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Abstract: Mouthwash contains chlorhexidine, triclosan, cetylpyridinium chloride, benzethonium
chloride, and fluoride. However, continuous use of these chemical substance affects both pathogenic
and nonpathogenic oral bacteria and causes an imbalance in the oral environment, which is known
to affect not only oral diseases but also systemic diseases. Therefore, in this study, we observed the
possibility of replacing the composition of chemical compound mouthwash with a natural extract.
Platycodon grandiflorum (PG), Chaenomeles sinensis Koehne (CSK), and Siraitia grosvenorii (SG) were
used as natural extracts, and a mixture of enzyme salt, xylitol, mint, green tea, lemon, and propolis
were used as the natural extract mixture series (M1–M5). The natural extracts and natural mixture
series were evaluated for the antibacterial effect, anti-inflammatory effect, cell viability, and nitric
oxide (NO) assay using eleven types of pathogenic oral bacteria, two types of nonpathogenic oral
bacteria, and macrophages RAW 264.7 cells. Cell viability was measured as about 35.9–46.7% for
the control group (GA and LIS), about 36.3–57.7% for the natural extract group (PG, CSK, SG), and
about 95.8–97.9% for the natural extract mixture series group (M1–M5). In the NO assay tested with
lipopolysaccharide (LPS)-stimulated inflammatory responses, the control group was measured at
about 89%, the natural extracts group were measured at 84–88%, and the natural extract mixture
series group at about 54–82%. It was observed that some natural extracts (PG, SG) and natural extract
mixtures (M4, M5) inhibited LPS-induced NO production, which meant that natural extracts had
anti-inflammation potential. In conclusion, it was observed that natural extracts mixed in proper
proportions affect pathogenic oral bacteria and not nonpathogenic oral bacteria. It is considered
that appropriately formulated natural extracts can maintain a healthy oral environment and further
replace commercial mouthwash based on chemical compound mixtures.

Keywords: natural extract; natural extract mixture; pathogenic oral bacteria; nonpathogenic oral
bacteria; oral environment

1. Introduction

In modern times, since health includes more than just disease-free conditions, it has
become essential to emphasize the maintenance of oral health in general health conditions
and relationships [1]. Removal of dental plaque which causes oral diseases leads to
effective oral health care. Brushing teeth is most efficient for removing dental plaque, but
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as it is difficult to manage oral health only by brushing, use of appropriate oral hygiene
products for each individual could effectively manage dental plaque [2]. Despite the proven
effectiveness and necessity of oral hygiene products other than toothbrushes, many people
use them less frequently and often use products that are not suitable for an individual’s
oral condition. For effective oral care, it is desirable to select brushing methods, toothpaste,
and oral hygiene aids according to the personal conditions of individuals, including age
and oral health status [3].

Mouthwash used to clean bacteria in the mouth are known to prevent microorganisms
in the oral cavity from attaching to the dental pellicle or the surface of the teeth and act
as a bacteriostatic agent to suppress buildup of dental plague [4]. The ingredients of
mouthwash include chlorohexidine (CHX), cetylpyridinium chloride (CPC), benzethonium
chloride, benzydamin hydrochloride, and fluoride. Especially, chlorohexidine is known
as a plaque control substance that inhibits the adhesion of microbes in the oral cavity and
the surface of the teeth [5]. If these components are used in high concentrations, it may
cause discoloration and pigmentation of teeth and buildup of calculus [6]. Long-term
use of chemical compound mouthwash is not safe, and criticism has been raised for its
widespread use. Chemical compound mouthwash contains preservatives, artificial colors,
flavoring agents, and other various chemicals. Its short-term use can be effective in wound
healing, oral ulcers, gingivitis, and periodontitis, but long-term use has been reported
to lead to taste disorders, staining of hard and soft tissues, allergic reactions, and oral
cancer [7]. According to a retrospective study on the role and other factors of mouthwash
in oral cancer, an excessive risk was observed in women who used mouthwash daily, but
no excessive risk was observed in men, and it was also dangerous to use mouthwash daily
even for women who did not smoke or drink alcohol [8]. Moreover, daily use of chemical
compound mouthwash can negatively affect the oral mucosa [9], and it can damage the
cheek cell membrane and destroy the double helix, causing DNA damage [10]. Particularly,
in the case of mouthwash-contained chemical substances that require prescription, long-
term use of mouthwash develops resistance due to various kinds of antibiotics contained
for effective inhibition of oral microbes [11]. Moreover, NO is involved in a wide range of
physiological processes in almost all organs and tissues [12]. However, it was considered
that the use of mouthwash may lead to extinction of oral bacteria, and this may lead to
disturbances in the enterosalivary nitrate-nitrite-NO pathway. It had been reported that this
could lead to defects in NO bioavailability and promote the development of cardiovascular
diseases and sepsis [13].

