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Abstract: We conducted surface characterization to assess the biocompatibility and investigate
the antimicrobial activity against oral pathogens in autopolymerizing acrylic resins, coated with
light-curable coating resin, containing various concentrations of Reynoutria elliptica extract (0, 200,
400, and 600 µg/mL). The R. elliptica extract powder was prepared using a freeze-drying technique.
Further, a goniometer and microhardness tester were used to determine the water contact angle,
and Vickers hardness, respectively; color measurements were performed on the uncoated and coated
acrylic resin disks. The polyphenol content of the extracts from the coated acrylic resin disk was
analyzed using UV-VIS spectroscopy. The antimicrobial activity of the coated acrylic resin disk against
Streptococcus mutans and Candida albicans was observed for 24 and 48 h by measuring the optical
density using spectrophotometry. In addition, biocompatibility was confirmed by testing the cell
viability according to ISO 10993-5. The water contact angle, Vickers hardness, and color change values
of the coated acrylic resin disks were not significantly different from the control. Polyphenol was
detected in all experimental groups, with no significant differences between the experimental groups.
The experimental groups exhibited significant antimicrobial activity against S. mutans and C. albicans
compared to the control group, after 48 h of incubation. The cell viability between the control and
experimental groups was not significantly different. The proposed coating resin containing R. elliptica
extract is applicable on dental acrylic resins, due to their antimicrobial properties and excellent
biocompatibility, with no deterioration of surface characteristics.

Keywords: coating resin; Reynoutria elliptica extract; contact angle; microhardness; polyphenol;
antimicrobial activity; cell viability

1. Introduction

Managing the hygiene of dentures or removable orthodontic appliances is a critical factor in
maintaining the oral health of patients and achieving aesthetic goals [1,2]. The main component of
dentures and orthodontic appliances such as retainers is polymethyl methacrylate (PMMA)-based
acrylic resin, used in the majority of removable dental prosthetic devices, due to its ease of processing,
molding, and favorable physicochemical properties [3–5]. However, patients who use dentures or
removable orthodontic retainers often have poor oral hygiene and high infection rates of pathogenic
microorganisms due to improper management of the acrylic resin based prosthetic devices [6–10].
Streptococcus mutans metabolizes acids by attaching to the surface of the tooth in the oral cavity.
The acid generated demineralizes the tooth structure and causes dental caries [11,12]. Candida albicans
also adheres to the surface of the denture or to the oral mucosa, causing diseases, such as denture
stomatitis [13,14].
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A biofilm inevitably forms on the surface of the denture that the colonized bacteria attaches to
materials [15,16]. Therefore, it is important to suppress the growth of microorganisms that adhere to
the dentures. This phenomenon applies to both denture surfaces and orthodontic acrylic resins [17–20].
Various approaches have been investigated to improve oral hygiene and prevent oral disease [21].
These include the use of denture cleaners, mechanical cleaning, denture base resins mixed with
antimicrobial substances, and coating resins containing antimicrobial substances [22–27] However,
the long-term use of denture cleaners can corrode the metallic materials, such as clasps and may
impact the color stability of the denture base resin [28–31]. Mechanical cleaning can wear the surface of
acrylic resins, creating a rough surface. However, this approach is patient-dependent because hygiene
varies according to the cleaning habits of individual patients [32,33]. As antimicrobial ingredients are
used in the acrylic resin, several components are released, which may induce the death of bacteria
that cause oral disease. However, another research have postulated that the mechanical properties of
dentures also deteriorate [34,35]. Therefore, it is important to apply an antibacterial coating that does
not negatively impact the mechanical and physical properties of the dentures, while inhibiting the
activity of oral pathogenic microbes and preventing oral disease [36].

The application of natural medicines is an effective and safe approach to inhibit the microbial
activity of oral pathogens [37–40]. Reynoutria elliptica is a perennial plant of the Polygonaceae family
that effectively treats diuretic and menstrual disorders, promoting blood circulation, alleviating
pain, and relieving respiratory diseases [41]. In addition, R. elliptica is also widely studied as a
suitable material, due to its antimicrobial and anti-inflammatory properties with minimal side effects,
thereby making it applicable for prolonged use. Based on the previous research, the process of
verifying the efficacy of R. elliptica using cells of oral origin is also necessary to extend the clinical
application of plants to the dental field. As the anti-inflammatory effects of R. elliptica extract are
evaluated using oral derived cells, it is important to select cells that can only prove the effects of the
material [42,43]. Some studies have investigated the prevention of dental caries by including growth
inhibitory components against S. mutans. In addition, R. elliptica demonstrated excellent antibacterial
activity against Helicobacter bacteria [44,45].

However, previous studies were limited to testing antimicrobial activity using R. elliptica as
the raw material, without examining how the composition of the coating resin impacts the surface.
There have been no reports on the use of a naturally derived R. elliptica extract to induce surface
changes in the denture materials and to observe the surface properties, and antimicrobial effects on oral
pathogenic bacteria and fungi. Therefore, we explored the potential application of R. elliptica extract
as a constituent of the surface coating resin for use as an antimicrobial dental material. The surface
characterization of autopolymerizing acrylic resins, coated with light-curable coating resin, containing
R. elliptica extract was conducted to assess the biocompatibility, and confirm the antimicrobial activity
against oral pathogens. The first null hypothesis of this study states that the surface coating treatment
with various concentrations of the R. elliptica extract does not significantly impact the water contact
angle, hardness, and color of the acrylic denture material surface. The second null hypothesis is that
the surface coating treatment with different concentrations of the R. elliptica extract does not show
significant differences in antimicrobial activity against S. mutans and C. albicans strains. The third null
hypothesis is that the surface coating resin containing various concentrations of the R. elliptica extract
does not significantly influence the viability of L929 fibroblast cells.

2. Results

2.1. Water Contact Angle of the Coated Surface

All experimental and control groups exhibited no significant differences in the water contact angle
values (p > 0.05) (Figure 1A). In addition, there was no significant difference in the water contact angle,
regardless of different R. elliptica extract concentration in the coating resin for the experimental group
(p > 0.05). Therefore, the R. elliptica extract had no significant effect on the surface contact angles.
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The water contact angles of the coated surface were: 73.5 ± 5.4, 73.1 ± 5.2, 75.7 ± 4.6, and 76.0 ± 4.8
for RC 0, RC 200, RC 400, RC 600, respectively. Additionally, the water contact angle of the uncoated
disk specimens was 84.8 ± 6.5, which was significantly higher than control and experimental groups
(p < 0.05).

Plants 2020, 9, 1292 3 of 14 

group (p > 0.05). Therefore, the R. elliptica extract had no significant effect on the surface contact 
angles. The water contact angles of the coated surface were: 73.5 ± 5.4, 73.1 ± 5.2, 75.7 ± 4.6, and 76.0 
± 4.8 for RC 0, RC 200, RC 400, RC 600, respectively. Additionally, the water contact angle of the 
uncoated disk specimens was 84.8 ± 6.5, which was significantly higher than control and experimental 
groups (p < 0.05). 

 
Figure 1. Bar graphs showing the (A) water contact angles, (B) Vickers microhardness, (C) color 
change before and after the coating treatment of the surfaces of the control and experimental groups, 
and (D) the amount of released polyphenol from the control and experimental groups. Each value 
shows the average of five measurements, and the error bar indicates the standard deviation of the 
average. The horizontal bar indicates no significant differences between groups (p > 0.05). 

