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ARTICLE INFO ABSTRACT

Article history: Purpose: The mechanical properties, antimicrobial activity, and biocompatibility of a novel antimicrobial
Received 7 April 2019 tissue conditioner containing cetylpyridinium chloride with montmorillonite (CPC-Mont) were evaluated.
/liizlesigdzg ’;‘;‘22252 ;g}g Methods: To examine the mechanical properties of the novel material, hardness, consistency, and penetra-

P tion tests were conducted. Antimicrobial activity against Candida albicans (C. albicans) and Staphylococcus
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aureus (S. aureus) was evaluated. Cell viabilities of fibroblasts and epithelial cells using eluates from ma-
terials were measured to evaluate cytotoxicity. In addition, to assess tissue response, animal experiments
were conducted.
Results: The hardness test results were similar to those of other commercially available materials. The
novel tissue conditioner showed good antimicrobial activity against C. albicans and S. aureus compared
with other materials. This effect was sustained for a week for C. albicans. In the case of S. aureus, mi-
crobial growth was suppressed for up to 3 weeks. Cell viability of the novel material for the eluate at 1
day was significantly less than those of other material for both cells. However, the cell viability at 7 days
showed no significant difference. Animal experiments demonstrated that inflammatory responses around
materials were not observed on the oral mucosa as other material.
Conclusion: Within the limitations of this in vitro and in vivo study, the results suggest that the newly
developed tissue conditioner containing CPC-Mont has not only excellent antimicrobial properties, but
also the same mechanical properties and biocompatibility as tissue conditioners on the market.

© 2019 Japan Prosthodontic Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Tissue conditioners have commonly been used for the pros-
thetic treatment of dentures in tissue conditioning, dynamic im-
pression, and relining of the immediate dentures [1]. They are in-
tended to be in direct contact with the oral mucosa; this means
that they must be non-irritating, non-toxic, and inhibit bacterial
and fungal colonization [2,3].

Aspiration pneumonia in older patients is a most serious prob-
lem, which may be life-threatening [4,5], or at least may result in a
decline in the individual’s quality of life. It has also been reported
that aspiration pneumonia is related to periodontal disease, dental
caries, and poor oral hygiene [6]. Recently, O’'Donnell et al. sug-
gested that dentures can act as a reservoir for potential respiratory
pathogens in the oral cavity, thus increasing the risk of develop-
ing aspiration pneumonia [7]. In fact, it has been shown that mi-
croorganisms, including Candida albicans (C. albicans), Staphylococ-
cus aureus (S. aureus), and Streptococcus mutans (S. mutans), adhere
to the inner surface of complete dentures [8,9]. In particular, C. al-
bicans and S. aureus are significant in causing aspiration pneumo-
nia [10,11]. Therefore, it is quite important to prevent older per-
sons from contracting aspiration pneumonia by reducing the num-
ber of microbes attached to dentures. The proliferation of microbes
is enhanced by the surface roughness of acrylic resins on dentures
[12-14]. Further complicating matters, when tissue conditioner is
repeatedly applied to the denture for long periods, because of its
porosity and softness, it might act as an even more damaging
reservoir for microorganisms compared with acrylic resin, as it al-
lows microbial adherence, accumulation, and penetration, or may
become so degraded that plaque deposits will form on it and mi-
crobes are found to colonize its surface.

To reduce the number of microbes colonizing tissue condition-
ers, attempts have been made to add antimicrobial agents, such as
oil and silver [15-17], but it has been reported that these produce
harmful effects, such as metal allergies [18-20]. Biocompatibility is
a very important property for a tissue conditioner, as is antimi-
crobial activity. However, few animal experiments have been con-
ducted. Therefore, antimicrobial tissue conditioners have been sub-
jected to extensive research, but have not yet reached a stage at
which they are ready for commercialization [15-21].

Cetylpyridinium chloride (CPC) is a highly safe antibacterial
substance, and commonly used as an antimicrobial agent in both
food and oral care; this suggests that it could play a role in the
oral care of older people. The CPC molecule binds to the negatively
charged surface of the bacterial cell membrane [22]. The nonpo-
lar region of the molecule, which has similar traits to membrane
phospholipids, penetrates the cell membrane of the bacteria, alter-
ing it and generating an imbalance in osmotic regulation, result-
ing in the loss of cytoplasmic material and, ultimately, cell death
[22,23]. However, it was found that the antimicrobial effect does
not persist with CPC alone; some kind of carrier are necessary to
sustain its antimicrobial activity. Montmorillonite is a highly safe
material, often used in human trials [24]. It is a very soft phyllosil-
icate group of minerals that forms layered clay and has been ex-
tensively used in catalytic processes to facilitate cation exchange;
it has also attracted attention from researchers for its adsorption
qualities [25]. Montmorillonite can intercalate cationic organic sur-
factants between the layers [26]. By using this property, CPC in-
tercalated to montmorillonite would be able to exhibit sustain-
able antibacterial effects. Thus, we developed the new tissue con-
ditioner containing CPC-Mont (TC-CPC) as a highly novel antimi-
crobial tissue conditioner.

The addition of CPC-Mont has made it possible to develop new
tissue conditioner with antimicrobial property. It is hypothesized
that CPC and montmorillonite are both safe materials and TC-CPC
is also safe for clinical use. However, because such materials are in

prolonged contact with the oral mucosa, the mechanical properties
and biocompatibility of TC-CPC must be considered in connection
with clinical use.

The purpose of this study was to evaluate the mechanical prop-
erties and antimicrobial activity of TC-CPC, as well as its biocom-
patibility in vitro and in vivo.

2. Materials and methods

Details of the materials tested are listed in Table 1, which also
includes the powder-to-liquid ratios used. Specimens used for ex-
periments were prepared according to the manufacturer’s instruc-
tions.