More than 600 kinds of bacteria reside in the human oral cavity, which is known to suf-
fer from dental caries and periodontal diseases, which are representative oral diseases [14].
Streptococcus constellatus preferentially inhabits subgingival dental plaque biofilms in-
traorally on interproximal tooth surfaces in patients with untreated periodontitis [15].
Streptococcus sanguinis is known to form biofilms on implant surfaces [16,17], and it is
reported that the incidence of peri-implant complications increases significantly in patients
with periodontitis [18]. Streptococcus mutans is one of the most common acid producers and
has important influence in affecting most caries [19]. It is associated with subacute bacterial
endocarditis and extraoral pathologies such as cerebral microbleeding, IgA nephropathy,
and severe atherosclerosis [20]. Along with S.mutans, Streptococcus sobrinus is often ob-
served in carious lesions, but S. mutans mainly uses pellicle-directed and specific surface
antigens, while S. sobrinus mainly uses glucans [21]. Eikenella corrodens causes periodontal
disease with severe alveolar bone loss [22]. It has been shown to cause head and neck
infection, sinusitis, lung infection, arthritis, endocarditis, intraperitoneal infection, pancre-
atic abscess, cranial infection, and vertebral osteomyelitis [23,24]. Fusobacterium nucleatum
periodically activates inflammatory cytokines, causing periodontal stiffness and tissue
damage [25] and is related to periodontitis and periodontal disease. Aggregatibacter acti-
nomycetemcomitans is a periodontal pathogen known to be involved in the development
of aggressive periodontitis [26]. Porphyromonas gingivalis is known to be involved in the
onset of periodontitis, an inflammatory disease that can lead to tooth loss by destroying the
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tissues that support teeth [27]. Prevotella nigrescens and Prevotella intermedia are the most
frequently found oral bacteria in subgingival plaque [28]. While P. intermedia is a member
of the subgingival microbial group related to periodontitis, P. nigrescens is known to be
observed in children, active periodontal disease sites, and root canal infections [29]. Strepto-
coccus salivarius inhibits respiratory pathogens and, similarly to S. mutans, S. sobrinus and
Streptococcus pyogenes [30], it has also been reported as an antagonist of pathogens related
to tooth decay, pharyngitis, and periodontitis [31]. Lactobacillus salivarius inhibits growth
and expression of glucosyltransferases (Gtfs) for synthesis of exopolysaccharides (EPS)
involved in early plague adhesion, colonization, and accumulation [32], and reduces S.
mutans biofilm formation in a contact-independent manner [33]. Additionally, L. salivarius
has been shown to have strong antibacterial activity against oral pathogens [34].

Periodontitis (PT) is a chronic inflammatory disease determined by certain periodontal
pathogens which, due to an inflammatory host response, can result in periodontal tissue
destruction, alveolar bone resorption, and tooth loss [35]. PT has been correlated with
certain systemic disorders, such as cardiovascular diseases [36], diabetes (Pedroso et al.,
2019), metabolic syndrome (Kim et al., 2018), and coronary heart disease (CHD) [37]. One
of the main problems of PT is the occurrence of vascular-related diseases, which may be
related to oxidative stress and relative vasospasm. This, in turn, determines endothelial
injury, damage of vascular endothelial cells, and, finally, periodontal tissue destruction [38].
In this regard, recent evidence suggests that the host response mediated by IL-6 may accel-
erate PT and endothelial damage through a specific inflammatory reaction mediated by a
specific oxidative stress pathway [39]. Galectins are a family of beta-galactoside-binding
proteins physiologically expressed in fibroblasts, epithelial cells, and during active stages
of inflammation [40]. Among these, galectin-3 was reported to be implicated during cell
adhesion, inflammatory response, tissue fibrosis, and first immune response [41]. Galectin-
3 is systemically released from fibroblasts and macrophages on active inflammation sites
and is implicated during the early stages of certain systemic diseases such as endothe-
lial dysfunction, CHD, and heart failure [42]. Some studies evaluating concentrations of
galectins at different gingival conditions showed that patients with gingivitis and chronic
periodontitis had lower gingival crevicular fluid (GCF) concentrations of galectin-1 com-
pared to healthy individuals [43], and that plasma galectin-3 was demonstrated to have
a moderate prognostic accuracy in acute CHD patients [44]. For these reasons, there is
growing interest in analyzing the effects of galectin-3 in patients with PT and CHD.

Recently, as part of efforts to remove pathogens while keeping oral health, the need
for oral cleansers using natural extracts has emerged [45,46]. As human nontoxic or
highly stable mouthwash development is required, research on plant extract for use as
natural oral material is being conducted. Extracts such as chrysanthemum, barberry root,
pine needles, Schisandra chinensis, and Nelumbo nucifera are reported to be effective in
suppression of oral pathogen growth and elimination of bad breath [47,48]. Platycodon
grandiflorum (PG) is known to have sedative, antipyretic, and analgesic effects, and Siraitia
grosvenorii (SG) contains calcium-rich alkaline compounds, is a medicinal plant known to be
effective against bronchial asthma and pneumonia and has been reported to strengthen the
immune system and relieve inflammation [49]. Chaenomeles sinensis Koehne (CSK) has been
traditionally used to treat human diseases in Asia, and its medicinal properties have been
validated through the identification of bioactive components related to its pharmacological
applications [50,51].

