
RFO, Passo Fundo, v. 20, n. 1, p. 64-68, jan./abr. 201564

Effectiveness of different auxiliary 
chemical substances in the rapid 

disinfection of gutta-percha points – 
an in vitro study

Eficácia de diferentes substâncias químicas auxiliares na rápida 
desinfecção de cones de guta-percha – estudo in vitro

Maico Henrique Manica Schmidt *

Rafaela Flores Sallenave*

Aline Demarchi**

Ana Paula Farina***

Doglas Cecchin***

Matheus Albino Souza*** 

*	 DDS, University of Passo Fundo, Passo Fundo, RS, Brazil. 
**	 Graduate student, University of Passo Fundo RS, Brazil. 
***	 PhD, University of Passo Fundo RS, Brazil.

http://dx.doi.org/10.5335/rfo.v20i1.4614

wed no bacterial growth of tested microorganisms at all 
periods of observation, and were statistically different 
from all other groups (p<0.05). Group G6 (GSE) showed 
better antimicrobial activity (p<0.05) against Enterococ-
cus faecalis, Candida albicansi, and Staphylococcus au-
reus when compared to G1 (DW). Conclusion: we de-
termined that 2.5% sodium hypochlorite, 2.5% calcium 
hypochlorite, 2% chlorhexidine gel, and QMix might 
be used as effective agents for rapidly disinfecting con-
taminated gutta-percha points after 30 seconds of use.

Keywords: Calcium hypochlorite. QMix. Grape seed 
extract. Enterococcus faecalis. Candida albicans. Sta-
phylococcus aureus.

Introduction
Microorganisms and their products are the 

main etiological factor of pulpal and periapical pa-
thologies, and they playing a significant role in the 
induction and progression of these conditions1,2. 
Hence, chemomechanical preparation, through the 
mechanical action of endodontic instruments and 
the chemical action of endodontic irrigants, is per-

Objective: to perform an in vitro assessment of the effec-
tiveness of different auxiliary chemical substances used 
to promote decontamination of gutta-percha points 
contaminated with different microorganisms. Materials 
and method: the microorganisms tested were strains of 
Enterococcus faecalis, Candida albicans, and Staphylo-
coccus aureus. The 72 gutta-percha points were divided 
into three groups of 24 points and individually trans-
ferred into three tubes containing 5 ml of each bacte-
rial suspension for 1 hour. The 24 gutta-percha points 
of each bacterial strain were randomly distributed into 
six groups (n=4) based on auxiliary chemical substance 
and period of decontamination, as follow: G1 (distilled 
water; DW); G2 (2.5% sodium hypochlorite; NaOCl); 
G3 (2.5% calcium hypochlorite; Ca(OCl)2); G4 (2% 
chlorhexidine gel; CHX); G5 (QMix); and G6 (6.5% 
grape seed extract; GSE). There were four evaluation 
periods (30, 60, 90, and 120 seconds). After disinfec-
ting, the gutta-percha points were transferred to tubes 
containing 450 µL of sterile saline solution, homoge-
nized, and diluted. Aliquots of 100 µL of the solution 
and the dilutions were cultivated in duplicate on plates 
containing blood agar. This material was incubated for 
48 hours at 37 °C. Next, the number of colony-forming 
units (CFU/mL) was counted. Results: groups G2 (Na-
OCl), G3 (Ca(OCl)2), G4 (CHX), and G5 (QMix) sho-
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formed to eliminate microorganisms from the root 
canal system without injuring the adjacent vital 
tissues3. 

The maintenance of an aseptic chain is the key 
to a successful root canal therapy. Care should be 
taken in all stages of the endodontic treatment, 
from coronal surgery to root canal filling. Gutta-
-percha (GP) is a dried coagulated extract of plants 
of palaquium of the Blanco genus of Sapotaceae fa-
mily4. Due to its biological and physical properties, 
it is still an important dental material, emerging as 
the prime root canal filling material5. However, gut-
ta-percha points are usually used directly from the 
package without regard to their sterility, and may 
showing contamination6. However, standard auto-
clave and high temperature sterilization methods 
deform this kind of material. As a result, rapid de-
contamination using auxiliary chemical substances 
is necessary to promote the sterilization of gutta-
-percha points and prevent microorganisms from 
entering the root canal system, which underwent 
chemomechanical preparation during the root canal 
filling process.

Sodium hypochlorite and chlorhexidine have 
been used as irrigants in the root canal therapy 
due to their broad-spectrum antimicrobial activi-
ty7,8. At the same time, auxiliary chemical substan-
ces, such as calcium hypochlorite, QMix, and grape 
seed extract, have also been tested in endodontics 
and have shown antimicrobial activity9-11. However, 
there is no consensus in the literature on which of 
these chemical methods best decontaminates gutta-
-percha points.