2.1. Physical tests

2.1.1. Hardness tests

A specimen for hardness test with 20 mm in diameter and
3 mm in thickness was prepared. Three specimens for each ma-
terial were stored at 25 °C (room temperature) for 2 h and consec-
utively in deionized water at 37 °C for 2 h. A hardness value was
measured by a universal testing machine (Testing machine EZ, Shi-
maz, Kyoto, Japan) with a cylindrical plunger (20 mm in diameter
and 8 mm in height). The test condition specified in a crosshead
speed of 1 mm/sec, an initial clearance of 5 mm, a displacement
of 10% of the specimen, and a holding time of 60 s. The initial
maximum stress value (N) was recorded as the hardness value. The
mean was calculated by use of the value of three specimens. The
data were analyzed using one-way ANOVA and Tukey’s post hoc
test for multiple comparisons (p < 0.05).

2.1.2. Consistency test and penetration test

The apparatus and method used were as specified by JIS-T6519
(Japanese Industrial Standard), which is based on ISO 10139-1 [27].

Consistency test: A syringe was used to dispense 2.0 £ 0.1 mL
of material onto a glass plate. 30 & 1 s after mixing, the specimen
was compressed by vertically applying another glass plate termed
the minor load, having a mass of 100 £ 1 g and a thickness not
less than 2 mm. The plates and the specimen were then main-
tained at temperature at 37 + 1 °C. 120 + 1 s after mixing the
major load of 1000 &+ 5 g was applied vertically, so that the total
load was 1100 + 6 g. This load was maintained for 60 & 1 s after
which it was removed, leaving the minor load in place. 8 + 0.5 min
after mixing, the maximum and minimum diameters of the result-
ing disk of material were measured to an accuracy of +0.5 mm.
The average of the two measurements was calculated. To satisfy
the standard specification the value should be between 25 mm and
75 mm. The mean was calculated by use of the value of four spec-
imens.

Penetration test: The apparatus comprises a cylindrical pen-
etrator of 1 mm in diameter which is fixed on a vertical rod
(Japan Mecc, Tokyo, Japan). The vertical rod plus the penetrator
has a mass of 50 & 5 g. There is a locking device which fixes
the penetrator at any vertical position and is used to measure
the depth of penetration. A specimen was placed in a metal ring
(30 +£ 1 mm internal diameter and 3 + 1 mm high) on the PMMA
flat plate (50 mm x 50 mm X 4 mm). There was a slight over-
flow. A polyethylene film (110 mm x 110 mm x 0.025 mm) was
used to cover the specimen. A glass plate (50 mm x 50 mm x
60 mm) was then placed on top and a weight of 2.0 + 0.1 kg was
applied. 10 min after mixing, the load, the glass plate and film
were removed and the specimen was stored in a water bath at
37.0 &+ 1.0 °C. 115 4+ 0.5 min after mixing, the specimen was re-
moved from the water bath and placed in the penetrometer. The
penetrator was brought just into contact with surface of the speci-
men and locked in position. The rod from the gage (ABS Digimatic
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Table 1
Tissue conditioners investigated.
Liquid P/L ratio by
Brand name Manufacturer Lot.No. Code Powder — weight
plasticizer Ethanol (wt.%)
Experimental - - TC-CPC Poly butyl methacrylate Dibutyl sebacate 7 1.5
tissue conditioner (PBMA) (DBS)
Poly ethyl methacrylate
(PEMA)
Cetylpyridinium
chloride(CPC)-montmorillonite
(2 wt.%)
Experimental - - TC Poly butyl methacrylate Dibutyl sebacate 7 1.5
tissue conditioner (PBMA) (DBS)
without CPC Poly ethyl methacrylate
(PEMA)
Fictioner Nissin 5A8400500 NSTC Poly butyl methacrylate Dibutyl sebacate 0 2.0
(PBMA) (DBS)
Poly ethyl methacrylate Butyl phthalyl
(PEMA) butyl glycolate
(BPBG)
Tissue conditioner GC 1507031 GCTC Poly ethyl methacrylate Dibutyl sebacate 14 1.2
(PEMA) (DBS)

Indicator ID-S1012X, Mitsutoyo, Kawasaki, Japan) was brought into
contact with the vertical rod and adjusted to zero. 120 + 0.5 min
after mixing, the vertical rod was released for 1.5 & 0.5 s, allowing
the penetrator to penetrate the specimen and it was then locked
in position. The gauge was used to measure the depth of penetra-
tion three times and the average of the depth was calculated. The
test was carried out at three measurement points (5 mm or over
from the margin of specimen, and distance of 5 mm or over be-
tween the measurement). The mean value of three measurement
points was recorded as value A. A had to be 1.8 mm or less to sat-
isfy the standard specification. The specimen was stored again in
water bath. The test was repeated after seven days and the mean
value was recorded as value B. B had to be 0.18 mm or more to
satisfy the standard specification. The penetration ratio was calcu-
lated as A /| B had to be 5.0 or less. The mean was calculated by
use of the value of three specimens.

2.2. Antimicrobial test

2.2.1. Culture of organisms

C. albicans ITFM40009 (ATCC48130) was cultured in Sabouraud
dextrose broth and S. aureus FDA209P (ATCC 6538P) was cultured
in nutrient broth. The organisms were cultured under aerobic con-
dition at 37 °C for 24-48 h, at which point the growth was in the
mid-logarithmic phase. Aliquots of the microbe cultures were col-
lected and stored at —80 °C, and their optical density as observed
at a wavelength of 600 nm was adjusted to 0.1 when used.