This study was performed to confirm whether a mixture of PG, CSK, SG and various
natural extracts was effective in inhibiting pathogenic oral bacteria and was harmless to
nonpathogenic oral bacteria. The natural extract mixture series was produced by mix-
ing PG, CSK, SG and other natural extracts in various ratios. Using natural extracts
(PG, CSK, SG) and natural extract mixtures (M1–M5), the effect of natural extracts on
pathogenic/nonpathogenic oral bacteria was confirmed through bacterial and macrophage
culture processes in a laboratory. We aimed to compare and evaluate expected substances
that can replace chemical compound mouthwash and stably maintain the oral environment.
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This study aimed to find out whether natural extracts and natural extract mixtures can
maintain a healthy oral environment and replace commercially available mouthwash based
on compound mixtures.

2. Materials and Methods
2.1. Raw Material and Extraction Process

The biological resources used in this research were distributed from Korean Collection
for Oral Microbiology (KCOM, Gwangju, Korea) and Korean Collection for Type Culture
(KCTC, Jeongeup, Korea) (Table 1). The control group was Listerine Cool Mint Antiseptic™
(LIS, IDS Manufacturing Ltd., Bangkok, Thailand), which is used as a therapeutic toothpaste
solution among commercially available mouthwash, and Garglin Original™ (GA, Dong-A
pharmaceutical Co., Ltd., Seoul, Korea), which is used as a commercial chemical compound
mouthwash. The extracts used in this study were samples provided by the company to
select an appropriate material formulation before product launch. The vendor suggested
the formulation of the natural extract mixture series materials within the minimum rage
(Table S1). The natural extract (PG, CSK, SG), and material for natural extract mixtures
used in this study were produced by Barun Ltd. (Chuncheon, Korea) according to their
recipe (Table 2). The natural extracts mixture series (M1, M2, M3, M4, M5) were mixtures of
enzyme salt, xylitol, PG, CSK, SG, mint, lemon, green tea, and propolis, and to the natural
extracts mixture series were added silicon dioxide and magnesium stearate, which are food
additives that act as binders and absorbents to be produced in tablet forms (refer to Table
S1 of the supplement provided for the extraction ratio of the natural extracts mixture series
M1–M5). PG, CSK, SG, mint, green tea, and lemon were extracted with hot water, and
propolis was an alcohol extract, which were natural extracts added to M1–M5. Mint, green
tea, lemon, and propolis were extracted using fruits and leaves, and xylitol was prepared
by mixing sea salt and fermented plant mixture liquid for enzyme salt (Tables 3 and S2).

Table 1. Pathogenic and nonpathogenic oral bacteria. Eleven types of pathogenic oral bacteria used
in antibacterial testing and two types of nonpathogenic oral bacteria used in antibacterial testing.
* The sources of KCOM 1039 and KCOM 1314 were maxillary sinusitis and parotiditis, respectively.

Type Resource Number Oral Microorganisms

Pathogenic

* KCOM 1039 Streptococcus constellatus (A)
KCOM 1070 Streptococcus sanguinis
KCOM 1128 Streptococcus mutans

* KCOM 1314 Streptococcus constellatus (B)
KCTC 15198 Eikenella corrodens
KCTC2640 Fusobacterium nucleatum
KCTC5272 Streptococcus sobrinus
KCTC2581 Aggregatibacter actinomycetemcomitans
KCTC5352 Porphyromonas gingivalis
KCTC5686 Prevotella nigrescens
KCTC5692 Prevotella intermedia

nonpathogenic KCOM1429 Streptococcus Salivarius
KCTC3600 Lactobacillus Salivarius
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Table 2. Major components of the materials.

Product Name Major Components

PG Platycodon grandiflorum
CSK Chaenomeles sinensis Koehne
SG Siraitia grosvenorii

M1 Platycodon grandiflorum, Chaenomeles sinensis Koehne, Siraitia grosvenorii,
enzyme salt, xylitol, mint, green tea, lemon, propolis, maltodextrin

M2
Platycodon grandiflorum, Chaenomeles sinensis Koehne, Siraitia grosvenorii,

enzyme salt, xylitol, mint, green tea, lemon, propolis, silicon dioxide,
magnesium stearate

M3
Platycodon grandiflorum, Chaenomeles sinensis Koehne, Siraitia grosvenorii,

enzyme salt, xylitol, mint, green tea, lemon, propolis, silicon dioxide,
magnesium stearate

M4
Platycodon grandiflorum, Chaenomeles sinensis Koehne, Siraitia grosvenorii,

enzyme salt, xylitol, mint, green tea, lemon, propolis, silicon dioxide,
magnesium stearate

M5
Platycodon grandiflorum, Chaenomeles sinensis Koehne, Siraitia grosvenorii,

enzyme salt, xylitol, mint, green tea, lemon, propolis, silicon dioxide,
magnesium stearate

GA Eucalyptol, menthol, thymol, methyl salicylate, sodium fluoride,
cetylpyridinium chloride, ethanol

LIS
Eucalyptol, thymol, methyl salicylate, menthol, benzoic acid, Green3,

methyl salicylate, poloxamer 407, sodium benzoate, sodium saccharin,
sorbitol, alcohol

Silicon dioxide, magnesium stearate, and maltodextrin were used as collateral to stabilize the product.

