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a b s t r a c t 

Purpose: The mechanical properties, antimicrobial activity, and biocompatibility of a novel antimicrobial 

tissue conditioner containing cetylpyridinium chloride with montmorillonite (CPC-Mont) were evaluated. 

Methods: To examine the mechanical properties of the novel material, hardness, consistency, and penetra- 

tion tests were conducted. Antimicrobial activity against Candida albicans (C. albicans) and Staphylococcus 

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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. Introduction 

Tissue conditioners have commonly been used for the pros-

hetic treatment of dentures in tissue conditioning, dynamic im-

ression, and relining of the immediate dentures [1] . They are in-

ended to be in direct contact with the oral mucosa; this means

hat they must be non-irritating, non-toxic, and inhibit bacterial

nd fungal colonization [ 2 , 3 ]. 

Aspiration pneumonia in older patients is a most serious prob-

em, which may be life-threatening [ 4 , 5 ], or at least may result in a

ecline in the individual’s quality of life. It has also been reported

hat aspiration pneumonia is related to periodontal disease, dental

aries, and poor oral hygiene [6] . Recently, O’Donnell et al. sug-

ested that dentures can act as a reservoir for potential respiratory

athogens in the oral cavity, thus increasing the risk of develop-

ng aspiration pneumonia [7] . In fact, it has been shown that mi-

roorganisms, including Candida albicans (C. albicans), Staphylococ-

us aureus (S. aureus) , and Streptococcus mutans (S. mutans) , adhere

o the inner surface of complete dentures [ 8 , 9 ]. In particular, C. al-

icans and S. aureus are significant in causing aspiration pneumo-

ia [ 10 , 11 ]. Therefore, it is quite important to prevent older per-

ons from contracting aspiration pneumonia by reducing the num-

er of microbes attached to dentures. The proliferation of microbes

s enhanced by the surface roughness of acrylic resins on dentures

12–14] . Further complicating matters, when tissue conditioner is

epeatedly applied to the denture for long periods, because of its

orosity and softness, it might act as an even more damaging

eservoir for microorganisms compared with acrylic resin, as it al-

ows microbial adherence, accumulation, and penetration, or may

ecome so degraded that plaque deposits will form on it and mi-

robes are found to colonize its surface. 

To reduce the number of microbes colonizing tissue condition-

rs, attempts have been made to add antimicrobial agents, such as

il and silver [15–17] , but it has been reported that these produce

armful effects, such as metal allergies [18–20] . Biocompatibility is

 very important property for a tissue conditioner, as is antimi-

robial activity. However, few animal experiments have been con-

ucted. Therefore, antimicrobial tissue conditioners have been sub-

ected to extensive research, but have not yet reached a stage at

hich they are ready for commercialization [15–21] . 

Cetylpyridinium chloride (CPC) is a highly safe antibacterial

ubstance, and commonly used as an antimicrobial agent in both

ood and oral care; this suggests that it could play a role in the

ral care of older people. The CPC molecule binds to the negatively

harged surface of the bacterial cell membrane [22] . The nonpo-

ar region of the molecule, which has similar traits to membrane

hospholipids, penetrates the cell membrane of the bacteria, alter-

ng it and generating an imbalance in osmotic regulation, result-

ng in the loss of cytoplasmic material and, ultimately, cell death

 22 , 23 ]. However, it was found that the antimicrobial effect does

ot persist with CPC alone; some kind of carrier are necessary to

ustain its antimicrobial activity. Montmorillonite is a highly safe

aterial, often used in human trials [24] . It is a very soft phyllosil-

cate group of minerals that forms layered clay and has been ex-

ensively used in catalytic processes to facilitate cation exchange;

t has also attracted attention from researchers for its adsorption

ualities [25] . Montmorillonite can intercalate cationic organic sur-

actants between the layers [26] . By using this property, CPC in-

ercalated to montmorillonite would be able to exhibit sustain-

ble antibacterial effects. Thus, we developed the new tissue con-

itioner containing CPC-Mont (TC-CPC) as a highly novel antimi-

robial tissue conditioner. 