2.2.2. Detection of viable organisms

The number of viable organisms was determined by counting
colonies on an agar plate, and the viable counts were expressed
using the colony-forming unit. The agar plates used were selec-
tive media; Staphylococcus no. 10 agar (Eiken Chemical Co., Tokyo,
Japan) for S. aureus, and Candida GS agar (Eiken) for C. albicans.
The numbers of organisms adhered to tissue conditioners were
determined as follows. The tissue conditioner samples were incu-
bated with broth containing organisms, and then the broth was
removed, washed three times with sterilized phosphate-buffered
saline (PBS) and treated with 0.1% (v/v) Triton X-100 in sterilized
PBS for 10 min on a vibrator. The numbers of floating-microbes
in the broth were determined by plating serial 10-fold dilutions of
the broth containing microbes onto each of selective agar plates.
The numbers of colonies formed on the plates were treated as vi-
able counts of floating-microbes as described.

2.2.3. Assay of antimicrobial activity of CPC-Mont

To confirm the antimicrobial activity of CPC-Mont in the tissue
conditioner, two tissue conditioners were used, named TC-CPC (tis-
sue conditioner with CPC-Mont) and TC (tissue conditioner with-
out CPC-Mont), as listed in Table 1. Two sets of these two tis-
sue conditioners were prepared; one set was used soon after the
preparation and another set was used after incubation for 1 week
in 50 ml of sterilized PBS at 37 °C to examine the sustainability of
CPC-Mont in the tissue conditioner. The samples were incubated
with broth containing organisms, and their viable counts were de-
termined as described.

2.2.4. Sustainability of antimicrobial activity of TC-CPC

Samples of TC-CPC, GCTC, and NSTC (defined in Table 1) were
put in 50 ml tubes filled with sterilized PBS and incubated at 37 °C.
The PBS in the tubes was exchanged once a week for up to 4
weeks. The numbers of viable organisms in the broth were deter-
mined as described.

2.2.5. Determination of CPC recharging effect on TC-CPC

Since montmorillonite absorbs some antibiotics, owing to its
structure [28], attempts were made to recharge CPC into the tissue
conditioner after releasing CPC. The novel TC-CPC was prepared
and incubated in 500 ml of PBS to promote release of CPC. The
PBS was exchanged once a week; after incubation for 2 weeks, the
tissue conditioner was put in 2% CPC solution dissolved in PBS for
recharging or PBS as a control. The numbers of viable organisms in
the broth or adhered to the samples were determined as described
to determine the effect of recharging CPC to the tissue condition-
ers.

2.2.6. Statistical analysis
Student’s t-test for multiple observations was used for statisti-
cal analysis. Statistical significance was set at p < 0.05.

2.3. Cytotoxicity test

2.3.1. Preparation of eluates of specimens

The culture medium for NIH-3T3 mouse fibroblast cells was
supplemented with 10% calf serum, 100 U/mL penicillin, and 100
ug/mL streptomycin. The culture medium for Ca9-22 human gin-
gival carcinoma cells was supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin. For the
preparation of eluates, each specimen (TC-CPC and GCTC) was
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rinsed with 70% ethanol and PBS followed by soaking in 2 mL cell
culture medium in a 12-well plate in a humidified incubator at
37 °C with 5% CO, and 95% air for 1 and 7 days [29]. After 1 day,
collected medium extracts were kept as the eluate at 1 day. After
incubation for 7 days, the specimen was further incubated in the
changed medium for 1 day, and collected medium extracts were
kept as the eluate at 7 days. The surface area to volume ratio was
0.88 cm?/mL; this was set according to the ISO standard 10,993-5
(0.5-6.0 cm?/mL) [30].

2.3.2. Cytotoxicity assay

Cell viability was estimated using a colorimetric assay, utilizing
the tetrazolium salt 4-[3-(4-lodophenyl)—2-(4-nitrophenyl)—2H-5-
tetrazolio]—1,3-benzene disulfonate (WST-1) (Takara Bio Inc., Otsu
Shiga, Japan) according to the manufacturer’s instructions [31].
Samples of NIH-3T3 mouse fibroblast cells and Ca9-22 human gin-
gival carcinoma cells were seeded at 1 x 10° cells/mL in a 96-
well plate and incubated for 24 h. The medium was replaced with
100 pL of the eluates obtained 1 and 7 days after immersion. The
cells were then incubated for 1 day. The WST-1 colorimetric assay
was conducted by adding 10 pL of WST-1 (5 mg/mL) into a well
to make a final concentration of 0.5 mg/mL and then incubating
the plate. Each assay was run in triplicate. The optical density was
measured at a wavelength of 450 nm using a microplate reader
(Thermo, Vantaa, Finland) after 24 h of incubation. Cell viability
was measured by dividing the optical density of the treated speci-
men by the optical density of the untreated specimen.

2.3.3. Statistical analysis

Two-way analysis of variance (ANOVA) and Bonferroni’s test for
multiple comparisons were used to statistically analyze the mean
values of cell viabilities (p < 0.001).

2.4. Animal experiments

Spherical samples with a diameter of 3 mm were formed, and
were rinsed with 70% ethanol and PBS. Twelve 10-week-old male
Wistar rats were used in this study. The specimens (TC-CPC and
GCTC) were implanted in pockets formed in the subcutaneous tis-
sue of the dorsal region, and set on the lower lip mucosa by sutur-
ing mucosa to cover them. Rats were sacrificed at 1 and 14 days,
respectively, after surgery for the lower lip mucosa and the sub-
cutaneous tissue experiments. The specimens were harvested with
the surrounding tissue, fixed using 10% neutral buffered formalde-
hyde, and embedded in paraffin. Specimens stained with hema-
toxylin and eosin were observed using light microscopy. Animal
experiments were performed in accordance with the Guide for the
Care and Use of Laboratory Animals, Hokkaido University (Animal
testing approval number: 15-0132).

