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Abstract

Objectives An adjunct in non-surgical periodontal therapy might be sodium hypochlorite (NaOCl)-based agents. The pur-
pose of the present in vitro study was to get deeper knowledge on the influence of different parameters as time after mixing,
pH, and chemical composition of an amino acid 0.475% NaOCI (AA-NaOCl) gel consisting of two components on its anti-
biofilm activity.

Materials and methods Six-species biofilms were cultured for 5 days, before AA-NaOCI gel was applied. In the different
series, the influence of the time after mixing of the two components before application, of the concentration of NaOCl in
the gel mixture, of the pH of the gel mixture, and of an exchange of the amino acid component by hyaluronic acid (HA),
was analyzed.

Results Mixing time point experiments showed that the AA-NaOCI gel is capable of statistically significantly reducing
colony-forming unit (cfu) counts up to 30 min after mixing, but only up to 20 min after mixing the reduction was more than
2 log10 cfu. The pH experiments indicate that a reduced pH results in a reduced activity of the NaOCI formulation. NaOCl
concentrations in the formulation in the range from 0.475 to 0.2% provide adequate activity on biofilms. A HA/NaOCl gel
was equally active against the biofilm as the AA-NaOCl gel.

Conclusion Mixing of the components should be made in a timeframe of 20 min before applications. An optimization of the
composition of the NaOCl formulation might be possible and should be a topic in further in vitro studies.

Clinical relevance The AA-NaOClI gel formulation can be mixed up to 20 min before application. Further, the study indicates
that the composition of the NaOCI gel formulation can be optimized.
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Introduction

Periodontitis is a bacterially induced chronic inflammatory
disease, where an imbalance of the innate immune defense
system markedly contributes to the destruction of the tooth-
supporting tissue [1]. Microorganisms are organized in bio-
films; the subgingival biofilms consist of hundreds of spe-
cies [2, 3]. Among the bacteria more present in periodontitis
than in periodontal health are Treponema denticola, Porphy-
romonas gingivalis, Tannerella forsythia, Filifactor alocis,
and several others [4, 5].
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Non-surgical removal of the microbial deposits, the
subgingival debridement (instrumentation) is the standard
in any cause-related periodontal therapy [6]. But a sole
mechanical debridement may be insufficient in completely
removing the causative biofilm [7] and may benefit from the
use of an adjunctive antiseptic [8, 9]. The standard antiseptic
in periodontal treatment is chlorhexidine digluconate (CHX)
in a concentration of 0.12—0.2%, as a mouth wash for the
home plaque control following periodontal treatment, but
also to rinse the periodontal pocket right after mechanical
debridement [10]. CHX shows good antibacterial properties
and a long substantivity, although tooth surface discoloration
is observed as side effect [11]. Further, it is cytotoxic to oral
cells [12, 13], in vitro it may induce resistance in oral bacte-
ria [13, 14], and it was found that CHX affects homoeostasis
of oral microbiota and promotes selection of bacteria being
resistant to common antibiotics in vivo [15].
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An interesting alternative in periodontal therapy might
be sodium hypochlorite (NaOCl)-based agents. They are a
well-known irrigant in endodontic therapy [16]. In supportive
periodontal therapy, NaOCI solution was tested and found as
effective in reducing inflammation already in the early 1980s
of the last century [17]. After a time of neglecting its positive
properties in periodontal therapy, it was rediscovered about
10 years ago [18] when an amino acid (AA)-buffered slightly
viscous NaOCl solution (AA-NaOCl gel) was introduced to
the market. This formulation consists of two components, a
diluted NaOCl solution and a viscous amino acid solution
containing carboxymethyl cellulose as viscosity builder. The
two components are mixed right before use in order to achieve
a slightly viscous alkaline NaOCI solution for application in
periodontal pockets. In vitro studies underlined the potential
of the NaOCl gel. A dentine surface treated in vitro with AA-
NaOCl gel and rinsed thereafter with sodium chloride solution
did not affect cell viability of periodontal ligament fibroblasts,
whereas cell adhesion and spreading were promoted [19]. In
another in vitro study, we have found that AA-NaOCl gel was
able to disaggregate biofilms [20] and that its principal mode
of anti-biofilm action is not based on antibacterial activity.

Recently, clinical studies underlined a beneficial effect of
adjunctive application of an AA-NaOCl gel in periodontal
therapy [21, 22]. Combined with minimal invasive non-surgi-
cal periodontal therapy, the adjunctive use of the AA-NaOCl
gel improved the clinical outcome with respect to the peri-
odontal probing depth (PPD), clinical attachment loss, sites
with PPD >5 mm, and bleeding on probing (BOP) positive
sites [21]. In supportive periodontal therapy, the adjunctive use
of AA-NaOCl gel was in favor to an application of a chlorhex-
idine or of a placebo gel regarding reduction of sites with BOP
and pocket closure [22]. However, in peri-implant mucositis,
the AA-NaOCl gel did not show significant additional benefit
[23]. Here, it has to be noted that in both groups, a chlorhex-
idine gel was applied after instrumentation and no complete
resolution of inflammation was reached [23].

The following in vitro study was aimed to answer the
questions (i) how the activity of AA-NaOCl gel changes
over time after mixing of the two components, (ii) how the
concentration of NaOCl in the gel mixture affects its activ-
ity, (iii) if a lower pH of the gel mixture decreases its activ-
ity, and (iv) if the antibacterial and biofilm disaggregating
activity remains when the second component (amino acids)
is replaced by hyaluronic acid.