Table 3. Ingredients contained in the natural mixture series (M1~M5).

Product Name Ingredient
Contents Origin Raw Material Solvent

Xylitol 40–70% Finland Ready-made Hot water

Enzyme Salt 3–10% Korea Sea slat + Fermented
plant mixture liquid Hot water

Mint extract powder 10–15% Korea Leaf Hot water
Platycodon

grandiflorum 0.5–12% China Root Hot water

Chaenomeles sinensis
Koehne 0.1–11% Korea Fruit Hot water

Green tea extract
powder 3–11% Korea Leaf Hot water

Lemon extract powder 2–10% Korea Fruit Hot water
Propolis powder 0.01–0.3% Australia Body Alcohol extract
Siraitia grosvenorii 0.01–0.5% China Fruit Hot water

2.2. Strain Culture

All bacteria were cultured and activated at 37 °C, 5 % CO2 aerobic conditions in liquid
LB broth (244620, BD DIFCO, Franklin Lakes, NJ, USA). The activated strain was added to
each replacement medium. The pathogenic and nonpathogenic bacteria were placed in
5 mL liquid LB broth and cultured in a shaking incubator (VS-8480SF, VISION scientific
Co., Ltd., Daejeon, Korea) at 36.5 °C, 145 rpm for 48 h. Harmful and beneficial bacteria
(100 CFU) were smeared in a 60 Ø culture dish, and the dish was cultured in an incubator
at conditions of 37 °C, 5 % CO2.

2.3. pH Value

The acidity and basicity of each sample were measured using a pH meter (Starter
3100, OHAUS, Seoul, Korea). The electrodes of the pH meter were calibrated with standard
buffer, and all samples were measured in triplicate using an existing known method [52].
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2.4. Measurement of Antibacterial Activity

After culturing 13 types of oral microorganisms by the method reported in Strain
culture, sterilized disc paper (8 mm, ADVANTEC, CA, USA) was prepared on the strains,
which were evenly distributed on solid medium. Control groups (GA, LIS) and experimen-
tal groups (PG, CSK, SG, and M1–M5) were dropped, 100 µL each, on disc paper prepared
for all oral microorganisms, and then placed with the flat part facing down. Antibacterial
activity was evaluated by measuring the size of the clear zone. It was evaluated according
to the black/white threshold value using ImageJ software version 1.52a (NIH, Bethesda,
MD, USA) [53]. Oral microorganisms were cultured in 100 Ø culture dishes, and 4-disc
papers were applied per dish. Six dishes were used for all oral microorganisms for each
sample, and the experiment was repeated three times in total.

2.5. Macrophage Cell Culture

RAW 264.7 cells, a murine monocyte/macrophage cell line used in this experiment,
were distributed from Korean Cell Line Bank (KCLB; Korean Cell Line Bank, Seoul, Korea).
RAW 264.7 cells of 1 × 104 cells/mL (27 passage) were seeded on DMEM (Bulbecco’s
Modified Eagle Medium 11965-118, Gibco, MD, USA) medium containing 10% FBS (Gibco,
MD, USA) in a T75 flask (Thermo Fisher Scientific, Seoul, Korea), in an incubator at 37 ◦C,
5% CO2 environment. After 80% of cell growth, it was washed with 1% phosphate-buffered
saline (PBS) and subcultured using a cell scraper (SPL, Pocheon, Korea). The medium was
changed every 24 h.

2.6. Measurement of Cell Viability

RAW 264.7 cells were stabilized through subculture three times and cultured on a
96-well culture plate at 1 × 104 cells/mL for two hours. After treating with 1 µg/mL
lipopolysaccharides and culturing for 24 h, 100 µL was added to each sample and cultured
for 24 h. To observe cell viability, an MTT assay kit (Cell Counting Kit-8, Dojindo, MD,
USA) was added into each well and recultured in a 37 °C, 5% CO2 incubator for 2 h. The
cell viability test was repeated three times in total, and all experiments were analyzed
using the Gen5 2.01 (BioTek, VT, USA) program after reading at 450 nm absorbance using
Synergy H1 Hybrid Reader (BioTek, Winooski, VT, USA) [54].

