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Abstract

Objectives: The use of adjunct post-treatment mouth rinses containing chlorhexidine
(CHX) for periodontitis patients is associated with side effects that reduce patient
compliance. Our aim was to evaluate the proinflammatory and cell proliferation
effects of an activated-zinc mouth rinse (SM) that has been suggested as an alterna-
tive post-treatment therapeutic.

Materials and Methods: Tissue models of gingival epithelium were used to simulate
periodontal disease and compare inflammatory reactions after treatment with CHX
or SM. Tissues were exposed to Porphyromonas gingivalis LPS and wounded to simu-
late periodontal disease. Tissues were treated and incubated for 6, 12, or 24 h.
Inflammatory cytokines were measured in culture medium by ELISA and local expres-
sion of Toll-like receptor (TLR)-4 and proliferation marker Ki-67 was visualized by
immunohistochemistry.

Results: SM and CHX treatments decreased secretion of IL-1p and IL-8 into culture
media at all time points. IL-1p secretion levels were further decreased by SM com-
pared to CHX treatment at all time points. TLR-4 expression appeared significantly
increased 12 h post-treatment in the CHX tissues but remained relatively low in SM
tissues at all time points. Ki-67 results suggest that cell proliferation was increased in
the SM tissues earlier than CHX tissues.

Conclusions: Our data suggest that SM may reduce inflammation in gingival

tissues.
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1 | INTRODUCTION biofilm of microbial communities forms on tooth structures
(Seneviratne et al., 2011). Inflammation is triggered in response to the
Periodontitis, an oral disease characterized by a polymicrobial infec- increased biofilm, and changes to the microbial communities occur

tion and disproportional host response in the periodontal tissues, (Socransky & Haffajee, 2000a, 2000b). This reshaping of the micro-

affects more than 47% of people worldwide and is the main cause of biota from communities in homeostasis to dysbiosis may trigger fur-

tooth loss (Eke et al., 2012). Without proper oral hygiene measures, a ther inflammation that ultimately results in periodontal disease
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(Lamont et al., 2018; Maekawa et al., 2014) However, recent re-
thinking of the relationships between specific bacteria and inflamma-
tion in periodontal disease suggests that it may be the inflammatory
responses in susceptible individuals that drives the changes in the
bacterial composition rather than the other way around (Bartold &
Van Dyke, 2019). Either way, mechanical removal of the biofilm to
encourage a reduction in inflammation remains the treatment of
choice for periodontitis.

Mouth rinses containing chlorhexidine gluconate (CHX) have
been shown to reduce biofilm development (Lang & Brecx, 1986).
While some improvement in probing depths have been associated
with CHX as an adjunct therapy for patients undergoing periodontal
treatment, detrimental side effects may outweigh any benefit gained
(da Costa et al., 2017). These side effects include brown staining of
teeth and dental materials, changes in taste perception, and possible
mucosal ulceration (Hepsg et al., 1988). SmartMouth Clinical DDS
(SM) is an over-the-counter rinse that includes 0.05% cetylpyridinium
chloride as an antimicrobial agent (Teng et al., 2016) and activated
zinc to increase wound healing and control sulfur-containing com-
pounds associated with halitosis and periodontal disease. In a recent
clinical comparison between SM and CHX in periodontitis patients
prescribed a mouth rinse as an adjunct therapy during periodontal
maintenance, patients assigned to SM showed better compliance. Fur-
thermore, SM treatment was as effective as CHX in reducing gingival
inflammation, bleeding, and plaque accumulation (Miley et al., 2019).

