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QMix® irrigant reduces lipopolysacharide (LPS)
levels in an in vitro model
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ABSTRACT

he presence of endotoxin inside the root canal has been associated with periapical

inflammation, bone resorption and symptomatic conditions. Objectives: To determine,
in vitro, the effect of QMix® and other three root canal irrigants in reducing the endotoxin
content in root canals. Material and Methods: Root canals of single-rooted teeth were
prepared. Samples were detoxified with Co-60 irradiation and inoculated with E. coli LPS
(24 h, at 37°C). After that period, samples were divided into 4 groups, according to the
irrigation solution tested: QMix®, 17% EDTA, 2% chlorhexidine solution (CHX), and 3%
sodium hypochlorite (NaOCl). LPS quantification was determined by Limulus Amebocyte
Lysate (LAL) assay. The initial counting of endotoxins for all samples, and the determination
of LPS levels in non-contaminated teeth and in contaminated teeth exposed only to non-
pyrogenic water, were used as controls. Results: QMix® reduced LPS levels, with a median
value of 1.11 endotoxins units (EU)/mL (p<0.001). NaOCI (25.50 EU/mL), chlorhexidine
(44.10 EU/mL) and positive control group (26.80 EU/mL) samples had similar results.
Higher levels were found with EDTA (176.00 EU/mL) when compared to positive control
(p<0.001). There was no significant difference among EDTA, NaOCI and CHX groups.
Negative control group (0.005 EU/mL) had statistically significant lower levels of endotoxins
when compared to all test groups (p<0.001). Conclusion: QMix® decreased LPS levels
when compared to the other groups (p<0.001). 3% NaOCI, 2% CHX and 17% EDTA were

not able to significantly reduce the root canal endotoxins load.
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INTRODUCTION

Microorganisms play an important role in the
induction and maintenance of periapical diseases®®.
They have unique virulence factors, such as
fimbriae, pilli, membrane receptors and endotoxins.
Lipopolysacharide (LPS) is an endotoxin that is
present in the outer layers of Gram-negative
bacteria cell walls, usually detected in root canal
infections, eliciting biological responses associated
with periapical inflammation?> and bone resorption?®.
There is a positive correlation between LPS
concentration in root canals and the development
of symptomatic infections?®.

Endodontic therapy aims at the infection control,
allowing the periapical healing. Several chemical
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substances have been used as adjuvant to the root
canal mechanical preparation. Sodium hypochlorite
(NaOCl) has been the most widely used root canal
irrigant. NaOCI dissolves organic tissues and has a
strong antimicrobial activity?”. On the other hand,
Chlorhexidine (CHX) is a biocompatible agent
that has the antimicrobial action associated with
substantivity?®. Ethylenediaminetetraacetic acid
(EDTA) is a chelating agent, allowing the smear
layer removal¢. EDTA favors the action of other
irrigants into the dentinal tubules and root canal
ramifications3.

QMix® (Dentsply Tulsa Dental Specialties,
Johnson City, TN, USA) is a novel irrigant that can
be used as a final rinse. It is supposed to combine
the antimicrobial and substantivity properties of
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CHX with the smear layer removing properties of
EDTAS. Moreover, QMix® contains a detergent that
decreases surface tension and increases wettability
in solutions!. Recent studies demonstrated that
QMix® is effective against Enterococcus faecalis?®.

Previous studies have shown that root canal
mechanical preparation plays an important role in
reducing endotoxin load?'. The effect of endodontic
irrigants has also been established when in direct
contact with LPS*. Nevertheless, it is not known if
this effect is similar when endotoxins are within the
root canal system. Therefore, the present in vitro
study investigated the effects of auxiliary chemical
and QMix® substances on endotoxins within the root
canal space.

MATERIAL AND METHODS

This study was approved by the Research Board
and the Research Ethics Committee from the
Pontifical Catholic University of Rio Grande do Sul
(PUCRS) (protocol numbers 0017/13 and 310.698,
respectively).