2.7. Measurement of Nitric Oxide Production

Nitric oxide (NO) assay was observed in the same culturing condition as the cell
viability evaluation. One hundred microliters of media were collected from each well
and moved to 96-well culture plate to use NO assay kit (Nitrate colorimetric assay kit
No.780001, Cayman Chemical, Ann Arbor, MI, USA). This experiment was repeated three
times, and all experiments were measured at 540–550 nm absorbance using Synergy H1
Hybrid Reader (BioTek, VT, USA), and the dose was measured using Gen5 2.01 (BioTek,
VT, USA) [55].

2.8. Statistical Analysis

All data was processed using SigmaPlot 14 statistical program, expressed as mean
± standard deviation. It was evaluated by one-way ANOVA and verified by Student–
Newman–Keuls. It was considered significant when the p-value was less than 0.05 for all
statistics. The statistical values were converted to percentages (%) and displayed as tables
and graphs.

3. Results
3.1. pH Measurement

Before investigating the antibacterial/anti-inflammatory efficacy of the mouthwash
samples, their pH was measured. M2, M3, M4, M5, GA, LIS, and PG were weak acids
(pH 4.1–4.7), CSK and M1 were acids (pH 3.0–3.4), and SG was alkaline (pH 8.0) (Figure 1).
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Original™ (GA) and Listerine Cool Mint Antiseptic™ (LIS). (a) Schematic drawing for each group’s
pH range; (b) Bar graph. ** vs. GA p < 0.001, ## vs. LIS p < 0.001.

3.2. The Antibacterial Effect

To observe the degree of bacterial growth inhibition by each natural extract and
natural extract mixture series, the antibacterial effect was observed using pathogenic oral
bacteria and nonpathogenic oral bacteria, and black/white threshold was measured with
ImageJ. Each natural extract and natural extract mixture series were tested on pathogenic
oral bacterial and nonpathogenic oral bacterial, and the formation of the clear zone was
observed. As a result, it was observed that the natural extracts (PG, CSK, SG) and the
natural extract mixture series (M1–M5) inhibited pathogenic oral bacterial by 62.5–99.9%,
and chemical compound mouthwashes (GA, LIS) inhibited pathogenic oral bacterial by
88.8–99.9% (Table 4, Figure 2).
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Figure 2. Representative photography for pathogenic and nonpathogenic bacterial culture on the natural extracts mixture
series (M2). Pathogenic bacteria: (A) S. constellatus (A,B) S. sanguinis, (C) S. mutans, (D) S. constellatus (B,E) E. corro-
den, (F) F. nucleatum, (G) S. sobrinus, (H) A. actinomycetemcomitans, (I) P. gingivalis, (J) P. nigrescens, (K) P. intermedia and
nonpathogenic bacteria: (L) L. salivarius, (M) S. salivarius.
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Table 4. The antibacterial effect on pathogenic and nonpathogenic oral bacteria. The antibacterial effect on microorganisms of each sample was measured, and the antibacterial ability of
each result value was compared and observed with a chemical mixture mouthwash (GA, LIS). Each number represents a percentage. * vs. GA p < 0.05, ** vs. GA p < 0.001, # vs. LIS p < 0.05,
## vs. LIS p < 0.001.

Exp. Con.

Bacteria PG1 CSK1 SG1 M1 M2 M3 M4 M5 GA LIS

P A T H O G E N

S. constellatus (A) 82.5 ± 5.5 **,## 83.5 ± 2.7 **,# 89.7 ± 5.5 * 99.9 ± 0.9 # 90.8 ± 3.2 * 84.6 ± 3.8 **,# 81.5 ± 4.3 **,## 81.4 ± 6.1 **,## 96.9 ± 0.6 92.8 ± 3.6
S. sanguinis 94.1 ± 1.0 # 99.9 ± 2.6 **,## 93.3 ± 0.5 # 94.1 ± 0.8 # 94.6 ± 1.9 # 91.1 ± 3.8 96.8 ± 2.1 *,## 94.0 ± 2.2 # 92.3 ± 0.1 90.1 ± 1.7
S. mutans 96.1 ± 3.1 96.4 ± 0.9 92.9 ± 1.4 # 81.8 ± 6.1 **,## 95.0 ± 6.3 92.7 ± 2.3 # 94.0 ± 1.7 # 92.4 ± 3.6 # 93.8 ± 3.1 99.9 ± 1.8

S.constellatus (B) 82.7 ± 7.6 **,## 92.9 ± 0.9 94.9 ± 1.9 99.9 ± 0.3 * 92.3 ± 2.1 84.7 ± 2.3 *,## 93.6 ± 4.5 87.8 ± 0.5 # 92.8 ± 5.2 95.7 ± 3.7
E. corrodens 94.9 ± 5.1 ## 95.9 ± 3.7 ## 95.4 ± 1.5 ## 97.0 ± 1.1 ## 98.1 ± 4.5 ## 99.9 ± 0.5 ## 97.3 ± 1.1 ## 92.4 ± 1.1 # 95.1 ± 0.1 87.8 ± 3.2
F. nucleatum 97.0 ± 2.4 # 99.9 ± 0.2 *,## 92.9 ± 2.0 94.0 ± 1.7 92.8 ± 0.4 88.9 ± 8.2 # 90.9 ± 2.3 94.1 ± 0.3 94.6 ± 0.3 91.5 ± 0.5
S. sobrinus 83.5 ± 6.4 **,## 90.8 ± 1.8 *,# 98.7 ± 1.9 91.6 ± 4.5 *,# 85.4 ± 5.5 **,## 94.7 ± 5.5 87.7 ± 3.5 **,## 91.4 ± 6.0 *,# 98.3 ± 2.8 99.9 ± 1.2