The aim of this study was to perform an in vitro 
assessment of the effectiveness of different auxi-
liary chemical substances used to disinfect gutta-
-percha points contaminated with different micro-
organisms.

Materials and method
Enterococcus faecalis (ATCC 28713), Candida 

albicans (ATCC 22179), and Staphylococcus aureus 
(ATCC 29415) strains were obtained from the De-
partment of Microbiology of the Biological Science 
Institute of the University of Passo Fundo. Pure mi-
croorganism culture strains were cultivated in test 

tubes containing 5 ml of the Brain-Heart Infusion 
(BHI) broth and incubated for 24 h at 37 °C. After 
bacterial growth, the concentration was agitated 
and regulated to the 0.5 McFarland scale (1.5 x 108 
CFU/ml). This study used 72 #40 main gutta-per-
cha points (Tanari® - Tanariman Industrial Ltda., 
Manacapuru, AM, Brazil), which were divided into 
three groups of 24 points and individually transfer-
red into three tubes containing 5 ml of each bacte-
rial suspension (1.5 x 108 CFU/ml) for 1 hour.

The 24 gutta-percha points of each bacterial 
strain were randomly distributed into six groups 
(n=4) according to chemical auxiliary substances 
and period of decontamination, as follow: G1 (dis-
tilled water; DW; Natupharma, Passo Fundo, RS, 
Brazil); G2 (2.5% sodium hypochlorite; NaOCl; 
Lírios, São Vicente, SP, Brazil); G3 (2.5% calcium 
hypochlorite; Ca(OCl)2; R&D Laboratories Ltd, An-
trim, Northern Ireland, UK); G4 (2% chlorhexidine 
gel; CHX; Natupharma, Passo Fundo, RS, Brazil); 
G5 (QMix; Dentsply, York, PA, United States); and 
G6 (6.5% Grape Seed Extract; GSE; ver Healthy 
Origins, Pittsburgh, PA, United States of America). 
The four gutta-percha points of each decontamina-
tion protocol were subdivided in four assessment 
periods (30, 60, 90, and 120 seconds). Table 1 helps 
to illustrate the groups’ distribution. 

After disinfection, all of the gutta-percha points 
were individually transferred to tubes containing 
450 µL of sterile saline solution at a concentration 
of 0.85%. The material was homogenized and dilu-
ted to 10-3. Aliquots of 100 µL of the solution and 
the dilutions were cultivated in duplicate on the 
surface of plates containing blood for 48 hours at 
37 °C. After the incubation period, the number of 
colony-forming units (CFU/mL) on each plate was 
determined.

The one-way ANOVA test was used for the mi-
crobiologic evaluation, followed by Tukey’s post hoc 
procedure, at 5% of significance level. Data were 
analyzed using SPSS version 17.0 (SPSS, Chicago, 
IL, United States).

Results
Table 1 and Figure 1 illustrate the results of the 

present study.

Table 1 - Comparison of the antimicrobial activity of decontamination protocols expressed in log CFU/mL

Group Enterococcus 
faecalis

Candida 
albicans

Staphylococcus 
aureus p value

1. DW a 3.78 ± 0.16 3.43 ± 0.21 3.57 ± 0.14 p<0.05

2. NaOClb 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 p<0.05

3. Ca(OCl)2
b 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 p<0.05

4. CHXb 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 p<0.05

5. QMixb 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 p<0.05

6. GSE c 3.36 ± 0.12 2.80 ± 0.14 3.13 ± 0.10 p<0.05
*	 Data are presented as mean ± standard deviation of colony-forming units (log CFU/mL). P values are significant using the analysis of variance on ranks. 

Different index letters represent statistical significant difference at the post hoc procedure (Tukey’s test). ** DW= distilled water; NaOCl= 2.5% sodium hypo-
chlorite; Ca(OCl)2= 2.5% calcium hypochlorite; CHX= 2% chlorhexidine gel; QMix= QMix; GSE= 6.5% grape seed extract.
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Figure 1 -	 Microbiological analysis: chart representing the mean and 
standard deviation of the colony-forming units (log CFU/
mL) of the tested microorganisms from G1 (DW) and G6 
(GSE). DW= distilled water; GSE= 6.5% grape seed extract. 
The groups G2 (NaOCl), G3 (Ca(OCl)2), G4 (CHX), and 
G5 (QMix) are not shown in the figure, since the counting 
of CFUs was zero for all tested microorganisms during all 
periods of observation

