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Abstract

Denture stomatitis and fungal infection are commonly found in long-time
denture wearer. Ionic liquids have been used as plasticizer and also possess
antimicrobial activity. In this study, ionic liquid in form of 1-Decyl-3-methy-
limidazolium chloride was incorporated into tissue conditioner (GC Soft-liner
™) to improve antifungal activity. Physical and mechanical properties were
evaluated. Compliance was carried out using penetration test according to
ISO 10139-1. Weight change, water absorption and solubility were determin-
ed by weight measurement. Conventional and nystatin-incorporated tissue
conditioner served as controls. Results showed that ionic liquid-incorpo-
rated tissue conditioner significantly decreased fungal formation, both in ma-
terial suspension and on material surface. The penetration depth of all groups
tended to reduce over time with no significant difference at each time point.
After water immersion, ionic liquid- and nystatin-incorporated tissue condi-
tioner gained weight while conventional group showed weight loss. The per-
centage of water absorption of conventional group was significantly lower
than ionic liquid and nystatin group, while the percentage of water solubility
of nystatin group was significantly higher than others. Our work indicated
that antifungal ionic liquid-incorporated tissue conditioner met the stan-
dard criteria in terms of material compliance. However, further studies in-
cluding dynamic viscoelastic property are needed before clinical trial or ap-
plication.
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1. Introduction

One of the main problems occurring in long-term denture wearers is the deposi-
tion of plaque on tissue surface of the denture, especially in elderly or disabled
person who cannot achieve good oral hygiene. This problem often leads to the
infection and inflammation of underneath mucous membrane. The symptom is
called “denture stomatitis” and often co-exists with fungal infection especially
form Candida albicans[1] [2] [3] [4] [5]. Mechanical and chemical stimuli could
trauma oral tissue and accelerated these processes, primarily in immune com-
promised patients. Despite having obvious signs, patients seldom aware of the
abnormalities.

The first choice of denture stomatitis treatment is to remove denture in order
that oral tissue can recover into normal condition, along with antifungal drug
prescription if the sign of fungal infection is presented [6] [7]. However, remov-
ing denture may cause masticatory problem and esthetic concern to the patient.
Also, the inflammation usually recurs as the causal microorganism still remains
on tissue surface of denture. As a result, dentists always solve this problem by
grinding tissue surface of denture and relining it with soft liner or tissue condi-
tioning materials. Nevertheless, the problems still reoccur because of plaque de-
position on denture liner. The deposited plaque is difficult to be removed by
mechanical or chemical method, as it would cause a distortion of denture liner.
Moreover, surface roughness and porosity of denture liner itself increase the
amount of deposited microorganisms.

Many studies tried to develop antimicrobial tissue conditioner to help prevent
microorganism deposition and decrease denture stomatitis incidences. Antifun-
gal drugs, metal-containing substances, and phytotherapeutic agents were added
into tissue conditioning materials to achieve therapeutic outcome [8] [9] [10]
[11] [12] [13]. However, the addition of these substances changed the optimal
concentration of each composition and might affect the properties of material.

Ionic liquids (ILs), the organic salts composed of organic cation and inorganic
anion that are liquid at room temperature, are often used as solvents and addi-
tives including plasticizer in polymeric materials. Additionally, many ILs possess
antimicrobial activity against both bacteria and fungi [14] [15]. The polymeric
materials contained ILs also showed antimicrobial properties [16] [17]. Due to
both antifungal and plasticizing effects, our study incorporated ILs into dental
tissue conditioner in order to improve antifungal property. At the same time, the
physical and mechanical properties of material were expected to be maintained

or better.

2. Materials and Methods
2.1. Materials
Tissue conditioner used in this study was GC Soft-Liner™. Tonic liquid used was

96 wt% 1-Decyl-3-methylimidazolium chloride. Nystatin use was 100,000 IU
Nystatin oral suspension. Details of materials and chemical agents used are
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shown in Table 1.

