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ABSTRACT: The biomedical application of low-temperature atmospheric pressure plasma
(LTAPP) is a collaborative interest for engineering, medical, dental, and biological research-
ers. This laboratory study tested whether LTAPP can limit the growth of Porphyromonas gin-
givalis, a periodontal pathogen strongly associated with periodontal disease, disease progres-
sion, and refractory periodontitis. This proof of principle laboratory study of LTAPP’s effects
on P. gingivalis is an initial step in the development of a new nonsurgical periodontal therapy
that could be used by dentists and dental hygienists. After pilot trials, the study consisted of 24
agar plate samples of P, gingivalis; 20 samples were exposed to LTAPP at 5, 7, 9, and 11 min-
utes and 4 control samples were exposed to helium gas only. Immediately after exposures, the
samples were incubated anaerobically for 72 hours at 37°C. After 72 hours, zones of inhibition
were measured. After 5, 7, 9, and 11 minutes of exposure times, results revealed a statistically
significant difference in the inactivation effect of the LTAPP on P. gingivalis compared with
control bacteria that was not exposed, as measured by zone of inhibition (cm) (P < 0.0001).
Differences in the inactivation effects were significant for each pair of consecutive time points:
S minutes versus 7 minutes, 7 minutes versus 9 minutes, and 9 minutes versus 11 minutes (P =
0.0360, 0.0009, and <0.0001, respectively). LTAPP has a significant dose-related inactivation
effect on P, gingivalis, as measured by zone of inhibition. These findings advance the national
dental hygiene research agenda by validating emerging strategies and technologies that might
improve the effectiveness of the dental hygienist in periodontal disease management and by
applying emerging science to the nonsurgical treatment and control of periodontal disease.

KEY WORDS: low temperature atmospheric pressure plasma, Porphyromonas gingivalis, periodontal dis-
ease, plasma pencil, zone of inhibition

I. INTRODUCTION

Porphyromonas gingivalis is a gram-negative, nonmotile, pleomorphic rod obligate an-
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aerobe. An aggressive periodontal pathogen, P. gingivalis can invade soft tissues. Fim-
briae facilitate its adhesion to different surfaces and a capsule protects it against phago-
cytosis by the human immune system. P. gingivalis produces hemolysin, an enzyme that
lyses red blood cells, and collagenase, an enzyme that destroys collagen fibers in host
periodontal tissues. In addition, P. gingivalis inhibits the migration of polymorphonucle-
ar leukocytes across the epithelial barrier and affects the production or the degradation
of cytokines by mammalian cells causing tissue and bone loss in chronic periodontal
inflammation.

Socransky et al' analyzed more than 13,000 plaque samples using DNA hybridization
methodology to search for 40 subgingival microorganisms associated with periodontal
diseases. This work resulted in defined “complexes” of periodontal pathogens based on
degrees of pathogenicity.'? P. gingivalis, Tannerella forsythensis, and Treponema denti-
cola define the red complex bacteria, that is, those associated with periodontal pocketing
and clinical attachment loss, which are the main parameters of destructive periodontal
diseases. High numbers of P. gingivalis are found in chronic periodontitis and in active
periodontal sites compared with inactive sites. Furthermore, P. gingivalis, along with A.
actinomycetemcomitans, is one of the most significant microorganisms associated with
localized aggressive periodontitis and is the dominant bacterial genus in periodontal
abscesses. Also, P. gingivalis have been found in peri-implantitis with other pathogens.
The proliferation of P. gingivalis is triggered by byproducts from other microorganisms
such as succinate from Capnocytophaga ochraceus and protoheme from Campylobacter
rectus. Moreover, breaking down the host hemoglobin results in hemin, which is used by
P. gingivalis as a nutrient, hence its growth on lysed blood agar.?

Conventional methods of controlling and treating periodontal diseases target patho-
gens using mechanical procedures (scaling and root debridement) and chemotherapeutic
agents (systemically or locally delivered antibiotics and antimicrobial agents).> These
interventions fail to achieve long-term control of periodontal pathogens. The purpose
of this laboratory study was to determine the potential of low-temperature atmospheric
pressure plasma (LTAPP) as a novel approach to inactivate P. gingivalis, a pathogen
highly associated with chronic periodontal disease, localized aggressive periodontitis,
and periodontal abscesses. P. gingivalis was studied because of its status as a red com-
plex microorganism and its capability to invade periodontal tissue. This foundational
work targeted LTAPP’s potential as an intraoral intervention to prevent and control peri-
odontal diseases.