2.2. Microhardness of the Coated Surface 

All the experimental and control groups exhibited no significant difference in microhardness 
values (p > 0.05) (Figure 1B). In addition, within the experimental group, there was no significant 
difference in the microhardness value regardless of different R. elliptica extract concentrations in the 
coating resin (p > 0.05). Therefore, the R. elliptica extract exhibited no significant effect on the surface 
microhardness. The microhardness values of the coated surfaces were: 26.5 ± 1.7, 28.0 ± 1.0, 28.5 ± 1.4, 
and 26.8 ± 0.8 for RC 0, RC 200, RC 400, and RC 600, respectively. Additionally, the microhardness of 
the uncoated disk specimens was 10.8 ± 1.2, which was significantly lower than that of the control 
and experimental groups (p < 0.05). 

2.3. Color Characterization 

All the experimental and control groups exhibited no significant difference in the ΔE values (p > 
0.05) (Figure 1C). In addition, the experimental group revealed that there was no significant 
difference in the ΔE value, regardless of different R. elliptica extract concentration in the coating resin 
(p > 0.05). Therefore, the R. elliptica extract exhibited no significant effect on the surface color. The 
color difference before and after the coating treatment were: 1.1 ± 0.3, 1.0 ± 0.2, 1.0 ± 0.3, and 1.1 ± 0.3 
for RC 0, RC 200, RC 400, and RC 600, respectively. 

Figure 1. Bar graphs showing the (A) water contact angles, (B) Vickers microhardness, (C) color change
before and after the coating treatment of the surfaces of the control and experimental groups, and (D)
the amount of released polyphenol from the control and experimental groups. Each value shows
the average of five measurements, and the error bar indicates the standard deviation of the average.
The horizontal bar indicates no significant differences between groups (p > 0.05).

2.2. Microhardness of the Coated Surface

All the experimental and control groups exhibited no significant difference in microhardness
values (p > 0.05) (Figure 1B). In addition, within the experimental group, there was no significant
difference in the microhardness value regardless of different R. elliptica extract concentrations in the
coating resin (p > 0.05). Therefore, the R. elliptica extract exhibited no significant effect on the surface
microhardness. The microhardness values of the coated surfaces were: 26.5 ± 1.7, 28.0 ± 1.0, 28.5 ± 1.4,
and 26.8 ± 0.8 for RC 0, RC 200, RC 400, and RC 600, respectively. Additionally, the microhardness of
the uncoated disk specimens was 10.8 ± 1.2, which was significantly lower than that of the control and
experimental groups (p < 0.05).

2.3. Color Characterization

All the experimental and control groups exhibited no significant difference in the ∆E values
(p > 0.05) (Figure 1C). In addition, the experimental group revealed that there was no significant
difference in the ∆E value, regardless of different R. elliptica extract concentration in the coating resin
(p > 0.05). Therefore, the R. elliptica extract exhibited no significant effect on the surface color. The color
difference before and after the coating treatment were: 1.1 ± 0.3, 1.0 ± 0.2, 1.0 ± 0.3, and 1.1 ± 0.3 for
RC 0, RC 200, RC 400, and RC 600, respectively.
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2.4. Analysis of Polyphenol Content

Polyphenol was not detected in the control group (RC 0), but was detected in all the experimental
groups. The experimental groups exhibited no significant difference in the polyphenol content,
regardless of different R. elliptica extract concentration in the coating resin (p > 0.05) (Figure 1D).
The coating resin containing R. elliptica extract had effect on the release of polyphenol. The polyphenol
content in the extracted solution from the experimental coated specimens were: 7.11 ± 1.17, 7.86 ± 1.86,
and 7.98 ± 1.78 for RC 200, RC 400, RC 600, respectively.

2.5. Antimicrobial Activity

The growth inhibitory effect of the control and experimental groups on S. mutans and C. albicans is
shown in Table 1. When considering the control and experimental groups at each culture time point in
S. mutans, the control group (RC 0) with no R. elliptica extract revealed a higher optical density (OD)
value than other experimental groups containing R. elliptica extract (p < 0.05). When considering the
control and experimental groups at each culture time point in C. albicans, there was no significant
difference in the OD values between the control and the experimental groups after 24 h of incubation
(p > 0.05). However, after 48 h of incubation, the OD values of all the experimental groups were
significantly lower than those of the control group (p < 0.05). This shows that the coating resin,
containing R. elliptica extract, significantly impacted the OD value of each microbial, compared with
the RC 0 after 48 h (p < 0.05). After 48 h of incubation, there was a significant difference between the
experimental groups in the OD values of all microorganisms (p < 0.05).

Table 1. Optical density value of the control and experimental groups with Streptococcus mutans and
Candida albicans after 24 and 48 h of cultivation.

Experimental
Groups

Streptococcus Mutans Candida Albicans

24 h 48 h 24 h 48 h

RC 0 0.053 ± 0.003 a 0.612 ± 0.008 a 0.042 ± 0.002 a 0.829 ± 0.049 a

RC 200 0.047 ± 0.001 b 0.273 ± 0.007 c 0.041 ± 0.001 a 0.599 ± 0.071 b

RC 400 0.048 ± 0.002 b 0.387 ± 0.018 b 0.040 ± 0.001 a 0.305 ± 0.025 c

RC 600 0.048 ± 0.001 b 0.223 ± 0.035 c 0.038 ± 0.001 a 0.418 ± 0.052 c

Different superscript letters show significant differences between the control and experimental groups at each
cultivation time (p < 0.05).

Figure 2 shows the relative microbial survival rate of the experimental groups based on the control
coated group (RC 0) that did not contain the R. elliptica extract. There was no significant difference
in the survival rate between the experimental groups after 24 h in all microorganisms (p > 0.05).
However, there was a significant difference between the experimental groups after 48 h (p < 0.05). In all
microorganisms, the survival rate of the microorganisms after 48 h of incubation was significantly
lower than that after 24 h of incubation, but not the concentration-dependent trend of R. elliptica extract
(p < 0.05).
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Figure 2. Relative survival rate of (A) Streptococcus mutans; and (B) Candida albicans exposed to the
extract solution of experimental coating resin, containing Reynoutria elliptica extract at two different
time points. The same uppercase letters exhibit no significant differences in the survival ratio between
the experimental groups at each time point (p > 0.05), whereas the different lowercase letters indicate
significant differences in the survival ratio between two different time points at each group (p < 0.05).

2.6. Cell Viability

All experimental and control groups exhibited no significant difference in the cell viability values
(p > 0.05) (Figure 3). In addition, the experimental group revealed no significant difference in the cell
viability value, regardless of different R. elliptica extract concentration in the coating resin (p > 0.05).
Additionally, the R. elliptica extract had no significant effect on cell viability. The cell viability of the
experimental and control groups was almost 100%, demonstrating that the extract solutions from all
groups were biocompatible.
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Figure 3. Bar graph showing the cell viability of the extract solutions from the experimental and
control groups. Each value shows the average of five measurements, and the error bar indicates the
standard deviation of the average. The horizontal bar shows no significant differences among the
groups (p > 0.05).
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3. Discussion

Applying a coating resin to the denture surface not only improves the mechanical and chemical
properties of the material, but also demonstrates beneficial factors, such as biological resistance to oral
pathogens and color change resistance [3]. Previous studies on the surface modification of acrylic
resin-based materials have been continuously undertaken, postulating the inhibition of growth and the
death of oral pathogenic microorganisms [46–49]. In addition, numerous studies have attempted to
inhibit the attachment of microorganisms to material surfaces [50]. However, the synthetic chemicals in
other studies exhibited low biocompatibility due to cytotoxicity at high concentrations, although they
effectively suppressed the growth of pathogens because of their antibacterial activity on the denture
surfaces [51]. Therefore, it is imperative to carefully select the antimicrobial materials because the
continued use of synthetic chemicals and antibiotics can cause side effects, such as low cell viability or
mutagenicity [45].