Materials and methods
Test material

The AA-NaOCl gel (PERISOLV (batch number 5149536);
Regedent AG, Zurich Switzerland) was mainly used by
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mixing the two components (component 1, 0.95% NaOCl;
component 2, amino acids plus additives) according to the
manufacturer’s instructions, meaning by the “two-con-
nected-syringe” system. Notwithstanding, in series (i), the
gel component of regular product was mixed with an equal
volume of different freshly prepared NaOCI concentrations
(0.95%, 0.8%, 0.6%, 0.4% NaOCl) by repeated pipetting of
the mixture in Eppendorf tubes. In series (iv), besides the
AA-NaOCI gel, NaOCl (0.5%) and hyaluronic acid (HA,
hyadent BG, Regedent AG, containing 16 mg/ml cross-
linked hyaluronic acid and 2 mg/ml natural hyaluronic
acid) were used. As negative control served 0.9% w/v NaCl
solution.

Microorganisms
The following microorganisms were included:

Porphyromonas gingivalis ATCC 33277
Tannerella forsythia ATCC 43037
Fusobacterium nucleatum ATCC 25586
Streptococcus gordonii ATCC 10558
Actinomyces naeslundii ATCC 12104
Parvimonas micra ATCC 33270

SAAE e

The strains were precultivated on tryptic soy agar plates
(Oxoid Ltd, Basingstoke, GB) with 5% of sheep blood. They
were suspended in 0.9% w/v NaCl according to McFarland
4. Then, for all biofilm assays, a mixed suspension was pre-
pared by adding one part of S. gordonii suspension, two
parts of A. naeslundii suspension and each four parts of the
other bacterial suspensions.

Series (i): different times of mixing the components
before application

The biofilm formation followed the protocols described
before [20]. In short, three 96-well-plates were coated with
a protein solution (1.5% bovine serum albumin) for 15 min.
Biofilms using the multispecies mixture mixed with nutri-
ent broth (Wilkins-Chalgren broth, Oxoid) in a ratio 1:9
consisting of six species were formed for 5 days. After 3.5
days, nutrient broth was exchanged and P. gingivalis and T.
forsythia were added again.

At 5 days, the AA-NaOCI gel mixtures were prepared
each 30 min, 20 min, 10 min, 5 min, and 2 min (consid-
ered immediate application) before application. The media
on the biofilms were removed, and the biofilms were care-
fully washed with phosphate-buffered saline (PBS). Then,
25 ul of test substances was added to each of the four wells
containing biofilm for the respective test substance. After
5 min, nutrient broth (225 pl) was added to dilute the test
substance tenfold (mimicking the gingival crevicular flow),
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and the biofilms were analyzed after an additional 10 min
of incubation.

From the 96-well plates, the supernatants were removed,
and the remaining biofilms were carefully washed with 0.9%
w/v NaCl. Each 200 pl of 0.9% w/v NaCl solution were
added per well of the first plate. Then, the biofilms were
removed from the surface by scraping supported by ultra-
sonication. The resulting biofilm suspension was mixed by
pipetting, a serial dilution was made for each well, and the
total colony-forming unit (cfu) counts were assessed. From
the second plate, quantification of the biofilms was made
after staining with crystal violet according to the recently
published protocols [24], and from the third plate, the meta-
bolic activity of the remaining biofilm on the surface was
assessed using Alamar blue as a redox indicator according
established protocols [25].

Additionally and independent of the biofilm experiments,
the pH of the gel mixtures was determined immediately (2
min), 5 min, 10 min, 20 min, and 20 min after mixing.

Series (ii): different NaOCl concentrations
in the mixtures

The procedures were similarly as described for the first
series. However, here the NaOCI concentration in the gel
preparations differed. The first component contained 0.95%,
0.8%, 0.6%, and 0.4% NaOCl resulting in a concentration of
0.475%, 0.4%, 0.3%, and 0.2% NaOCl in the mixed gel. The
mixing occurred immediately before its application on the
biofilm, i.e., the NaOC] formulation with different NaOCl
concentrations were applied on the biofilm within 2 min
after mixing.

Again, the pH of the mixtures with the different NaOCl
concentrations was determined immediately after mixing
independent of the biofilm experiments.

Series (iii): different pH of the mixtures

For this series, the mixing of the gels occurred again imme-
diately before application. The pH of the gel mixture (with
0.95% NaOCl in the first component) was set right after mix-
ing to pH 5, pH 7, and pH 9 by adding 0.1 M or 1 M HCI
(without significantly altering the overall volume (less than
5%) and consequently NaOCl concentration). All other pro-
cedures were as described above.

Series (iv): NaOCl gel mixture with hyaluronic acid

The test substances were AA-NaOCl gel, 0.5% NaOCl, 9
mg/ml HA (the commercial gel was mixed 1:1 with 0.9%
w/v NaCl), and 0.5%NaOC1/9 mg/ml HA (the commercial
gel was mixed 1:1 with 1% NaOCl). All test substances were
adjusted to pH 12 before using.

First micro-broth dilution technique was used for deter-
mination of MICs. A defined inoculum of the test strain was
added to broth containing defined concentrations of test sub-
stances (starting from 10% of the final concentration in the
respective formulation). After an incubation time of 42 h (18
h aerobes), the growth of microbes was analyzed by visual
checking of turbidity. MIC represented the lowest concentra-
tion without visible turbidity.