Therefore, we designed this in vitro study to test inflammatory
and proliferation responses to SM and CHX in a tissue model of gingi-
val epithelium. The hypothesis tested was that tissues in our peri-
odontitis model would produce inflammatory cytokines and
proliferate to repair damage in response to treatment with SM in a
manner similar to or better than in response to treatment with CHX.
The aim of the study was to provide support for the use of SM as an

alternative to CHX in the management of patients requiring adjunct

therapy.
2 | METHODS
21 | Tissue model of gingival epithelium

3D models of gingival mucosa (Epi-Gin; GIN-100, Epi-Gingival™,
MatTek Life Sciences, Ashland, MA) were obtained for use in this
study. These tissue models are made from normal human oral
keratinocytes derived from non-diseased adults undergoing tooth
extractions, or from cadavers. The three-dimensional differentiated
tissue is histologically similar to gingival mucosa and contains 8-11
layers of cells. To make the models, gingival cells are seeded into cell
culture inserts (surface area of 0.6 cm; Seneviratne et al., 2011) that
are coated with an extracellular matrix preparation. After several days
of the tissue being submerged, the tissues are introduced to the air
liquid interface to induce stratification and differentiation. At this

point, tissue kits are shipped to the customer.
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For this study, 2 kits of 24 tissues, for a total of 48 tissues, were
used. Upon shipment arrival, tissues were placed in fresh serum-free
Dulbecco's Modified Eagle's Medium (DMEM) supplemented with epi-
dermal growth factor, antibiotics, and a proprietary mix of growth fac-
tors (MatTek) overnight (37°C, 5% CO,) to rest and recover from
shipping stress. Medium was placed under the culture inserts to per-
meate the porous membrane of the tissue culture inserts while the
top layer remained at the air/liquid interface. The next day, one set of
the tissues (24 tissues) was placed in DMEM media containing
Porphyromonas gingivalis LPS (10 pg/ml; Millipore Sigma, St. Louis,
MO), and the other in fresh DMEM without LPS for 24 h. A subset,
18 tissues, of each of sets was wounded with NaOH following a stan-
dardized protocol (MatTek; 0.5 pl 1 M NaOH for 15 min., https://
www.mattek.com/wp-content/uploads/EpiCorneal-Wound-Healing-
Application-Note.pdf). Epi-Gin tissues, wounded (36) or non-wounded
(12), were then assigned to one of the 3 treatment groups. Each tissue
was treated with 100 pl (standard product testing size, per MatTek) of
SM, CHX, or phosphate buffered saline (PBS; control) for 30 s. The
apical surface of the Epi-Gin tissue was washed with 100 pl PBS to
remove traces of mouth rinse. Tissues were incubated for 6, 12, or
24 h (2 tissues for each time point), fixed with 3% paraformaldehyde
for 4 h at room temperature, and stored in PBS until processing. Tis-
sue medium was collected for cytokine analysis at each time point
and immediately frozen at -20°C until assays were conducted.

2.2 | Enzyme-linked immunosorbent assay

Human IL-1p and Human IL-8 ELISA kits (Invitrogen, Waltham, MA)
were used to evaluate cytokine secretion following manufacturer's
instructions. Briefly, 96-well plates were coated with anti-human IL-
1B or IL-8 monoclonal antibodies. Serial dilutions of standards were
included in each assay to obtain a standard curve. Samples
were diluted according to manufacturer's suggestions and were added
to the plates. After an overnight incubation, secondary antibodies
were added following kit protocol. Absorbance at wavelengths of
450 nm and 570 nm were measured and concentrations calculated
according to the standard curve. Concentration of IL-1f and IL-8 are

expressed in pg/ml.

2.3 | Immunohistochemistry staining

Fixed tissue samples were sent to MatTek for processing, paraffin
embedding, and serial sectioning. Tissue sections were deparaffinized
and rehydrated using decreasing concentrations of ethanol following
standard protocol. TLR-4 and Ki-67 antibodies were added to sepa-
rate tissue sections followed by incubation with biotinylated second-
ary antibodies (ABC Kit, Vector Laboratories, Burlingame, CA). DAB
peroxidase substrate kit (Vector Laboratories) was used to visualize
TLR-4 and Ki-67 tissue locations. Hematoxylin was used as a counter-

stain and glass coverslips were placed over the tissues.
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3 | RESULTS

