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Abstract Background/purpose: Helicobacter pylori has been found to be related to peri-
odontitis, and the oral cavity has been considered a reservoir for H. pylori gastritis infection.
Thus, this study evaluated the effect of mouthwash containing poly L-Lysine and glycerol
monolaurate on inhibiting H. pylori growth, biofilm formation, cell cytotoxicity, adhesion abil-
ity, cagA mRNA expression, and pro-inflammatory cytokines stimulated by H. pylori.
Materials and methods: Nineteen H. pylori strains were isolated from the oral cavity. The
effectiveness of mouthwash containing poly L-Lysine and glycerol monolaurate was examined
for its ability to inhibit H. pylori growth and biofilm formation and was tested for cell viability
in oral epithelial cells (H357), gastric adenocarcinoma cells (AGS), and periodontal ligament
cells (PDL). Additionally, the mouthwash was tested for reducing cagA mRNA expression,
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adhesion ability to H357 and AGS cells, and pro-inflammatory cytokines stimulated with H. py-
lori in AGS and PDL cells.
Results: The mouthwash containing poly L-Lysine and glycerol monolaurate could eradicate the
biofilm by 14.9e19.9% after incubation at 5 min, and cell viability revealed 77.2, 79.8, and
100.0% for AGS, H357, and PDL cells, respectively. Moreover, the mouthwash containing poly
L-Lysine and glycerol monolaurate could down-regulate cagA mRNA expression, reduce adhe-
sion of H. pylori by approximately 9.5e47.8% for H357 cells and 24.5e62.9% for AGS cells,
and decrease pro-inflammatory cytokines, especially interleukin-8, stimulated with H. pylori.
Conclusion: Mouthwash containing poly L-Lysine and glycerol monolaurate could inhibit H. py-
lori growth and reduce their virulence expression. The mouthwash also revealed low cytotox-
icity to oral and gastric cells.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Helicobacter pylori is a pathogenic bacterium that causes
gastritis and gastric cancer in humans. Fifty percent of the
world’s population is infected by H. pylori, 90% is found in
populations of developing countries and 40% in developed
nations.1 The standard treatment for H. pylori infection is
triple therapy using a proton pump inhibitor or ranitidine
bismuth citrate combined with clarithromycin or amoxi-
cillin or metronidazole. However, the success of this
treatment has been seen to be lower than 70% due to H.
pylori resistance to clarithromycin, metronidazole, and
levofloxacin.2,3 Recently, recurrent H. pylori infections in
patients were found at least one year after eradication in
the gastric tissue, and the global annual recurrence and
reinfection of H. pylori were 4.3 and 3.1%, respectively.4,5

Recurrence is related to being transmitted through an
oraleoral or oral-gastro or oral-fecal route. The prevalence
of H. pylori in oral samples (saliva and plaque) was found in
60% of patients with gastric H. pylori infection and 15% of
patients without gastric H. pylori infection.6

In Thailand, the prevalence of H. pylori infection in oral
samples in patients with gastric cancer presented as 84.8%
by real-time PCR,7 and there were 10 in 19 strains (52.6%)
that were cagA gene positive. This gene is associated with
adhesion to host cells and cell apoptosis.8 The strains that
were cagA positive displayed higher adhesion ability, cagA
expression, and pro-inflammatory cytokine expression than
cagA negative strains.7 The oral cavity may serve as a po-
tential reservoir, henceforward oral H. pylori eradication
should be studied. A few studies examined the effect of
mouthwash or oral rinse on oral H. pylori strains.9,10 For
example, oral rinses containing chlorhexidine (0.2% w/v)
showed high potency to remove H. pylori and suppress cagA
expression;9 however, 0.2% chlorhexidine showed high
toxicity to primary human fibroblast cells (96.6%), primary
human myoblast cells (96.5%), and primary human osteo-
blast cells (98.3%) after 1 min incubation.11 The side effects
of 0.2% chlorhexidine included a change in taste and tooth
staining. Thus, the recommendation of chlorhexidine is that
it is not proposed to be used longer than two weeks. Wang
et al.10 reported that mouthwash containing poly L-Lysine
and glycerol monolaurate could inhibit the growth of H.
1749
pylori in saliva samples. Both compounds are used as pre-
servatives in the food industry, yet their properties can
interrupt the distribution of cytoplasm, causing damage to
the bacterial cells including H. pylori cells. However, there
is a lack of data on biofilm eradication, anti-adhesion
ability, cell cytotoxicity, and cytokine stimulation. Thus,
the aims of this study were to investigate the effect of a
mouthwash containing poly L-Lysine and glycerol mono-
laurate on inhibiting H. pylori growth, biofilm formation,
cell cytotoxicity to oral and gastric cells, adhesion ability to
oral and gastric cells, cagA mRNA expression, and pro-
inflammatory cytokines stimulated with H. pylori in oral
and gastric cells.
Materials and methods