Sample selection and root canals preparation

Fifty (50) single-rooted teeth were selected.
Roots were sectioned at cementum-enamel junction,
with a diamond disc (Dhpro, Paranagua, PR, Brazil)
under water-cooling. The working length (WL) was
visually established, with a #10 hand instrument
(Dentsply-Maillefer, Ballaigues, Jura-Nord Vaudois,
Switzerland) that was inserted into the canal until
its tip reached the apical foramen. The WL was
determined 1 mm shorter to the apex. The root canals
were prepared using the standardized K-files series
(Dentsply-Maillefer, Ballaigues, Jura-Nord Vaudois,
Switzerland), from a #10 K-file to a #60 K-file in
the entire WL, to facilitate the LPS introduction and
collection. At each change of instrument, the canals
were flushed with 2 mL of NaOCl 1% (Biodinamica,
Ibipora, PR, Brazil). After preparation, canals were
filled with EDTA 17% (Biodinamica, Ibipord, PR,
Brazil) for 3 minutes and irrigated with 5 mL of sterile
saline solution. Canals were dried with paper points
(Dentsply, Rio de Janeiro, RJ], Brazil). Each sample
was fixed in epoxy resin (Loctite, Sdo Paulo, SP,
Brazil) in a well, in 12-well cell culture plates (Kasvi,
Curitiba, PR, Brazil).

Sterilization and detoxification

The specimens were irradiated with Co-60 gamma
rays (EMBRARAD; Empresa Brasileira de Radiagoes,
Cotia, SP, Brazil) for degradation of preexisting LPS?®.
The sterilization and detoxification of the instruments
used in the experiment were performed in an oven
at 250°C, for 30 minutes.
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Contamination with endotoxin

The process of contamination of specimens with
endotoxins was performed as previously described?®.
Inside a laminar flow chamber, 20 uL (1.000.000 UE/
mL) of a solution containing Escherichia coli 055:B5
endotoxin (Lonza, Walkersville, MD, USA) was
inoculated into the root canals of 45 specimens using
a micropipette. Five teeth were not contaminated
(control samples). Pyrogen-free cotton pellets were
placed in the cervical portion of the canals in all
samples. The plates containing the specimens were
closed and incubated at 37°C under a humidified
atmosphere for 24 hours.

Experimental groups

After the incubation period, samples were
divided into the following groups, according to the
irrigation solution: QMix®, 17% EDTA (Biodinamica,
Ibipord, PR, Brazil), 2% CHX (Maquira, Maringa,
PR, Brazil), 3% NaOCI| (Farmacia Marcela, Porto
Alegre, RS, Brazil) (n=9 per group). The initial
count (ICo) of endotoxins was determined after the
contamination (n=4), without irrigation. As control
groups, non-contaminated teeth (negative control
NCtrl, n=5) and contaminated samples rinsed with
non-pyrogenic water (the flushing control - positive
control PCtrl, n=5).

With disposable syringes (Descapack, Sao Paulo,
SP, Brazil), the root canals were filled with each
solution. After 3 minutes?®, the canal content was
aspirated with a new disposable plastic syringe.
Then, the root canal was filled with non-pyrogenic
water. The root canal content was collected with
three #45 paper points, which were immediately
transferred to glass tubes, closed, and kept at -20°C
until the analysis. For all control groups, root canals
were filled with non-pyrogenic water, and the sample
was collected. In order to certify the accuracy of LPS
counting, the quantification of endotoxins levels in
non-pyrogenic water and in the paper points used
for sampling was determined.