Half of the 48 tissues were exposed to P. gingivalis LPS. Exposure to
LPS was a significant driver of IL-1B secretion in control tissues (only
exposed to PBS; not wounded), but not of IL-8 (Table 1). Concentra-
tions of IL-1p at 6, 12, and 24 h in tissues not exposed to LPS were
2.32,0.69, and 0.28 pg/ml respectively. IL-1p concentrations from tis-
sues exposed to LPS, on the other hand, were 310.46, 290.84, and
135.72 pg/ml respectively (Table 1). Wounded tissues exposed to LPS
showed a similar pattern with both IL-1p and IL-8 secretion (Table 1).

Both SM and CHX treatments showed a lower level of secretion
of IL-1p into tissue culture media at 6, 12, and 24 h time points com-
pared to treatment with PBS in wounded tissues challenged with LPS
(Figure 1). IL-1B secretion levels were further decreased by SM com-
pared to CHX treatment at all 3 timepoints (Figure 1). IL-8 secretion
generally increased after mouth rinse treatment (Figure 2).

TLR-4, a pattern recognition receptor that recognizes P. gingivalis
LPS (Kikkert et al., 2007), and Ki-67, a cell proliferation marker and an
indicator of the healing process, were both evaluated by immunohis-
tochemistry in this study. Six hours after each treatment, TLR-4 was
expressed for all treatment groups in the lower layers of the tissue
sections as indicated by the brown staining along the cell membranes
(Figure 3). Twelve hours after initial treatments, TLR-4 was highly
expressed in all layers of PBS and CHX treated tissues, while in the
SM treated tissues expression was minimal and only expressed in
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the keratinized layer and absent in the underlying cells (Figure 4).
Twenty four hours after respective treatments, tissues treated with
PBS showed high expression of TLR-4 in all tissue layers (Figure 5).
TLR-4 was expressed slightly in both layers for CHX-treated tissues
and expression was negligible in SM treated tissues.

The proliferation marker, Ki-67, was present in the superficial
layer of PBS and SM treated tissues at 6 h post-treatment, however,
SM treatment group highly expressed Ki-67 in the underlying layer.
Ki-67 was expressed minimally in the superficial layer of CHX treated
tissues (Figure 3). At 12 h, Ki-67 is expressed in the keratinized layer
for all treatment groups. However, Ki-67 is being expressed in the
underlying cells after treatment with SM (Figure 4). And finally, at
24 h post-treatment, Ki-67 was highly expressed in all layers of CHX
treated tissues, minimally expressed in the superficial layer of PBS

treated tissues, and negligible in the SM treatment group (Figure 5).

4 | DISCUSSION

Our data suggest that SM has anti-inflammatory properties that may
support its use as an alternative to CHX when adjunct therapy using
mouth rinses is appropriate, especially in light of the clinical research
indicating better patient compliance previously mentioned (Miley
et al., 2019). Both SM and CHX appeared to reduce secretion of the
IL-1p, of active