H. pylori isolation and preparation

The study attained ethical approval (EC6410-066) from the
Faculty of Dentistry, Prince of Songkla University. H. pylori
strains were isolated from oral samples (saliva and plaque)
from a previous study.7 Of 19 clinical isolates, 10 isolates
showed cagA gene-positive using PCR. All H. pylori strains
were used in all experiments and were cultured in brain
heart infusion (BHI) broth (Difco�, Sparks, MD, USA), and
incubated for 48 h at 37 �C in anaerobic conditions. H.
pylori cells were kept using centrifugation at 3000 rpm for
10 min and washed twice with a phosphate buffer (PBS) pH
7.0. The cells were used for tests in all experiments.
Antibiotic susceptibility testing

H. pylori cells were adjusted to 0.5 MacFarland and spread
on BHI agar. Antibiotic discs of erythromycin, amikacin,
tetracycline, metronidazole, amoxicillin, ampicillin, chlor-
amphenicol, and trimethoprim/sulfamethoxazole (Hime-
dia, Mumbai, India) were placed and incubated overnight at
37 �C in anaerobic conditions. The inhibition zone was
measured and reported as resistance (R), intermediate (I),
and sensitive (S) by comparison to zone diameter standard
breakpoints.
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Agar well diffusion assay
H. pylori strains were adjusted to OD600 Z 0.2 (108 CFU/
mL) in PBS pH 7.0 using a spectrophotometer. One mL of
cell suspension was added to 20 mL of melted BHI agar and
poured on the sterile plate with metal cups. After solidifi-
cation, metal cups were removed and 90 mL of 1 mg/mL of
poly L-Lysine (Sigma, St. Louis, MO, USA) or glycerol mon-
olaurate (Sigma, St. Louis, MO, USA) or BiCl3 (Himedia,
Mumbai, India) was added. The plate was incubated over-
night at 37 �C in anaerobic conditions, and the clear zone
was measured.

Broth microdilution assay
Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) were carried out as rec-
ommended by the instructions of the Clinical and Labora-
tory Standards Institute (CLSI). One hundred mL of 1 mg/mL
of poly L-Lysine (Sigma) or glycerol monolaurate (Sigma) or
BiCl3 (Himedia) was diluted by 2-fold dilution with 100 mL of
BHI broth in a 96-well plate, and 100 mL of H. pylori
(108 CFU/mL) was added. The plate was incubated for
18e24 h at 37 �C in anaerobic conditions. The MIC was
determined as the lowest concentration of poly L-Lysine or
glycerol monolaurate or BiCl3 required to fully inhibit
growth as compared with the untreated control. The MBC
was determined as the lowest concentration of wells that
did not allow visible growth when 10 mL of the well contents
were dotted on BHI agar and grown at 37 �C in anaerobic
conditions.

Checkerboard assay
The checkerboard test was used to study the synergistic
effect between poly L-Lysine (Sigma) and glycerol
monolaurate (Sigma). Briefly, a two-fold serial dilution
was used in the distribution of poly L-Lysine (solvent A)
and glycerol monolaurate (solvent B) in a 96-well microtiter
plate with a final concentration of individual solvent
at 4x, 2x, 1/2x, 1/4x, and 1/8x MIC. Then 100 mL of
inoculum equal to 108 CFU/mL from H. pylori was
distributed into each well and incubated at 37 �C for 24 h in
anaerobic conditions. The fractional inhibitory concentra-
tion index (FIC index) was computed by the accompanying

equation: FIC index Z MIC of antimicrobial solvent A in combination
MIC of antimicrobial solventA alone

þ MIC of antimicrobial solvent B in combination
MIC of antimicrobial solventB alone .

The FIC index showed a synergistic effect when it was
�0.5, an indifferent effect when it was �1.0, and an
antagonistic effect when it was >4.0.
Mouthwash containing poly-L-Lysine and glycerol
monolaurate, and mouthwash containing BiCl3
preparation

The components for mouthwash base preparation comprised
of 5.0% glycerol, 2.5% kolliphor�RH40, 0.001% peppermint
oil, 0.001% saccharin sodium salt hydrate, 0.001% methyl 4-
hydroxybenzoate, and water. The mixture was boiled at
1750
60 �C for 1 h. Then 0.02 mg/mL glycerol monolaurate (Sigma)
and 0.03 mg/mL poly-L-Lysine (Sigma) for formula 1 and
0.02 mg/mL BiCl3 (Himedia) for formula 2 were added to the
mouthwash base. The mouthwash containing poly-L-Lysine
and glycerol monolaurate or mouthwash containing BiCl3
were used to test anti-biofilm and cell viability to host cells.
Additional testing for a mouthwash containing poly-L-Lysine
and glycerol monolaurate was conducted for anti-adhesion
ability, suppression of cagA mRNA expression, and pro-
inflammatory cytokines. All experiments used a mouthwash
base as a control.
Anti-biofilm formation by mouthwash containing
poly-L-Lysine and glycerol monolaurate, and
mouthwash containing BiCl3