The tubes containing paper points were filled with
1 mL of non-pyrogenic water, warmed (37°C£1°C) for
1 hour and vortexed (Phoenix, Araraquara, SP, Brazil)
for 1 minute. The protocol previously described?® was
applied for endotoxins quantification. Briefly, the
PYROGENT 5000 (Lonza, Walkersville, MD, USA) is a
quantitative, kinetic assay for the detection of Gram-
negative bacterial endotoxin. The sample is mixed
with the reconstituted LAL reagent, placed in the
photometer, and automatically monitored over time
for the appearance of turbidity. The concentration
of endotoxin in unknown samples can be calculated
from a standard curve!®. LAL reagent water (blank)
was used as a negative control. All reactions were
accomplished in duplicate to validate the test. 100
ML of the LAL Reagent Water blank, endotoxin
standards, product samples, positive product
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Table 1- Endotoxin values. ICo: Initial Count; NCtrl: Negative control; PCtrl: Positive control. p<0.001: significance using
ANOVA. Different index letters represent statistical significant differences in the post-hoc procedure (Tukey test)

EUmL  ICoc(n=4) NCtrla (n=5) PCtrlc (n=5) QMixe (n=9) EDTAo (n=9) CHXc (n=9)  NaOCIc
(n=9)
Median 33.75 0.005 26.8 111 176 44.1 255
Minimum 6.48 0.005 125 0.5 26.7 3.25 9.26
Maximum 60.7 0.064 31.7 4.68 370 147 106
1000:
] P p<0.001
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Figure 1- Endotoxin values. ICo: Initial count; PCtrl: Positive control; NCtrl: Negative control. Different index letters
represent statistical significant differences in the post-hoc procedure (Tukey test)

controls (PPC: an aliquot of test sample spiked
with a known amount of endotoxin) were carefully
dispensed into the appropriate wells of a 96-well
microplate (Corning Costar, Tewksbury, MA, USA).
The filled plate was placed in the microplate Kinetic-
QCL Reader and pre-incubated for 210 minutes at
37°C+£1°C. After the incubation period, 100 pL of
the PYROGENT - 5000 Reagent was dispensed into
all wells of the microplate and the test was initiated.

According to the positive product control (PPC),
the samples of the test groups need a 100-fold
dilution to avoid the interference of the irrigants for
the quantification assay. The ICo and PCtrl group
samples need a 10-fold dilution. No dilution was
required for the NCtrl group samples.

Statistical analysis

The collected data were log transformed, and
one-way analysis of variance was applied on these
data followed by the Tukey post hoc test. The level of
significance was set to p<0.001. Data were analyzed
using SPSS version 17.0 (SPSS, Chicago, IL, USA).

RESULTS

Endotoxins in the water, as well as in the paper
points used during the experiment, were quantified
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as <0.01 EU/mL.

Table 1 and Figure 1 show the endotoxin load
for both control and test groups. QMix® reached the
lowest levels of endotoxins among all test solutions
(p<0.001). There was no significant difference
among NaOCI, CHX and PCtrl group samples. Higher
levels were found with EDTA, when compared to the
PCtrl (p<0.001). There was no statistically significant
difference among the endotoxin content for the
EDTA, NaOCl and CHX groups. The NCtrl group
presented statistically significant lower levels of
endotoxins compared to all test groups (p<0.001).

DISCUSSION

The presence of endotoxin within the root canal
has been associated with periapical inflammation?3,
bone resorption'® and symptomatic infections'®. Its
removal/neutralization from infected root canals
during the endodontic treatment seems to be
important for the healing process of the periapical
tissues. This study evaluated the effect of auxiliary
chemical substances in root canals infected with
endotoxins, especially for final rinsing substances
such as EDTA and QMix®.

LPS from most bacterial species is composed
of three distinct regions: the O-antigen region, a
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core oligosaccharide, and Lipid A®. In an aqueous
environment, amphiphilic molecules like lipid A form
supramolecular aggregate structures, changing the
physical structure of LPS from monomeric molecules
to multimeric aggregates. LPS in an aggregate
structure has had a higher biological activity than
monomerized LPS?*. The LAL assay is not able to
detect monomerized LPS?*. Therefore, the lack of
detection of LPS through the assay should not be
considered as the absence of endotoxin. It could
be associated with the presence of the low toxic
monomerized LPS.