potent pro-inflammatory cytokine a marker

TABLE 1  Cytokine secretion (pg/ml £ SD) in non-wounded and wounded tissues exposed to Porphyromonas gingivalis LPS (n = 2/group)
6h 12 h 24 h
+ LPS — LPS + LPS — LPS + LPS — LPS
Not wounded
IL1-B 31046 + 20.6 232+27 290.84 +24.9 0.69 + 0.63 135.72 £ 0.04 0.28 £ 0.40
IL-8 82.53+57.2 96.31+81.1 73.39 +10.0 53.06 +1.8 207.19 £ 0.0 85.75+7.1
Wounded
IL-1B 134.19 £ 12.6 ND 60.23 + 0.66 248 +1.3 4379+ 1.4 0.56 £ 0.79
IL-8 112.06 £ 1.4 53.07 £ 0.68 106.41 £ 52.9 74.91 + 304 383.65 + 105.1 142.10 £ 13.5
IL-1B
160 PBS m
CHX &
140 SM m
120
100
80
60
FIGURE 1  ELISA secretion of IL-1p 40 )
from wounded LPS-challenged Epi- 20 (
Gingival tissues. IL-1f secretion levels at B ’ i |
6,12, and 24 h after treatment with 0 = u - [:] e —
respective mouth rinse. Error bars are _LPS +1PS _LPS +LPS _LPS +LPS
standard deviation, N = 2 6 Hours 12 Hours 24 Hours
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IL-8 PBS m FIGURE 2  ELISA secretion of IL-8
CHX m from wounded LPS-challenged Epi-
£00 SM m Gingival tissues. Secretion of IL-8 at
6,12, and 24 h after treatment with
500 respective mouth rinse. Error bars are
standard deviations, N = 2
400
300
200
) I i i i i l . I
 mHn 1101
-LPS +1PS -LPS +1PS -l 4LPS
6 Hours 12 Hours 24 Hours
Control (PBS) CHX SM
FIGURE 3 Immunohistochemistry images of wounded, LPS-challenged Epi-Gingival tissues showing TLR-4 and Ki-67 expression 6 h after

respective treatments. Expression for TLR-4 and Ki-67 is represented by brown staining

inflammation (Toker et al., 2008), IL-1p's role in bone resorption and
tissue destruction in relation to periodontitis has been described
(Stashenko et al., 1987, 1991). Higher levels of this cytokine are found
in both the saliva and gingival crevicular fluid of periodontitis patients
(Kinney et al., 2014; Offenbacher et al., 2007; Rangbulla et al., 2017;
Sanchez et al,, 2013). While much of the IL-1f in vivo originates with
immune cells, gingival epithelial cells also secrete this cytokine and act
as an important member of the innate immune defenses (Sandros
et al., 2000). Furthermore, because of IL-1p's prominence in periodon-
titis, it has been considered as a potential target for new therapeutics
(Cheng et al., 2020). In this in vitro model of gingival epithelium, SM
treatment, like treatment with CHX, resulted in a reduction of IL-1p
levels, supporting its use as a possible alternative to CHX as an
adjunct therapy to reduce inflammation when appropriate.

IL-8, a neutrophil chemoattractant and activator, has been used
as a marker for inflammatory conditions (Shahzad et al., 2010), includ-

ing periodontal disease (Finoti et al., 2017). IL-8 recruits neutrophils

to areas of inflammation where they are generally the first of the
innate immune cells to arrive. In the periodontium, IL-8 can be
secreted by a variety of cells, including epithelial cells (Eckmann
et al., 1993), in response to bacterial products such as LPS. Local
levels of this chemokine have been shown to be higher in patients
with chronic periodontitis compared to healthy controls (Finoti
et al., 2017). At the 24-h time point in this study, levels of IL-8 were
lower in the SM group compared to control, with CHX-treated tissues
showing intermediate levels of this chemokine.

TLR-4 expression was also reduced by SM compared to PBS and
CHX in our tissues. This was particularly evident at the 24-hr time
point. TLR-4 not only responds to bacterial molecular patterns, but
also to signals secreted by damaged cells (Molteni et al., 2016). Our
tissues were exposed to both P. gingivalis LPS and to a wounding pro-
tocol. At the earliest time point, 6 h, TLR-4 was expressed in all tis-
sues. However, by 24 h, SM treated tissues had negligible TLR-4

expression.
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Control (PBS)

TLR-4

Ki-67

FIGURE 4

CHX SM

Immunohistochemistry images of LPS-challenged Epi-Gingival tissues showing TLR-4 and Ki-67 expression 12 h after respective

treatment. Expression for TLR-4 and Ki-67 is represented by brown staining

Control (PBS)