A. A. Significance of the Problem

Most periodontal disease interventions target the management of microbial etiology.
Daily removal of plaque biofilm, scaling, and root debridement using hand-activated
and mechanized instruments ineffectively decrease most pathogens over the long term.
Research consistently shows that after these interventions, periodontal pathogens cannot
be completely eliminated.>* Mechanical procedures are supplemented with chemothera-
peutic agents to further reduce the bacterial load and inhibit bacterial growth. Intraoral
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sites that fail to respond to these traditional interventions may be treated with systemi-
cally administered antibiotics. However, negative outcomes from systemic antibiotics
include superinfections from opportunistic bacteria, development of resistant bacterial
strains, adverse interactions with other medications, high cost of medications, and poor
patient compliance. Local subgingival administration of antibiotics or antimicrobial
agents also have been applied directly into periodontal pockets.®

Nevertheless, considering the minimal inhibition concentration values of the dif-
ferent chemotherapeutic agents required to control bacterial growth, in addition to the
prolonged level of antibiotic in the gingival fluid needed for efficacy, elimination of
bacterial biofilm is not achievable using chemotherapeutic agents alone or in conjunc-
tion with scaling and root debridement.® To control or eradicate periodontal disease,
therapy that does not use antibiotics is desirable.? If LTAPP can eradicate P. gingivalis in
vitro, then it may lead to an effective, efficient, and cost-effective approach to disinfect
periodontal pockets and prevent the progression of periodontal disease.

LTAPP has lethal and inactivation potential against some microorganisms, includ-
ing Escherichia coli, Geobacillus stearothermophilus, Staphylococcus aureus, Bacillus
atrophaeu, Micrococcus luteus, and Bacillus cereus.”® This proof of principle laboratory
study of LTAPP’s effects on P. gingivalis is an initial step in the development of a new,
nonsurgical, periodontal therapy method that could be used by the dental hygienist.

Il. REVIEW OF THE LITERATURE
A. Biomedical Application of LTAPP

Outcomes from the application of LTAPP on various microorganisms provide the theo-
retical basis for this study. The lethal effects of LTAPP on gram-negative E. coli and
gram-positive Bacillus subtilis have been tested by Laroussi et al.’ Results showed that
LTAPP has a lethal effect on both B. subtilis and E. coli.

Researchers proposed that reactive oxygen species (ROS), reactive nitrogen species
(RNS), and charged particles generated by LTAPP play dominant roles in the inactiva-
tion of cells. For example, to explain the reasons behind the cell structure damage of E.
coli, the researchers proposed an electrophysical processes, that is, the plasma produces
charged particles that accumulate on the outer cell surface and cause damage .’ The lethal
potency of the plasma was influenced by the tensile strength, shape, and structure of the
outer shell of the bacterial cell. Destruction in the cell of gram-negative bacteria could
be due to the electrostatic disruption of the outer cell membrane. This electrophysical
process is not effective on the more robust gram-positive bacterial cell wall because
gram-positive bacteria do not have an outer membrane, but possess a thicker peptido-
glycan, giving them greater strength and rigidity.

B. Application of LTAPP in Sterilization

Lee et al'®tested the sterilization effects of atmospheric pressure cold plasma (APCP)
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(synonymous with LTAPP) and its use in the clinical setting. E. coli, S. aureus, Saccha-
romyces cerevisiae, and B. subtilis were exposed to helium/oxygen plasma for different
periods of time. The time required to achieve 10% reduction of the original numbers of
the microorganism (at the specific plasma treatment conditions) was called the death
value. After exposure to APCP, the samples of microorganisms were examined under
the electron microscope. Death values were calculated at exposures of 18 sec, 19 sec,
1 minute 55 sec, and 14 minutes for E. coli, S. aureus, S. cerevisiae, and B. subtilis, re-
spectively. Inactivation of all the tested microorganisms occurred. Findings suggest that
APCP using helium and oxygen produces oxygen radicals that penetrate the cell mem-
brane of the microorganisms, ending in subsequent chemical reactions and cell death.'