Some solutions, like NaOCl and EDTA, can
interfere in the LAL reaction due to pH variations
and chelating activity’. In the present study, the
samples were diluted to avoid the interference of the
irrigants in the analytic procedures. Furthermore, the
absence of interferences was determined through the
results observed in the PPC, which detects inhibition
or enhancement of LAL through the addition of a
known concentration of E. coli endotoxins to its
sample, as recommended by the manufacturer (spike
procedure). According to LAL assay manufacturer’s
recommendations, the endotoxin recovered at PPC
should equal the known concentration of the spike
within 50% to 200%. To inactivate the LPS from
teeth before their contamination, irradiation with
Co-60 has been employed. The material employed
in the experiment was detoxified through dry heat
(250°C, for 30 minutes). The absence of endotoxins
was determined before the analysis, and all
materials showed negative results for the presence
of endotoxins at the control procedures.

Sampling methods to study the root canal of
microbial communities have been discussed in the
current literature?22. Their limitations can also affect
sampling procedures of endotoxin. In the present
study, root canal sampling was performed with paper
points, as previously reported:®2°, to simulate the
clinical limitations that are imposed during sampling.
It should be emphasized that paper points were not
able to entirely remove the endotoxins that are in the
dentinal tubules and root canal irregularities. In this
study, it was inoculated 20 mL of a 1.000.000 UE/
mL solution containing Escherichia coli endotoxin into
the root canals. It was observed that a median value
of 33.75 EU/mL was recovered in the initial sampling
(ICo). Therefore, endotoxins can be distributed in
the entire root canal system. It might be suggested
that endotoxins can be trapped in the deep dentin
layers, isthmus and irregularities. Similar and broad-
covering sampling methods should be developed to
allow a broad endotoxin recovery from root canals,
for both in vitro and in vivo studies.

Because of the high toxicity of endotoxin,
some substances have been tested to obtain its
inactivation. Sodium hypochlorite has been widely
used as an auxiliary chemical substance. Besides
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its bleaching, deodorant and tissue dissolution
effects, sodium hypochlorite have been proven
as an effective disinfectant?”. On the other hand,
chlorhexidine is a biocompatible agent that has the
antimicrobial action associated with substantivity?°.
However, a clinical study concluded that NaOCI
and CHX have no detoxifying effect on endotoxins,
and that the removal of more than 47% of the LPS
content was related to the mechanical action of the
instruments in dentin walls accomplished by the flow
and backflow of the irrigantst!. In the same way,
the results of the present study have demonstrated
that sodium hypochlorite and chlorhexidine are
not able to detoxify root canals infected with LPS.
These results are consistent with the findings of
previous studies that evaluated different irrigants
in direct contact with LPS, and the same behavior
was observed*®,

Ethylenediaminetetraacetic acid is a chelating
agent that promotes the smear layer removal. It
favors the action of other irrigants into the dentinal
tubules and root canal ramifications®. When an
aqueous solution of LPS was mixed with EDTA,
there was little breakdown of LPS*. On the other
hand, in the present study, there was a high level
of endotoxins for the EDTA group when compared
to the positive control group. A previous study®
observed that EDTA can exert a chelating action
in the calcium present in the lipid A portion of the
endotoxin molecules. Therefore, the action of EDTA
on exposing the deep layers of contaminated dentin
may improve LPS release by dentin, increasing its
recovery rates. Furthermore, EDTA can enhance
the endotoxin release by E. coli cells after a brief
exposure without changing its biological activity!’.
In the present study, isolated endotoxin has been
employed to contaminate the samples. Therefore,
this effect may be determinant especially for clinical
studies that evaluate the content of endotoxins inside
root canals infected with free LPS and bacteria.