FIGURE 5

Immunohistochemistry images of LPS-challenged Epi-Gingival tissues showing TLR-4 and Ki-67 expression 24 h after respective

treatment. Expression for TLR-4 and Ki-67 is represented by brown staining

The cell proliferation marker active in all phases of the cell
cycle, Ki-67, was measured in wounded Epi-Gingival tissues and
was highly expressed in SM treated tissues. Furthermore, SM tis-
sues expressed Ki-67 earlier than CHX-treated tissues. Zinc plays
important roles in the regulation of DNA synthesis and stimulation
of cell proliferation (MacDonald, 2000). In wound repair studies, it
has been suggested that zinc may be important for cell membrane
repair, cell migration, and extracellular matrix formulation (Lin
et al., 2017). Other in vitro studies have suggested that resupply of
zinc to quiescent zinc-deficient cells can encourage restart of the
cell cycle (Lo et al., 2020). SM is unique in that activated zinc ions
are made available to oral tissues during its use. In our study, the
available zinc ions may have supported the proliferation of the
cells.

Overall, our in-vitro data suggest that SM can be as or more
effective than CHX mouth rinse in reducing inflammation, by

reducing secretion of pro-inflammatory cytokines, and expression
of TLR-4. Inflammation is a protective mechanism to help tissues
such as those in the oral cavity deal with trauma or pathogenic
invasion. However, once the inflammatory response has done its
job, anti-inflammatory responses must be allowed to restore
order. Aberrant and uncontrolled inflammation is believed to be a
significant driver in periodontal disease. While CHX treatment in
this study reduced some inflammatory markers, SM treatment
decreased these further. SM is not associated with the unpleasant
side effects that are associated with CHX, such as tooth staining
or taste alteration (Albert-Kiszely et al., 2007). Furthermore, SM
has a higher rate of patient compliance and was as effective as
CHX for positive patient outcome in a clinical trial (Miley
et al., 2019). Our work sets the stage for further study of SM as a
viable alternative to CHX as an adjunct therapy for periodontal
patients.



1000 Wl LEY_CIinicaI and Experimental Dental Research

ACKNOWLEDGMENTS

The authors would like to thank Andrew Burch and Brent Dellay of
Triumph Pharmaceuticals for helpful discussions and critical review
of the manuscript. We would like to thank Jesse Snyder for help with
experiments and assays. This study was funded by a grant from
Triumph Pharmaceuticals, St. Louis, MO, USA.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Kaitlyn A. Stanton helped in the design and execution of the project,
wrote the first draft of the manuscript, and contributed to the editing
and completion of the final manuscript. Barbara A. McCracken helped
in the design and execution of the project, data analysis, and writing

of the manuscript.

ETHICS STATEMENT
The project was reviewed by our internal research committee. No ani-

mals or human subjects were used in this study.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Barbara A. McCracken "' https://orcid.org/0000-0002-9122-2551

REFERENCES

Albert-Kiszely, A., Pjetursson, B. E., Salvi, G. E., Witt, J., Hamilton, A,
Persson, G. R., & Lang, N. P. (2007). Comparison of the effects of
cetylpyridinium chloride with an essential oil mouth rinse on dental
plaque and gingivitis - A six-month randomized controlled clinical trial.
Journal of Clinical Periodontology, 34(8), 658-667. https://doi.org/10.
1111/j.1600-051X.2007.01103.x

Bartold, P. M., & Van Dyke, T. E. (2019). An appraisal of the role of specific
bacteria in the initial pathogenesis of periodontitis. Journal of Clinical
Periodontology, 46(1), 6-11. https://doi.org/10.1111/jcpe.13046

Cheng, R, Wu, Z,, Li, M., Shao, M., & Hu, T. (2020). Interleukin-1p is a
potential therapeutic target for periodontitis: A narrative review. Inter-
national Journal of Oral Science, 12(1), 2. https://doi.org/10.1038/
s41368-019-0068-8

da Costa, L. F. N. P., da Silva Furtado Amaral, C., da Silva Barbirato, D.,
Ledo, A. T. T., & Fogacci, M. F. (2017). Chlorhexidine mouthwash as an
adjunct to mechanical therapy in chronic periodontitis: A meta-analy-
sis. Journal of the American Dental Association (1939), 148(5), 308-318.
https://doi.org/10.1016/j.adaj.2017.01.021