3. Results
3.1. Physical hardness test

3.1.1. Hardness test

Fig. 1 shows the hardness of tissue conditioners kept at room
temperature for 2 h. It was found that there was significance be-
tween the results of TC-CPC and that of GCTC, also TC-CPC and
NSTC (as defined in Table 1). Fig. 2 also shows these conditioners
after immersion in deionized water for 2 h. It was found that there
was no significance between the results for TC-CPC and GCTC,
while there was significance between TC-CPC and NSTC.

3.1.2. Consistency test and penetration test

In the consistency test, the value of consistency test showed
47.6 + 1.1 mm. It was showed that TC-CPC satisfies the JIS-T6519
standard specification (Table 2).

50.0 | sk |
40.0 4 ‘ E
A
- a
[ 30.0 -
g [
< °
E 20.0 ®
=
10.0 A @ TC-CPC
A GCTC
O_NSTC
0.0

TC-CPC GCTC NSTC

Fig. 1. Physical hardness (N) of tissue conditioners stored at room temperature
for 2 h. The TC-CPC sample remained soft, as compared with the other materials.
**p < 0.01; * p < 0.05. Thick black line shows average level in each group.
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Fig. 2. Physical hardness (N) of tissue conditioners immersed in deionized water for
2 h. The TC-CPC sample maintained softness, as compared with the other materials.
**p < 0.01; * p < 0.05. Thick black line shows average level in each group.

In the penetration test, the value A was 3.1 + 0.0 mm, and
value B was 2.9 + 0.1 mm. Therefore, the value of penetration ra-
tio (A/B) was 1.1 & 0.0. Since A must be 1.8 mm or less, the degree
of penetration after 120 min exceeded the provision of JIS-T6519
(Table 2). Conversely, the degree of penetration after 7 days and
the penetration ratio were satisfied, as B had to be 0.18 mm or
more and A/B had to be 5 or less (Table 2).

3.2. Antimicrobial test

3.2.1. Antimicrobial activity of CPC-Mont in the tissue conditioner

It was found that the addition of CPC-Mont to the tissue con-
ditioner significantly decreased the quantities of both adhered and
free-floating C. albicans (Fig. 3(a)). This effect was sustained for a
week at this condition (Fig. 3(a)). Similar results were obtained for
Staphylococcus aureus (Fig. 3(b)).

3.2.2. Comparison of antimicrobial activities among various tissue
conditioners

It was found that no adhered C. albicans was detected on
TC-CPC after incubation for 2 h, whereas more than 103 colony-
forming units of C. albicans were detected on GCTC and NSTC
(Fig. 4(a)). The quantity of free-floating C. albicans in the broth in-
cubated with TC-CPC was significantly decreased after incubation
for 2 h, whereas no significant decrease in the quantities of C. al-
bicans were observed in the broths incubated with GCTC or NSTC
(Fig. 4(b)). Similar results were obtained in the case of S. aureus
(Fig. 4(c) and (d)). Although there is no description of antimicro-
bial activity of GCTC, to our knowledge, GCTC showed antimicro-
bial effects in this experiment.

3.2.3. Sustainability of antimicrobial activity of TC-CPC

It was shown that growth of C albicans was significantly
suppressed by TC-CPC for up to 3 weeks compared with NSTC
(Fig. 5(a)). In addition, GCTC significantly suppressed the growth
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Table 2

The data of consistency test and penetration test.

Item JIS (1SO) standard Data

Consistency
Penetration
depth
Penetration ratio

After 2 h
After 7 days

25-75 mm (+15%)
1.8 mm or less
0.18 mm or more
5.0 or less

47.6 £ 1.1 mm

3.1 £ 0.0 mm (Nonstandard)
2.9 +£ 0.1 mm

1.1 £ 0.0

(a) C. albicans

" ¢ Adhered © Not adhered
10 ¥

7 *
10 o
10¢ 4

=

Colony-forming units
2
|

0w 1w

(b) S. aureus

¢ Adhered © Not adhered

1011
1010

100 * -
10° 4
107
10(7 4
105
10* 4
103 4 L
102 4
10' 4
10°
CPC - + - +

ow 1w

Colony-forming units

Fig. 3. Antimicrobial activity of CPC in the tissue conditioner: number of viable
counts of (a) C. albicans and (b) S. aureus adhered to tissue conditioners or free-
floating in broth incubated with tissue conditioner with CPC (+) or without CPC
(—). The tissue conditioners were used soon after preparation (0 w) or allowed to
release CPC for a week (1 w). Results are expressed as mean + standard deviation of
triplicate assays of a representative experiment. * p < 0.05. Thick black line shows
average level in each group.

of C. albicans for up to 4 weeks compared with NSTC, and, inter-
estingly, GCTC showed the strongest antimicrobial activity from 1
week to 4 weeks (Fig. 5(a)). In the case of S. aureus, TC-CPC sig-
nificantly suppressed the growth of the microbe for up to 3 weeks
(Fig. 5(b)). It was also found that GCTC possessed significant an-
timicrobial activity against S. aureus, although the effect of TC-CPC
was rather more potent (Fig. 5(b)).

3.2.4. Recharging CPC into TC-CPC

More than 10% colony-forming units of C. albicans were found
to adhere to the sample of TC-CPC incubated in PBS for 2 weeks
(Fig. 6(a)). Similar results were obtained in the case of free-floating
C. albicans (Fig. 6(a)) and in the case of free-floating S. aureus
(Fig. 6(b)), whereas fewer than 10 colony-forming units of S. aureus
were found to adhere to the sample (Fig. 6(b)). It was found that
the CPC-released TC-CPC recovered antimicrobial activity against C.
albicans when incubated with CPC solution, since CPC-recharged
TC-CPC showed significant antimicrobial activity compared with
CPC-released TC-CPC (Fig. 6(a)). Similar results were obtained us-
ing S. aureus (Fig. 6(b)).