An amount of 200 mL of H. pylori (108 CFU/mL) was inocu-
lated into each well of a 96-well plate and incubated for
24 h at 37 �C in anaerobic conditions for the development of
a monolayer biofilm. The monolayer of biofilm was
confirmed using staining with a Live/Dead BacLight bacte-
rial viability kit (Thermo Fisher Scientific, Eugene, OR, USA)
and checked under a fluorescence microscope before
testing.

Regarding biofilm eradication, the culture was removed
and the well was carefully washed twice with PBS pH 7.0 to
remove non-adherent cells. The biofilms were then exposed
to 200 mL of mouthwash containing 0.03 mg/mL poly-L-
Lysine and 0.02 mg/mL glycerol monolaurate, and mouth-
wash containing 0.02 mg/mL BiCl3. The plate was incubated
for 24 h at 37 �C in anaerobic conditions and biofilm erad-
ication was determined using a MTT assay. The MTT assay
was according to Pahumunto et al.12 and confirmed using a
fluorescence microscope (mentioned above). The percent-
age of biofilm eradication was calculated by [1 � (A570 of
the test/A570 of non-treated control)] � 100.
Cell survival assay by mouthwash containing poly-L-
Lysine and glycerol monolaurate, and mouthwash
containing BiCl3

Human oral squamous cell carcinoma (H357, kindly derived
from Professor Paul Speight of the University of Sheffield,
UK), human periodontal ligament cells (PDL), and human
gastric adenocarcinoma cells (AGS, CRL-1739) were used in
this study. All cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum and 1% antibiotics, and incubated at 37 �C in
5% CO2 for 3 days. Cells were sub-cultured, and 104 cells/
mL of individual cells were seeded into a 96-well plate. The
plate was incubated at 37 �C in 5% CO2 for 3 days or until it
showed 95% cell confluence for the cytotoxicity assay.

Mouthwash containing 0.03 mg/mL poly-L-Lysine and
0.02 mg/mL glycerol monolaurate and mouthwash con-
taining BiCl3 were added to monolayer cells and incubated
for 24 h in suitable conditions. Cell survival ability was
measured by a MTT assay.12 The percentage of cell
viability was calculated by this formula: Cell

viability Z A570 of the treated cells�100
A570 of untreated cells .
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Adhesion ability of H. pylori and anti-adhesion by
mouthwash containing poly-L-Lysine and glycerol
monolaurate

This experiment examined the effect of mouthwash con-
taining poly-L-Lysine and glycerol monolaurate on inhibiting
the adhesion ability of H. pylori because mouthwash con-
taining BiCl3 showed high cytotoxicity to host cells.

Human oral squamous cell carcinoma (H357) and human
gastric adenocarcinoma cells (AGS) were used to study the
adhesion ability of H. pylori strains. Both cells were
cultured in suitable media (mentioned above) and incu-
bated for three days in appropriate conditions. Cells were
sub-cultured and 104 cells/mL were seeded into 24-well
plates. The cells were incubated for three days or until
95% cell confluence. H. pylori cells (108 CFU/mL) or H.
pylori cells (108 CFU/mL) combined with a sub-lethal dose
of mouthwash containing poly L-Lysine and glycerol mono-
laurate were added to monolayer cells and incubated for
1 h. The treated cells were washed twice to remove un-
bound bacteria, and 0.25% trypsin was added to trypsinize
cells. The adherence bacteria were counted using the plate
count method and it was shown a percentage of adhesion
ability calculated by this formula: adhered bacteriax100

bacterial cells at beginging.

cagA mRNA expression of H. pylori and its
suppression by mouthwash containing poly-L-Lysine
and glycerol monolaurate

H. pylori cells (108 CFU/mL) or H. pylori cells (108 CFU/mL)
combined with a sub-lethal dose of mouthwash containing
poly L-Lysine and glycerol monolaurate was incubated in BHI
broth for 24 h at 37 �C in anaerobic conditions. The cells
were kept using centrifugation at 3000 rpm for 10 min and
were extracted for RNA using the RNA extraction kit (Thermo
Fisher Scientific). A 100 ng/mL of total RNA was used to
study cagA expression using real-time PCR with a specific
primer for cagA (5’-ATAATGCTAAATTAGACAACTTGAGCGA-3’
and 5’-AGAAACAAAAGCAATACGATCATTC-3’)13 and ureA
genes (5-GCCAATGGTAAATTAGTT-3’ and 5’-
CTCCTTAATTGTTTTTAC-3’).14 The ureA gene is highly
conserved for H. pylori, and this gene was used as a
housekeeping gene in this study. The real-time PCR condition
was 40 cycles for both genes with the denaturing tempera-
ture of 95 �C for 20s, annealing temperatures at 44 �C for 20s
for the cagA and ureA genes, and the polymerizing temper-
ature of 72 �C at 25s. H. pylori ATCC43504 was used as a
control and the expression was set to 1.0.