Then, biofilms were formed, treated, and analyzed as
described in series (i). However, all test substances were
immediately applied after preparation (within 2 min). In
addition to the analysis in series (i), DNA was visualized
in biofilms. For that, biofilms were cultured on glass slides
in 24-well plates using 150 ul of test substance and 1350 pl
of nutrient media. Then, the DNA of the biofilm matrix was
stained with 0.1% acridine orange solution (Merck KGaA,
Darmstadt, Germany) as a general nucleic acid stain. Sam-
ples were examined by using fluorescent microscope with
an objective lens having a 20-fold magnification (Olympus
BXS51, Tokyo, Japan).

Statistical analysis

The MIC determinations were made in independent repli-
cates. All biofilm experiments were made in two independ-
ent experiments in each with independent quadruplicates
(eight independent results). Cfu counts (log10), biofilm
quantity, and metabolic activity were compared with the
help of Kruskal-Wallis test followed by Mann—Whitney
test with Bonferroni correction using SPSS 28.0 (IBM Cor-
poration, New York, NY, USA). P <0.05 was considered as
statistically significant.

Results

Series (i): different times of mixing the components
before application

The results confirmed an activity of the AA-NaOCl gel up
to 30 min after mixing (except for 30 min (p =0.025) all
other times vs. control p <0.001; Fig. 1a). However, when
waiting 30 min after mixing before application, the differ-
ence of the median cfu reduction compared to the negative
control was only 1.37 log10. At all other mixing time points,
the difference was at least 2.5 log10 cfu. Application of the
mixture up to 10 min after mixing decreased the cfu counts
significantly more than waiting 30 min (vs. 2 min p <0.001,
10 min p=0.010). The measured mass of the remaining
biofilm tended to be less than for the control when the for-
mulation was applied 10-20 min after mixing but not with
no statistical significances (Fig. 1b). The metabolic activity
as an indicator for the vitality of the remaining biofilm was
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Fig. 1 Cfu counts (a), biofilm quantity (b), and metabolic activity (c)
of the residual biofilm related to the mixing time of the AA-NaOCl
gel before application to the biofilm. */**p <0.05/0.01 vs. control.
(Presented are median, 25th and 75th percentiles, and range.)

significantly lower for all mixing time points compared to
the control (2 min p=0.015; 20 min p =0.010, other times
vs. control p <0.001) with no significant differences between
the different mixing time points (Fig. 1c).

In addition, the pH of the NaOCI formulation used for
the experiments was measured at the time of the applica-
tion. Results show that shortly after mixing, the pH slightly
increased to pH 12.5, and after 5 min, it started to slightly
decrease. Twenty minutes after mixing, the pH decreased to
pH 12.0 and after 30 min to pH 11.5.

Series (ii): different NaOCl concentrations
in the mixtures

Regarding the cfu counts (Fig. 2a), all mixtures signifi-
cantly reduced the cfu counts (each p <0.001 vs control).
The mixture containing 0.3% NaOC]I was most active (— 1.89
log10 cfu). The reductions for the 0.2% and 0.4% NaOCl
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Fig.2 Cfu counts (a), biofilm quantity (b), and metabolic activity (c)
of the residual biofilm related to the NaOCI concentration of the for-
mulation. */**p <0.05/0.01 vs. control. (Presented are median, 25th
and 75th percentiles, and range.)

formulation were 1.60 log10 and 1.65 log10 cfu. The values
for the biofilm quantity (Fig. 2b) were found to be signifi-
cantly lower for the formulations containing 0.2% and 0.3%
NaOCl than for the control (p=0.004, p=0.012). In terms
of reduction of metabolic activity, only the 0.4% NaOCI con-
taining formulation reduced the biofilm metabolic activity
(p=0.040; Fig. 2¢).

Also in this series, additionally and independent of the
biofilm experiments, the pH of the mixtures with the dif-
ferent NaOCl concentrations was determined immediately
after mixing. Results show that the pH only very slightly
decreases with decreasing NaOCl concentration and remains
in the range of pH 12 — 12.25.

Series (iii): different pH of the mixtures

The cfu counts in the residual biofilm decreased statisti-
cally significantly after adding the NaOCI gels set to the
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different pH (all p <0.001; Fig. 3a). But their numbers
decreased more at pH 9 and at a not adjusted pH compared
to pH 5 (p=0.028; p<0.001). Regarding the biofilm quan-
tity (Fig. 3b), an increased quantity vs. control was found
at pH 5 (p<0.001) and pH 9 (p=0.012). For the adjusted
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Fig.3 Cfu counts (a), biofilm quantity (b), and metabolic activity
(c) of the residual biofilm related to the pH of the AA-NaOCI gel.
*/*%%p <0.05/0.01 vs. control. (Presented are median, 25th and 75th
percentiles, and range.)

NaOCl gels, there was no difference vs. control regarding
the biofilm activity (Fig. 3c).

Series (iv): NaOCl gel mixture with hyaluronic acid

The MICs against planktonic single strains were measured
first. HA did not act growth inhibitory on the tested strains.
But in mixtures with NaOCI, HA did not negatively influ-
ence the MIC values of NaOCI. For four of the six tested
bacteria the results of the MIC values were in accordance
between NaOCl and AA-NaOCl (5% AA-NaOCl gel con-
tains about 0.025% NaOCl; Table 1).