The addition of CPC-Mont has made it possible to develop new

issue conditioner with antimicrobial property. It is hypothesized

hat CPC and montmorillonite are both safe materials and TC-CPC

s also safe for clinical use. However, because such materials are in
rolonged contact with the oral mucosa, the mechanical properties

nd biocompatibility of TC-CPC must be considered in connection

ith clinical use. 

The purpose of this study was to evaluate the mechanical prop-

rties and antimicrobial activity of TC-CPC, as well as its biocom-

atibility in vitro and in vivo . 

. Materials and methods 

Details of the materials tested are listed in Table 1 , which also

ncludes the powder-to-liquid ratios used. Specimens used for ex-

eriments were prepared according to the manufacturer’s instruc-

ions. 

.1. Physical tests 

.1.1. Hardness tests 

A specimen for hardness test with 20 mm in diameter and

 mm in thickness was prepared. Three specimens for each ma-

erial were stored at 25 °C (room temperature) for 2 h and consec-

tively in deionized water at 37 °C for 2 h. A hardness value was

easured by a universal testing machine (Testing machine EZ, Shi-

az, Kyoto, Japan) with a cylindrical plunger (20 mm in diameter

nd 8 mm in height). The test condition specified in a crosshead

peed of 1 mm/sec, an initial clearance of 5 mm, a displacement

f 10% of the specimen, and a holding time of 60 s. The initial

aximum stress value (N) was recorded as the hardness value. The

ean was calculated by use of the value of three specimens. The

ata were analyzed using one-way ANOVA and Tukey’s post hoc

est for multiple comparisons ( p < 0.05). 

.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

f material onto a glass plate. 30 ± 1 s after mixing, the specimen

as compressed by vertically applying another glass plate termed

he minor load, having a mass of 100 ± 1 g and a thickness not

ess than 2 mm. The plates and the specimen were then main-

ained at temperature at 37 ± 1 °C. 120 ± 1 s after mixing the

ajor load of 10 0 0 ± 5 g was applied vertically, so that the total

oad was 1100 ± 6 g. This load was maintained for 60 ± 1 s after

hich it was removed, leaving the minor load in place. 8 ± 0.5 min

fter mixing, the maximum and minimum diameters of the result-

ng disk of material were measured to an accuracy of ±0.5 mm.

he average of the two measurements was calculated. To satisfy

he standard specification the value should be between 25 mm and

5 mm. The mean was calculated by use of the value of four spec-

mens. 

Penetration test : The apparatus comprises a cylindrical pen-

trator of 1 mm in diameter which is fixed on a vertical rod

Japan Mecc, Tokyo, Japan). The vertical rod plus the penetrator

as a mass of 50 ± 5 g. There is a locking device which fixes

he penetrator at any vertical position and is used to measure

he depth of penetration. A specimen was placed in a metal ring

30 ± 1 mm internal diameter and 3 ± 1 mm high) on the PMMA

at plate (50 mm x 50 mm x 4 mm). There was a slight over-

ow. A polyethylene film (110 mm x 110 mm x 0.025 mm) was

sed to cover the specimen. A glass plate (50 mm x 50 mm x

0 mm) was then placed on top and a weight of 2.0 ± 0.1 kg was

pplied. 10 min after mixing, the load, the glass plate and film

ere removed and the specimen was stored in a water bath at

7.0 ± 1.0 °C. 115 ± 0.5 min after mixing, the specimen was re-

oved from the water bath and placed in the penetrometer. The

enetrator was brought just into contact with surface of the speci-

en and locked in position. The rod from the gage (ABS Digimatic
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Table 1 

Tissue conditioners investigated. 