2.2. Antifungal Activity and Cytotoxicity Test
2.2.1. Antifungal Activity Assay

C. albicans ATCC 90028 was used as standard microorganism. It was grown in
sabouraud dextrose broth in 5% CO, chamber at 37°C overnight. Microbial sus-
pension was adjusted to initial concentration of 1 x 10° cells/ml. Materials were
divided into three groups including Soft-Liner (SL), 2.25% IL-incorporated
Soft-Liner (IL), and 0.225 wt% nystatin-incorporated Soft-Liner (NYS). The
concentrations of nystatin and IL were chosen from our pilot study, which indi-
cated antifungal activity against C. a/bicans ATCC 90028. Specimens were pre-
pared into a dimension of 10-mm diameter and 2-mm height. Each of them was
placed into 24-well plate containing 10° cells/well C. albicans suspension and
incubated for 24 h.

For cell count, 100 pl of C. albicans suspension was removed from each well
and serial dilutions with spread plate method were carried out to determine co-
lony-forming unit (CFU). At the same time, each specimen was removed,
washed twice with phosphate-buffer saline (PBS), re-immersed in PBS and vor-
texed for 1 min to disrupt cell adhesion. The number of C. a/bicans adhered on
specimen was also determined using serial dilution and spread plate method.
The experiments were performed in triplicate and the percentage of log CFU was
calculated using the following formula;
mean log CFU of tested group <100
mean log CFU of control group

Microbial viability (%) =

2.2.2. Cytotoxicity Evaluation

Material preparation was similar to antifungal activity testing. L929 mouse fi-
broblast cell line was cultured in 24-well plate at a concentration of 5 x 10*
cells/well. Specimens in each group were immersed in 5.4 ml of Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum,

L-glutamine, antibiotics and antimycotic drug. After 24 h incubation in 5% CO,

Table 1. Material and chemical agents used in this study

Material/ Batch . "
. Manufacturers Chemical compositions
Chemical agents number

Powder: 100% polyethyl methacrylate
Ti PEMA) Liquid:
issue GC Corporation, ( ) Liqui
Tokyo, Japan 1402131 e 80.9 wt% Butyl
¥o, Jap phthalyl buthyl glycolate
e 4.3 wt% Dibutyl phthalate

conditioner
GC Soft-Liner™

. e 96 wt% 1-Decyl-3-methylimidazolium
s Sigma-Aldrich® .
Tonic liquid - chloride (C,,H,,CIN,), Molecular

C
ompany Weight 258.83
Nystatin oral Continental-Pharm
suspension: Nyst Co., Ltd, Bangkok, 001 Nystatin 100,000 IU
Oral Thailand
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chamber at 37°C, culture medium of L929 was replaced with collected medium
from each specimen group. Culture medium with no specimen immersion was
used as control. The plate was then incubated for 24 h prior to cytotoxicity assay.
The experiments were performed according to the guideline of ISO 10993-5: Bi-
ological evaluation of medical device. Cytotoxicity test was performed using the
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) as-
say. Viable cells were able to convert yellow MTT solution into purple formazan
derivative. Optical density (O.D.) value was detected at 570 nm using an absor-
bance microplate reader (BiotekELx800; Biotek Instruments Inc, Winooski, VT,
USA). The experiments were performed in triplicate. The percentage of viable
cell was calculated via formula;

mean O.D.of tested group <100

Viable cell (%) =
mean O.D.of control group

2.3. Physical and Mechanical Properties Test

Specimens were divided into 3 groups including conventional Soft-Liner (SL),
2.25 wt% IL-incorporated Soft-Liner (IL), and 0.225 wt% nystatin-incorporated

Soft-Liner (NYS). Each group consists of six specimens.