Venezia et al® investigated the sterilization effects of LTAPP on bacteria, spores, vi-
ruses, bacteriophages, and fungi. The microorganism samples were exposed to a plasma
flow cycle for 10 minutes. Then the samples were cultured to quantify the microorgan-
isms and derive the spore survival curves from the number of bacteria. Results showed a
reduction in the viability of all microorganisms after 10 minutes of exposure to LTAPP.
In addition, the primary destruction and damage occurred in the bacterial cell structures,
as shown by electron microscopy: plasma caused distortion and destruction of the cell
membrane.

C. Porphyromonas gingivalis
1. Antibiotics and P. gingivalis

Eick et al® tested the differences in the efficacy of antibiotics against 3 periodontal
pathogens grown in artificial biofilms. Those with a single species were established
with artificial saliva and one of the following bacterial strains: Actinobacillus actinomy-
cetemcomitans Y4, P. gingivalis American Type Culture Collection (ATCC) 33277, and
Streptococcus constellatus 384b. The tested antibiotics included clindamycin, doxycy-
cline, metronidazole, and moxifloxacin. The efficacy of antibiotics to the bacteria was
specified using concentrations up to 100-fold minimum inhibitory concentrations to the
bacteria over 48 hours. Electron photographs were taken using a scanning electron mi-
croscope. 4. actinomycetemcomitans Y4 and S. constellatus 384b formed thick biofilms
with many bacteria clearly attached. P. gingivalis ATCC 33277 formed a thinner layer of
biofilm. After adding clindamycin, electron micrographs showed minor deviations of the
biofilm matrix, and the number of the bacteria had not decreased. Doxycycline changed
the structure of the biofilm, and fewer bacteria were visible compared to the control.
Moxifloxacin showed the most prominent results, with the matrix partially departed and
the number of the bacteria significantly reduced. Results showed that metronidazole
had no effect on P. gingivalis ATCC 33277. Among the tested antibiotics, moxifloxacin
was the most efficient. The researchers concluded that complete killing of bacteria by
antibiotics alone was not achievable considering the minimum inhibitory concentrations
and the level of antibiotic in the gingival fluid.® Findings support the need for better ap-
proaches to periodontal pathogen control.
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2. Photosensitization of P. gingivalis

Photodynamic therapy (PDT) using helium-neon laser irradiation is a well-known pho-
totoxic method to kill periodontal pathogens such as P. gingivalis. Using PDT requires
a light source and photosensitizer set close to the target microorganisms. Matevski et
al® investigated the potential of the red-filtered xenon lamp, a conventional light source,
in combination with toluidine blue O, a synthesized chemical photosensitizer that can
absorb red laser light to kill P. gingivalis. Researchers compared the effectiveness of this
treatment to that of a helium-neon laser. Treatment with a helium-neon laser resulted in
bacterial kill of 2.43 + 0.39 logs, whereas using the xenon lamp resulted in bacterial kill
of 3.34 + 0.24 logs, an increase of nearly 10-fold. Findings suggest that PDT using con-
ventional light is at least as effective as laser-induced treatment. Moreover, increasing
the light intensity and the dose resulted in higher P. gingivalis kills.?

3. Visible Light Irradiation Effects on P. gingivalis

Fukui et al* investigated the kill and inhibition potential of different visible light wave-
lengths on P. gingivalis, even in the absence of photosensitizers, using the Okazaki
large spectrograph. P. gingivalis ATCC 33277 colonies were exposed to monochromatic
light using the Okazaki large spectrograph; the examined wavelengths ranged from 400
to 700 nm. A monochromatic, 405-nm light-emitting device was used on the 24-hour
bacterial culture that was grown in supplemental brain-heart infusion broth. After light
exposure, the samples were incubated in an anaerobic chamber. Bacterial growth was
measured at 12- and 24-hour intervals. Significant inhibition of P. gingivalis occurred
at 400 nm and 410 nm; using a wavelength of 430 nm or longer produced no significant
inhibition. Increasing exposure time resulted in increased bacterial inhibition under con-
stant output power; increasing the output power resulted in an increased inhibitory effect
of irradiation on P. gingivalis with constant exposure.