Brand name Manufacturer Lot.No. Code Powder 

Liquid P/L ratio by 

weight 
plasticizer Ethanol (wt.%) 

Experimental 

tissue conditioner 

– – TC –CPC Poly butyl methacrylate 

(PBMA) 

Poly ethyl methacrylate 

(PEMA) 

Cetylpyridinium 

chloride(CPC)-montmorillonite 

(2 wt.%) 

Dibutyl sebacate 

(DBS) 

7 1.5 

Experimental 

tissue conditioner 

without CPC 

– – TC Poly butyl methacrylate 

(PBMA) 

Poly ethyl methacrylate 

(PEMA) 

Dibutyl sebacate 

(DBS) 

7 1.5 

Fictioner Nissin 5A8400500 NSTC Poly butyl methacrylate 

(PBMA) 

Poly ethyl methacrylate 

(PEMA) 

Dibutyl sebacate 

(DBS) 

Butyl phthalyl 

butyl glycolate 

(BPBG) 

0 2.0 

Tissue conditioner GC 1507031 GCTC Poly ethyl methacrylate 

(PEMA) 

Dibutyl sebacate 

(DBS) 

14 1.2 
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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 IFM40 0 09 (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. 
.2.3. Assay of antimicrobial activity of CPC-Mont 

To confirm the antimicrobial activity of CPC-Mont in the tissue

onditioner, two tissue conditioners were used, named TC-CPC (tis-

ue conditioner with CPC-Mont) and TC (tissue conditioner with-

ut CPC-Mont), as listed in Table 1 . Two sets of these two tis-

ue conditioners were prepared; one set was used soon after the

reparation and another set was used after incubation for 1 week

n 50 ml of sterilized PBS at 37 °C to examine the sustainability of

PC-Mont in the tissue conditioner. The samples were incubated

ith broth containing organisms, and their viable counts were de-

ermined as described. 

.2.4. Sustainability of antimicrobial activity of TC-CPC 

Samples of TC-CPC, GCTC, and NSTC (defined in Table 1 ) were

ut in 50 ml tubes filled with sterilized PBS and incubated at 37 °C.

he PBS in the tubes was exchanged once a week for up to 4

eeks. The numbers of viable organisms in the broth were deter-

ined as described. 

.2.5. Determination of CPC recharging effect on TC-CPC 

Since montmorillonite absorbs some antibiotics, owing to its

tructure [28] , attempts were made to recharge CPC into the tissue

onditioner after releasing CPC. The novel TC-CPC was prepared

nd incubated in 500 ml of PBS to promote release of CPC. The

BS was exchanged once a week; after incubation for 2 weeks, the

issue conditioner was put in 2% CPC solution dissolved in PBS for

echarging or PBS as a control. The numbers of viable organisms in

he broth or adhered to the samples were determined as described

o determine the effect of recharging CPC to the tissue condition-

rs. 

.2.6. Statistical analysis 

Student’s t- test for multiple observations was used for statisti-

al analysis. Statistical significance was set at p < 0.05. 

.3. Cytotoxicity test 

.3.1. Preparation of eluates of specimens 

The culture medium for NIH-3T3 mouse fibroblast cells was

upplemented with 10% calf serum, 100 U/mL penicillin, and 100

g/mL streptomycin. The culture medium for Ca9-22 human gin-

ival carcinoma cells was supplemented with 10% fetal bovine

erum, 100 U/mL penicillin, and 100 μg/mL streptomycin. For the

reparation of eluates, each specimen (TC 

–CPC and GCTC) was
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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. 

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. 
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insed with 70% ethanol and PBS followed by soaking in 2 mL cell

ulture medium in a 12-well plate in a humidified incubator at

7 °C with 5% CO 2 and 95% air for 1 and 7 days [29] . After 1 day,

ollected medium extracts were kept as the eluate at 1 day. After

ncubation for 7 days, the specimen was further incubated in the

hanged medium for 1 day, and collected medium extracts were

ept as the eluate at 7 days. The surface area to volume ratio was

.88 cm 

2 /mL; this was set according to the ISO standard 10,993-5

0.5–6.0 cm 

2 /mL) [30] . 