2.3.1. Depth of Penetration Measurement

The compliance of short-term used soft lining materials was measured using a
penetrometer according to ISO 10139-1, a standard criteria for short-term-use
dental soft lining material, with some modifications. Mixed tissue conditioner
was poured into an acrylic ring (30-mm diameter, 3-mm height) supported un-
derneath by an acrylic plate (square-shaped of 4 x 4 cm, 4-mm height). The spe-
cimen was covered with polyester sheet, pressed flush against glass slide for 10
min, and then immersed in deionized water at 37°C + 1°C. Two hours after
mixing, a polyester sheet was removed and a vertical rod with 1-mm diameter
cylindrical penetrator (a total mass of 50 + 5 g) was dropped onto surface of spe-
cimen and depth of penetration was recorded in millimeters (mm). Each speci-
men was indented at 3 different positions, which were 5 mm apart and apart
from mold’s margin. The test was repeated at day 3 and 7 after water immersion.
The values of mean * S.D. (mm) and the percentage of penetration depth at day

3 and 7 after water immersion were calculated.

2.3.2. Water Absorption, Solubility, and Weight Change Measurement

Disc-shaped specimens were prepared into a dimension of 30-mm diameter and
2-mm thickness. Two hours after mixing, specimens were removed from the
mold and weighed with an analytical balance giving an accuracy of 0.005 g. They
were re-weighed at day 3 and 7 after water immersion. At day 7, specimens were
removed from water and stored in desiccators containing fresh dry silica gel at
37°C. They were weighed daily until a constant mass was achieved (until weight
change of each specimen was no more than 0.002 g within 2 consecutive days).

The percentages of water absorption, water solubility and weight change were
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calculated as follows;

(M2-M3)

Water absorption (%) = x100

~M3)

Water solubility (%) = (M1 x100

M -M1
Weight change (%) =%x100

where M is material’s weight after 3 and 7 days of water immersion, M1 is an in-
itial weight before immersion (after preparation), M2 is weight after absorption

and desorption, M3 is final weight after desiccation.

2.4. Statistical Analysis

For penetration depth, percentage of penetration depth and weight change, data
were analyzed by two-way repeated measures ANOVA using Sigma Stat (Sigma
Stat, San Jose, CA, USA) to determine whether there was an interaction between
the factors of time and type of material. To determine the difference among
groups and time period, Kruskal-Wallis one-way ANOV A with a posthoc analy-
sis of Tukey Test was used (p < 0.05). For water absorption and solubility, data
was analyzed by one-way ANOVA with Tukey post-hoc analysis (p < 0.05).

3. Results
3.1. Antifungal Activity and Cytotoxicity Evaluation

The antifungal activity was evaluated by examining the percentage of log colony
forming unit (% CFU) of C. albicans in suspension and on materials. The num-
ber of viable fungal cells in suspension (Figure 1(a)) and the number of adhered
fungal cells on material (Figure 1(b)) of IL and NYS groups were significantly
decreased compared to conventional SL group. No significant differences be-
tween IL and NYS group in both experiments were observed. Cytotoxicity test
was performed using MTT assay. There were no significant differences in per-
cent cell viability among conventional SL and NYS group, whereas the value of

IL group was significant decreased (Figure 2).

3.2. Depth of Penetration

Penetration depth at baseline (day 0), day 3 and day 7 after water immersion of
IL group was not significantly different from NYS and conventional SL group at
each time point. The depth of all groups was continuously reduced after water
immersion, with significant difference at day 7 compared to baseline in all
groups (Figure 3). The percentage of penetration depth tended to reduce over
time. In both IL and conventional SL groups, the value was significant decreased
at day 7 compared to baseline. In NYS group, the percentage of penetration
depth was significantly reduced since day 3 (Figure 4).

3.3. Water Absorption, Solubility, and Weight Change

SL group showed weight loss overtime, though no significant difference was ob-
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served among groups. In contrast, the weight of IL and NYS groups were signif-
icantly increased at day 7, compared to baseline (Figure 5). The percentage of
water absorption of IL and NYS groups were significantly higher than that of SL
(Figure 6), whereas the percentage of water solubility of NYS group was highest
among others (Figure 7).