Pro-inflammatory cytokines stimulation of H. pylori
and its suppression by mouthwash containing poly-
L-Lysine and glycerol monolaurate

Human periodontal ligament cells (PDL) and human gastric
adenocarcinoma cells (AGS, CRL-1739) were used to study
pro-inflammatory cytokines stimulation. Both cells were
cultured in DMEM supplemented with 10% fetal bovine
serum and 1% antibiotics, and then incubated at 37 �C with
5% CO2 for 3e5 days. Individual cells were sub-cultured
using the trypsinization method, and 106 cells/mL were
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seeded into 6-well plates. Cells were incubated for 3 days
or until 95% cell confluence. Then 100 mg/mL of H. pylori
cell wall12 or 100 mg/mL of H. pylori cell wall combined
with 100 mL of mouthwash containing poly L-Lysine and
glycerol monolaurate was added to the monolayer wells.
The leftover untreated cells were used as a negative con-
trol. Treated cells were incubated for 24 h at 37 �C with 5%
CO2, and the total RNA was extracted from the cells to
study cytokine expression.

A total RNA was extracted using the RNA extraction kit
(Thermo Fisher Scientific, Carlsbad, CA, USA) following the
manufacturer’s instructions. The cDNA was synthesized by
the Superscript� first-strand cDNA system kit (Thermo
Fisher Scientific, Waltham, MA, USA). The mRNA levels of
interleukin (IL)-1b, IL-6, IL-8, and tumor necrosis factor
(TNF)-a were measured with the CFX96 Touch� Real-Time
PCR detection system (BioRad, Foster, CA, USA). The real-
time PCR reaction consisted of 5% cDNA (v/v), Sensi-
fast�SYBR No-ROX reagent (Meridian Bioscience, Memphis,
TN, USA), and 5 pM of each primer.12 The real-time PCR
condition was 40 cycles for all cytokines with the dena-
turing temperature at 95 �C for 20s, annealing tempera-
tures at 60 �C for 20s, and the polymerizing temperature at
72 �C for 25s. For comparing gene expression, the GAPDH
gene served as a housekeeping gene and the average in-
duction of each cytokine was expressed from these sepa-
rate experiments.

Statistical analysis

Antibiotic resistance was reported as description data.
Anti-bacterial activity, cell viability, biofilm eradication,
and pro-inflammatory cytokine suppression were shown as
a mean � SD. The results of cagA mRNA expression and
adhesion ability showed box plots (25, 50, and 75 percen-
tiles). Differences in anti-bacterial activity, cell viability,
biofilm eradication, adhesion ability, cagA mRNA expres-
sion, and pro-inflammatory cytokine suppression between
the groups were analyzed by the ManneWhitney U test. P-
value �0.05 revealed a significant difference.

Results

Nineteen H. pylori clinical strains were isolated from saliva
(10 strains) and plaque (9 strains) from subjects having
symptoms of gastritis or gastric cancer. All H. pylori strains,
both cagA positive and cagA negative strains, demonstrated
resistance to metronidazole and trimethoprim/sulfameth-
oxazole while being sensitive to tetracycline, erythromycin,
amoxicillin, ampicillin, amikacin, and chloramphenicol.

All H. pylori strains were sensitive to poly-L-Lysine and
glycerol monolaurate. The inhibition zone of both com-
pounds was 28.5 � 1.4 and 25.5 � 0.6 mm for poly-L-Lysine
and glycerol monolaurate, respectively. It was found that
the cagA negative strains showed a clear zone greater than
the cagA positive strains (Table 1). BiCl3 showed the best
anti-H. pylori zone compared to both compounds because
the inhibition zone was 44.2 � 0.2 mm.

The MIC and MBC values showed the same values of
0.3 mg/mL for poly-L-Lysine and 0.2 mg/mL for glycerol
monolaurate. BiCl3 revealed 0.02 mg/mL for MIC and MBC



Table 1 Sensitivity of poly-L-Lysine and glycerol monolaurate against oral Helicobacter pylori strains.