Many plant-derived natural medicines have been studied to explore their antibacterial and
anti-inflammatory effects. Currently, natural medical ingredients that inhibit the activity of microbes
that cause oral disease have been proposed for use in the field of dentistry [42,43]. Hence, in this study,
the surface characteristics, antimicrobial activity, and biocompatibility of acrylic resins coated with
R. elliptica extract were evaluated. In addition, the polyphenol content was examined to analyze the
extracts from the coated acrylic resin disk.

In previous studies, the coating treatment demonstrated potential for corrosion protection, good
stain resistance, and superior mechanical and chemical properties compared to the group without
coating treatment [3]. Accordingly, the coating applied to the surface of the dental material should be
chemically stable and crack resistant, without deteriorating the material properties [52,53]. Dental
clinicians have stated the importance of retaining close contact with denture base materials and
supporting tissues in the oral cavity for the maintenance and stability of removable dentures [54].
One way to improve denture maintenance is by maintaining the wettability of the material surface,
i.e., it should not be reduced [55,56]. The contact angle of the coated surface can imply the degree
of retention of denture in the oral cavity based on the wettability results to moisture [57]. Therefore,
in this study, the contact angle was measured using distilled water, a polar solution, in order to evaluate
the wettability of the coating resin containing various concentrations of Reynoutria elliptica extract.
As shown in Figure 1A, the contact angle of the coated acrylic resin surface was not significantly
different among the groups (p > 0.05). Moreover, compared to the uncoated group, the experimental
and control groups exhibited significantly lower contact angles. Further, it was expected that the
retention with oral mucosa could improve when the coated denture base material was applied to the
oral cavity. As such, our results imply that the various concentrations of R. elliptica extract did not
degrade the wettability of the coating resin.

Wear refers to a phenomenon in which material is gradually lost due to mutual mechanical action
between a contacting material and a surface. The mechanism that causes wear on the denture surface is
very complicated due to the dynamic oral environment, but abrasive wear is generally dominant [58–60].
Abrasion resistance correlates with surface hardness, and abrasion proceeds rapidly on the surface
of a material with low hardness [61,62]. Abrasion of acrylic resin can lead to the accumulation of
food debris and calculus, and the adhesion of bacteria by roughening the surface [63]. Therefore, it is
possible to predict the wear resistance by measuring the surface hardness of the material [64]. As shown
in Figure 2B, there was no significant difference in the hardness values between the experimental
and control groups, indicating a significantly higher hardness than that of the uncoated acrylic resin
surface. These results confirmed that the reduction in surface hardness of the acrylic resin material was
independent of the concentration of the R. elliptica extract. Moreover, coated materials are presumably
more resistant to abrasion than uncoated denture materials.

Coating resins containing R. elliptica extract should not degrade the aesthetic properties of acrylic
resin materials. In this study, we attempted to determine whether the coating treatment can maintain the
original color of the acrylic resin material. A spectrophotometer with high accuracy and reproducibility
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was used for the quantitative comparison of color changes [65]. A before, and after, comparison of
the surface treatment using coating resins containing various concentrations of R. elliptica (Figure 1C)
revealed a low value without significant difference between the control and experimental groups.
The color change was difficult to distinguish with the naked eye. Further, the R. elliptica extract did not
have a significant effect on the color change of the coated surface. Accordingly, based on the results of
the surface characterization, the first null hypothesis was accepted, indicating that the surface coating
treatment with various concentrations of the R. elliptica extract did not significantly impact the water
contact angle, hardness, and color of the acrylic denture material surface.

The microbial used in our research are bacteria and fungi, which are most important pathogens in
the mouth. Streptococcus mutans and C. albicans are plaque colonizers and are strongly attached to tooth
surfaces or acrylic resin-based denture materials. The antimicrobial activity tests can be divided into
methods for completely killing bacteria or fungi and for inhibiting proliferation. Completely killing
bacteria may be excellent in terms of effectiveness, but it is more ideal to have bactericidal power that
can selectively target on specific microorganisms to prevent killing other normal microbes in the oral
cavity. In this study, the growth inhibitory effect of S. mutans and C. albicans with an extract solution
from acrylic resin material coated with various concentrations of the R. elliptica extract was assessed.
As shown in Figure 2, the experimental groups containing R. elliptica extract significantly impacted
the growth of S. mutans and C. albicans (p < 0.05). These results show that an acrylic resin material
coated with R. elliptica extract inhibits the activity of oral pathogenic microbes. In addition, there were
significant differences in the optical density values for all groups containing Reynoutria elliptica extract
after 48 h of cultivation (p < 0.05). These results indicate that the experimental groups had a higher
growth inhibitory effect than the control group in both S. mutans and C. albicans after 48 h of cultivation
rather than 24 h. Based on the results of the antimicrobial activity, the second null hypothesis was
rejected, indicating that the surface coating treatment with different concentrations of the R. elliptica
extract did not significantly impact the antimicrobial activity against S. mutans and C. albicans.

As a result of the extract analysis from the coated acrylic resin disk, polyphenol was detected in
all the experimental groups coated with the coating resin containing R. elliptica extract. These results
indicate that the components of the R. elliptica extract contained in the coating resins were dissolved and
diffused in the liquid environment. The experimental groups revealed that there was, no significant
difference in the amount of polyphenol released. Polyphenols, which are chemical substances found
in plants, are structured such that one or more phenol groups are bound per molecule. Polyphenols
exhibit favorable biological activities such as antioxidants and antibacterial effects [45]. In addition, the
antibacterial effect of nature-derived plants is associated with phenolic compounds [66,67]. Therefore,
the phenolic compounds released from the R. elliptica extract presumably contributed to the inhibition
of microbial growth used in this study.

Cytotoxicity testing has limitations in evaluating the systematic review of biocompatibility of
materials, but has high reproducibility and is relatively simple. Moreover, it is easy to standardize the test
process and obtain quantitative results at low cost over a short period of time. The biological evaluation
of dental materials requires a cytotoxicity test as a standard screening procedure [68,69]. In particular,
the evaluation of biocompatibility for newly developed materials is essential. After extracting the
coated acrylic resins according to international standards, the cytotoxicity of the extracts was evaluated.
As a result, there was no significant difference between the control and experimental groups, and both
showed a high cell survival rate close to 100%. These results demonstrated that the components
extracted from the coating resin were too small or safe to cause cytotoxicity. Based on the findings
of the cell viability, the third null hypothesis was accepted, revealing that the surface coating resin
containing various concentrations of the R. elliptica extract did not significantly impact the viability of
L929 fibroblast cells.

We observed whether the surface characterization and antimicrobial activity required for use
as a dental material were influenced by adding the plant-derived R. elliptica extract to the coating
resin. As a result, even though the concentration of the R. elliptica extract was lower than that of other
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antimicrobial materials, it exhibited a growth inhibitory effect on the microbes that cause oral disease.
However, since we have only considered the aforementioned over a short duration, it is necessary
to further investigate the concentration of the effective antimicrobial activity without changing the
coating stability for a prolonged period. Dental acrylic resin material must have clinically acceptable
mechanical strength in oral environment. This study confirmed the surface characterization of coated
materials, but there was a lack of research on the mechanical strength for pre-clinical investigations.
Therefore, the effect of coating treatment on the mechanical properties of acrylic resin materials will
also need to be evaluated through further research [27,70]. Despite these limitations, this study
evaluated the interaction between experimental materials and microorganisms by simulating the local
oral environment in which pathogens exist, in order to evaluate the antimicrobial activity of dental
acrylic resins coated with R. elliptica extract. In microbial-related oral disease research, our present
study is a useful indicator to evaluate the antimicrobial properties of dental materials containing plant
extracts [71]. We demonstrated that R. elliptica extract can be used as a raw material for antibacterial
coating resins. This result will be a meaningful basis for the development of future antimicrobial dental
materials using plant-derived extracts.