4. Discussion

In this study, tissue conditioning material GC Soft-Liner™ (SL) was chosen due
to its availability and popularity among tissue conditioner used in Thailand. Its
biocompatibility, physical and mechanical properties have been studied [18] [19]
[20] [21]. In order to improve antifungal activity of conventional tissue condi-
tioner, 2.25 wt% Ionic liquid (IL) were incorporated. Results showed that IL sig-
nificantly reduced the number of colony formation of C. a/bicans, in both sus-

pension and on SL surface. The antifungal potential was quite similar to

% CFU (Suspension)

120 7
100
80 1
60 -
40 -
20 -

0

= |
*

-4 %

SL  225%IL 0.225% NYS
(a)
% CFU (Material)

120 -
100
80
60
40
20
0

SL 2.25%IL 0.225% NYS

(b)

Figure 1. The percentage of colony forming unit (%CFU)
of C. albicans from material suspension (a) and adhered
fungal cells on materials (b). Significant decrease in fungal
cell viability was observed in both IL and NYS group,
compared to control. Similar results was observed from
both suspension and adhered fungal cells. *Significant
difference, p < 0.05.
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% Cell viability (MTT)

120 7

100
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20

0 -
2.25% IL 0 225% NYS

1

1

1

Figure 2. Cytotoxicity test. MTT assay showed significant decrease in L-929 cell viability
from IL group, compared to others. *Significant difference, p < 0.05.

Penetration depth (mm)

14
*
*

12 -

1 -
EDay 0
0.8 @aDay 3
ODay 7

0.6 -

04

0.2

o -4 he—

SL ‘ 2.25%IL 0.225% Nys

Figure 3. Changes in penetration depth (mm) of tested materials over water-storage time.
*Significant difference, p < 0.05.

nystatin, a well-known and widely used antifungal drug. Although cell viability
test showed more toxic effects to normal cells compared with nystatin, our study
indicated that ionic liquid could be used to increase antifungal activity of tissue
conditioning material.

Nystatin is the polyenes macrolide biosynthesized by the growth of bacterial
strain, Streptomyces noursei. It is active against a wide range of yeasts and yeast-

like fungi, including C. a/bicans. The antifungal effect of nystatin is from the
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ability to specifically attack fungal cell. Human or animal cell membranes com-
posed of phospholipid bilayers, with cholesterol as an essential component to
maintain structural integrity. On the contrary, fungal cells composed of a specif-
ic sterol called ergosterol. Nystatin effectively bind to ergosterol, inducing mem-
brane pore formation and changing in membrane permeability, resulting in lea-
kage of intracellular components including potassium ion, leading to acidifica-
tion of fungal cell and cell death [6] [7] [22].

Ionic Liquids (ILs) are organic salts that are liquid at room temperature, typi-
cally composing of bulky organic cations and inorganic anions. In this study, io-
nic liquid in form of 1-Decyl-3-methylimidazolium chloride were used (Figure

8). Some ILs structures possess antimicrobial activity, which mainly depends

% Penetration depth

2.25%IL
—m— 0.225% Nys

)

Wy

o

Day 0 Day 3 Day 7

Figure 4. Changes in percentage of penetration depth of tested materials over water-
storage time. *Significant difference, p < 0.05.

% weight change

110 - =*
nx
105 - “/
,//.

100 - L~ —+-st
o5 s Y o A 225%IL
% ——0.225% Nys
0

Day 0 Day 3 Day 7

Figure 5. The percentage of weight change of tested materials over water-storage time.
*Significant difference, p < 0.05.
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% Water absorption

30 1 I
25 -
20 -
15
10 -

SL 2.25% IL 0.225% Nys

Figure 6. The percentage of water absorption of tested materials. *Significant difference,
p<0.05.

% water solubility -

12
10 -

o N M O O
1

SL 2.25% IL 0.225% Nys

Figure 7. The percentage of water solubility of tested materials. *Significant difference, p
<0.05.