QMix® has been employed after the root canal
preparation as a final rinse to improve root canal
cleaning and disinfection?®. It comprises an aqueous
solution of EDTA, chlorhexidine and N-cetyl-N,N,N-
trimethylammonium bromide!3. A previous study?®
employed a 3-minute period to evaluate the
antimicrobial effect of QMix® in a direct exposure
test. Furthermore, it was demonstrated that QMix®
promoted additional antimicrobial action, especially
in longer periods (>1 minute)?3. There is no study
that reported the effect of QMix® over the endotoxic
content within root canals. According to the results,
QMix® had the potential to reduce LPS content from
the root canal when compared to the other irrigants.
The presence of a high amount of surfactant and
EDTA in QMix® composition may explain the great
ability of this solution to remove biofilm cells from
a substrate!?. Thus, the presence of EDTA can
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enhance the LPS removal from the samples, due to
its ability to expose the infected inner dentin and to
its potential to bind to the calcium present in the lipid
A. Additionally, tensioactive agents may favor LPS
removal, emulsifying endotoxins, and favoring the
physical action of irrigant solutions on its removal®4.
Furthermore, cetrimide, as a cationic detergent,
interacts with endotoxin, which has a negative
charge?®. Also in this sense, non-polar interactions
occur between the Lipid A of the endotoxin and the
detergent!®. Thus, the charge characteristics and the
interaction of the detergent with the endotoxin seem
to be important in reducing LPS levels.

CONCLUSIONS

Based on the results, it is possible to conclude
that the chemical action of NaOCI, CHX and EDTA
has not been able to reduce the LPS load inside the
root canal system. The physical action of irrigants
associated with mechanical instrumentation may be
necessary to achieve LPS reduction. QMix® seemed
to reduce the LPS load inside the root canal system.
Further studies should be performed to determine if
this QMix® property may enhance the ability of the
chemomechanical preparation to reduce the total
endotoxic load from root canals.

Conflict of interest
The authors deny any conflict of interest related
to this study.

REFERENCES

1- Abou-Rass M, Patonai FJ] Jr. The effects of decreasing surface
tension on the flow of irrigation solutions in narrow root canals.
Oral Surg Oral Med Oral Pathol. 1982;53:524-6.

2- Alves FR, Siqueira JF Jr, Carmo FL, Santos AL, Peixoto RS, Récas
IN, et al. Bacterial community profiling of cryogenically ground
samples from the apical and coronal root segments of teeth with
apical periodontitis. J Endod. 2009;35:486-92.

3- Berutti E, Marini R, Angeretti A. Penetration ability of different
irrigants into dentinal tubules. J Endod. 1997;23:725-7.

4- Buck RA, Cai J, Eleazer PD, Staat RH, Hurst HE. Detoxification of
endotoxin by endodontic irrigants and calcium hydroxide. J Endod.
2001;27:325-7.

5- Burton AJ, Carter HE. Purification and characterization of the
lipid A component of the lipopolysaccharides from Escherichia coli.
Biochemistry. 1964;3:411-8.

6- Buttler TK, Crawford 1]J. The detoxifying effect of varying
concentrations of sodium hypochlorite on endotoxins. J Endod.
1982;8:59-65.

7- Dawson ME. Interference with the LAL test and how to address
it. LAL Update. 2005;22:1-6.

8- Dentsply. QMix 2 in 1 irrigation solution. [cited 2013 Nov 02].
Available from: http://www.tulsadentalspecialties.com/default/
endodontics/activation/QMix.aspx.

9- EI-Moghazy AA. Factors affecting endotoxin removal from aqueous
solutions by ultrafiltration process. J Sci Ind Res. 2011;70:55-9.
10- Gomes BP, Endo MS, Martinho FC. Comparison of endotoxin
levels found in primary and secondary endodontic infections. J
Endod. 2012;38:1082-6.

435

11- Gomes BP, Martinho FC, Vianna ME. Comparison of 2.5%
sodium hypochlorite and 2% chlorhexidine gel on oral bacterial
lipopolysaccharide reduction from primarily infected root canals. J
Endod. 2009;35:1350-3.