(a) C. albicans (Adhered) (b) C. albicans (Free-floating)

10% 108 *
2 1071 107 -
E 106 1 106] ©A0 -

*
210° 1 - 105
£ 104 4
Zw - 10
10 10° -
£ 102 10°
© 10! 1 10!
0 —en——me— 0 -
0h 2h 0h 2h

(¢) S. aureus (Adhered) (d) S. aureus (Free-floating)

100 10° - *
2 1034 eAOd -
g 1074 e
g 106
E T 105
e
,i 10 = 1044
H 10%
s - )
S 1024 ® TC-CPC
10' 4 A GCTC
O NSTC
0 —eorO———e— 0 o—
[ 2h Oh 2h

Fig. 4. Number of viable counts of C. albicans (a, b) and S. aureus (c, d) adhered
to tissue conditioners or free-floating in the broth incubated with TC-CPC, GCTC,
or NSTC incubated for 2 h. The tissue conditioners were used soon after prepara-
tion. Results are expressed as the mean =+ standard deviation of triplicate assays
of a representative experiment. * Statistically significant differences among TC-CPC,
GCTC, or NSTC; f statistically significant difference between TC-CPC and GCTC or
NSTC (p < 0.05). Thick black line shows average level in each group.

3.3. Cytotoxicity test

The cell viabilities (%) of the TC-CPC and GCTC specimen eluates
at 1 and 7 days are shown in Fig. 7. The cell viability of the TC-CPC
of the eluates at 1 day was significantly less than that of the GCTC
on both NIH-3T3 mouse fibroblast cells and Ca9-22 human gingi-
val carcinoma cells. However, the cell viability of the TC-CPC using
eluates at 7 days showed no significant difference compared with
the GCTC for both organisms. Furthermore, in the TC-CPC group,
the cell viability at 1 day was significantly less than that at 7 days.
This shows that TC-CPC had stronger cytotoxicity than GCTC at 1
day but the cytotoxicity decreased to the same level as the GCTC
at 7 days.

3.4. Animal experiment

At 1 day on the rat mucosa, the epithelial layers of oral mucosa
under TC-CPC and GCTC samples were found to be flat, while the
normal mucosa was had a convex-concave pattern. However, an
inflammatory response could not be recognized on the surface of
the mucosa, which appeared identical to normal mucosa in both
specimens, as shown in Fig. 8.

In the subcutaneous tissue, slight inflammatory responses, such
as some dilated capillaries, mesenchymal cells, and thin collagen
fibers, were observed around the specimen of TC-CPC and GCTC at
2 weeks (Fig. 9).
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Fig. 5. Sustainability of antimicrobial activity of TC-CPC: number of viable counts
of free-floating cells in the broth incubated with TC-CPC, GCTC, or NSTC. The tissue
conditioners were used soon after preparation or allowed to release CPC for 1 to
4 weeks. The results are expressed as the mean =+ standard deviation of triplicate
assays of a representative experiment. (a) C. albicans. * Statistically significant dif-
ferences among TC-CPC, GCTC, or NSTC; T statistically significant difference between
TC-CPC and GCTC or NSTC; i statistically significant difference between GCTC and
TC-CPC or NSTC (p < 0.05). (b) Staphylococcus aureus. * Statistically significant dif-
ferences among TC-CPC, GCTC, or NSTC; T statistically significant difference between
NSTC and TC-CPC or GCTC (p < 0.05) Thick black line shows average level in each
group.
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Fig. 6. Determination of CPC recharging effect on TC-CPC. Number of viable counts
of (a) C. albicans and (b) Staphylococcus aureus adhered to tissue conditioners or
free-floating in the broth incubated with TC-CPC. The sample of TC-CPC was allowed
to release CPC for 2 weeks and then TC-CPC was recharged or not recharged with
CPC. Results are expressed as the mean =+ standard deviation of triplicate assays of
a representative experiment. * statistically significant differences (p < 0.05). Thick
black line shows average level in each group.
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Fig. 7. Cell viability (%) of experimental and control specimens with specimens in-
cubated for 1 and 7 days. The cell viability of the TC-CPC using eluates with spec-
imens incubated for 1 day is significantly less than that of the GCTC. The cell vi-
ability of the TC-CPC using eluates with specimens incubated for 7 days shows no
significant difference between NIH-3T3 and Ca9-22 cells. * p < 0.001. Thick black
line shows average level in each group.

4. Discussion

In this study, CPC was used as an antimicrobial agent in com-
bination with montmorillonite. It is known that CPC possesses a
broad antimicrobial spectrum, with rapid killing of gram-positive
pathogens and yeast [32]. Montmorillonite, which is a mineral, was
also used for the purpose of a carrier of TC-CPC, as it is known for
its safety in materials used for soap and bath articles [33].

Results of antimicrobial tests showed that the addition of CPC-
Mont confers antimicrobial activity to tissue conditioner. Further-
more, the TC-CPC possesses strong antimicrobial activity against
both adhered and free-floating microbes, as compared with GCTC
or NSTC. The antimicrobial activity of TC-CPC was found to be the
strongest just after the preparation. Moreover, the level of antimi-
crobial activity is decreased after 1 week. This result suggests that
CPC would be released from tissue conditioner over time.