lll. METHODS AND MATERIALS
A. Research Design

For each trial, the experimental groups consisted of 20 inoculated agar plates exposed to
LTAPP; controls consisted of 4 inoculated plates exposed to helium only (see Table 1).
Exposed and unexposed samples of P. gingivalis were incubated in the anaerobic cham-
ber. After incubation, each agar plate was held a few centimeters above a nonreflecting
background. While under good light, the size of the zone of inhibition on the upper
surface of agar was measured using a Boley gauge.'!

1. Procedures, Materials, and Data Collection Instruments

Standard microbiology laboratory procedures for growing bacteria in broth, plating, and

Volume 1, Number 3-4, 2011



196

Mabhasneh et al.

TABLE 1. Factorial Design (2 x 5) with Zone of Inhibition as the Dependent Variable

Independent

variables Total of Dependent
(exposure Replicates | exposed variable
Group Bacteria times) of each trial plates measure
Experimen- Porphyromo- | 5,7, 9, and 11 5 per 20 Zone of
tal (helium nas gingivalis min exposure inhibition

LTAPP)

Control Porphyromo- | 5,7, 9, and 11 1 per 4 Zone of
(helium only) | nas gingivalis min exposure inhibition

LTAPP, low-temperature atmospheric pressure plasma.

incubating were followed. Sterile equipment and supplies were used to decrease risk of
cross-contamination in the microbiology laboratory and anaerobic chamber. Before the
actual trials, pilot experiments were performed to test the potential of LTAPP to kill or
inhibit the growth of P. gingivalis. P. gingivalis strain 33277, commonly used in peri-
odontal research, was purchased from the ATCC. An anaerobic chamber served as the
environment for inoculating and growing P. gingivalis on blood tryptic soy sheep blood
agar plates and in tryptic soy broth (TSB). Old Dominion University’s Department of
Biological Sciences’ Microbiology Laboratory and the School of Dental Hygiene’s An-
aerobic Chamber Laboratory were used for all microbiology procedures. Helium LTAPP
and control exposures occurred at the Plasma Engineering Institute’s Department of
Electrical and Computer Engineering at the same university. To prevent cross-contam-
ination, at the start and end of each procedure, working surfaces were sprayed with
5.25% sodium hypochlorite and allowed to remain wet for 10 minutes, then wiped dry.

2. Microbiological Procedures for Subculturing the P. gingivalis Performed
in the Anaerobic Chamber

TSB sheep blood agar plates were prepared in the microbiology laboratory 1 to 2 days
before LTAPP treatment. TSB sheep blood agar plates were marked with an X in the cen-
ter to serve as the plasma target. Each plate was labeled with the date of plating, name
of bacteria, treatment, and exposure time. Prepared blood agar plates were carried to the
anaerobic chamber. P. gingivalis was inoculated into 5.0 mL of TSB nutrient broth. A
TSB sheep blood agar plate was inoculated with P. gingivalis and incubated for 48 hours
at 37°C for visible bacterial growth. A new plate was made weekly to keep the bacteria
viable. A sterilized bacterial loop was swiped across a P. gingivalis colony on the old
plate, using a T-streak technique, to inoculate the new plate. The TSB was made; 5.0
mL of TSB was inoculated with P. gingivalis and incubated for 48 hours at 37°C before
using it on the day of exposure. On the days of exposure, TSB agar plates were inocu-
lated as a lawn with P. gingivalis using a sterile cotton swab. Plates were taken out of
the anaerobic chamber and placed in portable anaerobic jars for transport to the plasma
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FIGURE 1. Tryptic soy broth sheep agar plates inoculated with Porphyromonas gingiva-
lis in the portable anaerobic jars.

laboratory (see Fig. 1). To reduce the oxygen in the jars, a palladium catalyst system was
activated to keep the environment in the jars anaerobic.'