A. actinomycetem-
comitans 80.4 ± 6.9 **,## 96.9 ± 7.6 88.7 ± 4.2 **,# 98.0 ± 1.5 92.8 ± 2.4 * 82.5 ± 2.0 **,## 86.6 ± 5.8 **,# 82.5 ± 0.1 **,## 99.9 ± 1.2 94.9 ± 2.5

P. gingivalis 71.9 ± 4.2 **,## 91.7 ± 2.3 ** 89.6 ± 3.5 **,# 84.4 ± 3.9 **,## 62.5 ± 6.1 **,## 79.2 ± 1.7 **,## 80.2 ± 1.6 **,## 78.9 ± 5.6 **,## 99.9 ± 2.7 94.6 ± 1.1
P. nigrescens 91.7 ± 4.4 99.9 ± 3.2 96.8 ± 1.1 98.9 ± 3.7 96.1 ± 5.3 91.3 ± 0.7 92.7 ± 7.3 98.4 ± 4.1 97.8 ± 2.6 94.7 ± 1.6
P. intermedia 93.9 ± 1.8 91.8 ± 2.9 91.1 ± 2.9 84.8 ± 5.1 * 97.9 ± 1.6 # 94.3 ± 4.9 92.8 ± 1.3 99.9 ± 3.5 *,## 92.1 ± 2.2 88.0 ± 8.2

N O N S. salivarius 11.0 ± 11.0 **,# 27.0 ± 0.8 ** 28.0 ± 0.1 ** 10.0 ± 2.9 **,# 22.0 ± 1.1 ** 22.0 ± 2.4 ** 22.0 ± 11.0 ** 27.0 ± 3.1 ** 90.0 ± 2.6 18.0 ± 7.3
L. salivarius 44.0 ± 8.1 **,## 40.0 ± 0.9 **,## 35.0 ± 1.5 **,## 86.0 ± 7.4 # 39.0 ± 0.3 **,## 38.0 ± 0.7 **,## 39.0 ± 1.3 **,## 44.0 ± 4.1 **,## 86.0 ± 8.1 77.0 ± 2.7
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3.3. Cell Survival

The cell safety of the natural extracts and their mixtures was observed, and a cell
survival experiment was conducted. As a result, the cell viability rate of RAW 264.7 cells
was 100%, and that of the natural extract mixture series (M1–M5) was observed as 95–97.9%,
but cell viability rate of the natural extracts (PG, CSK, SG) was observed as 36.3–57.5%, and
of the chemical compound mouthwashes (GA, LIS) were observed as 35.9–46.9% (Figure 3).
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3.4. Anti-Inflammatory Effect

In macrophage inflammatory reaction, the concentration of proinflammatory inter-
mediates such as NO, cyclo-oxygenase (COX-2), prostaglandin E2 (PGE2), tumor necrosis
factor-α (TNF-α), interleukin (IL)-6, and IL-1β increase [56]. When macrophages are stimu-
lated with LPS, inducible nitric oxide synthase (iNOS) is expressed, producing excessive
NO, and the produced NO is known to induce tissue damage by promoting inflammatory
response [57]. To confirm whether natural extract and its mixtures inhibit inflammatory
mediators, an NO assay was performed. As a result, the NO value before LPS treatment
was 0.15 ± 0.02 µM in RAW 264.7 cells, 0.08 ± 0.0001, 0.10 ± 0.0001, and 0.11 ± 0.0004 in
natural extracts (PG, CSK, and SG, respectively), 0.14 ± 0.02, 0.09 ± 0.0002, 0.11 ± 0.01,
0.09 ± 0.0003, and 0.09 ± 0.0001 in natural extract mixture series (M1–M5, respectively),
and 0.11 ± 0.01 and 0.10 ± 0.0003 µM in chemical compound mouthwashes, GA and LIS,
respectively (Figure 4a). On the other hand, the NO value after LPS treatment was 0.95 ±
0.06 µM in RAW 264.7 cells, 0.12 ± 0.01, 0.15 ± 0.05, and 0.11 ± 0.0001 µM in natural ex-
tracts (PG, CSK, and SG, respectively), 0.29 ± 0.02, 0.43 ± 0.04, 0.36 ± 0.06, 0.16 ± 0.01, and
0.18 ± 0.08 µM in natural extract mixture series (M1–M5, respectively), and 0.10 ± 0.0002
and 0.10 ± 0.0001 µM in chemical compound mouthwashes (GA and LIS, respectively)
(Figure 4b). Based on the NO assay results, it was confirmed that natural extracts (PG, CSK,
SG), M4, M5, GA, and LIS inhibited NO production in LPS induction.
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4. Discussion

This study was performed to test the antibacterial and anti-inflammatory potential of
mouthwash composition based on natural extracts for oral healthcare.