The TC-CPC exhibited excellent antibacterial activity. The added
amount CPC-Mont is a major factor influencing the antibacterial
activity. In our previous studies [34,35,39,40], we demonstrated
that a silver-zeolite (Zeomic AJ10N, Sinanen Zeomic, Nagoya,
Japan) as an inorganic antimicrobial agent was applied to the tis-
sue conditioning materials, and the tissue conditioner containing
2 wt%-silver-zeolite is a possible candidate for a novel antimi-
crobial tissue conditioner. Ueshige et al. [34] reported that 2, 5,
10 wt%- silver-zeolite were incorporated into the powder of five
commercially available tissue conditioners, and the application of
2 wt%-silver-zeolite could exert the smallest influence on their vis-
coelastic properties. The average particle size of the silver-zeolite
is 0.6-2.2 pm. The cetylpyridinium chloride montmorillonite (CPC-
Mont) is about the size of the silver-zeolite, and both crystals of
montmorillonite and zeolite consist of aluminosilicate even though
they are different crystal structures. From the above reasons, we
assumed that the dispersion of CPC-Mont into the powder of the
tissue conditioner would be almost equal to that of silver-zeolite.
Therefore, in this study, the dosage of CPC-Mont was set to 2 wt%,
and the assumption was verified.

In this study, it was set to 2wt% with reference to the value
applied as another antimicrobial materials [34,35], and sufficient
antimicrobial activity was confirmed by this addition amount.

The antimicrobial activity is exerted by binding of the positive
charge of CPC to negatively charged microbial surfaces [36]; this
property of CPC was also utilized for recharging into montmoril-
lonite, because the adsorption by montmorillonite occurs by cation
exchange [37]. Utilization of montmorillonite with CPC may be one
of the best combinations in tissue conditioners, since this combi-
nation showed significantly good antimicrobial activity (Figs. 3-6).

The results of cytotoxicity tests using fibroblast and epithelial
cells showed that TC-CPC had a strong cytotoxicity on the eluates
at 1 day after immersion. However, the cytotoxicity of TC-CPC was
at the same level as the GCTC at 7 days. These findings are sim-
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Fig. 8. Materials pasted on the rat lower lip mucosa after 1 day. The epithelial layers of mucous membrane under TC-CPC and GCTC were found to be flat, while the normal
mucosa had a convex-concave pattern. The inflammatory response could not be recognized on the surface of the mucosa, which appeared identical to normal mucosa in all

specimens.
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Fig. 9. Materials implanted in the pockets formed in the subcutaneous tissue of the
dorsal region after 2 weeks. In the subcutaneous tissue, some dilated capillaries,
mesenchymal cells, and thin collagen fibers, were observed around the specimen of
TC-CPC and GCTC at 2 weeks.

ilar to the results of antimicrobial activity tests. The cytotoxicity
seems to be associated with antimicrobial activity [38]. It is sug-
gested that CPC, which is an antibacterial ingredient of TC-CPC, is
released for approximately 1 week. It is thought that the cytotoxic-
ity became weaker because the antimicrobial properties of TC-CPC
decreased. There was a significant difference between the results
at 1 and 7 days in the GCTC group. This showed that the eluates
from GCTC were damaging to delicate Ca9-22 cells, especially at
early times.

The results from animal experiments showed that contact of
the specimens to the lower lip mucosa did not occur any inflam-
matory change. Also, the inflammatory response of TC-CPC in the

subcutaneous tissue was almost the same as that of GCTC. In the
case of materials, the inflammation appears to enclose the speci-
men.

Therefore, TC-CPC was considered to be not prophlogistic, like
other commercial material, and is considered likely to be useful in
clinical situations.

The composition of TC-CPC was originally designed for the pur-
pose of maintaining softness, not using a commercial one. It is
considered that the result of the physical property test reflects the
composition design. The antibacterial performance was due to the
controlled release of CPC from CPC-Mont on the surface of the tis-
sue conditioner. Therefore, in order to prove the biological safety
of CPC released as an antibacterial component, it was verified by
a cytotoxicity test and an animal experiment. As a result, it has
been proved that the biological safety is secured at the controlled
release amount of CPC which exhibits the antibacterial effect.

The disadvantage of the tissue conditioner developed in this
study is the cell viability of the TC-CPC of elutes at 1 day was sig-
nificantly less than of the GCTC on both cells. It showed that TC-
CPC have toxic one than GCTC in 1 day in vitro tests. On the other
hand, TC-CPC using elutes at 7days showed no significant differ-
ence compared with GCTC. In animal experiment of in vivo tests,
there were no significantly difference inflammatory response be-
tween TC-CPC and GCTC.

The TC-CPC samples failed the penetration test after 2 h while
the other requirements of standard JIS-T6519: 2005 were satisfied
[33]. However, in clinical use, tissue conditioners were frequently
mixed by changing the powder-to-liquid ratio according to the
manufacturer’s instructions. Thus, TC-CPC could satisfy the pene-
tration test, if the powder-to-liquid ratio were changed. Therefore,
we investigated the physical hardness of the tissue conditioner. As
a result, TC-CPC showed no significant difference from other com-
mercial tissue conditioners under both dry and wet conditions. It
seems that TC-CPC has the same hardness as commercially avail-
able products; therefore, it deduced that TC-CPC might satisfy me-
chanical properties in clinical situations. In addition, antimicrobial
activity was recovered by the recharging CPC to TC-CPC. There-
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fore, this material would be useful on the durability in clinical
situation.

Although the results obtained from in-vitro and in-vivo stud-
ies cannot be directly extrapolated to clinical situations, this study
demonstrates that TC-CPC might play an important role in pre-
venting older patients from contracting aspiration pneumonia, as
it has excellent antimicrobial activity and biocompatibility in addi-
tion to mechanical properties. Clinical trials would be required for
its practical use.

5. Conclusion

A novel tissue conditioner containing CPC was developed in this
study. It was demonstrated that the novel material has excellent
antimicrobial activity and similar mechanical properties and bio-
compatibility to commercially available materials.