The cfu counts in biofilms decreased most after apply-
ing NaOCl (—4.06 log10 cfu; p <0.001). The HA/NaOCl
formulation and the AA-NaOCl gel reduced bacterial counts
by 3.23 logl0 cfu and 3.43 logl0 cfu vs. control (both
p <0.001; Fig. 4a). All compounds did not change statisti-
cally significantly the biofilm quantity; adding HA increased
the biofilm quantity by trend, (Fig. 4b). The metabolic activ-
ity of the biofilms was reduced by all NaOCl-containing
compounds (each p <0.001; Fig. 4c). In all three analyses,
there was no statistical significant difference between HA/
NaOCl formulation and the AA-NaOCl gel.

In addition, the pH of the used substances was measured,
those of HA was around pH 6.4, of NaOCl pH 11.5, and of
the HA/NaOCI mixture pH 9.0.

DNA staining

The densest stained biofilm was visible in the controls
(Fig. 5a). The biofilm after applying HA (Fig. 5b) was
less densely stained than the control. Sodium hypochlorite
eliminated bacteria and seemed to degrade matrix of the
biofilm (Fig. 5c). After adding AA-NaOCl gel (Fig. 5d) or
HA/NaOCI (Fig. 5e), the biofilms were less stained than the
control but more stained compared to NaOCl alone. No clear
differences were observed between the AA-NaOCl gel and
the HA/NaOCI mixture.

Table 1 MIC values of sodium
hypochlorite, hyaluronic acid,
and respective formulations

against selected oral
microorganisms

NaOCl (%)  Hyaluronic Hyaluronic acid AA-
acid (mg/ml)  (mg/ml)/NaOCl (%) NaOCl
gel (%)
Porphyromonas gingivalis ATCC 33277  0.025 >0.7 0.35/0.025 5
Tannerella forsythia ATCC 43037 0.025 >0.7 0.35/0.025 5
Fusobacterium nucleatum ATCC 25586  0.025 >0.7 0.35/0.025 5
Streptococcus gordonii ATCC 10558 0.025 >0.7 0.175/0.0125 >10
Actinomyces naeslundii ATCC 12104 0.0125 >0.7 0.175/0.0125 0.625
Parvimonas micra ATCC 33270 0.025 >0.7 0.175/0.0125 5
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Discussion

The purpose of the present in vitro study was to get deeper
knowledge on the influence of different parameters on the
anti-biofilm activity of an AA-NaOCI gel designated as an
adjunctive in periodontal treatment. The studies’ parameters
were the time after mixing before potential application, the
pH, and the chemical composition of the formulation.
Periodontal disease is the biofilm-induced and host-
mediated inflammation and destruction of the tooth sur-
rounding tissue [26]. The crucial part of the therapy is the
subgingival instrumentation, i.e., the mechanical removal
of the supragingival biofilm and the mineralized depos-
its, to enable resolution of the inflammatory reaction and
reestablishment of the adjunct tissues [9]. In the guideline
of the European Federation of Periodontology however,
the application of adjunctive antiseptics is not clearly rec-
ommended nor not recommend, but relied only on chlo-
rhexidine. Nevertheless, CHX is not capable in degrading
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the extracellular matrix of the biofilm [27, 28]. Therefore,
remnants still cover the surface and avoid reattachment of
the tissue. In our study NaOCI 0.3% showed both a sig-
nificant reduction of the total biofilm mass and a decrease
in viability of the bacteria.

Before application, the AA-NaOCl gel has to be prepared
by mixing. This raises the question for the best time-point
which would also suit to the treatment protocol at all. To
enable some flexibility in the application, the stability of
the mixture is a precondition. The second component of the
AA-NaOCl gel contains the amino acids glutamic acid, leu-
cine, and lysine. In a recent study, NaOCl was mixed with
different amino acids which generated N-chloro-amino acids
[29]. Mixing glutamic acid or leucine with NaOCI produced
two peaks, whereas the mixture with lysine resulted in a
typical monochloramine peak [29]. The product of lysine
with NaOCl was investigated further; it was moderately sta-
ble [29]. Our mixing time point experiments showed that
the AA-NaOCI gel was capable of statistically significantly
reducing cfu counts (numbers of the viable bacteria) up to
30 min after mixing. But only up to 20 min after mixing a
log10 reduction above 2 was detectable. Equally, the NaOCl
formulation reduced significantly biofilm metabolic activity
up to 30 min after mixing. Based on these experimental data,
it can be concluded that the formulation can be applied up
to 30 min after mixing, preferentially within 20 min after
mixing.

Sodium hypochlorite has the potential to cause toxic
reactions due to its oxidizing capacity and its high pH [30].
Viabiltiy of human gingival fibroblasts decreased to about
35%, when 0.1% NaOCl solution was applied for 5 min [31].
But this should be also related to other antiseptics commonly
used in dental therapy. Low concentrated NaOCI (0.05%)
did not affect dental mesenchymal stem cell survival after
10 min, whereas low concentrated CHX (0.02%) caused a
strong cytotoxicity [32]. Further, computational prediction
did not find any mutagenic, tumorigenic irritant and repro-
ductive toxicity [33].