Sensitivity test Glycerol monolaurate Poly L-Lysine BiCl3

Inhibition zone (mm)
All strains (n Z 19) 28.5 � 1.4B 25.5 � 0.6C 44.2 � 0.2A

cagA positive strains (n Z 10) 24.4 � 0.6b 25.1 � 0.3a 43.6 � 0.1a

cagA negative strains (n Z 9) 30.2 � 0.6a 25.3 � 0.4a 44.8 � 0.2a

Minimum inhibitory concentration (MIC; mg/mL)
All strains (n Z 19) 0.2 � 0.1B 0.3 � 0.0B 0.02 � 0.0A

cagA positive strains (n Z 10) 0.2 � 0.0a 0.3 � 0.0a 0.02 � 0.0a

cagA negative strains (n Z 9) 0.2 � 0.0a 0.3 � 0.0a 0.02 � 0.0a

Minimum bactericidal concentration (MBC; mg/mL)
All strains (n Z 19) 0.2 � 0.1B 0.3 � 0.0B 0.02 � 0.0A

cagA positive strains (n Z 10) 0.2 � 0.0a 0.3 � 0.0a 0.02 � 0.0a

cagA negative strains (n Z 9) 0.2 � 0.0a 0.3 � 0.0a 0.02 � 0.0a

Fractional inhibitory concentration index (FIC index)
Glycerol monolaurate - 0.2 (0.02/0.03) ND
Poly L-Lysine 0.2 (0.02/0.03) e ND

ND Z not done; Capital letters presented a statistical difference between inhibition H. pylori strains of different derivative compounds;
lowercase letters presented a significant difference between cagA positive strains and cagA negative strains (P < 0.05); FIC index showed
a synergistic effect when it was �0.5, indifferent effect when it was �1.0, and antagonistic effect when it was >4.0.
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values. The combination assay found synergism of poly-L-
Lysine and glycerol monolaurate; it showed the FIC index as
0.20 (Table 1). Thus, the combination of poly-L-Lysine
(0.03 mg/mL) and glycerol monolaurate (0.02 mg/mL) was
formulated as a mouthwash for the next study. Before
mouthwash formulation, the mouthwash base was used to
test anti-bacterial activity to confirm the efficacy of poly-L-
Lysine and glycerol monolaurate. The inhibition zone of the
mouthwash base showed 6.8 � 0.3 mm and biofilm eradi-
cation showed 6.5 � 0.5% after incubation at 5 min and
20.7 � 0.1% after incubation at 24 h.

Eradication of the biofilm formation from mouthwash
containing 0.03 mg/mL poly-L-Lysine and 0.02 mg/mL
glycerol monolaurate (mentioned above) against H. pylori
at various times is demonstrated in Table 2 and was
confirmed under fluorescence microscope (Fig. 1). The re-
sults revealed that the biofilm eradication related to the
incubation time; at 24 h it showed higher eradication
compared to other times. Mouthwash containing BiCl3 could
remove biofilm better than the mouthwash containing
Table 2 Helicobacter pylori biofilm eradication treated with mo
mouthwash containing BiCl3.

Times Biofil

Mouthwasha

cagA positive n Z 10 cagA negative n Z

5 min 14.9 � 1.1a,A 19.9 � 1.4b,A

15 min 25.6 � 1.9a,B 30.6 � 1.0b,B

60 min 37.8 � 0.4a,C 42.8 � 1.2b,C

120 min 48.2 � 1.3a,D 53.2 � 0.4b,D

360 min 58.5 � 1.6a,E 63.5 � 0.3b,E

24 h 78.0 � 1.0a,F 83.0 � 1.4b,F

h Z hour; Capital letters presented a statistical difference in the sa
difference between cagA positive and cagA negative strains (P < 0.05

a Mouthwash containing 0.03 mg/mL poly-L-Lysine and 0.02 mg/mL
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0.03 mg/mL poly-L-Lysine and 0.02 mg/mL glycerol mono-
laurate at all times, and complete killing was revealed at
24 h incubation. The mouthwash containing 0.03 mg/mL
poly-L-Lysine and 0.02 mg/mL glycerol monolaurate could
eliminate the biofilm by more than 50% at 2 h, and at 24 h it
could remove approximately 78.0e83.0%. The cagA gene-
positive strains showed resistance to mouthwash and BiCl3
more than the cagA gene-negative strains.

Regarding the cell viability test, it was found that PDL
cells showed a higher survival rate after being treated with
the mouthwash base, mouthwash containing 0.03 mg/mL
poly-L-Lysine and 0.02 mg/mL glycerol monolaurate, and
mouthwash containing BiCl3 at all times compared to H357
and AGS cells. Mouthwash containing 0.03 mg/mL poly-L-
Lysine and 0.02 mg/mL glycerol monolaurate showed a
higher survival rate of PDL, H357, and AGS cells compared
to mouthwash containing BiCl3 and mouthwash base.
Mouthwash containing 0.03 mg/mL poly-L-Lysine and
0.02 mg/mL glycerol monolaurate showed a survival rate of
more than 50% at 15 min incubation for H357 and AGS cells
uthwash containing poly L-Lysine and glycerol monolaurate or

m eradication (%)

BiCl3

9 cagA positive n Z 10 cagA negative n Z 9

52.6 � 1.3a,A 57.6 � 1.4b,A

67.2 � 0.9a,B 72.2 � 1.0b,B

82.3 � 0.4a,C 87.3 � 1.2b,C

86.8 � 0.3a,D 91.8 � 0.4b,D

92.6 � 1.0a,E 100.0 � 0.0b,E

97.3 � 0.9a,F 100.0 � 0.0b,E

me column (P < 0.05); Lowercase letters presented a significant
).
glycerol monolaurate.