Funding

This study was supported by a Grant-in-Aid for Development
of Medical Devices through Collaboration between Medicine and
Industry (no. 27-027) from the Japan Agency for Medical Research
and Development (2015-2016).

Declaration of Competing Interest
None.
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jpor.2019.12.002.

References

[1] Murata H, Narasaki Y, Hamada T, McCabe JF. An alcohol-free tissue conditioner
- a laboratory evaluation. ] Dent 2006;34:307-15.

[2] Anusavice Kenneth J. Phillips’ science of dental materials. Philadelphia: WB
Saunders; 1996. p. 264-6.

[3] O’Brien WJ. Dental materials and their selection. Chicago: Quintessence Pub-
lishing; 1997. p. 90-2.

[4] Marrie TJ, Blanchard W. A comparison of nursing home-acquired pneumo-
nia patients with patients with community-acquired pneumonia and nursing
home patients without pneumonia. J] Am Geriatr Soc 1997;45:50-5.

[5] Mylotte JM, Goodnough S, Naughton BJ. Pneumonia versus aspiration pneu-
monitis in nursing home residents. ] Am Geriatr Soc 2003;51:17-23.

[6] Shay K. Infectious complications of dental and periodontal diseases in the el-
derly population. Clin Infect Dis 2002;34:1215-23.

[7] O'Donnell LE, Smith K, Williams C, Nile CJ, Lappin DF, Bradshaw D, et al. Den-
tures are a reservoir for respiratory pathogens. ] Prosthodont 2016;25:99-104.

[8] Glass TR, Bullard JW, Hadley CS, Mix EW, Conrad RS. Partial spectrum of mi-
croorganisms found in dentures and possible disease implications. ] Am Os-
teopath Assoc 2001;101:92-4.

[9] Sumi Y, Miura H, Michiwaki Y, Nagaosa S, Nagaya M. Colonization of dental
plaque by respiratory pathogens in dependent elderly. Arch Gerontol Geriatr
2007;44:119-24.

[10] Adachi M, Ishihara K, Abe S, Okuda K. Professional oral health care by dental
hygienists reduced respiratory infections in elderly persons requiring nursing
care. Int ] Dent Hyg 2007;5:69-74.

[11] Sarin ], Balasubramaniam R, Corcoran AM, Laudenbach ]JM, Stoopler ET. Re-
ducing the risk of aspiration pneumonia among elderly patients in long-term
care facilities through oral health interventions. J Am Med Dir Assoc
2008;9:128-35.

[12] Dar-Odeh NS, Shehabi AA. Oral candidosis in patients with removable den-
tures. Mycoses 2003;46:187-91.

[13] Acosta-Torres LS, Mendieta I, Nufiez-Anita RE, Cajero-Judrez M, Castafio VM.
Cytocompatible antifungal acrylic resin containing silver nanoparticles for den-
tures. Int ] Nanomedicine 2012;7:4777-86.

[14] Sodagar A, Kassaee MZ, Akhavan A, Javadi N, Arab S, Kharazifard M]. Effect of
silver nano particles on flexural strength of acrylic resins. ] Prosthodont Res
2012;56:120-4.

[15] Srivatstava A., Ginjupalli K., Perampalli N.U., Bhat N., Ballal M.: Evaluation of
the properties of a tissue conditioner containing origanum oil as an antifungal
additive. ] Prosthet Dent 213; 110: 313-9.

[16] Sharma S, Hegde V. Comparative evaluation of antifungal activity of melaleuca
oil and fluconazole when incorporated in tissue conditioner: an in vitro study.
] Prosthodont 2014;23:367-73.

[17] Silva M], De Oliveira DG, Marcillo OO, Neppelenbroek KH, Lara VS, Porto VC.
Effect of denture-coating composite on candida albicans biofilm and surface
degradation after disinfection protocol. Int Dent ] 2016;66:86-92.

[18] Nam K-Y. In vitro antimicrobial effect of the tissue conditioner containing silver
nanoparticles. ] Adv Prosthodont 2011;3:20-4.

[19] Foksowicz-Flaczyk ], Walentowska J. Antifungal activity of ionic liquid applied
to linen fabric. Int Biodeterior Biodegrad 2013;84:412-15.

[20] Naito Y, Yumoto H, Kumar HS K, Matsuo T, Hirota K, Miyake Y, et al. Antifun-
gal and mechanical properties of tissue conditioner containing plant-derived
component: an in vitro study. ] Prosthodont 2017 [Epub ahead of print].
doi:10.1111/jopr.12546.

[21] Kanjanamekanant K, Limpuangthip N, Arksornnukit M. Physical and mechani-
cal properties of antifungal ionic liquid-incorporated dental tissue conditioner.
] Mater Sci Appl 2017;8:376-88.

[22] Watanabe E. Determination of the maximum inhibitory dilution of cetylpyri-
dinium chloride-based. ] Appl Oral Sci 2008;16:275-9.

[23] Sreenivasan PK, Haraszthy VI, Zambon ]J. Antimicrobial efficacy of 0.05%
cetylpyridinium chloride mouthrinses. Lett Appl Microbiol 2013;56:14-20.

[24] Wang ]S, Luo H, Billam M, Wang Z, Guan H, Tang L, et al. Short-term safety
evaluation of processed calcium montmorillonite clay (NovaSil) in humans.
Food Addit Contam 2005;22:270-9.

[25] Charlet L, Tournassat C. Fe(II)-Na(I)-Ca(Il) cation exchange on montmorillonite
in chloride medium: evidence for preferential clay adsorption of chloride -
Metal ion pairs in seawater. Aquat Geochem 2005;11:115-37.

[26] Makita Y, Chitrakar R, Sonoda A. Removal of perchlorate ion in tap water with
montmorillonite modified with hexadecylpyridinium chloride. ] lon Exchange
2014;25:184-90.