Eckmann, L., Kagnoff, M. F., & Fierer, J. (1993). Epithelial cells secrete the
chemokine interleukin-8 in response to bacterial entry. Infection and
Immunity, 61(11), 4569-4574. https://doi.org/10.1128/IAl.61.11.
4569-4574.1993

Eke, P. I, Dye, B. A., Wei, L., Thornton-Evans, G. O., & Genco, R. J. (2012).
Prevalence of periodontitis in adults in the United States: 2009 and
2010. Journal of Dental Research, 91(10), 914-920. https://doi.org/10.
1177/0022034512457373

Finoti, L. S., Nepomuceno, R., Pigossi, S. C., Corbi, S. C., Secolin, R., &
Scarel-Caminaga, R. M. (2017). Association between interleukin-8
levels and chronic periodontal disease: A PRISMA-compliant

STANTON ano McCRACKEN

OpenAccess

systematic review and meta-analysis. Medicine (Baltimore), 96(22),
€6932. https://doi.org/10.1097/MD.0000000000006932

Hepsg, H. U., Bjarnland, T., & Skoglund, L. A. (1988). Side-effects and
patient acceptance of 0.2% versus 0.1% chlorhexidine used as postop-
erative prophylactic mouthwash. International Journal of Oral and Max-
illofacial Surgery, 17(1), 17-20. https://doi.org/10.1016/50901-5027
(88)80222-4

Kikkert, R., Laine, M. L., Aarden, L. A., & van Winkelhoff, A. J. (2007). Acti-
vation of toll-like receptors 2 and 4 by gram-negative periodontal bac-
teria. Oral Microbiology and Immunology, 22(3), 145-151. https://doi.
org/10.1111/j.1399-302X.2007.00335.x

Kinney, J. S., Morelli, T., Oh, M., Braun, T. M., Ramseier, C. A,
Sugai, J. V., & Giannobile, W. V. (2014). Crevicular fluid biomarkers
and periodontal disease progression. Journal of Clinical Periodontology,
41(2), 113-120. https://doi.org/10.1111/jcpe.12194

Lamont, R. J., Koo, H., & Hajishengallis, G. (2018). The oral microbiota:
Dynamic communities and host interactions. Nature Reviews. Microbi-
ology, 16(12), 745-759. https://doi.org/10.1038/s41579-018-0089-x

Lang, N., & Brecx, M. C. (1986). Chlorhexidine digluconate-an agent for
chemical plaque control and prevention of gingival inflammation. Jour-
nal of Periodontal Research, 21(s16), 74-89. https://doi.org/10.1111/j.
1600-0765.1986.tb01517.x

Lin, P.-H., Sermersheim, M., Li, H., Lee, P. H. U,, Steinberg, S. M., & Ma, J.
(2017). Zinc in wound healing modulation. Nutrients, 10(1), 16. https://
doi.org/10.3390/nu10010016

Lo, M. N., Damon, L. J., Wei Tay, J.,, Jia, S., & Palmer, A. E. (2020). Single
cell analysis reveals multiple requirements for zinc in the mammalian
cell cycle. elife 9, e51107. https://doi.org/10.7554/eLife.51107

MacDonald, R. S. (2000). The role of zinc in growth and cell proliferation.
The Journal of Nutrition, 130(5S Suppl), 15005-1508S. https://doi.org/
10.1093/jn/130.5.1500S

Maekawa, T., Krauss, J. L., Abe, T., Jotwani, R., Triantafilou, M.,
Triantafilou, K., Hashim, A., Hoch, S., Curtis, M. A., Nussbaum, G.,
Lambris, J. D., & Hajishengallis, G. (2014). Porphyromonas gingivalis
manipulates complement and TLR signaling to uncouple bacterial
clearance from inflammation and promote dysbiosis. Cell Host &
Microbe, 15(6), 768-778. https://doi.org/10.1016/j.chom.2014.
05.012