3. Helium LTAPP Exposure Procedures in the Plasma Laboratory

Plasma exposures were performed using the LTAPP pencil, designed by Laroussi, that
generates a plume using helium as a working gas and nano—second order high-voltage
pulses as a power source,'? delivering pulses of plasma to a target. Within a factorial
design, LTAPP exposure times of 5, 7, 9, and 11 minutes served as specific indepen-
dent variables (see Table 1). For reliability, each exposure was repeated 5 times. The
bacteria’s zone of inhibition after exposure (or no exposure) to the helium LTAPP and
incubation in the anaerobic chamber was the dependent variable. Settings used during
helium LTAPP exposure include voltage of 8 kV, frequency of 5 kHz, pulse width of 500
nsec, and a flow rate of 5 L/min. The experimental and the control agar plates were taken
out of the jars and placed on the countertop. For each agar plate, the plasma pencil tip
was aimed at the center (marked with an X) and adjusted to the height of the wall of the
Petri dish (1.3 cm) (see Fig. 2). Each plate was treated for the assigned exposure time
and then covered and placed on the countertop. After all plates were treated, they were
stacked into the portable anaerobic jar and transported back to the anaerobic chamber,
where they were incubated for 72 hours at 37°C.

4. Microbiology Procedures After LTAPP Treatment
After 72 hours of incubation, the control and the experimental plates were observed and

zones of inhibition were measured (see Fig. 3). Once data were recorded, the plates were
photographed using the same digital camera and settings and then taken to the microbi-
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FIGURE 2. (a) Exposing tryptic soy broth sheep agar plates inoculated with Porphy-
romonas gingivalis to low-temperature atmospheric pressure plasma; (b) plasma pencil
tip adjusted to the height of the Petri dish wall (1.3 cm).

FIGURE 3. P. gingivalis—inoculated
TSB sheep agar plates. Exposure
times to the plasma and the inhibi-
tion zone diameters are labeled for
each plate.
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ology laboratory for sterilization and disposal.
B. Statistical Analysis

For each trial within each exposure group, the mean and standard deviation of the size
of the inhibition zones were calculated and compared between the experimental and
the control groups. Using the Proc general linear model procedure in SAS software
program, version 9.2 (SAS, Inc, Cary, NC), a mixed effects model was fitted to the data.
In this model, each plate was considered a random effect. The model also accounts for
repeated measures that were taken over time. Significant differences between measure-
ments at different time points were calculated using analysis of variance and the contrast
statement (statement in the SAS software program used to compare means at different
time points). Data were ratio scaled, which further supported the use of parametric pro-
cedures.

IV. RESULTS

Results revealed a statistically significant difference in the inactivation of P. gingiva-
lis by the LTAPP after 5, 7, 9, and 11 minutes of exposure compared with the control
bacteria that were not exposed, as measured by zone of inhibition (cm) (P < 0.0001).
Control plates showed no killing, that is, no zone of the inhibition (see Table 2). The
differences in the bacteria inactivation effects are significant for each pair of consecu-
tive time points: 5 minutes versus 7 minutes, 7 minutes versus 9 minutes, and 9 minutes
versus 11 minutes (P = 0.0360, 0.0009, and <0.0001, respectively) (see Table 3). The
mean zones of inhibition increase as the exposure time increases, suggesting that LTAPP
has a dose effect on inactivation of P. gingivalis: the greater the exposure time, the larger
the zone of inhibition. Increasing the exposure time from 5 to 7 minutes, 7 to 9 minutes,
and 9 to 11 minutes resulted in increasing the zone of inhibition by 9.5%, 14.7%, and
18.6%, respectively. However, some plates showed no total inhibition of the bacteria in
the marked areas.