4. Materials and Methods

4.1. Coating Resin Containing R. Elliptica Extract

Roots of R. elliptica, cultivated in the North Gyeongsang province located in South Korea,
were obtained from an herbal shop (Hanyakjae market, Seoul, Korea). The crushed R. elliptica specimen
(500 g) was immersed in a 70% methanol solution (5 L), and extracted at 25± 1 ◦C for 48 h. The extracted
solution was filtered using a filter paper (Grade 2, Whatman®, Maidstone, UK). The solution was then
concentrated using a vacuum evaporator (EYELA, Tokyo, Japan). The dried powder was obtained
by freezing the R. elliptica extract at −20 ◦C for one day, then placing it in a freeze-drying machine
(Ilshin Lab, Gyeonggi-do, Korea) at −55 ◦C for 2 d. Then, the dried R. elliptica extract was ground using
a mortar and pestle to produce fine particles. The dried R. elliptica extract was maintained by storing
the obtained fine particles in a desiccator at 25 ± 1 ◦C before mixing in the coating resin.

The experimental coating resins were prepared by dissolving the R. elliptica extract powder in
surface coating resin (Plaquit, Dreve, Unna, Germany) at 25 ± 1 ◦C using a magnetic stirrer in a dark
environment for 24 h. Concentrations of 200, 400, and 600 µg/mL were obtained for RC 200, RC 400,
and RC 600, respectively. In addition, a surface coating resin that did not contain the R. elliptica extract
powder was also prepared as previously described to make a control coating resin (RC 0).

4.2. Coating Treatment on Acrylic Resin Disks

The Teflon mold (diameter: 10.0 mm, height: 1.0 mm) was placed onto a polyester film on a
microscope slide (Paul Marienfeld GmbH, Bad Mergentheim, Germany). The powder and liquid
materials of the autopolymerizing acrylic resin product (Jet denture repair, Lang Dental, Wheeling, IL,
USA) were mixed according to the instructions from the manufacturer until they showed a dough stage
and packed into the Teflon mold to avoid the formation of air bubbles. A polyester film was then placed
onto the autopolymerizing acrylic resin and covered with another microscope slide. A clamp was
used to apply pressure to the microscope slide and Teflon mold for one minute to displace the excess
material. After autopolymerizing for 30 min, the disk-shaped specimens were carefully separated from
the mold and any flash on the disk specimen was carefully abraded with 320 grit abrasive paper.

The disk specimens were coated with the control and experimental coating resins with various
R. elliptica extract concentrations (10 µL) to the disk specimens using a micropipette and micro brush.
The specimens were continuously light-cured under vacuum for 10 min using the Visio Beta Vario
unit (3M ESPE, Red Wing, MN, USA). This coating treatment was performed on only one side per
specimen, and the other side was not coated.
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4.3. Surface Characterization

To confirm the wettability of the coated control and experimental disk specimens, an optical
wettability inspection was performed using a contact angle measuring device (Phoenix 300, SEO,
Gyeonggi-do, Korea), combining CCD color cameras and image analysis software. A micro syringe
was used to transfer a 5 µL volume of distilled water on the coated surfaces. The water contact angles
were recorded 3 s after the drop was deposited. The water contact angle of each droplet was measured
at three random points on the coated surfaces, and the average was recorded as the water contact angle
of one specimen. The water contact angles were measured at 25 ± 1 ◦C and 45 ± 5% relative humidity.
Additionally, the water contact angles of the uncoated disk specimens were also evaluated.

The microhardness of the coated control and experimental disk specimens was evaluated by
measuring the Vickers microhardness at 0.09 MPa for 20 s using a microhardness device (DMH-2,
Matsuzawa Seiki Co., Tokyo, Japan). Indentations were made using a diamond indenter. Three
measurements were conducted at random points on the surface of the coated specimen and the average
value was recorded as the surface microhardness of the specimen. The microhardness of the uncoated
disk specimens was also evaluated using the same procedure.

The effect of the experimental coating resin on the color of the acrylic resin disk surface was
considered by observing the color of the experimental coated specimens with a spectrophotometer
(Lamba20, Perkin Elmer, Orwalk, CT, USA). The L, a, and b values and the color change (∆E)
were confirmed according to the CIE color coordinate system. The L, a, and b value reveal
lightness or darkness, redness or greenness, and yellowness, or blueness, respectively. The color
difference before and after the coating treatment was calculated using the following equation:
∆E = ((∆L)2 + (∆a)2 + (∆b)2)1/2 to confirm the color change.

Surface characterization was independently performed with five repetitive tests, and data were
recorded as averages and standard deviations.

4.4. Analysis of the Coated Sample Extracts

To analyze the extracts from the experimental sample, the coated disk specimens were extracted in
distilled water for 7 d at 37 ◦C. Based on ISO 10993-12, the extraction ratio was 3 cm2/mL (surface area
of coated disk specimen/distilled water volume) [72]. The extracted polyphenol content in distilled
water (experimental coated disk specimen) was quantified by mixing the extracted solution (50 µL) and
Folin-Denis’ reagent (50 µL, Sigma Aldrich, St Louis, MO, USA) in distilled water (650 µL), and reacting
at 25 ± 1 ◦C for 3 min. Distilled water (150 µL) and 10% Na2CO3 solution (100 µL) were mixed to
the reacted solution to form a total volume of 1 mL. Subsequently, the treated solution was placed at
37 ± 1 ◦C in a light-blocked condition. After 60 min, the absorbance value was detected using a UV/VIS
spectrometer (X-ma 1200 spectrophotometer, Human Corporation, Seoul, Korea) at 725 nm. Garlic acid
(Sigma Aldrich, St Louis, MO, USA) was used as a standard solution to generate the calibration curve
(10, 20, and 30 µg/mL). Based on the calibration curve of the standard solution, the total polyphenol
content in the extracted solution was estimated in micrograms of garlic acid equivalents. The test
for the extract analysis of the coated sample was independently performed with five repetitive tests,
and data were recorded as averages and standard deviations.

4.5. Antimicrobial Test

To confirm the antimicrobial activity of the coated experimental disk specimens, S. mutans
(ATCC 25175) and C. albicans (ATCC 10231) were used as the test microorganisms. Streptococcus mutans
and C. albicans were cultured in each culture medium, brain heart infusion (BHI, Becton Dickinson and
Co., Baltimore County, MD, USA), and yeast mold (YM, Becton Dickinson and Co., Franklin Lakes, NJ,
USA), respectively, then incubated at 37 ± 1 ◦C for 1 d.

The coated experimental disk specimens were extracted in phosphate-buffered saline (PBS,
Welgene, Gyeongsangbuk-do, Korea) for 24 h at 37 ± 1 ◦C. Based on ISO 10993-12, the extraction ratio
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was 3 cm2/mL (surface area of the coated disk specimen/distilled water volume) [72]. In addition,
the coated disk specimens that did not contain the R. elliptica extract were also extracted under the
previously described conditions. This was used as a control in the antimicrobial test.

The antimicrobial activity of the extracts from the coated samples were confirmed by diluting each
microbial suspension with culture solution to standardize the OD value (0.4–0.6 at 600 nm). The extract
solutions from the coated samples and microbial suspensions were mixed in a 9:1 ratio and incubated at
37 ± 1 ◦C for 24 and 48 h. The extract solution from the control specimen and microbial suspension was
also cultured under the same conditions; this was denoted as the control group. Thereafter, the growth
inhibitory efficacy of the each coated sample was determined by measuring the OD values at 600 nm
at two different time points using an ELISA reader (Epoch, BioTek, Winooski, VT, USA). In addition,
the relative survival rate of each microbial exposed to the extract solution of the experimental coating
resin containing R. elliptica extract was calculated using the following equation: Microbial survival
rate (%) = (Optical density of the experimental coated sample/Optical density of the control coated
sample) × 100.