12- Guerreiro-Tanomaru JM, Nascimento CA, Faria-JUnior NB,
Graeff MS, Watanabe E, Tanomaru-Filho M. Antibiofilm activity
of irrigating solutions associated with cetrimide. Confocal laser
scanning microscopy. Int Endod J. 2014;47:1058-63.

13- Haapasalo M, inventor. The University of British Columbia.
Composition and method for irrigation of a prepared dental root
canal. US Patent US 2012/0101166 A1, Apr. 26 2012.

14- Jang H, Kim HS, Moon SC, Lee YR, Yu KY, Lee BK, et al. Effects
of protein concentration and detergent on endotoxin reduction by
ultrafiltration. BMB Rep. 2009;42:462-6.

15- Kakehashi S, Stanley HR, Fitzgerald RJ. The effects of surgical
exposures of dental pulps in germ-free and conventional laboratory
rats. Oral Surg Oral Med Oral Pathol. 1965;20:340-9.

16- Kishen A, Sum CP, Mathew S, Lim CT. Influence of irrigation
regimens on the adherence of Enterococcus faecalis to root canal
dentin. J Endod. 2008;34:850-4.

17- Leive L, Shovlin VK. Physical, chemical, and immunological
properties of lipopolysaccharide released from Escherichia coli by
ethylenediaminetetraacetate. J Biol Chem. 1968;243:6384-91.
18- Magalhdes PO, Lopes AM, Mazzola PG, Rangel-Yagui C, Penna
TC, Pessoa A Jr. Methods of endotoxin removal from biological
preparations: a review. J Pharm Pharmaceut Sci. 2007;10:388-404.
19- Martinho FC, Chiesa WM, Leite FR, Cirelli JA, Gomes BP.
Antigenicity of primary endodontic infection against macrophages
by the levels of PGE(2) production. J Endod. 2011;37:602-7.

20- Martinho FC, Chiesa WM, Marinho AC, Zaia AA, Ferraz
CC, Almeida JF, et al. Clinical investigation of the efficacy of
chemomechanical preparation with rotary nickel-titanium files for
removal of endotoxin from primarily infected root canals. J Endod.
2010;36:1766-9.

21- Martinho FC, Gomes BP. Quantification of endotoxins and
cultivable bacteria in root canal infection before and after
chemomechanical preparation with 2.5% sodium hypochlorite. ]
Endod. 2008;34:268-72.

22- Montagner F, Gomes BP, Kumar PS. Molecular fingerprinting
reveals the presence of unique communities associated with
paired samples of root canals and acute apical abscesses. J Endod.
2010;36:1475-9.

23- Morgental RD, Singh A, Sappal H, Kopper PMP, Vier-Pelisser
FV, Peters OA. Dentin inhibits the antibacterial effect of new and
conventional endodontic irrigants. J Endod. 2013;39:406-10.

24- Mueller M, Lindner B, Kusumoto S, Fukase K, Schromm AB,
Seydel U. Aggregates are the biologically active units of endotoxin.
J Biol Chem. 2004;279:26307-13.

25- Schein B, Schilder H. Endotoxin content in endodontically
involved teeth. J Endod. 1975;1:19-21.

26- Signoretti FG, Gomes BP, Montagner F, Tosello FB, Jacinto
RC. Influence of 2% chlorhexidine gel on calcium hydroxide ionic
dissociation and its ability of reducing endotoxin. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2011;111:653-8.

27- Siqueira JF, Machado AG, Silveira RM, Lopes HP, Uzeda M.
Evaluation of the effectiveness of sodium hypochlorite used with
three irrigation methods in the elimination of Enterococcus faecalis
from the root canal, in vitro. Int Endod J. 1997;30:279-82.

28- Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M. Antibacterial
and smear layer removal ability of a novel irrigant, QMix. Int Endod
J. 2011;45:363-71.

29- White RR, Hays GL, Janer LR. Residual antimicrobial activity
after canal irrigation with chlorhexidine. J Endod. 1997;23:229-31.