After microbiological analysis and determina-
tion of the number of CFU, groups G2 (NaOCl), G3 
(Ca(OCl)2), G4 (CHX), and G5 (QMix) did not show 
growth of the tested microorganisms for any of the 
periods of observation, with the results being sta-
tistically different from all other groups (p<0.05). 
Group G1 (DW) and G6 (GSE) showed growth of 
the tested microorganisms for all of the observa-
tion periods, with no statistically significant di-
fference between the observation periods for both 
groups (p<0.05). In other words, treatment time 
did not influence the decontamination process for 
these substances. However, G6 (GSE) showed bet-
ter (p<0.05) antimicrobial activity against Entero-
coccus faecalis, Candida albicans, and Staphylo-
coccus aureus when compared to G1 (DW). At the 
same time, G6 (GSE) showed antimicrobial activity 
against the tested microorganisms in the following 
ascending order: Candida albicans (2.80 log CFU/
mL), Staphylococcus aureus (3.13 log CFU/mL), and 
Enterococcus faecalis (3.36 log CFU/mL), with a sta-
tistically significant difference between the tested 
microorganisms (p<0.05).

Discussion
The neutralization of microorganisms from the 

root canal system is essential for long-term success 
of endodontic therapy. Furthermore, the filling ma-
terials prevent infection by acting as a barrier to 
further microbial challenges, trapping any survi-
ving bacteria within the root canal system and stop-
ping periapical tissue fluids from reaching bacteria 
in the root canal12. The importance of decontamina-
tion of gutta-percha points prior to root canal filling 
is widely recognized to prevent any microbial con-
tamination of the root canal system during filling. 
Thus, it is imperative to use a rapid, reliable, inex-
pensive, and effective decontaminating substance.

The decontamination protocols used in the 
present study were tested against three strains of 

microorganisms. Although the environment may 
have more than three species of microorganisms, 
Enterococcus faecalis, Candida albicans, and Sta-
phylococcus aureus were chosen because they re-
present microorganism species that are resistant 
and frequently found in the microbiota of infected 
root canals13-15. Therefore, rapid sterilization by the 
tested protocols may be tested in an adequate way 
considering these microorganisms represent a risk 
factor to be inserted into the root canal system if 
decontamination procedures of gutta-percha points 
are not performed, increasing the possibility of fai-
lure of root canal therapy. Therefore, if a chemical 
agent is able to kill these pathogens, it may destroy 
any other microorganism at the same temperature 
and time.

Previous studies have used various methods, 
such as an agar diffusion test16 and turbidity as an 
indicator of microbial growth17,18 for quantifying 
microorganisms. On the other hand, counting the 
number of CFUs (expressed as log CFU/ml) is one 
of the most frequently used methods to assess the 
antimicrobial activity of endodontic decontamina-
tion protocols19-21. For this reason, we chose this me-
thod for the present study, thus allowing bacterial 
quantification22 and assessment of the effectiveness 
of the tested protocols for the decontamination of 
gutta-percha points.

According to results of the present study, G2 
(NaOCl) and G4 (CHX) promote complete elimina-
tion of Enterococcus faecalis, Candida albicansi, 
and Staphylococcus aureus, even after just 30 se-
conds. This is due to the broad-spectrum antimicro-
bial activity of sodium hypochlorite7,23 and chlorhe-
xidine8,24. Our findings are in agreement with 
previous studies17,18 where the same chemical au-
xiliary substances were effective in promoting the 
rapid sterilization of gutta-percha points. However, 
gutta-percha points that are immersed in sodium 
hypochlorite solution formed chloride-crystal on its 
surface. These sodium hypochlorite crystals on the 
gutta-percha points impair the ability of the filling 
material to promote an adequate sealing6, which is 
a disadvantage of this kind of method for the rapid 
sterilization of gutta-percha points. Similarly, G3 
(Ca(OCl)2) and G4 (QMix) showed similar results to 
the 2.5% sodium hypochlorite and 2% chlorhexidi-
ne gel. Calcium hypochlorite (Ca(OCl)2) is normally 
used for industrial sterilization and water purifica-
tion treatments. Ca(OCl)2 is available in granules 
and the formation of hypochlorous acid (2(HOCl)) 
occurs when they are dissolved in an aqueous so-
lution25. The high level of available chlorine in 
Ca(OCl)2 may help to explain its antimicrobial ac-
tivity. On the other hand, QMix is an endodontic 
irrigant with no chair-side mixing used for smear 
layer removal with added antimicrobial agents. 
Further EDTA and a detergent containing chlorhe-
xidine. Its effectiveness against a large number of 
microorganisms is due to the interactions between 
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the positive charges of the chlorhexidine with the 
negatively charged bacterial cell wall, thus altering 
the osmotic balance of the cell. This causes an incre-
ase in the permeability of the cell wall, which allows 
for the penetration of chlorhexidine molecules into 
the bacteria and, consequently, causes the death of 
these microorganisms26.