Antimicrobial effect tests were independently conducted with five repetitive tests, and the obtained
data were recorded as averages and standard deviations.

4.6. Cell Viability Test

Tests for the in vitro biocompatibility test for coated experimental samples were conducted
according to the ISO 10993-5 using a 3-[4,5-dimethylthiazol-2-yl]-2, 5 diphenyltetrazolium bromide
(MTT) assay [68]. The coated control and experimental samples were maintained for 30 min under
ultraviolet (UV) light to prevent contamination. The coated control and experimental samples were then
extracted in RPMI 1640 (Gibco Laboratories, Grand Island, NY, USA) cell culture medium containing
10% (v/v) fetal bovine serum (FBS, Gibco Laboratories, Grand Island, NY, USA) at 37 ± 1 ◦C in a 5%
CO2 humidified air condition for 24 h according to ISO standard 10993-12. The extraction ratio was
3 cm2/mL (surface area of coated disk specimen/RPMI 1640 cell culture medium containing 10% (v/v)
FBS) [72]. The extraction vehicle without the specimens (blank) was stored under the previously
described conditions; this was utilized as a negative control in the cell viability test.

Immortalized L929 mouse fibroblast cells were selected and cultured in RPMI 1640 with 1%
antibiotic-antimycotic solution (Anti-Anti, Gibco Laboratories, Grand Island, NY, USA) and 10% (v/v)
FBS, sub-cultured three times in 7 d, at 37 ± 1 ◦C in a 5% CO2 humidified air condition. The adherent
cells on the cell culture flask were detached using a mixture of 0.05% Trypsin-EDTA (Gibco Laboratories,
Grand Island, NY, USA) stored for 10 min at 37 ± 1 ◦C. Immortalized L929 mouse fibroblast cells
(100 µL, 1 × 105 cells/mL) was seeded on 96-well culture plates (Thermo Scientific, Hanover Park, IL,
USA) and stored at 37 ± 1 ◦C in a 5% CO2 humidified air condition for 24 h. One-hundred microliter of
the experimental and negative extract solutions were added to each well and further incubated for 24 h.
The experimental and negative extract solutions in the 96-well plates were removed from the wells and
refilled with 50 µL of 1 mg/mL MTT-tetrazolium salts (Sigma, St. Louis, MO, USA) in PBS. The plates
were stored at 37 ± 1 ◦C in a 5% CO2 humidified air condition for 2 h in a light-blocked environment.
Then, the MTT solution was removed from the wells and refilled with isopropanol (100 µL, Sigma,
St. Louis, MO, USA). The 96-well culture plate was then placed on a shaker for 20 min in a light-blocked
condition and transferred to a microplate reader (Epoch, BioTek, Winooski, VT, USA) equipped with
a 570 nm filter to read the absorbance. The cell viability in the negative control group (blank) was
considered as 100%, and the percentage values for extracts of the control and experimental coated
samples were estimated. To calculate the reduction in viability compared to the blank, the following
equation was used: Cell viability (%) = (Optical density for extracts of the experimental and control
coated samples/Optical density of the blank) × 100. The MTT test was independently performed with
five repetitive tests, and the data were recorded as averages and standard deviations.
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4.7. Statistical Analysis

The surface characterization, extract analysis, antimicrobial activity, and cell viability results from
the experimental and control groups did meet the normality in the Kolmogorov-Smirnov test and
homoscedasticity in Levenes test, hence differences were analyzed with one-way ANOVA (PASW 18.0,
IBM Co., NY, USA) to confirm the interactions between the experimental coating resins with various
concentrations of R. elliptica extract. Post-hoc analyses were performed by Tukey’s multiple comparison
test at a significance level of 0.05 to determine the significance at different concentrations.

5. Conclusions

In the present study, the R. elliptica extract incorporated surface coating resin was fabricated and
evaluated in terms of surface characterization, antimicrobial activity, and biocompatibility. The results
revealed that the R. elliptica extract did not impact the water contact angle, hardness or color of the
acrylic resin material surface. However, the antimicrobial activity test revealed that the R. elliptica
extract impacted the antimicrobial activity against S. mutans and C. albicans strains, which are oral
pathogens. More importantly, the R. elliptica extract did not affect cell viability.

In brief, the results of this study suggest that coating treatment with plant-derived R. elliptica
extract can be applied in dental acrylic resin materials with antimicrobial properties to prevent oral
diseases, with no deterioration of the surface characteristics and biocompatibility.

Author Contributions: S.-Y.Y. contributed to conceptualization, data acquisition, and analysis, and drafted the
manuscript; M.-K.K. contributed to methodology, data interpretation, and critically revised the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (MIST) (No. 2020R1I1A1A01051962, and No. 2017R1C1B5076310).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Albanna, R.H.; Farawanah, H.M.; Aldrees, A.M. Microbial evaluation of the effectiveness of different methods
for cleansing clear orthodontic retainers: A randomized clinical trial. Angle Orthod. 2017, 87, 460–465.
[CrossRef]

2. Apratim, A.; Shah, S.S.; Sinha, M.; Agrawal, M.; Chhaparia, N.; Abubakkar, A. Denture hygiene habits
among elderly patients wearing complete dentures. J. Contemp. Dent. Pract. 2013, 14, 1161–1164. [CrossRef]

3. Zuo, W.; Feng, D.; Song, A.; Gong, H.; Zhu, S. Effects of organic-inorganic hybrid coating on the color stability
of denture base resins. J. Prosthet. Dent. 2016, 115, 103–108. [CrossRef]

4. Littlewood, S.J.; Millett, D.T.; Doubleday, B.; Bearn, D.R.; Worthington, H.V. Retention procedures for
stabilising tooth position after treatment with orthodontic braces. Cochrane Database Syst. Rev. 2016,
CD002283. [CrossRef] [PubMed]

5. Dikbas, I.; Gurbuz, O.; Unalan, F.; Koksal, T. Impact strength of denture polymethyl methacrylate reinforced
with different forms of E-glass fibers. Acta Odontol. Scand. 2013, 71, 727–732. [CrossRef]

6. Khasawneh, S.; Al-Wahadni, A. Control of denture plaque and mucosal inflammation in denture wearers.
J. Ir. Dent. Assoc. 2002, 48, 132–138.