[27] http://kikakurui.com/t6/T6519-2005-02.html

[28] Avisar D, Primor O, Gozlan I, Mamane H. Sorption of sulfonamides and tetra-
cyclines to montmorillonite clay. Water Air Soil Pollut 2010;209:439-50.

[29] Wataha JC, Rueggeberg FA, Lapp CA, Lewis |B, Lockwood PE, Ergle JW, et al. In
vitro cytotoxicity of resin-containing restorative materials after aging in artifi-
cial saliva. Clin Oral Investig 1999;3:144-9.

[30] International Standards Organization. ISO 10993-5: biological evaluation of
medical devices—part 5. tests for cytotoxicity: in vitro methods. Geneva,
Switzerland: ISO; 1999.

[31] Yamamura Y, Hua X, Bergelson S, Lodish HF. Critical role of SMADS and AP-1
complex in transforming growth factor-B-dependent apoptosis. ] Biol Chem
2000;275:36295-302.

[32] Haps S, Slot DE, Berchier CE, Van der Weijden GA. The effect of cetylpyridinium
chloride-containing mouth rinses as adjuncts to toothbrushing on plaque and
parameters of gingival inflammation: a systematic review. Int ] Dent Hyg
2008;6:290-303.

[33] Rychen G, Aquilina G, Azimonti G, Bampidis V, Bastos M, de L, Bories G,
et al. Safety and efficacy of selenium-enriched yeast (Saccharomyces cerevisiae
CNCM 1-3399) for all animal species. EFSA ] 2017;15:4937-47.

[34] Ueshige M, Abe Y, Sato Y, Tsuga K, Akagawa Y, Ishii M. Dynamic viscoelas-
tic properties of antimicrobial tissue conditioners containing silver - zeolite
1999;27:517-22.

[35] Abe Y, Ishii M, Takeuchi M, Ueshige M, Tanaka S, Akagawa Y. Effect of saliva on
an antimicrobial tissue conditioner containing silver - zeolite 2004;31:568-73.

[36] Silva M], De Oliveira DG, Marcillo OO, Neppelenbroek KH, Lara VS, Porto VC.
Effect of denture-coating composite on Candida albicans biofilm and surface
degradation after disinfection protocol. Int Dent ] 2016;66:86-92.

[37] Lim K, Mustapha A. Inhibition of Escherichia coli 0157:H7, Listeria monocyto-
genes and Staphylococcus aureus on sliced roast beef by cetylpyridinium chlo-
ride and acidified sodium chlorite. Food Microbiol 2007;24:89-94.

[38] Ramos ME, Huertas FJ. Adsorption of glycine on montmorillonite in aqueous
solutions. Appl Clay Sci 2013;80-81:10-17.

[39] Matsuura T, Abe Y, Sato Y, Okamoto K, Ueshige M, Akagawa Y. Prolonged
antimicrobial effect of tissue conditioners containing silver-zeolite. ] Dent
1997;25:373-7.

[40] Abe Y, Ueshige M, Takeuchi M, Ishii M, Akagawa Y. Cytotoxicity of an-
timicrobial tissue conditioners containing silver-zeolite. Int ] Prosthodont
2003;16:141-4.


https://doi.org/10.13039/100009619
https://doi.org/10.1016/j.jpor.2019.12.002
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0001
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0001
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0001
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0001
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0001
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0002
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0002
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0003
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0003
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0004
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0004
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0004
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0005
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0005
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0005
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0005
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0006
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0006
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0007
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0008
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0009
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0010
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0010
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0010
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0010
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0010
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0011
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0012
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0012
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0012
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0013
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0014
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0015
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0015
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0015
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0016
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0017
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0017
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0018
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0018
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0018
https://doi.org/10.1111/jopr.12546
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0020
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0020
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0020
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0020
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0021
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0021
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0022
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0022
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0022
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0022
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0023
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0024
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0024
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0024
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0025
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0025
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0025
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0025
http://kikakurui.com/t6/T6519-2005-02.html
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0026
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0026
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0026
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0026
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0026
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0027
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0028
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0029
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0029
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0029
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0029
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0029
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0030
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0030
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0030
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0030
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0030
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0031
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058a
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0058b
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0032
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0033
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0033
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0033
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0034
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0034
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0034
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0035
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036
http://refhub.elsevier.com/S1883-1958(19)30239-7/sbref0036

	Development of tissue conditioner containing cetylpyridinium chloride montmorillonite as new antimicrobial agent: Pilot study on antimicrobial activity and biocompatibility
	1 Introduction
	2 Materials and methods
	2.1 Physical tests
	2.1.1 Hardness tests
	2.1.2 Consistency test and penetration test

	2.2 Antimicrobial test
	2.2.1 Culture of organisms
	2.2.2 Detection of viable organisms
	2.2.3 Assay of antimicrobial activity of CPC-Mont
	2.2.4 Sustainability of antimicrobial activity of TC-CPC
	2.2.5 Determination of CPC recharging effect on TC-CPC
	2.2.6 Statistical analysis

	2.3 Cytotoxicity test
	2.3.1 Preparation of eluates of specimens
	2.3.2 Cytotoxicity assay
	2.3.3 Statistical analysis

	2.4 Animal experiments

	3 Results
	3.1 Physical hardness test
	3.1.1 Hardness test
	3.1.2 Consistency test and penetration test

	3.2 Antimicrobial test
	3.2.1 Antimicrobial activity of CPC-Mont in the tissue conditioner
	3.2.2 Comparison of antimicrobial activities among various tissue conditioners
	3.2.3 Sustainability of antimicrobial activity of TC-CPC
	3.2.4 Recharging CPC into TC-CPC

	3.3 Cytotoxicity test
	3.4 Animal experiment

	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	Supplementary materials
	References