CH

+ 7 3

N
{3 o
A
CH,(CH,),CH,

Figure 8. Structure of 1-Decyl-3-methylimidazolium chloride (Sigma-Aldrich®).
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only on the cationic structure [23] [24] [25] [26]. The positive charges of ILs in-
teract with negative charges of acidic phospholipids in microbial cell membrane,
inducing the integration of hydrophobic tail of ILs into hydrophobic microbial
membrane core. ILs at high concentration solubilized hydrophobic cell mem-
brane components, forming mixed micellar aggregates and causing disruption of
cell membrane. These events lead to denaturation of structural proteins, leakage
of intracellular components and cell death [27].

Although both nystatin and IL showed antifungal activity by disrupting fungal
cell membrane and cell death. Our study found that even though IL group
showed similar antifungal effect to NYS group, more cytotoxicity to normal cell
was observed. It is possible that, unlike nystatin which specifically attack sterol
of fungal cell, the effect of IL on solubilizing cell membrane component might
cause damage to human cell as well. Further study is needed to clarify this mat-
ter.

The application of ILs as additives or plasticizers were involved in several
types of polymers, mostly for polymethyl methacrylate (PMMA) and polyvinyl
chloride (PVC). Plasticizers are additives that function by embedding themselves
in-between polymer chains, making them apart, reduce bonding between chains,
and increased free volume and some swelling. These improve flexibility and du-
rability of materials [16] [17] [28]. In our study, we incorporate ILs into tissue
conditioner in order to achieve both antifungal activity and function as plasti-
cizer.

According to ISO standard, soft lining material in dentistry was categorized
into “long-term” and “short-term” usage. Penetration test was recommended to
evaluate the compliance or softness of short-term-use soft lining materials over
time. Our study found that compliance of all groups met ISO criteria by which
penetration depth was no less than 0.5 mm at day 7 after water immersion. The
deeper the penetration depth, the softer the material. Although there was no sig-
nificant difference, the initial penetration depth of IL group was less than those
of conventional and NYS group. However, the change in penetration depth of IL
group overtime was lowest compared to others. This might be the plasticizing
effect of IL that penetrated into polymer and maintain flexibility of the material.
Results suggested that IL-incorporated SL met the standard, in terms of com-
pliance, to be used as tissue conditioner and short-term soft-liner.

Tissue conditioning material consisted of polymeric powder, mainly polye-
thylmethacrylate (PEMA), and liquid which was a mixture of plasticizer and
ethyl alcohol. After water immersion, water is absorbed into material and, si-
multaneously, ethyl alcohol and plasticizer were leached out [29]. We found that
conventional SL lost weight after water immersion, and the percentage of water
absorption was lower than water solubility. It might be that the amount of
leached out ethyl alcohol and plasticizer was higher than water absorption. In
contrast, IL- and nystatin-incorporated SL gained weight and the percentage of
water absorption was higher than water solubility, indicating that the amount of

absorbed water might be higher than leached out ethyl alcohol and plasticizer. In
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IL group, the increased water absorption might be partly from the effect of IL as
plasticizer. The water solubility of IL group was similar to conventional SL but
significantly decreased compared to NYS group, suggesting that active sub-
stances remained in the material. It is possible that IL, with both plasticizing and
antifungal effect, could be longer retained in soft liner, indicating the potential to

be used as long term or sustained release antifungal material.

5. Conclusion

The results from this study demonstrated that antifungal IL-incorporated Soft-
Liner met the standard criteria to be used as tissue conditioner and temporary
soft liner, in terms of material compliance. However, the softness of material as
measured by penetration test did not mimic oral condition where material must
withstand both functional and non-functional forces. Dynamic viscoelastic pro-
perty of material should be further carried out. In addition, the composition of
IL-incorporated soft-liner should be further adjusted to reduce cytotoxicity and

improve biocompatibility of material.
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