7. Salerno, C.; Pascale, M.; Contaldo, M.; Esposito, V.; Busciolano, M.; Milillo, L.; Guida, A.; Petruzzi, M.;
Serpico, R. Candida-associated denture stomatitis. Med. Oral Patol. Oral Cir. Bucal 2011, 16, e139-43.
[CrossRef]

8. Coulthwaite, L.; Verran, J. Potential pathogenic aspects of denture plaque. Br. J. Biomed. Sci. 2007, 64,
180–189. [CrossRef]

9. Batoni, G.; Pardini, M.; Giannotti, A.; Ota, F.; Giuca, M.R.; Gabriele, M.; Campa, M.; Senesi, S. Effect of
removable orthodontic appliances on oral colonisation by mutans streptococci in children. Eur. J. Oral Sci.
2001, 109, 388–392. [CrossRef]

10. Hibino, K.; Wong, R.W.; Hägg, U.; Samaranayake, L.P. The effects of orthodontic appliances on Candida in
the human mouth. Int. J. Paediatr. Dent. 2009, 19, 301–308. [CrossRef]

http://dx.doi.org/10.2319/072916-585.1
http://dx.doi.org/10.5005/jp-journals-10024-1468
http://dx.doi.org/10.1016/j.prosdent.2015.07.008
http://dx.doi.org/10.1002/14651858.CD002283.pub4
http://www.ncbi.nlm.nih.gov/pubmed/26824885
http://dx.doi.org/10.3109/00016357.2012.715198
http://dx.doi.org/10.4317/medoral.16.e139
http://dx.doi.org/10.1080/09674845.2007.11732784
http://dx.doi.org/10.1034/j.1600-0722.2001.00089.x
http://dx.doi.org/10.1111/j.1365-263X.2009.00988.x


Plants 2020, 9, 1292 12 of 14

11. Baena-Monroy, T.; Moreno-Maldonado, V.; Franco-Martínez, F.; Aldape-Barrios, B.; Quindós, G.;
Sánchez-Vargas, L.O. Candida albicans, Staphylococcus aureus and Streptococcus mutans colonization in
patients wearing dental prosthesis. Med. Oral Patol. Oral Cir. Bucal 2005, 10 (Suppl. S1), E27–E39.

12. Loesche, W.J.; Rowan, J.; Straffon, L.H.; Loos, P.J. Association of Streptococcus mutants with human dental
decay. Infect. Immun. 1975, 11, 1252–1260. [CrossRef]

13. Iosif, L.; Preoteasa, C.T.; Murariu-Măgureanu, C.; Preoteasa, E. Clinical study on thermography, as modern
investigation method for Candida-associated denture stomatitis. Rom. J. Morphol. Embryol. 2016, 57, 191–195.

14. Webb, B.C.; Thomas, C.J.; Willcox, M.D.; Harty, D.W.; Knox, K.W. Candida-associated denture stomatitis.
Aetiology and management: A review. Part 1. Factors influencing distribution of Candida species in the oral
cavity. Aust. Dent. J. 1998, 43, 45–50. [CrossRef] [PubMed]

15. Dantas, L.C.; da Silva-Neto, J.P.; Dantas, T.S.; Naves, L.Z.; das Neves, F.D.; da Mota, A.S. Bacterial adhesion
and surface roughness for different clinical techniques for acrylic polymethyl methacrylate. Int. J. Dent. 2016,
8685796. [CrossRef]

16. Kolenbrander, P.E.; Andersen, R.N.; Blehert, D.S.; Egland, P.G.; Foster, J.S.; Palmer, R.J., Jr. Communication
among oral bacteria. Microbiol. Mol. Biol. Rev. 2002, 66, 486–505. [CrossRef]

17. Kuroki, K.; Hayashi, T.; Sato, K.; Asai, T.; Okano, M.; Kominami, Y.; Takahashi, Y.; Kawai, T. Effect of
self-cured acrylic resin added with an inorganic antibacterial agent on Streptococcus mutans. Dent. Mater. J.
2010, 29, 277–285. [CrossRef]

18. Hannah, V.E.; O’Donnell, L.; Robertson, D.; Ramage, G. Denture Stomatitis: Causes, cures and prevention.
Prim. Dent. J. 2017, 6, 46–51. [CrossRef]

19. Liu, S.Y.; Tonggu, L.; Niu, L.N.; Gong, S.Q.; Fan, B.; Wang, L.; Zhao, J.H.; Huang, C.; Pashley, D.H.;
Tay, F.R. Antimicrobial activity of a quaternary ammonium methacryloxy silicate-containing acrylic resin:
A randomised clinical trial. Sci. Rep. 2016, 6, 21882. [CrossRef]

20. Addy, M.; Shaw, W.C.; Hansford, P.; Hopkins, M. The effect of orthodontic appliances on the distribution of
Candida and plaque in adolescents. Br. J. Orthod. 1982, 9, 158–163. [CrossRef]

21. Shay, K. Denture hygiene: A review and update. J. Contemp. Dent. Pract. 2000, 1, 28–41. [CrossRef] [PubMed]
22. Alam, M.; Jagger, R.; Vowles, R.; Moran, J. Comparative stain removal properties of four commercially

available denture cleaning products: An in vitro study. Int. J. Dent. Hyg. 2011, 9, 37–42. [CrossRef] [PubMed]
23. Ueda, T.; Kubo, K.; Saito, T.; Obata, T.; Wada, T.; Yanagisawa, K.; Sakurai, K. Surface morphology of

silicone soft relining material after mechanical and chemical cleaning. J. Prosthodont. Res. 2018, 62, 422–425.
[CrossRef] [PubMed]

24. Baba, Y.; Sato, Y.; Owada, G.; Minakuchi, S. Effectiveness of a combination denture-cleaning method versus a
mechanical method: Comparison of denture cleanliness, patient satisfaction, and oral health-related quality
of life. J. Prosthodont. Res. 2018, 62, 353–358. [CrossRef] [PubMed]

25. An, S.; Evans, J.L.; Hamlet, S.; Love, R.M. Incorporation of antimicrobial agents in denture base resin:
A systematic review. J. Prosthet. Dent. 2020. [CrossRef]

26. Pusateri, C.R.; Monaco, E.A.; Edgerton, M. Sensitivity of Candida albicans biofilm cells grown on denture
acrylic to antifungal proteins and chlorhexidine. Arch. Oral Biol. 2009, 54, 588–594. [CrossRef]

27. Feng, D.; Gong, H.; Zhang, J.; Guo, X.; Yan, M.; Zhu, S. Effects of antibacterial coating on monomer exudation
and the mechanical properties of denture base resins. J. Prosthet. Dent. 2017, 117, 171–177. [CrossRef]

28. Fitjer, L.C.; Jonas, I.E.; Kappert, H.F. Corrosion susceptibility of lingual wire extensions in removable
appliances. An in vitro study. J. Orofac. Orthop. 2002, 63, 212–226. [CrossRef]

29. Budtz-Jørgensen, E. Materials and methods for cleaning dentures. J. Prosthet. Dent. 1979, 42, 619–623.
[CrossRef]

30. Ayaz, E.A.; Altintas, S.H.; Turgut, S. Effects of cigarette smoke and denture cleaners on the surface roughness
and color stability of different denture teeth. J. Prosthet. Dent. 2014, 112, 241–248. [CrossRef]

31. Hong, G.; Murata, H.; Li, Y.; Sadamori, S.; Hamada, T. Influence of denture cleansers on the color stability of
three types of denture base acrylic resin. J. Prosthet. Dent. 2009, 101, 205–213. [CrossRef]

32. Tan, C.M.; Tsoi, J.K.; Seneviratne, C.J.; Matinlinna, J.P. Evaluation of the Candida albicans removal and
mechanical properties of denture acrylics cleaned by a low-cost powered toothbrush. J. Prosthodont. Res.
2014, 58, 243–251. [CrossRef] [PubMed]