Miley, D. D., Garcia, M. N., Omran, M. T., Binz, E. D., Fortino, D. J,
Siterlet, A. C., & Hildebolt, C. F. (2019). Comparative evaluation of
SmartMouth clinical DDS advanced oral rinse and chlorhexidine
mouthrinse. Oral Health & Preventive Dentistry, 17(4), 339-347.
https://doi.org/10.3290/j.0hpd.a42504

Molteni, M., Gemma, S., & Rossetti, C. (2016). The role of toll-like receptor
4 in infectious and noninfectious inflammation. Mediators of Inflamma-
tion, 2016, 6978936. https://doi.org/10.1155/2016/6978936

Offenbacher, S., Barros, S. P., Singer, R. E., Moss, K., Williams, R. C., &
Beck, J. D. (2007). Periodontal disease at the biofilm-gingival interface.
Journal of Periodontology, 78(10), 1911-1925. https://doi.org/10.
1902/jop.2007.060465

Rangbulla, V., Nirola, A., Gupta, M., Batra, P., & Gupta, M. (2017). Salivary
IgA, interleukin-1p and MMP-8 as salivary biomarkers in chronic peri-
odontitis patients. Chinese Journal of Dental Research, 20(1), 43-51.
https://doi.org/10.3290/j.cjdr.a37741

Sanchez, G. A, Miozza, V. A, Delgado, A., & Busch, L. (2013). Salivary IL-
1p and PGE2 as biomarkers of periodontal status, before and after
periodontal treatment. Journal of Clinical Periodontology, 40(12),
1112-1117. https://doi.org/10.1111/jcpe. 12164

Sandros, J., Karlsson, C., Lappin, D. F., Madianos, P. N., Kinane, D. F., &
Papapanou, P. N. (2000). Cytokine responses of oral epithelial cells to
Porphyromonas gingivalis infection. Journal of Dental Research, 79(10),
1808-1814. https://doi.org/10.1177/00220345000790101301

Seneviratne, C. J., Zhang, C. F., & Samaranayake, L. P. (2011). Dental
plaque biofilm in oral health and disease. Chinese Journal of
Dental Research, 14(2), 87-94.


https://orcid.org/0000-0002-9122-2551
https://orcid.org/0000-0002-9122-2551
https://doi.org/10.1111/j.1600-051X.2007.01103.x
https://doi.org/10.1111/j.1600-051X.2007.01103.x
https://doi.org/10.1111/jcpe.13046
https://doi.org/10.1038/s41368-019-0068-8
https://doi.org/10.1038/s41368-019-0068-8
https://doi.org/10.1016/j.adaj.2017.01.021
https://doi.org/10.1128/IAI.61.11.4569-4574.1993
https://doi.org/10.1128/IAI.61.11.4569-4574.1993
https://doi.org/10.1177/0022034512457373
https://doi.org/10.1177/0022034512457373
https://doi.org/10.1097/MD.0000000000006932
https://doi.org/10.1016/S0901-5027(88)80222-4
https://doi.org/10.1016/S0901-5027(88)80222-4
https://doi.org/10.1111/j.1399-302X.2007.00335.x
https://doi.org/10.1111/j.1399-302X.2007.00335.x
https://doi.org/10.1111/jcpe.12194
https://doi.org/10.1038/s41579-018-0089-x
https://doi.org/10.1111/j.1600-0765.1986.tb01517.x
https://doi.org/10.1111/j.1600-0765.1986.tb01517.x
https://doi.org/10.3390/nu10010016
https://doi.org/10.3390/nu10010016
https://doi.org/10.7554/eLife.51107
https://doi.org/10.1093/jn/130.5.1500S
https://doi.org/10.1093/jn/130.5.1500S
https://doi.org/10.1016/j.chom.2014.05.012
https://doi.org/10.1016/j.chom.2014.05.012
https://doi.org/10.3290/j.ohpd.a42504
https://doi.org/10.1155/2016/6978936
https://doi.org/10.1902/jop.2007.060465
https://doi.org/10.1902/jop.2007.060465
https://doi.org/10.3290/j.cjdr.a37741
https://doi.org/10.1111/jcpe.12164
https://doi.org/10.1177/00220345000790101301