Anyway it raised the question if the anti-biofilm activity
can be kept when the concentration of NaOCl is reduced.
Our results suggest that using a lower NaOCl concentra-
tion does not necessarily result in a reduced activity on bio-
films. Lower NaOCl concentrations may be equally or even
more active against an existing biofilm than the regularly
used concentration. However, it has to mentioned that in
this series in contrast to other experiments, the formulation
containing regular NaOCI concentration (0.45%) did not
result in a significant cfu reduction compared to control.
This might be explained by the fact that the mixing of the
AA containing gel component with the NaOCl component of
different concentrations was done by pipetting and not by the
“two-connected-syringe” system and following less effec-
tive. A concentration-dependent effect of NaOCI solutions
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Fig.5 DNA staining of a 5-day-old biofilm without (a) and with addition of hyaluronic acid (b), sodium hypochlorite (¢), AA-NaOCl gel (d),

and hyaluronic acid/sodium hypochlorite mixture (e)

was reported in dialysis catheters with lower concentrated
NaOCl (0.005-0.1%) and a treatment time of 30 min [34].

The followed pH experiments indicated that a reduced
pH results in a reduced activity of the NaOCI formulation
on the biofilm and that a higher pH (pH 9 or above) is of
importance for the activity of the NaOCI formulation. Our
results contrast another study where NaOCl at pH 5 was
more active than at pH 12 [35]. There, an in situ biofilm was
created in root canals; bacterial cell viability was determined
by live-dead staining [35]. A study on dialysis equipment
did not find a clear influence of pH (8.5—11) on anti-biofilm
activity [34].

As mentioned before, the AA-NaOCl gel is a mixture of
two components. The AA-component provides viscosity for
the formulation. It might generate monochloramines to a
certain extent. Monochloramines can act as immunomodula-
tors. They inhibited TNFa secretion in a murine macrophage
cell line but reduced also dependent on the concentration
of chloramines the viability of the cells [29]. In our recent

in vitro study, the AA-component had direct antibacterial
activity against some Gram-negative bacteria; it slightly
inhibited biofilm formation but did not affect cfu counts
of an existing biofilm [20]. Others tested the potential of
D-amino acids (a mixture of three AA among them D-leu-
cine) to inhibit biofilm formation of Enterococcus faecalis
and found less biofilm formation, to a limited degree also in
the presence of low concentrated NaOCl [36]. Nevertheless,
there is the question if the AA component could be replaced
by another one. Comparing the NaOCIl component and the
NaOCl gel formulation showed at least the same activity of
the NaOCl alone as the gel formulation against biofilms [20].
In the present study, the second component was replaced
by a cross-linked hyaluronic acid formulation. It functioned
as a viscosity builder which may indicate that the HA was
not degraded. Degraded hyaluronic acid loses its dynamic
viscosity [37]. Hyaluronic acid is a molecule of interest for
many treatment options in medicine as ophthalmology, rheu-
matology and dermatology [38]. Having a high molecular
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weight, it has anti-inflammatory and immunosuppressive
properties; degraded and having lower molecular weight, it
may stimulate an inflammatory response [39]. In periodon-
titis treatment, adjunctive hyaluronic acid was applied in
non-surgical and surgical therapies; recently, a systematic
review showed an additional benefit in the clinical outcome
[40]. NaOCl combined with the HA formulation was at least
as active as the AA-NaOCl-gel formulation in biofilm dis-
aggregation. It is of interest to further study the combina-
tion, e.g., in different concentrations of the NaOCl and HA
component each and also in different modes of application.
Clinically a retrospective case series analysis underlined the
potential of the combination when HA was used sequentially
after the NaOCl gel application [41].

The present in vitro study focused on the anti-biofilm
activity of a NaOCl gel formulation. Of clinical relevance is
the finding that the AA-NaOCI gel formulation can be mixed
up to 20 min prior to application. Further, the study indicates
that the composition of the NaOCI gel formulation can be
optimized. This study did not consider aspects of interaction
of bacteria with host cells, adhesion of periodontal cells to
dentin surfaces, cytotoxicity, or immunomodulation. This
might be a limitation and should be investigated further
together with a potential modification of the NaOCl gel.

Acknowledgements The excellent technical support by Odara Nery
Barreto and Anna Magdon (Dept. of Periodontology, University of
Bern) is highly appreciated.

Author contribution S.E. and A.S. designed the study and acquired
funding. D.I. performed the experiments. D.I. and G.J. analyzed the
data. D.I., G.J., and S.E. wrote the main manuscript. All authors
reviewed the manuscript.

Funding Open access funding provided by University of Bern. The
study was funded by the Regedent AG, Zurich, Switzerland. The funder
had no role in data collection and analysis and decision to publish.

Data availability The data presented in this study are available on
request from the corresponding author.

Declarations
Ethics approval and consent to participate Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

10.

11.

12.

13.

15.

16.