In the present study, G6 (GSE) was not able to 
eliminate all of the tested microorganisms at all ob-
servation periods, even after 2 minutes of action. 
However, the decontamination potential of 6.5% 
GSE was higher than DW. GSE is a rich source of 
proanthocyanidins (PAs)27. PAs have gained atten-
tion due to their antimicrobial and anti-inflamma-
tory properties28, as well as their use in prevention 
of periodontal diseases29,30. The antimicrobial acti-
vity of PAs helps to explain some of the ability of 
6.5% GSE to reduce the microbial content of gutta-
-percha points. However, according to the present 
results, 6.5% GSE cannot be used as a chemical 
agent for the rapid sterilization of gutta-percha 
points since it was not able to eliminate the tested 
microorganisms. 

Conclusion
Based on results of the present study, Enterococ-

cus faecalis was the most resistant microbial spe-
cie against the antimicrobial activity of 6.5% GSE. 
Enterococcus faecalis is an anaerobic facultative 
microorganism that is highly resistant to conven-
tional chemomechanical preparation and is usually 
found in cases of failed root canal treatment31. This 
microorganism has several virulence factors and is 
able to withstand prolonged periods of nutrient li-
mitation, thus persisting as a pathogen in the root 
canal32,33. It is possible that 6.5% GSE did not show 
potential antimicrobial activity against this micro-
organism for these reasons, thus resulting in a high 
mean CFU (3.36 log CFU/mL). 

Based on our results, we believe that 2.5% so-
dium hypochlorite, 2.5% calcium hypochlorite, 2% 
chlorhexidine gel, and QMix may be used as effecti-
ve agents for the rapid sanitization of contaminated 
gutta-percha points after 30 seconds of use. Howe-
ver, 6.5% GSE cannot be used as a decontamination 
agent since it did not promote the elimination of the 
tested microorganisms from the surface of the gut-
ta-percha points. In addition, further studies should 
be performed to assess the effect of these auxiliary 
chemical substances on changes in the physical pro-
perties of the filling material for clinical relevance.
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Resumo
Objetivo: avaliar in vitro a eficácia de diferentes subs-
tâncias químicas auxiliares utilizadas para promover a 
descontaminação de cones de guta-percha, que estão 
contaminados com diferentes microorganismos. Mate-
riais e método: cepas Enterococcus faecalis, Candida 
albicans e Staphylococcus aureus foram os microrga-
nismos testados. Os 72 cones de guta-percha foram di-
vididos em três grupos de 24 cones, e foram transferidas 
individualmente em três tubos, contendo 5 ml de cada 
suspensão bacteriana, durante 1 hora. Os 24 cones de 
guta-percha de cada estirpe bacteriana foram distribu-
ídos aleatoriamente em seis grupos (n = 4), de acordo 
com a substância química auxiliar e com o tempo de 
descontaminação, como segue: G1 (DW) - água des-
tilada; G2 (NaOCl) - hipoclorito de sódio a 2,5%; G3 
(Ca (OCl) 2) - 2,5% de hipoclorito de cálcio; G4 (CHX) 
- clorexidina gel 2%; G5 (QMix) - QMix e G6 (GSE) 
- Extrato de Semente de Uva 6,5%, em quatro perío-
dos de avaliação, que foram 30, 60, 90 e 120 segun-
dos. Depois de protocolos de desinfecção das pontas 
de guta-percha, foram transferidos para tubos conten-
do 450 mL de solução salina estéril, homogeneizada e 
diluída. Alíquotas de 100 µl da solução e as diluições 
foram cultivadas em duplicado em placas de ágar con-
tendo o sangue. Esse material foi incubado durante 48 
horas a 37 °C de temperatura. Depois disso, a contagem 
do número de unidades formadoras de colônias (CFU 
/ mL) foi realizada. Resultados: os grupos 2 (NaOCl), 
3 (Ca (OCl) 2), 4 (CHX) e 5 (QMix) não apresentaram 
crescimento bacteriano de microrganismos testados 
em todos os períodos de observação, sendo estatistica-
mente diferente de todos os outros grupos (p <0,05). O 
Grupo 6 (GSE) mostrou a melhor atividade antimicro-
biana contra albicans Enterococcus faecalis e Candida 
Staphylococcus aureus em relação ao grupo 1 (DW), 
sendo estatisticamente diferente (p <0,05). Conclusão: 
hipoclorito de sódio a 2,5%, 2,5% de hipoclorito de 
cálcio, 2% de gel de clorexidina e QMix podem ser uti-
lizados como agentes eficazes na desinfecção rápida de 
cones de guta-percha contaminados após 30 segundos 
de utilização dessas substâncias. 

Palavras-chave: Hipoclorito de cálcio. QMix. Extrato de 
semente de uva. Enterococcus faecalis. Candida albi-
cans. Staphylococcus aureus.
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