STANTON ano McCRACKEN

Clinical and Experimental Dental Research

Shahzad, A., Knapp, M., Lang, I., & Kohler, G. (2010). Interleukin 8 (IL-8) - a
universal biomarker? International Archives of Medicine, 3, 11. https://
doi.org/10.1186/1755-7682-3-11

Socransky, S. S., & Haffajee, A. D. (2002). Dental biofilms: Difficult thera-
peutic targets. Periodontol 2000, 28(1), 12-55. https://doi.org/10.
1034/j.1600-0757.2002.280102.x

Socransky, S. S., & Haffajee, A. D. (2005). Periodontal microbial ecology.
Periodontol 2000, 38, 135-187. https://doi.org/10.1111/j.1600-0757.
2005.00107.x

Stashenko, P., Dewhirst, F. E., Peros, W. J.,, Kent, R. L., & Ago, J. M. (1987).
Synergistic interactions between interleukin 1, tumor necrosis factor,
and lymphotoxin in bone resorption. Journal of Immunology, 138(5),
1464-1468.

Stashenko, P., Fujiyoshi, P., Obernesser, M. S., Prostak, L., Haffajee, A. D., &
Socransky, S. S. (1991). Levels of interleukin 1B in tissue from sites of
active periodontal disease. Journal of Clinical Periodontology, 18(7),
548-554. https://doi.org/10.1111/j.1600-051x.1991.tb00088.x

Teng, F., He, T., Huang, S., Bo, C. P, Li, Z, Chang, J. L, Liu, J. Q,
Charbonneau, D., Xu, J., Li, R, & Ling, J. Q. (2016). Cetylpyridinium

_WILEY_| %t

Open Access

chloride mouth rinses alleviate experimental gingivitis by inhibiting
dental plagque maturation. International Journal of Oral Science, 8(3),
182-190. https://doi.org/10.1038/ijos.2016.18

Toker, H., Poyraz, O., & Eren, K. (2008). Effect of periodontal treatment on
IL-1p, IL-1ra, and IL-10 levels in gingival crevicular fluid in patients
with aggressive periodontitis. Journal of Clinical Periodontology, 35(6),
507-513. https://doi.org/10.1111/j.1600-051X.2008.01213.x

How to cite this article: Stanton, K. A., & McCracken, B. A.
(2021). An activated-zinc oral rinse reduces pro-inflammatory
cytokine secretion and promotes proliferation in
Porphyromonas gingivalis LPS-challenged gingival tissues - A
pilot study. Clinical and Experimental Dental Research, 7(6),
995-1001. https://doi.org/10.1002/cre2.437



https://doi.org/10.1186/1755-7682-3-11
https://doi.org/10.1186/1755-7682-3-11
https://doi.org/10.1034/j.1600-0757.2002.280102.x
https://doi.org/10.1034/j.1600-0757.2002.280102.x
https://doi.org/10.1111/j.1600-0757.2005.00107.x
https://doi.org/10.1111/j.1600-0757.2005.00107.x
https://doi.org/10.1111/j.1600-051x.1991.tb00088.x
https://doi.org/10.1038/ijos.2016.18
https://doi.org/10.1111/j.1600-051X.2008.01213.x
https://doi.org/10.1002/cre2.437

	An activated-zinc oral rinse reduces pro-inflammatory cytokine secretion and promotes proliferation in Porphyromonas gingiv...
	1  INTRODUCTION
	2  METHODS
	2.1  Tissue model of gingival epithelium
	2.2  Enzyme-linked immunosorbent assay
	2.3  Immunohistochemistry staining

	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  ETHICS STATEMENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