.3.2. Cytotoxicity assay 

Cell viability was estimated using a colorimetric assay, utilizing

he tetrazolium salt 4-[3-(4- lodophenyl ) −2-(4- nitrophenyl ) −2H-5-

etrazolio ] −1,3-benzene disulfonate (WST-1) (Takara Bio Inc., Otsu

higa, Japan) according to the manufacturer’s instructions [31] .

amples of NIH-3T3 mouse fibroblast cells and Ca9-22 human gin-

ival carcinoma cells were seeded at 1 × 10 5 cells/mL in a 96-

ell plate and incubated for 24 h. The medium was replaced with

00 μL of the eluates obtained 1 and 7 days after immersion. The

ells were then incubated for 1 day. The WST-1 colorimetric assay

as conducted by adding 10 μL of WST-1 (5 mg/mL) into a well

o make a final concentration of 0.5 mg/mL and then incubating

he plate. Each assay was run in triplicate. The optical density was

easured at a wavelength of 450 nm using a microplate reader

Thermo, Vantaa, Finland) after 24 h of incubation. Cell viability

as measured by dividing the optical density of the treated speci-

en by the optical density of the untreated specimen. 

.3.3. Statistical analysis 

Two-way analysis of variance (ANOVA) and Bonferroni’s test for

ultiple comparisons were used to statistically analyze the mean

alues of cell viabilities ( p < 0.001). 

.4. Animal experiments 

Spherical samples with a diameter of 3 mm were formed, and

ere rinsed with 70% ethanol and PBS. Twelve 10-week-old male

istar rats were used in this study. The specimens (TC-CPC and

CTC) were implanted in pockets formed in the subcutaneous tis-

ue of the dorsal region, and set on the lower lip mucosa by sutur-

ng mucosa to cover them. Rats were sacrificed at 1 and 14 days,

espectively, after surgery for the lower lip mucosa and the sub-

utaneous tissue experiments. The specimens were harvested with

he surrounding tissue, fixed using 10% neutral buffered formalde-

yde, and embedded in paraffin. Specimens stained with hema-

oxylin and eosin were observed using light microscopy. Animal

xperiments were performed in accordance with the Guide for the

are and Use of Laboratory Animals, Hokkaido University (Animal

esting approval number: 15-0132). 

. Results 

.1. Physical hardness test 

.1.1. Hardness test 

Fig. 1 shows the hardness of tissue conditioners kept at room

emperature for 2 h. It was found that there was significance be-

ween the results of TC-CPC and that of GCTC, also TC-CPC and

STC (as defined in Table 1 ). Fig. 2 also shows these conditioners

fter immersion in deionized water for 2 h. It was found that there

as no significance between the results for TC-CPC and GCTC,

hile there was significance between TC-CPC and NSTC. 

.1.2. Consistency test and penetration test 

In the consistency test, the value of consistency test showed

7.6 ± 1.1 mm. It was showed that TC 

–CPC satisfies the JIS-T6519

tandard specification ( Table 2 ). 
In the penetration test, the value A was 3.1 ± 0.0 mm, and

alue B was 2.9 ± 0.1 mm. Therefore, the value of penetration ra-

io (A/B) was 1.1 ± 0.0. Since A must be 1.8 mm or less, the degree

f penetration after 120 min exceeded the provision of JIS-T6519

 Table 2 ). Conversely, the degree of penetration after 7 days and

he penetration ratio were satisfied, as B had to be 0.18 mm or

ore and A/B had to be 5 or less ( Table 2 ). 

.2. Antimicrobial test 

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

It was found that the addition of CPC-Mont to the tissue con-

itioner significantly decreased the quantities of both adhered and

ree-floating C. albicans ( Fig. 3 (a)). This effect was sustained for a

eek at this condition ( Fig. 3 (a)). Similar results were obtained for

taphylococcus aureus ( Fig. 3 (b)). 

.2.2. Comparison of antimicrobial activities among various tissue 

onditioners 

It was found that no adhered C. albicans was detected on

C 

–CPC after incubation for 2 h, whereas more than 10 3 colony-

orming units of C. albicans were detected on GCTC and NSTC

 Fig. 4 (a)). The quantity of free-floating C. albicans in the broth in-

ubated with TC-CPC was significantly decreased after incubation

or 2 h, whereas no significant decrease in the quantities of C. al-

icans 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-

ial activity of GCTC, to our knowledge, GCTC showed antimicro-

ial effects in this experiment. 