Mouthwash can be used for a variety of purposes such as sterilization and disinfection
of the mouth and throat, antiseptic effect, deodorant effect, cold prevention, sore throat,
tonsillitis, other periodontitis, stomatitis, halitosis, tooth extraction, disinfection and ster-
ilization after implant surgery, and prevention of caries. For its advantage of being easy
to use by individuals, its use is increasing significantly. Most mouthwash is reported as
generally acidic with a pH of 3.45–6.75 [58]. The pH efficacy may vary depending on
the ingredients of the mouthwash [59]. It was confirmed in previous in situ results that
mouthwash with a low pH of 4.0 or less may cause dental erosion [60], and mouthwash
with a low pH of 3.45 was found to decrease the microhardness of teeth [58]. According to
the experimental results of this study, using M2, M3, M4, M5, GA, LIS, PG (pH 4.0–4.7),
and SG (pH 8.0) as mouthwash had a low impact on enamel corrosion, and CSK and M1,
which were below pH 4.0, were considered to have a high possibility of causing dental
erosion due to pH action.

Phytochemicals are responsible for the biological activity of plants, and the major
constituents of plants, such as flavonoids, terpenes, and phenolic acids, could be effective
for oral antibacterial action. Examples of mouthwashes containing natural extracts include
Cannabis sativa L. and the spirulina plant. Cannabinoid is a naturally occurring compound
found in Cannabis sativa L. and is known to exhibit bactericidal efficacy similar to 0.2%
of chlorhexidine, even though it does not contain any kind of fluorine or alcohol [61].
Arthrospira platensis (spirulina plant) is a dietary supplement that is gaining popularity as a
source of protein, vitamins, micro- and macronutrients, but it was reported that spirulina
supplements contained high levels of fluoride [62].

Gaetano Isola et al. (2021) found that patients with periodontitis had higher levels of
IL-6 in saliva than healthy subjects, and that a proportional increase in IL-6 was also related
to PT and tooth loss [63]. It was suggested that unbalanced IL-6 levels can accurately
predict the early appearance of PT and that serum IL-6 levels may be helpful in assessing
the severity of PT [64]. In addition, it was reported that the serum and saliva galectin-3
levels of patients with periodontitis and periodontitis + CHD were higher compared to
those of CHD patients and healthy controls [65]. The results of the present study indicated
that patients who had PT presented higher salivary IL-6 compared to healthy subjects.
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Furthermore, the proportional increase of salivary IL-6 was associated with the extent of PT
and tooth loss [63]. Some preliminary evidence described that patients with periodontitis
had increased GCF and salivary galectin-1 levels [66], through a pathway arranged also
by soluble urokinase plasminogen activator receptor (suPAR) and tumor necrosis factor-α
(TNF-α). More specifically, it has been shown that galectin-1 and -3 could interfere with
PT progression through a signaling mediated by β1-integrin in the lipopolysaccharides of
certain periodontal pathogens such as Porphyromonas gingivalis [67], and could also induce
the upregulation of IL-1, matrix metalloproteinases, and some growth factors [68]. As a
natural extract mouthwash, it had been reported to have various antibacterial, antioxidant,
anti-inflammatory, and antifungal properties with low toxicity and minimal side effects,
although effective in reducing plaque and gingivitis [69].

To replace chemical compounds in mouthwash, various studies are being progressed
on natural extracts and their effects in oral diseases, including anticancer effect in oral
epithelial cell cancer [70], oral disease suppression effect of Galla Rhois extract [71], and
oral mucosal wound healing effect of Aucuba japonica extract [72]. A mouthwash that
maintains an ideal oral environment has a selective antibacterial effect against bacteria that
cause oral diseases and bad breath and has no toxicity to human body and oral tissue [73].
Therefore, our study observed the effect of natural extracts-based mouthwash on oral
pathogenic bacteria/nonpathogenic bacteria. The targets were S. constellatus, S. sanguinis,
S. mutants, E. corrodens, F. nucleatum, S. sobrinus, A. actinomycetemcomitans, P. gingivalis, P.
nigrescens, and P. intermedia. To observe the safety of each mouthwash, the experiment
targeted S. salivarius and L. salivarius, which are beneficial bacteria in the oral cavity. As
a result of measuring black/white threshold ratio in CSK (S. sanguinis, F. nucleatum, P.
nigrescens), M1 (S. constellatus (A), S. constellatus (B)), M3 (E. corrodens), M5 (P. intermedia),
GA (A. actinomycetemcomitans, P. gingivalis), and LIS (S. mutans, S. sobrinus), the extinction
concentration was significant at about 99.9%, and PG, SG, M2, and M4 effects on oral
microorganisms were observed to be insignificant.