Darveau RP, Curtis MA (2000) (2021) Oral biofilms revisited: a
novel host tissue of bacteriological origin. Periodontol 86:8—13.
https://doi.org/10.1111/prd.12374

Teles R, Teles F, Frias-Lopez J (2000) Paster B and Haffajee A
(2013) Lessons learned and unlearned in periodontal microbiol-
ogy. Periodontol 62:95-162. https://doi.org/10.1111/prd.12010
Belibasakis GN, Belstrom D, Eick S, Gursoy UK, Johansson A,
Kononen E (2023) Periodontal microbiology and microbial etiol-
ogy of periodontal diseases: historical concepts and contemporary
perspectives. Periodontol 2000. https://doi.org/10.1111/prd.12473
Abusleme L, Hoare A (2000) Hong BY and Diaz PI (2021) Micro-
bial signatures of health, gingivitis, and periodontitis. Periodontol
86:57-78. https://doi.org/10.1111/prd.12362

Sedghi L, DiMassa V, Harrington A (2000) Lynch SV and Kapila
YL (2021) The oral microbiome: role of key organisms and com-
plex networks in oral health and disease. Periodontol 87:107-131.
https://doi.org/10.1111/prd.12393

Sanz I, Alonso B, Carasol M, Herrera D, Sanz M (2012) Nonsur-
gical treatment of periodontitis. J Evid Based Dent Pract 12:76—
86. https://doi.org/10.1016/S1532-3382(12)70019-2

Wylam JM, Mealey BL, Mills MP, Waldrop TC, Moskowicz DC
(1993) The clinical effectiveness of open versus closed scaling and
root planing on multi-rooted teeth. J Periodontol 64:1023-1028.
https://doi.org/10.1902/jop.1993.64.11.1023

Graziani F, Karapetsa D (2000) Alonso B and Herrera D (2017)
Nonsurgical and surgical treatment of periodontitis: how many
options for one disease? Periodontol 75:152—-188. https://doi.org/
10.1111/prd.12201

Sanz M, Herrera D, Kebschull M, Chapple I, Jepsen S, Beglundh
T, Sculean A, Tonetti MS (2020) Treatment of stage I-III perio-
dontitis-The EFP S3 level clinical practice guideline. J Clin Peri-
odontol 47(Suppl 22):4—60. https://doi.org/10.1111/jcpe.13290
Poppolo Deus F, Ouanounou A (2022) Chlorhexidine in dentistry:
pharmacology, uses, and adverse effects. Int Dent J 72:269-277.
https://doi.org/10.1016/j.identj.2022.01.005

Slot DE, Berchier CE, Addy M, Van der Velden U, Van der Wei-
jden GA (2014) The efficacy of chlorhexidine dentifrice or gel on
plaque, clinical parameters of gingival inflammation and tooth dis-
coloration: a systematic review. Int J Dent Hyg 12:25-35. https://
doi.org/10.1111/idh.12050

Ké&hidai Z, Takacs A, Lajké E, Géczi Z, Pallinger E, Lang O,
Ké&hidai L (2022) The effects of mouthwashes in human gingiva
epithelial progenitor (HGEPp) cells. Clin Oral Investig 26:4559—
4574. https://doi.org/10.1007/s00784-022-04422-z

Eick S, Goltz S, Nietzsche S, Jentsch H, Pfister W (2011) Efficacy
of chlorhexidine digluconate-containing formulations and other
mouthrinses against periodontopathogenic microorganisms. Quin-
tessence Int 42:687-700

. Auer DL, Mao X, Anderson AC, Muehler D, Wittmer A, von Ohle

C, Wolff D, Frese C, Hiller KA, Maisch T, Buchalla W, Hellwig
E, Al-Ahmad A, Cieplik F (2022) Phenotypic adaptation to anti-
septics and effects on biofilm formation capacity and antibiotic
resistance in clinical Isolates of early colonizers in dental plaque.
Antibiotics (Basel) 11. https://doi.org/10.3390/antibiotics1105
0688

Mao X, Hiergeist A, Auer DL, Scholz KJ, Muehler D, Hiller KA,
Maisch T, Buchalla W, Hellwig E, Gessner A, Al-Ahmad A, Cie-
plik F (2022) Ecological effects of daily antiseptic treatment on
microbial composition of saliva-grown microcosm biofilms and
selection of resistant phenotypes. Front Microbiol 13:934525.
https://doi.org/10.3389/fmicb.2022.934525

Mohammadi Z (2008) Sodium hypochlorite in endodontics: an
update review. Int Dent J 58:329-341


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/prd.12374
https://doi.org/10.1111/prd.12010
https://doi.org/10.1111/prd.12473
https://doi.org/10.1111/prd.12362
https://doi.org/10.1111/prd.12393
https://doi.org/10.1016/S1532-3382(12)70019-2
https://doi.org/10.1902/jop.1993.64.11.1023
https://doi.org/10.1111/prd.12201
https://doi.org/10.1111/prd.12201
https://doi.org/10.1111/jcpe.13290
https://doi.org/10.1016/j.identj.2022.01.005
https://doi.org/10.1111/idh.12050
https://doi.org/10.1111/idh.12050
https://doi.org/10.1007/s00784-022-04422-z
https://doi.org/10.3390/antibiotics11050688
https://doi.org/10.3390/antibiotics11050688
https://doi.org/10.3389/fmicb.2022.934525

Clinical Oral Investigations

(2024) 28:190

Page9of9 190

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kalkwarf KL, Tussing GJ, Davis MJ (1982) Histologic evaluation
of gingival curettage facilitated by sodium hypochlorite solution.
J Periodontol 53:63-70. https://doi.org/10.1902/jop.1982.53.2.63
Galvan M, Gonzalez S, Cohen CL, Alonaizan FA, Chen CT, Rich
SK, Slots J (2013) Periodontal effects of 0.25% sodium hypochlo-
rite twice-weekly oral rinse. A pilot study. J Periodontal Res.
https://doi.org/10.1111/jre. 12151