Figure 1 Biofilm formation of clinical oral Helicobacter py-
lori at 24 h (A), biofilm eradication by mouthwash containing
0.03 mg/mL poly-L-Lysine and 0.02 mg/mL glycerol mono-
laurate after 24 h incubation (B), and biofilm eradication by
mouthwash base (without 0.03 mg/mL poly-L-Lysine and
0.02 mg/mL glycerol monolaurate) after 24 h incubation (C)
was investigated by fluorescence microscope (40X) staining
with a Live/Dead BacLight bacterial viability kit.
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and 100% for PDL cells (Table 3). Mouthwash containing
BiCl3 showed complete killing of cells at 1 h incubation, and
at 15 min incubation cell viability showed 4.2, 7.7, and
15.5% for AGS, H357, and PDL cells, respectively. While the
mouthwash base showed cell viability of 63.0 � 0.6,
77.0 � 1.1, and 79.3 � 0.7% for AGS, H357, and PDL cells
after incubation for 15 min. The mouthwash base also
showed lower amounts of cell viability than mouthwash
containing 0.03 mg/mL poly-L-Lysine and 0.02 mg/mL
glycerol monolaurate.

The adhesion ability of H. pylori strains on H357 and AGS
cells is shown in Fig. 2A. Overall, all H. pylori strains
exhibited significantly higher adhesion on AGS cells
compared to H357 cells, and H. pylori with cagA strains
adhered to both cells higher than strains without cagA genes.
After being combined with mouthwash, the adhesion of H.
pylori with the cagA gene (from 61.1 � 10.8 to 40.6 � 7.7%
for H357 cells and from 67.2 � 13.7 to 36.0 � 4.1% for AGS
cells) or without the cagA gene (from 52.0 � 9.0 to
44.7� 9.2% for H357 cells and from 56.4� 5.9 to 45.0� 3.1%
for AGS cells) showed a significant decrease in both cells
(P < 0.05). H. pylori with cagA gene-positive strains revealed
high expression levels of cagA mRNA expression after incu-
bation at anaerobic conditions, ranging from 117.0 to 9351.0
folds of induction (Fig. 2B). The cagA mRNA expression
decreased significantly after being combined with mouth-
wash, ranging from 2.1 to 164.1 folds.

All pro-inflammatory cytokine expression in PDL cells
showed lower expression than in AGS cells. It is interesting
that the mouthwash base showed high pro-inflammatory
cytokine stimulation, especially IL-8, which showed
22.8 � 0.2 and 257.0 � 0.3 folds for PDL and AGS cells,
respectively. However, the mouthwash containing 0.03 mg/
mL poly-L-Lysine and 0.02 mg/mL glycerol monolaurate
stimulated PDL and AGS cells to express all pro-
inflammatory cytokines (IL-1b, IL-6, IL-8, and TNF-a)
lower than the mouthwash base, which ranged from 1.5 to
8.5 folds and 0.6 to 3.4 folds, respectively (Table 4). H.
pylori strains that were cagA gene-positive expressed all
pro-inflammatory cytokines higher than H. pylori strains
that were cagA gene-negative. IL-8 mRNA (29.4e46.5 folds
for AGS cells and 13.3e18.9 folds for PDL cells) showed
greater expression than other cytokines, whilst IL-1b mRNA
showed the lowest cytokine expression (2.7e3.2 folds for
AGS cells and 1.1e1.2 folds for PDL cells). After combina-
tion with mouthwash containing 0.03 mg/mL poly-L-Lysine
and 0.02 mg/mL glycerol monolaurate, all pro-
inflammatory cytokines were reduced compared to H. py-
lori alone (Table 4). The reduction in AGS and PDL cells
were 1.5e1.9 folds and 1.1e1.5 folds for IL-1b, 1.4e1.6
folds and 1.2e1.6 folds for IL-6, 1.2e1.4 folds and 1.2e1.4
folds for IL-8, as well as 1.7e2.6 folds and 1.6e1.9 folds for
TNF-a, respectively.
Discussion

H. pylori is a pathogen closely related to gastric cancer,
and it has been confirmed that H. pylori eradication after
treatment reduces the risk of gastric cancer. Our finding
found that poly L-Lysine and glycerol monolaurate inhibited
H. pylori growth, and a synergistic effect of a combination



Table 3 Cell viability treated with mouthwash containing poly L-Lysine and glycerol monolaurate or mouthwash containing
BiCl3.

