilm, which creates particular oral conditions in patients. However, this
study is an initial exploration of the antimicrobial effect of triantibiotic paste on Enterococcus faecalis, which
can later be contrasted with some clinical studies.

CONCLUSIONS

In the present study, it was found that both the time of application of the triantibiotic paste, and the sto-
rage times of the components could influence the antimicrobial activity for the eradication of Enterococcus
faecalis.
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