33. Peracini, A.; Andrade, I.M.; Paranhos Hde, F.; Silva, C.H.; de Souza, R.F. Behaviors and hygiene habits of
complete denture wearers. Braz. Dent. J. 2010, 21, 247–252. [CrossRef]

http://dx.doi.org/10.1128/IAI.11.6.1252-1260.1975
http://dx.doi.org/10.1111/j.1834-7819.1998.tb00152.x
http://www.ncbi.nlm.nih.gov/pubmed/9583226
http://dx.doi.org/10.1155/2016/8685796
http://dx.doi.org/10.1128/MMBR.66.3.486-505.2002
http://dx.doi.org/10.4012/dmj.2009-076
http://dx.doi.org/10.1308/205016817822230175
http://dx.doi.org/10.1038/srep21882
http://dx.doi.org/10.1179/bjo.9.3.158
http://dx.doi.org/10.5005/jcdp-1-2-36
http://www.ncbi.nlm.nih.gov/pubmed/12167888
http://dx.doi.org/10.1111/j.1601-5037.2009.00432.x
http://www.ncbi.nlm.nih.gov/pubmed/21226849
http://dx.doi.org/10.1016/j.jpor.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/29636243
http://dx.doi.org/10.1016/j.jpor.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29428169
http://dx.doi.org/10.1016/j.prosdent.2020.03.033
http://dx.doi.org/10.1016/j.archoralbio.2009.01.016
http://dx.doi.org/10.1016/j.prosdent.2016.05.009
http://dx.doi.org/10.1007/s00056-002-0112-7
http://dx.doi.org/10.1016/0022-3913(79)90190-2
http://dx.doi.org/10.1016/j.prosdent.2014.01.027
http://dx.doi.org/10.1016/S0022-3913(09)60032-9
http://dx.doi.org/10.1016/j.jpor.2014.06.002
http://www.ncbi.nlm.nih.gov/pubmed/25052590
http://dx.doi.org/10.1590/S0103-64402010000300013


Plants 2020, 9, 1292 13 of 14

34. Shinonaga, Y.; Arita, K. Antibacterial effect of acrylic dental devices after surface modification by fluorine
and silver dual-ion implantation. Acta Biomater. 2012, 8, 1388–1393. [CrossRef] [PubMed]

35. Rantala, L.I.; Lastumäki, T.M.; Peltomäki, T.; Vallittu, P.K. Fatigue resistance of removable orthodontic
appliance reinforced with glass fibre weave. J. Oral Rehabil. 2003, 30, 501–506. [CrossRef]

36. Kuroiwa, A.; Nomura, Y.; Ochiai, T.; Sudo, T.; Nomoto, R.; Hayakawa, T.; Kanzaki, H.; Nakamura, Y.;
Hanada, N. Antibacterial, hydrophilic effect and mechanical properties of orthodontic resin coated with
UV-responsive photocatalyst. Materials 2018, 11, 889. [CrossRef]

37. Zeitoun, R.; Najjar, F.; Wehbi, B.; Khalil, A.; Fayyad-Kazan, M.; Dagher-Hamalian, C.; Faour, W.H.;
El-Makhour, Y. Chemical composition, antioxidant and anti-inflammatory activity evaluation of the lebanese
propolis Extract. Curr. Pharm. Biotechnol. 2019, 20, 84–96. [CrossRef]

38. Jaradat, N.; AlMasri, M.; Zaid, A.N.; Othman, D.G. Pharmacological and phytochemical screening of
Palestinian traditional medicinal plants Erodium laciniatum and Lactuca orientalis. J. Complement. Integr. Med.
2017, 15. [CrossRef]

39. Ahmad, A.; Husain, A.; Mujeeb, M.; Khan, S.A.; Najmi, A.K.; Siddique, N.A.; Damanhouri, Z.A.; Anwar, F.
A review on therapeutic potential of Nigella sativa: A miracle herb. Asian Pac. J. Trop. Biomed. 2013, 3,
337–352. [CrossRef]

40. Yang, S.Y.; Choi, Y.R.; Lee, M.J.; Kang, M.K. Antimicrobial effects against oral pathogens and cytotoxicity of
Glycyrrhiza uralensis extract. Plants 2020, 9, 838. [CrossRef]

41. Lee, C.H.; Kim, S.I.; Lee, K.B.; Yoo, Y.C.; Ryu, S.Y.; Song, K.S. Neuraminidase inhibitors from Reynoutria
elliptica. Arch. Pharm. Res. 2003, 26, 367–374. [CrossRef] [PubMed]

42. Lee, G.; Choi, T.W.; Kim, C.; Nam, D.; Lee, S.G.; Jang, H.J.; Lee, J.H.; Um, J.Y.; Jung, S.H.; Shim, B.S.; et al.
Anti-inflammatory activities of Reynoutria elliptica through suppression of mitogen-activated protein kinases
and nuclear factor-κB activation pathways. Immunopharm. Immunotoxicol. 2012, 34, 454–464. [CrossRef]
[PubMed]

43. Spagnuolo, G.; Codispoti, B.; Marrelli, M.; Rengo, C.; Rengo, S.; Tatullo, M. Commitment of oral-derived
stem cells in dental and maxillofacial applications. Dent. J. 2018, 6, 72. [CrossRef] [PubMed]

44. Lee, I.-S.; Im, H.-G.; Lee, S.-O. Growth Inhibition of Helicobacter pylorio by Reynoutria elliptica Migo.
Korean J. Food Sci. Technol. 2003, 35, 1182–1187.

45. Yang, S.Y.; Kang, M.K. Biocompatibility and antimicrobial activity of Reynoutria elliptica extract for dental
application. Plants 2020, 9, 670. [CrossRef]

46. Lyutakov, O.; Goncharova, I.; Rimpelova, S.; Kolarova, K.; Svanda, J.; Svorcik, V. Silver release and
antimicrobial properties of PMMA films doped with silver ions, nano-particles and complexes. Mater. Sci.
Eng. C Mater. Biol. Appl. 2015, 49, 534–540. [CrossRef]

47. Kamikawa, Y.; Hirabayashi, D.; Nagayama, T.; Fujisaki, J.; Hamada, T.; Sakamoto, R.; Kamikawa, Y.;
Sugihara, K. In vitro antifungal activity against oral Candida species using a denture base coated with silver
nanoparticles. J. Nanomater. 2014, 780410. [CrossRef]

48. Lazarin, A.A.; Machado, A.L.; Zamperini, C.A.; Wady, A.F.; Spolidorio, D.M.; Vergani, C.E. Effect of
experimental photopolymerized coatings on the hydrophobicity of a denture base acrylic resin and on
Candida albicans adhesion. Arch. Oral Biol. 2013, 58, 1–9. [CrossRef]

49. Arai, T.; Ueda, T.; Sugiyama, T.; Sakurai, K. Inhibiting microbial adhesion to denture base acrylic resin by
titanium dioxide coating. J. Oral Rehabil. 2009, 36, 902–908. [CrossRef]

50. Cheng, G.; Zhang, Z.; Chen, S.; Bryers, J.D.; Jiang, S. Inhibition of bacterial adhesion and biofilm formation
on zwitterionic surfaces. Biomaterials 2007, 28, 4192–4199. [CrossRef]

51. Procópio, A.L.F.; da Silva, R.A.; Maciel, J.G.; Sugio, C.Y.C.; Soares, S.; Urban, V.M.; Neppelenbroek, K.H.
Antimicrobial and cytotoxic effects of denture base acrylic resin impregnated with cleaning agents after
long-term immersion. Toxicol. Vitr. 2018, 52, 8–13. [CrossRef]

52. Ali, A.A.; Alharbi, F.A.; Suresh, C.S. Effectiveness of coating acrylic resin dentures on preventing Candida
adhesion. J. Prosthodont. 2013, 22, 445–450. [CrossRef] [PubMed]

53. Addison, O.; Marquis, P.M.; Fleming, G.J. Quantifying the strength of a resin-coated dental ceramic.
J. Dent. Res. 2008, 87, 542–547. [CrossRef] [PubMed]