Times Cells survival rate (%)

Mouthwasha BiCl3

H357 PDL AGS H357 PDL AGS

5 min 79.8 � 2.9b,A 100.0 � 0.0a,A 77.2 � 1.4b,A 15.5 � 1.7b,A 29.3 � 1.1a,A 10.3 � 1.8c,A

15 min 53.9 � 0.6c,B 100.0 � 0.0a,A 61.2 � 1.5b,B 7.7 � 1.1b,B 15.2 � 2.3a,B 4.2 � 0.1c,B

60 min 32.0 � 2.0c,C 95.4 � 0.0a,B 42.3 � 1.1b,C 0.0 � 0.0b,C 0.0 � 0.0b,C 2.7 � 0.0a,C

120 min 20.8 � 1.0c,D 82.8 � 0.0a,C 34.5 � 1.6b,D 0.0 � 0.0b,C 0.0 � 0.0b,C 2.2 � 0.0a,C

360 min 16.9 � 0.8c,E 55.6 � 0.0a,D 28.5 � 1.6b,E 0.0 � 0.0a,C 0.0 � 0.0a,C 0.0 � 0.0a,D

24 h 12.5 � 0.8c,F 35.6 � 0.0a,E 17.4 � 1.2b,F 0.0 � 0.0a,C 0.0 � 0.0a,C 0.0 � 0.0a,D

h Z hour; Capital letters presented a statistical difference in the same column (P < 0.05); Lowercase letters presented a significant
between cell survival rates of H357, PDL, and AGS cells (P < 0.05).

a Mouthwash containing 0.03 mg/mL poly-L-Lysine and 0.02 mg/mL glycerol monolaurate.
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between poly L-Lysine and glycerol monolaurate was found.
Thus, mouthwash containing poly L-Lysine and glycerol
monolaurate was used to study the reduction of virulence
factors of H. pylori strains. Mouthwash containing poly L-
Lysine and glycerol monolaurate eradicated biofilm by more
than 50% at 2 h depending on incubation time, and the cell
viability showed more than 50% at 15 min incubation for
H357 and AGS cells, and 100% for PDL cells. In addition, the
mouthwash could restrain the adhesion of H. pylori on host
cells, suppress the expression of cagA, and reduce pro-
inflammatory cytokine expression after being treated with
H. pylori.

Nowadays, H. pylori strains are found to increase anti-
biotic resistance such as metronidazole, levofloxacin, and
clarithromycin, but the resistance to amoxicillin and
tetracycline is usually low according to our study.2,15 The
treatment has to use triple therapy using a proton pump
inhibitor or ranitidine bismuth citrate combined with clar-
ithromycin or amoxicillin or metronidazole to provide a
high-efficacy treatment. However, the recurrence of H.
pylori still increased because it can be transmitted from
the oral to gastrointestinal tract,4,5 so H. pylori in the oral
cavity needs to be removed. Mouthwash is an alternative
way to remove or reduce the number of H. pylori in the oral
cavity (saliva and plaque). In observation of anti-H. pylori
activity in planktonic and biofilm forms, the mouthwash
base could inhibit the growth of H. pylori in both forms
because the mixture of mouthwash base included methyl 4-
hydroxybenzoate, an anti-microbial preservative in cos-
metics. However, after adding poly L-Lysine and glycerol
monolaurate in the mouthwash base as in our study, there
was high anti-H. pylori activity in planktonic form and H.
pylori biofilm was eradicated. Poly L-Lysine is adsorbed
electrostatically to the cell surface of the bacterial outer
membrane causing damage to the H. pylori cells and glyc-
erol monolaurate. This is a biological activity because of
increased bacterial membrane permeability or disruption of
electron transportation and oxidative phosphorylation or
inhibition of membrane enzymatic activities.10,16 In addi-
tion, this study revealed that a combination of poly L-Lysine
and glycerol monolaurate exhibited a synergistic response
compared to a single compound. In addition, a combination
of both compounds could inhibit the growth of other oral
1754
pathogens such as Porphyromonas gingivalis, Aggregati-
bacter actinomycetemcomitans, and Streptococcus mutans
(unpublished results).

