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Abbreviations:

Ar: Argon

BHI : Brain-heart infusion

CFU: Colony Forming Unit

CLSI: Clinical and laboratory Standards Institute
CMC: Carboxymethyl cellulose

DBD: Dielectric Barrier Discharge

DC: Direct Current

DH : Dentine Hypersensitivity

DMEM : Dulbecco's Modified Eagle Medium
DMFT: Decay, Missing, Filling, Teeth

DMSO: Dimethyl sulfoxide

DNA : Deoxyribonucleic Acid

DPSCs: Dental Pulp Stem Cells

E.arvense L : Equisetum arvense L

E. faecalis : Enterococcus faecalis

EDTA : Ethylene diamine tetra acetic acid

EDX: Energy-dispersive X-ray spectroscopy
Fe:Iron

He: Helium

HP: Hydrogen Peroxide

HVAC: High Voltage Alternating Current

LTE: Local thermodynamic equilibrium

MBC : Minimum Bactericidal Concentration
MEMa : Minimum Essential Medium

MIC : Minimum Inhibitory Concentration

MTT assay : dye 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
N: Nitrogen

NAPP : Non-thermal Atmospheric Pressure Plasma
NIST : National Institute of Standards and Technology
NTP: Non local thermodynamic equilibrium

O: Oxygen



OES : Optical Emission Spectroscopy

-OH : Hydroxyl Radical

PBS : Phosphate Buffer Saline

PC: pulp caping

PDL-MSCs: human mesenchymal stem cells isolated from periodontal ligament
PLTE: Partial Local Thermodynamics Equilibrium
RNS : Reactive Nitrogen Species

ROS : Reactive Oxygen Species

S. mutans : Streptococcus mutans

SEM : Scanning Electron Microscope

Slm: Standard liter/minute

SLS: Sodium Laurylether Sulfate

Ti: Titanium

UV : Ultraviolet

WHO : World Health Organization

XPS: X-Ray Photoemission spectroscopy
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Abstract

Background and Objectives : Dental and oral health is an essential part of your overall health and
well-being. Poor oral hygiene can lead to dental cavities and gum disease and has also been linked
to heart disease, cancer, and diabetes. Good oral hygiene is necessary to keep teeth and gums
healthy by brushing the teeth, suitable toothpaste, flossing teeth, and sometimes mouthwash.
Therefore, in this study, we tried to prevent enamel demineralization and destruction of dental
pulp tissue by using atmospheric cold plasma. Effective efforts for oral health, preventing tooth
decay, and reducing their sensitivity, were done. These were made by producing antibacterial
toothpaste and herbal mouthwash.

Methods : Firstly, Using MTT assay, the number of survived hDPSCs after plasma jet exposure
for the time duration of 1, 2, and 3 minutes, were counted. Firstly, for pulsed plasma jet, the
frequency was varied from 10 to 50 kHz for 5 groups with Ar and 5 groups with Ar/O2 plasma
jet. Later on, with the Alternating Current (AC) plasma jet, the voltage was changed between 5.5
and 16.05 kV for 13 groups. Moreover, the cells in the control group were only exposed to Ar
and Ar/O2 gases. Secondly, 50 extracted caries-free human premolars were divided randomly
into five groups and, then, they bonded with the orthodontic brackets. For each group, bottles of
100 ml BHI medium containing 2% glucose with 1.5x10°® cells of Streptococcus mutans were
used. Moreover, 10 mL of medium culture was replaced by 10 mL of a previously prepared
solution with 2% glucose for 21 days. Group (1) is the control group. Group (2) were brushed in
a tooth brushing machine with the ordinary toothpaste and toothbrush. Groups (3, 4, 5) were
exposed twice a week with argon plasma jet for 1, 2, and 3 minutes, respectively, along with

brushing in the tooth brushing machine. Finally, teeth were sectioned buccolingually and



demineralization depth was measured. To control the thermal damage effects on hDPSCs, the
optical emission spectroscopy technique was used. Then, the tubule occlusion of two newly
developed herbal toothpastes was examined. They were prepared based on the mixture of
pomegranate peel and Equisetum arvense extracts with strontium acetate. Then, 30 mid-coronal
dentin discs from the human third molars were etched for 30 s with the lemon juice (pH = 2.4).
The specimens were divided into three groups. Group 1 brushed with toothpaste containing 10%
strontiumacetate and 5% hydroalcoholic extracts of pomegranate peel, and Group 2 brushed with
5% strontium acetate, 5% hydroalcoholic extracts of E. arvense, and 5% hydroalcoholic extracts
of pomegranate peel. Brushing was simulated for 6 months. Then, 50% of discs in each group
were immersed in lemon juice for 1 min. Finally, all 30 discs were analyzed using SEM and
EDXS. The occluded dentin tubules were counted and statistically evaluated. At last, an
antibacterial mouthwash was prepared based on the Proboscidea jussieui extracts. The
antimicrobial activity of P. jussieui was determined using MIC and MBC. Moreover, the
antibacterial effects of herbal mouthwash against S. mutansand E. faecalis were investigated.

Results: For the Ar plasma jet operating with the pulsed power generator at different time
durations, at the lower applied frequencies, the number of surviving pulp cells is much higher (P
< 0.05). Moreover, the average number of survived cells for the Ar/O, gaseous mixture was
lower than that for Ar plasma (£ < 0.01). On the other hand, the mean demineralization depth in
groups (3, 4, 5) was less than group (2) (P < 0.05) and control one (P < 0.001). For the number
of occlude tubules, it was found that the number of open dentin tubules decreases significantly

after brushing with both tested toothpastes compared with control group (P < 0.001). Moreover,



a significant difference was observed between two toothpastes before and after acid immersion
process (P< 0.001).

Conclusions : Since cold plasma disinfection keeps hDPSCs alive, it can be helpful in the teeth
surviving and durability for pulp capping in clinical treatments. Moreover, NAPP is a suitable
tool for the reduction of cariogenic bacterial species for a 1 min plasma exposure time duration.
The average demineralization depth was decreased in groups with plasma treatment. Moreover,
the demineralization was not completely observed in 20 positions in these groups.

On the other hand, The SEM micrographs confirmed the dentin tubule occlusion of both herbal
dentifrices but the efficiency of E. arvense paste (Group 2) in the occlusion of the dentinal tubules
was higher than that of the paste based on strontium acetate. Besides, EDXS analysis approved
the strontium and silica presence on the dentin tubules for the toothpaste which was based on E.
arvense.
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