54. Rendell, J.; Grasso, J.E.; Gay, T. Retention and stability of the maxillary denture during function.
J. Prosthet. Dent. 1995, 73, 344–347. [CrossRef]

http://dx.doi.org/10.1016/j.actbio.2011.09.017
http://www.ncbi.nlm.nih.gov/pubmed/21971415
http://dx.doi.org/10.1046/j.1365-2842.2003.01108.x
http://dx.doi.org/10.3390/ma11060889
http://dx.doi.org/10.2174/1389201020666190206201241
http://dx.doi.org/10.1515/jcim-2017-0059
http://dx.doi.org/10.1016/S2221-1691(13)60075-1
http://dx.doi.org/10.3390/plants9070838
http://dx.doi.org/10.1007/BF02976693
http://www.ncbi.nlm.nih.gov/pubmed/12785732
http://dx.doi.org/10.3109/08923973.2011.619195
http://www.ncbi.nlm.nih.gov/pubmed/21961440
http://dx.doi.org/10.3390/dj6040072
http://www.ncbi.nlm.nih.gov/pubmed/30551556
http://dx.doi.org/10.3390/plants9060670
http://dx.doi.org/10.1016/j.msec.2015.01.022
http://dx.doi.org/10.1155/2014/780410
http://dx.doi.org/10.1016/j.archoralbio.2012.10.005
http://dx.doi.org/10.1111/j.1365-2842.2009.02012.x
http://dx.doi.org/10.1016/j.biomaterials.2007.05.041
http://dx.doi.org/10.1016/j.tiv.2018.05.012
http://dx.doi.org/10.1111/jopr.12046
http://www.ncbi.nlm.nih.gov/pubmed/23711356
http://dx.doi.org/10.1177/154405910808700610
http://www.ncbi.nlm.nih.gov/pubmed/18502962
http://dx.doi.org/10.1016/S0022-3913(05)80329-4


Plants 2020, 9, 1292 14 of 14

55. Monsénégo, P.; Proust, J. Complete denture retention. Part I: Physical analysis of the mechanism. Hysteresis
of the solid-liquid contact angle. J. Prosthet. Dent. 1989, 62, 189–196. [CrossRef]

56. Sipahi, C.; Anil, N.; Bayramli, E. The effect of acquired salivary pellicle on the surface free energy and
wettability of different denture base materials. J. Dent. 2001, 29, 197–204. [CrossRef]

57. Grundke, K.; Michel, S.; Knispel, G.; Grundler, A. Wettability of silicone and polyether impression materials:
Characterization by surface tension and contact angle measurements. Colloids Surf. A Physicochem. Eng. Asp.
2008, 317, 598–609. [CrossRef]

58. Jooste, C.; Geerts, G.; Adams, L. Comparison of the clinical abrasion resistance of six commercially available
denture teeth. J. Prosthet. Dent. 1997, 77, 23–27. [CrossRef]

59. Reis, K.R.; Bonfante, G.; Pegoraro, L.F.; Conti, P.C.; Oliveira, P.C.; Kaizer, O.B. In vitro wear resistance of
three types of polymethyl methacrylate denture teeth. J. Appl. Oral. Sci. 2008, 16, 176–180. [CrossRef]

60. Haselden, C.A.; Hobkirk, J.A.; Pearson, G.J.; Davies, E.H. A comparison between the wear resistance of three
types of denture resin to three different dentifrices. J. Oral. Rehabil. 1998, 25, 335–339. [CrossRef]

61. Chadwick, R.G.; McCabe, J.F.; Walls, A.W.; Storer, R. The effect of storage media upon the surface
microhardness and abrasion resistance of three composites. Dent. Mater. 1990, 6, 123–128. [CrossRef]

62. Konyashin, I.; Ries, B.; Hlawatschek, D.; Zhuk, Y.; Mazilkin, A.; Straumal, B.; Dorn, F.; Park, D. Wear-resistance
and hardness: Are they directly related for nanostructured hard materials? Int. J. Refract. Met. Hard Mater.
2015, 49, 203–211. [CrossRef]

63. Silva, M.J.; de Oliveira, D.G.; Marcillo, O.O.; Neppelenbroek, K.H.; Lara, V.S.; Porto, V.C. Effect of
denture-coating composite on Candida albicans biofilm and surface degradation after disinfection protocol.
Int. Dent. J. 2016, 66, 86–92. [CrossRef] [PubMed]

64. Lappalainen, R.; Yli-Urpo, A.; Seppä, L. Wear of dental restorative and prosthetic materials in vitro.
Dent. Mater. 1989, 5, 35–37. [CrossRef]

65. Koksal, T.; Dikbas, I. Color stability of different denture teeth materials against various staining agents.
Dent. Mater. J. 2008, 27, 139–144. [CrossRef] [PubMed]

66. Smullen, J.; Koutsou, G.A.; Foster, H.A.; Zumbé, A.; Storey, D.M. The antibacterial activity of plant extracts
containing polyphenols against Streptococcus mutans. Caries Res. 2007, 41, 342–349. [CrossRef]

67. Coppo, E.; Marchese, A. Antibacterial activity of polyphenols. Curr. Pharm. Biotechnol. 2014, 15, 380–390.
[CrossRef] [PubMed]

68. ISO. ISO 10993–5: 2009 Biological Evaluation of Medical Devices—Part 5: Tests for In Vitro Cytotoxicity;
International Organization for Standardization: Geneva, Switzerland, 2009.

69. Clifford, C.; Downes, S. A comparative study of the use of colorimetric assays in the assessment of
biocompatibility. J. Mater. Sci. Mater. Med. 1996, 7, 637–643. [CrossRef]

70. Marrelli, M.; Maletta, C.; Inchingolo, F.; Alfano, M.; Tatullo, M. Three-point bending tests of zirconia
core/veneer ceramics for dental restorations. Int. J. Dent. 2013, 2013, 831976. [CrossRef]

71. Cantore, S.; Ballini, A.; Mori, G.; Dibello, V.; Marrelli, M.; Mirgaldi, R.; De Vito, D.; Tatullo, M. Anti-plaque
and antimicrobial efficiency of different oral rinses in a 3-day plaque accumulation model. J. Biol. Regul.
Homeost. Agents 2016, 30, 1173–1178.

72. ISO. ISO 10993-12: 2012. Biological Evaluation of Medical Devices—Part 12: Sample Preparation and Reference
Materials; International Organization for Standardization: Geneva, Switzerland, 2012.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/0022-3913(89)90312-0
http://dx.doi.org/10.1016/S0300-5712(01)00011-2
http://dx.doi.org/10.1016/j.colsurfa.2007.11.046
http://dx.doi.org/10.1016/S0022-3913(97)70202-6
http://dx.doi.org/10.1590/S1678-77572008000300003
http://dx.doi.org/10.1046/j.1365-2842.1998.00250.x
http://dx.doi.org/10.1016/S0109-5641(05)80042-9
http://dx.doi.org/10.1016/j.ijrmhm.2014.06.017
http://dx.doi.org/10.1111/idj.12212
http://www.ncbi.nlm.nih.gov/pubmed/26748533
http://dx.doi.org/10.1016/0109-5641(89)90090-0
http://dx.doi.org/10.4012/dmj.27.139
http://www.ncbi.nlm.nih.gov/pubmed/18309623
http://dx.doi.org/10.1159/000104791
http://dx.doi.org/10.2174/138920101504140825121142
http://www.ncbi.nlm.nih.gov/pubmed/25312620
http://dx.doi.org/10.1007/BF00058204
http://dx.doi.org/10.1155/2013/831976
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Water Contact Angle of the Coated Surface 
	Microhardness of the Coated Surface 
	Color Characterization 
	Analysis of Polyphenol Content 
	Antimicrobial Activity 
	Cell Viability 

	Discussion 
	Materials and Methods 
	Coating Resin Containing R. Elliptica Extract 
	Coating Treatment on Acrylic Resin Disks 
	Surface Characterization 
	Analysis of the Coated Sample Extracts 
	Antimicrobial Test 
	Cell Viability Test 
	Statistical Analysis 

	Conclusions 
	References