.2.3. Sustainability of antimicrobial activity of TC-CPC 

It was shown that growth of C. albicans was significantly

uppressed 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 (ISO) standard Data 

Consistency 25–75 mm ( ±15%) 47.6 ± 1.1 mm 

Penetration 

depth 

After 2 h 1.8 mm or less 3.1 ± 0.0 mm (Nonstandard) 

After 7 days 0.18 mm or more 2.9 ± 0.1 mm 

Penetration ratio 5.0 or less 1.1 ± 0.0 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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; † statistically significant difference between TC-CPC and GCTC or 

NSTC ( p < 0.05). Thick black line shows average level in each group. 
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2

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 4 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)). 
.3. Cytotoxicity test 

The cell viabilities (%) of the TC-CPC and GCTC specimen eluates

t 1 and 7 days are shown in Fig. 7 . The cell viability of the TC-CPC

f the eluates at 1 day was significantly less than that of the GCTC

n both NIH-3T3 mouse fibroblast cells and Ca9-22 human gingi-

al carcinoma cells. However, the cell viability of the TC-CPC using

luates at 7 days showed no significant difference compared with

he GCTC for both organisms. Furthermore, in the TC-CPC group,

he cell viability at 1 day was significantly less than that at 7 days.

his shows that TC-CPC had stronger cytotoxicity than GCTC at 1

ay but the cytotoxicity decreased to the same level as the GCTC

t 7 days. 

.4. Animal experiment 

At 1 day on the rat mucosa, the epithelial layers of oral mucosa

nder TC-CPC and GCTC samples were found to be flat, while the

ormal mucosa was had a convex–concave pattern. However, an

nflammatory response could not be recognized on the surface of

he mucosa, which appeared identical to normal mucosa in both

pecimens, as shown in Fig. 8 . 

In the subcutaneous tissue, slight inflammatory responses, such

s some dilated capillaries, mesenchymal cells, and thin collagen

bers, were observed around the specimen of TC-CPC and GCTC at

 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; † statistically significant difference between 

TC-CPC and GCTC or NSTC; ‡ 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; † statistically significant difference between 

NSTC and TC-CPC or GCTC ( p < 0.05) Thick black line shows average level in each 

group. 

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. 

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. 
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. Discussion 

In this study, CPC was used as an antimicrobial agent in com-

ination with montmorillonite. It is known that CPC possesses a

road antimicrobial spectrum, with rapid killing of gram-positive

athogens and yeast [32] . Montmorillonite, which is a mineral, was

lso used for the purpose of a carrier of TC-CPC, as it is known for

ts safety in materials used for soap and bath articles [33] . 

Results of antimicrobial tests showed that the addition of CPC-

ont confers antimicrobial activity to tissue conditioner. Further-

ore, the TC-CPC possesses strong antimicrobial activity against

oth adhered and free-floating microbes, as compared with GCTC

r NSTC. The antimicrobial activity of TC-CPC was found to be the

trongest just after the preparation. Moreover, the level of antimi-

robial activity is decreased after 1 week. This result suggests that

PC would be released from tissue conditioner over time. 

The TC-CPC exhibited excellent antibacterial activity. The added

mount CPC-Mont is a major factor influencing the antibacterial

ctivity. In our previous studies [ 34 , 35 , 39 , 40 ], we demonstrated

hat a silver-zeolite (Zeomic AJ10N, Sinanen Zeomic, Nagoya,

apan) as an inorganic antimicrobial agent was applied to the tis-

ue conditioning materials, and the tissue conditioner containing

 wt%-silver–zeolite is a possible candidate for a novel antimi-

robial tissue conditioner. Ueshige et al. [34] reported that 2, 5,

0 wt%- silver-zeolite were incorporated into the powder of five

ommercially available tissue conditioners, and the application of

 wt%-silver-zeolite could exert the smallest influence on their vis-

oelastic properties. The average particle size of the silver-zeolite

s 0.6–2.2 μm. The cetylpyridinium chloride montmorillonite (CPC-

ont) is about the size of the silver-zeolite, and both crystals of

ontmorillonite and zeolite consist of aluminosilicate even though

hey are different crystal structures. From the above reasons, we

ssumed that the dispersion of CPC-Mont into the powder of the

issue conditioner would be almost equal to that of silver-zeolite.

herefore, in this study, the dosage of CPC-Mont was set to 2 wt%,

nd the assumption was verified. 