Schmidlin PR, Fujioka-Kobayashi M, Mueller HD, Sculean
A, Lussi A, Miron RJ (2017) Effects of air polishing and an
amino acid buffered hypochlorite solution to dentin surfaces
and periodontal ligament cell survival, attachment, and spread-
ing. Clin Oral Investig 21:1589—-1598. https://doi.org/10.1007/
s00784-016-1950-9

Jurczyk K, Nietzsche S, Ender C, Sculean A, Eick S (2016) In-
vitro activity of sodium-hypochlorite gel on bacteria associated
with periodontitis. Clin Oral Investig 20:2165-2173. https://doi.
org/10.1007/s00784-016-1711-9

ITorio-Siciliano V, Ramaglia L, Isola G, Blasi A, Salvi GE, Scu-
lean A (2021) Changes in clinical parameters following adjunctive
local sodium hypochlorite gel in minimally invasive nonsurgical
therapy (MINST) of periodontal pockets: a 6-month randomized
controlled clinical trial. Clin Oral Investig. https://doi.org/10.
1007/s00784-021-03841-8

Radulescu V, Boariu MI, Rusu D, Roman A, Surlin P, Voicu
A, Didilescu AC, Jentsch H, Siciliano VI, Ramaglia L, Vela O,
Kardaras G, Sculean A, Stratul SI (2022) Clinical and microbio-
logical effects of a single application of sodium hypochlorite gel
during subgingival re-instrumentation: a triple-blind randomized
placebo-controlled clinical trial. Clin Oral Investig. https://doi.
org/10.1007/s00784-022-04618-3

Torio-Siciliano V, Blasi A, Stratul SI, Ramaglia L, Sculean A,
Salvi GE, Rusu D (2020) Anti-infective therapy of peri-implant
mucositis with adjunctive delivery of a sodium hypochlorite
gel: a 6-month randomized triple-blind controlled clinical trial.
Clin Oral Investig 24:1971-1979. https://doi.org/10.1007/
s00784-019-03060-2

Kwasny SM, Opperman TJ (2010) Static biofilm cultures of
Gram-positive pathogens grown in a microtiter format used
for anti-biofilm drug discovery. Curr Protoc Pharmacol Chap-
ter 13:Unit 13A 8. https://doi.org/10.1002/0471141755.ph13a
08s50

Pettit RK, Weber CA, Kean MJ, Hoffmann H, Pettit GR, Tan R,
Franks KS, Horton ML (2005) Microplate Alamar blue assay for
Staphylococcus epidermidis biofilm susceptibility testing. Anti-
microb Agents Chemother 49(7):2612. https://doi.org/10.1128/
AAC.49.7.2612-2617.2005

Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine
DH, Flemmig TF, Garcia R, Giannobile WV, Graziani F, Green-
well H, Herrera D, Kao RT, Kebschull M, Kinane DF, Kirkwood
KL, Kocher T, Kornman KS, Kumar PS, Loos BG, Machtei E,
Meng H, Mombelli A, Needleman I, Offenbacher S, Seymour
GJ, Teles R, Tonetti MS (2018) Periodontitis: Consensus report
of workgroup 2 of the 2017 World Workshop on the Classifica-
tion of Periodontal and Peri-Implant Diseases and Conditions. J
Periodontol 89(Suppl 1):S173-s182. https://doi.org/10.1002/jper.
17-0721

Zaura-Arite E, van Marle J, ten Cate JM (2001) Conofocal micros-
copy study of undisturbed and chlorhexidine-treated dental bio-
film. J Dent Res 80:1436-1440. https://doi.org/10.1177/00220
345010800051001

Souza JGS, Costa Oliveira BE, Costa RC, Bechara K, Cardoso-
Filho O, Benso B, Shibli JA, Bertolini M, Barao VAR (2022)
Bacterial-derived extracellular polysaccharides reduce antimicro-
bial susceptibility on biotic and abiotic surfaces. Arch Oral Biol
142:105521. https://doi.org/10.1016/j.archoralbio.2022.105521

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kwon YM, Kim RI, Kang IS, Kim C (2017) Synthesis of N-Chlo-
roamino Acids and Their Biological Activities in LPS Stimulated
RAW 264.7 Cells. Adv Exp Med Biol 975:675-684. https://doi.
0rg/10.1007/978-94-024-1079-2_53

Slaughter RJ, Watts M, Vale JA, Grieve JR, Schep LJ (2019) The
clinical toxicology of sodium hypochlorite. Clin Toxicol (Phila)
57:303-311. https://doi.org/10.1080/15563650.2018.1543889
Ugur Aydin Z, Akpinar KE, Hepokur C, Erdonmez D (2018)
Assessment of toxicity and oxidative DNA damage of sodium
hypochlorite, chitosan and propolis on fibroblast cells. Braz Oral
Res 32:e119. https://doi.org/10.1590/1807-3107bor-2018.vol32.
0119

Sismanoglu S, Ercal P (2022) The cytotoxic effects of various
endodontic irrigants on the viability of dental mesenchymal
stem cells. Aust Endod J 48:305-312. https://doi.org/10.1111/
aej.12570

Kardaras G, Marcovici I, Rusu D, Dehelean C, Coricovac D,
ITorio-Siciliano V, Sculean A, Stratul SI (2023) In-vitro safety
evaluation of sodium hypochlorite (NaOCl) as part of step 2
and maintenance therapy protocols in patients with periodontitis
stages III-IV. Oral Health Prev Dent 21:103—112. https://doi.org/
10.3290/j.0hpd.b4009557