Biofilm formation in this study used a monolayer of H.
pylori on 96 well plates. Mouthwash containing poly L-
Lysine and glycerol monolaurate demonstrated biofilm
eradication of more than 50% at 2 h while mouthwash
containing BiCl3 (standard treatment for H. pylori infec-
tion) was used for 5 min for 50% biofilm eradication. Bis-
muth is used for bactericidal effects on H. pylori by forming
complexes in the bacterial cell wall and periplasmic space,
inhibiting different enzymes, ATP synthesis, and adherence
of the bacteria to the gastric mucosa.17 Although BiCl3
showed a high biofilm eradication, it showed low cell
viability of host cells, which may be due to bismuth-induced
oxidative stress, mitochondrial dysfunction, and conse-
quently, apoptosis-like mode of cell death in human cells.18

According to our study, it was found that mouthwash con-
taining BiCl3 showed high toxicity to both oral and gastric
cells. While the mouthwash containing poly L-Lysine and
glycerol monolaurate has low cytotoxicity to human peri-
odontal ligament cells (PDL cells), human oral keratinocyte
cells (H357 cells), and human gastric adenocarcinoma cells
(AGS cells), glycerol monolaurate showed no cytotoxicity to
dendritic cells and human gingival fibroblast cells according
to a previous study.16,19 Although a report showed that
glycerol monolaurate has shown to be toxic to cells by
inducing cell apoptosis, that study used high concentrations
of glycerol monolaurate.20 The concentration of glycerol
monolaurate showed toxicity to human gingival fibroblast
cells of more than 640 mM,19 and which began to aggregate
on the bottom of a microtiter plate.

H. pylori infection can be found in the oral cavity,
especially dental plaque. The first channel of H. pylori for
humans is the oral cavity, but its function in H. pylori
infection is generated in the gastric tissue. A previous study
showed a high prevalence of H. pylori in the plaque (supra-
and sub-gingival plaque) in patients with gastritis and
gastric cancer.7 It may be due to there being a correlation
between H. pylori infection in periodontal disease and
gastric reinfection. Thus, this study would like to examine
the anti-adhesion and immune responses of two types of
cells (oral and gastric cells). Adhesion ability is the first



Figure 2 Reduction of adhesion ability (A) and cagA mRNA expression (B) of Helicobacter pylori single strain and a combination
with mouthwash containing poly L-lysine and glycerol monolaurate (mouthwash). Lowercase letters represent significant differ-
ences between adhesion ability to host cells or cagA mRNA expression of Helicobacter pylori individual strain and a combination of
Helicobacter pylori and the mouthwash (P < 0.05).
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mechanism of H. pylori in order to colonize the oral cavity
and gastric tissue, and inhibition in this process can protect
the initial growth or progression of the disease. Mouthwash
containing poly L-Lysine and glycerol monolaurate
decreased the adhesion of H. pylori to H357 and AGS cells
due to the inhibiting function of the vacA gene (unpublished
results). This gene may be associated with the adhesion
ability or block adhesion or flagellar filament of H. pylori to
adhere to host cells. However, the mechanism of the
mouthwash that inhibited H. pylori adhesion is still unclear
and needs to be clarified.
1755
This study found that the mouthwash base highly stim-
ulated pro-inflammatory cytokines in both cells, particu-
larly IL-8, because of methyl 4- hydroxybenzoate. The pro-
inflammatory cytokines decreased after diluting the
mouthwash base with water (1:100) showing low pro-
inflammatory cytokines (unpublished results). It is inter-
esting to find that mouthwash containing poly L-Lysine and
glycerol monolaurate induced low pro-inflammatory cyto-
kines and suppressed pro-inflammatory cytokine stimula-
tion (IL-1b, IL-6, IL-8, and TNF-a) after being induced by H.
pylori to PDL and AGS cells. Pro-inflammatory cytokine
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suppression might be caused by the mouthwash block of the
function of the cagA gene, which is associated with changes
in cytokine signaling and cell cycle control of H. pylori with
cytokine stimulation. Our study showed that cagA mRNA
expression decreased after being treated with mouthwash
containing poly L-Lysine and glycerol monolaurate, which
had the effect of reducing pro-inflammatory cytokines.
Moreover, a previous study reported that glycerol mono-
laurate suppressed human gingival fibroblast to express IL-
1b, IL-6, and TNF-a after being stimulated with A. actino-
mycetemcomitans.16 Thus, mouthwash containing poly L-
Lysine and glycerol monolaurate in this study may indicate
a positive modulation in the inflammatory response in the
oral cavity and gastric tissue.

In conclusion, mouthwash containing poly L-Lysine and
glycerol monolaurate could reduce the virulence of H. py-
lori strains including having anti-growth, anti-biofilm, anti-
inflammation, and anti-adhesion properties. Moreover,
mouthwash containing poly L-Lysine and glycerol mono-
laurate has low cytotoxicity to host cells, human oral
epithelial cells, human periodontal ligament cells, and
human gastric cells. This means that the mouthwash is safe
to use in humans. However, as this study lacks data on
mouthwash in volunteers, further research needs to study
the effects of such.
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