In this study, it was set to 2wt% with reference to the value

pplied as another antimicrobial materials [ 34 , 35 ], and sufficient

ntimicrobial activity was confirmed by this addition amount. 

The antimicrobial activity is exerted by binding of the positive

harge of CPC to negatively charged microbial surfaces [36] ; this

roperty of CPC was also utilized for recharging into montmoril-

onite, because the adsorption by montmorillonite occurs by cation

xchange [37] . Utilization of montmorillonite with CPC may be one

f the best combinations in tissue conditioners, since this combi-

ation showed significantly good antimicrobial activity ( Figs. 3 –6 ). 

The results of cytotoxicity tests using fibroblast and epithelial

ells showed that TC-CPC had a strong cytotoxicity on the eluates

t 1 day after immersion. However, the cytotoxicity of TC-CPC was

t 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. 

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. 
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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
ubcutaneous tissue was almost the same as that of GCTC. In the

ase of materials, the inflammation appears to enclose the speci-

en. 

Therefore, TC-CPC was considered to be not prophlogistic, like

ther commercial material, and is considered likely to be useful in

linical situations. 

The composition of TC-CPC was originally designed for the pur-

ose of maintaining softness, not using a commercial one. It is

onsidered that the result of the physical property test reflects the

omposition design. The antibacterial performance was due to the

ontrolled release of CPC from CPC-Mont on the surface of the tis-

ue conditioner. Therefore, in order to prove the biological safety

f CPC released as an antibacterial component, it was verified by

 cytotoxicity test and an animal experiment. As a result, it has

een proved that the biological safety is secured at the controlled

elease amount of CPC which exhibits the antibacterial effect. 

The disadvantage of the tissue conditioner developed in this

tudy is the cell viability of the TC-CPC of elutes at 1 day was sig-

ificantly less than of the GCTC on both cells. It showed that TC-

PC have toxic one than GCTC in 1 day in vitro tests. On the other

and, TC-CPC using elutes at 7days showed no significant differ-

nce compared with GCTC. In animal experiment of in vivo tests,

here were no significantly difference inflammatory response be-

ween TC-CPC and GCTC. 

The TC-CPC samples failed the penetration test after 2 h while

he other requirements of standard JIS-T6519: 2005 were satisfied

33] . However, in clinical use, tissue conditioners were frequently

ixed by changing the powder-to-liquid ratio according to the

anufacturer’s instructions. Thus, TC-CPC could satisfy the pene-

ration test, if the powder-to-liquid ratio were changed. Therefore,

e investigated the physical hardness of the tissue conditioner. As

 result, TC-CPC showed no significant difference from other com-

ercial tissue conditioners under both dry and wet conditions. It

eems that TC-CPC has the same hardness as commercially avail-

ble products; therefore, it deduced that TC-CPC might satisfy me-

hanical properties in clinical situations. In addition, antimicrobial

ctivity was recovered by the recharging CPC to TC-CPC. There-



T. Naoe, A. Hasebe and R. Horiuchi et al. / Journal of Prosthodontic Research 64 (2020) 436–443 443 

f  

s

 

i  

d  

v  

i  

t  

i

5

 

s  

a  

c

F

 

o  

I  

a

D

S

 

f

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

[  

[  

[  

 

[  

 

[  

 

[  

[  

 

[  

 

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

 

 

[  

[  

 

[  

 

ore, this material would be useful on the durability in clinical

ituation. 

Although the results obtained from in - vitro and in-vivo stud-

es cannot be directly extrapolated to clinical situations, this study

emonstrates that TC-CPC might play an important role in pre-

enting older patients from contracting aspiration pneumonia, as

t has excellent antimicrobial activity and biocompatibility in addi-

ion to mechanical properties. Clinical trials would be required for

ts practical use. 

. Conclusion 

A novel tissue conditioner containing CPC was developed in this

tudy. It was demonstrated that the novel material has excellent

ntimicrobial activity and similar mechanical properties and bio-

ompatibility to commercially available materials. 
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