The paper disc assay results of PG, CSK, SG, and natural extracts mixture series
on two types of beneficial bacteria in the oral cavity showed no growth inhibition. It
was considered that it did not affect the beneficial bacterial in the oral cavity, and it was
suggested that it could be used as a safe material for mouthwash. This is considered to
be a result of not using an appropriate concentration for cell survival of PG, CSK and SG,
unlike natural extracts mixture series, which were mixed with other natural extracts in
various ratios.

The comparison of before and after LPS treatment in the NO assay showed that each
mouthwash suppressed NO concentration after inducing inflammation by LPS. However,
the reason why M1 and M2 had lower NO inhibition than other mouthwash was considered
to be due to the difference in mixing ratio of each natural extract.

Mint, such as Mentha piperita, has been reported to have antibacterial and anti-
inflammatory effects [73]. The natural extract mixtures, M1–M5, contained mint extract
powder. The mint extract powder we used is a food additive made from 80% dextrin,
10% mint oil (oils, peppermint), and 10% gum Arabic, and serves as a supplement in the
product. It was added to give palatability and a refreshing sensation to the oral cavity due
to the unique fragrance and taste of mint.

With the antibacterial effect, cell survival, and anti-inflammatory effect put together,
the chemical compound mouthwash inhibited growth of all pathogenic/nonpathogenic
oral bacteria, but natural extracts and natural extract mixtures inhibited pathogenic oral
bacterial only. It is considered that CHX, CPC, benzethonium chloride, and fluoride, which
are the components of chemical compound mouthwash, prevent the oral environment from
being balanced [4] and also affect symbiotic bacteria. When cell viability was observed
considering the oral environment, the results of natural extracts (PG, CSK, SG) were
similar to those of chemical compound mouthwashes (GA, LIS), which confirmed that
proper mixing of natural extracts induced high cell viability. As a similar tendency was
observed when inflammation was induced, it was confirmed that an appropriate ratio of
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natural extracts maintains a healthy oral environment, which suggested the possibility of
antibacterial and anti-inflammatory effects against pathogenic bacterial in the oral cavity.

The mouthwashes (natural extracts, mixtures of natural extracts, chemical mixtures)
used in this study are not drugs that target specific diseases. However, the natural extracts
we have used are reported as medicinal plants, most of which are known to have a stable ef-
fect on the body. Based on these references to the natural extracts we used, it was estimated
that it had antimicrobial activity against pathogens but did not affect natural microorgan-
isms. Additionally, the composition ratio of the extracts used in this experiment was a
preliminary experiment for the soluble ratio of the extract based on the ease of manufacture.
However, the natural products constituting the natural extract mixture (M1–M5) were
the result of combining the composition ratio based on each characteristic in individual
experiments. It was observed that these natural extract mixtures had antibacterial effects
and were effective in anti-inflammatory effects compared to the natural extracts or chemical
mixture mouthwash. This was presumed to be the result of well-combined features of each
natural product. However, we consider further experiments to be essential to clarify that
for each extract’s composition ratio.

This study observed whether natural extracts and mixed products of natural ex-
tracts could suppress pathogenic oral microorganisms by replacing commercially available
mouthwashes, but there was no evidence of the relationship between each natural extract
and oral microorganisms included in the mixed products. Our plan is to observe the
mechanisms for the death and survival of oral microbes in each of the natural extracts that
make up the natural extract products through further research and to confirm the efficacy
in detail.

5. Conclusions

This study observed cell viability, antibacterial and anti-inflammatory effects of natural
extracts and natural extract mixtures on pathogenic oral bacterial and observed degree of
inflammatory inhibition of each sample by NO assay.

1. Each natural extract and their mixture series were observed to affect some of the
eleven types of oral pathogenic bacteria. Among them, PG, SG, M2, and M4 were
observed to have no effect on the eleven types of oral pathogenic bacteria. All samples
were observed to have no effect on the nonpathogenic bacteria. However, it was
observed that M1, GA, and LIS had a high effect of about 77–90% compared to the
other samples.

2. The natural extract mixtures, M1–M5, showed a level of cell viability similar to the
control group, which was RAW 264.7 cells, but those of the natural extracts (PG, CSK,
SG) were similar to those of the chemical mixture mouthwash (GA and LIS). This
suggests that natural extract mixtures offered more cell stability than natural extracts.

3. The anti-inflammatory effects of PG, CSK, SG, M4, M5, GA and LIS were confirmed
through NO assay.

As a result of synthesizing cell viability, antibacterial and anti-inflammatory effects, it
was observed that M5 was the most effective among the natural extracts and the natural
extract mixture series. The natural extracts and the natural extract mixture series are
thought to show potential as mouthwashes.
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