Osono E, Honda K, Inoue Y, Ichimura K, Kamano C, Akimoto
T, Kawamoto S, Norose Y, Takaku S, Morita R (2021) Sodium
hypochlorite is effective against biofilms in dialysis equipment.
Biocontrol Sci 26:1-7. https://doi.org/10.4265/bi0.26.1

del Carpio-Perochena A, Bramante CM, de Andrade FB, Maliza
AG, Cavenago BC, Marciano MA, Amoroso-Silva P, Duarte MH
(2015) Antibacterial and dissolution ability of sodium hypochlo-
rite in different pHs on multi-species biofilms. Clin Oral Investig
19:2067-2073. https://doi.org/10.1007/s00784-015-1431-6
Zilm PS, Butnejski V, Rossi-Fedele G, Kidd SP, Edwards S, Vasi-
lev K (2017) D-amino acids reduce Enterococcus faecalis biofilms
in vitro and in the presence of antimicrobials used for root canal
treatment. PLoS ONE 12:e0170670. https://doi.org/10.1371/journ
al.pone.0170670

Soltés L, Kogan G, Stankovska M, Mendichi R, Rychly J, Schiller
J, Gemeiner P (2007) Degradation of high-molar-mass hyaluronan
and characterization of fragments. Biomacromol 8:2697-2705.
https://doi.org/10.1021/bm070309b

Huynh A, Priefer R (2020) Hyaluronic acid applications in oph-
thalmology, rheumatology, and dermatology. Carbohydr Res
489:107950. https://doi.org/10.1016/j.carres.2020.107950
Litwiniuk M, Krejner A, Speyrer MS, Gauto AR, Grzela T (2016)
Hyaluronic acid in inflammation and tissue regeneration. Wounds
28:78-88

Eliezer M, Imber JC, Sculean A, Pandis N, Teich S (2019)
Hyaluronic acid as adjunctive to non-surgical and surgical
periodontal therapy: a systematic review and meta-analysis.
Clin Oral Investig 23:3423-3435. https://doi.org/10.1007/
s00784-019-03012-w

Diehl D, Friedmann A, Liedloff P, Jung RM, Sculean A, Bilhan H
(2022) Adjunctive application of hyaluronic acid in combination
with a sodium hypochlorite gel for non-surgical treatment of resid-
ual pockets reduces the need for periodontal surgery-retrospective
analysis of a clinical case series. Materials (Basel) 15. https://doi.
org/10.3390/mal5196508

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1902/jop.1982.53.2.63
https://doi.org/10.1111/jre.12151
https://doi.org/10.1007/s00784-016-1950-9
https://doi.org/10.1007/s00784-016-1950-9
https://doi.org/10.1007/s00784-016-1711-9
https://doi.org/10.1007/s00784-016-1711-9
https://doi.org/10.1007/s00784-021-03841-8
https://doi.org/10.1007/s00784-021-03841-8
https://doi.org/10.1007/s00784-022-04618-3
https://doi.org/10.1007/s00784-022-04618-3
https://doi.org/10.1007/s00784-019-03060-2
https://doi.org/10.1007/s00784-019-03060-2
https://doi.org/10.1002/0471141755.ph13a08s50
https://doi.org/10.1002/0471141755.ph13a08s50
https://doi.org/10.1128/AAC.49.7.2612-2617.2005
https://doi.org/10.1128/AAC.49.7.2612-2617.2005
https://doi.org/10.1002/jper.17-0721
https://doi.org/10.1002/jper.17-0721
https://doi.org/10.1177/00220345010800051001
https://doi.org/10.1177/00220345010800051001
https://doi.org/10.1016/j.archoralbio.2022.105521
https://doi.org/10.1007/978-94-024-1079-2_53
https://doi.org/10.1007/978-94-024-1079-2_53
https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.1590/1807-3107bor-2018.vol32.0119
https://doi.org/10.1590/1807-3107bor-2018.vol32.0119
https://doi.org/10.1111/aej.12570
https://doi.org/10.1111/aej.12570
https://doi.org/10.3290/j.ohpd.b4009557
https://doi.org/10.3290/j.ohpd.b4009557
https://doi.org/10.4265/bio.26.1
https://doi.org/10.1007/s00784-015-1431-6
https://doi.org/10.1371/journal.pone.0170670
https://doi.org/10.1371/journal.pone.0170670
https://doi.org/10.1021/bm070309b
https://doi.org/10.1016/j.carres.2020.107950
https://doi.org/10.1007/s00784-019-03012-w
https://doi.org/10.1007/s00784-019-03012-w
https://doi.org/10.3390/ma15196508
https://doi.org/10.3390/ma15196508

	Effect of sodium hypochlorite gel on bacteria associated with periodontal disease
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusion 
	Clinical relevance 

	Introduction
	Materials and methods
	Test material
	Microorganisms
	Series (i): different times of mixing the components before application
	Series (ii): different NaOCl concentrations in the mixtures
	Series (iii): different pH of the mixtures
	Series (iv): NaOCl gel mixture with hyaluronic acid
	Statistical analysis

	Results
	Series (i): different times of mixing the components before application
	Series (ii): different NaOCl concentrations in the mixtures
	Series (iii): different pH of the mixtures
	Series (iv): NaOCl gel mixture with hyaluronic acid

	DNA staining
	Discussion
	Acknowledgements 
	References