V. DISCUSSION

Outcomes suggest that LTAPP inhibits growth of P. gingivalis ATCC strain 33277, as
measured by zones of inhibition. In this study, inactivation of P. gingivalis was most
likely caused by charged particles and oxygen radicals. Charged particles play a signifi-
cant role in damaging the outer membrane of bacteria.'* Mendis et al'* demonstrated that
the accumulation of charged particles, produced from plasma, on the outer surface of the
bacterial cell membrane will produce electrostatic forces that could overcome the tensile
strength of the cell membrane and cause its rupture. This process is more likely to hap-
pen for gram-negative bacteria with an irregular cell membrane, such as P. gingivalis,
than with gram-positive bacteria. These irregularities serve as small radii of curvature
that produce localized high outward electrostatic forces that cause cell rupture. Reac-
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tive species are produced during high-pressure nonequilibrium plasma discharges. Air
plasmas are good sources of reactive oxygen-based species (O, O, O,, and OH) and
nitrogen-based species (NO, NO,). These reactive species affect the outer structure of
cells by methods of oxidation and disturb its function, leading directly or indirectly to
the death of the cell.

Given the diameter of the LTAPP plume (3 mm), there is a maximum point beyond
which inhibition does not go (about 2.1 cm). This observed behavior of the plume is
considered an advantage in medical and dental applications of LTAPP, where localized,
targeted treatments are preferred. However, the exposure time at which the inactivation
of P. gingivalis by helium LTAPP took place (5, 7, 9, and 11 minutes), was longer than
that needed to inactivate Streptococcus mutans (gram-positive bacteria; 60, 120, 180,
300 seconds) (Lemaster M. Effects of low temperature atmospheric pressure plasma
on Streptococcus mutans. Unpublished research, 2008). The literature suggests that dif-
ferent exposure times are needed to inactivate various microorganisms. In the Lee et
al'"study, 10% reduction in the original number of E. coli (gram-negative bacteria), S.
aureus (gram-positive bacteria), S. cerevisiae (yeast), and B. subtilis (bacterial endo-
spores) was achieved after 18 sec, 19 sec, 1 minute 55 sec, and 14 minutes, respectively,
of exposure to APCP.

Findings from this study revealed that helium LTAPP has a dose effect on the zone of
inhibition of P. gingivalis, whereby increasing the exposure time resulted in an increase
in the diameter of the inhibition zone. Similarly, Fukui et al* concluded that increasing
the time of exposure to visible light irradiation (without using photosensitizers) under
constant output power (50 mW/cm?) resulted in an increase in the inhibitory effects on
P. gingivalis. Furthermore, findings of Matevski et al® suggest that using conventional
light is at least as effective on P. gingivalis inactivation as laser-induced treatment. Also,
increasing the light intensity and the dose yielded greater killing of P. gingivalis.® In the
current study, pilot testing revealed that using a voltage of 8 kV resulted in more killing
than using a voltage of 5 or 5.5 kV.

As already discussed, inactivation of P. gingivalis might be attributed to the fact
that plasma generates ROS, which, in high enough doses, attack the cell membrane of
the microorganisms and disturb their function, leading to cell death.':'*!5 Tt should be
noted that PDT also suppresses microorganisms by ROS.*!¢ In periodontal inflamma-
tion, polymorphonuclear leukocytes (PMNLs) serve as the initial host defense against
periodontal pathogens including P. gingivalis. After stimulation by bacterial antigens
and during phagocytosis, PMNLSs produce reactive oxygen species (ROS) such as super-
oxide (O,), hydrogen peroxide (H,O,), single oxygen (O,), and hydroxy radicals (OH).
ROS are the main elements of bactericidal activity of PMNLs.!”"” However, it was
found that many anaerobic bacteria produce enzymes, such as superoxide dismutase,
catalase, and peroxide, that neutralize these toxic reactive products.'”*

P. gingivalis virulence may be related to its ability to produce a specific superox-
ide dismutase enzyme that neutralizes the PMNL toxic products of oxidative metabo-
lism.!”?! This explanation might be the reason that 5, 7, 9, and 11 minutes were needed to
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achieve observed inhibition in P. gingivalis growth using LTAPP, which also generates
oxygen radicals.

The morphological structure of P. gingivalis might be another possible explana-
tion for the relatively long time required to inactivate P. gingivalis. P. gingivalis is a
gram-negative, non—spore-forming, anaerobic bacteria that more closely relates to
gram-positive bacteria than other gram-negative bacteria.??> P. gingivalis has an outer
membrane, a peptidoglycan layer, and a cytoplasmic membrane.?' Bachrach et al* be-
lieve that the unique lipopolysaccharide structure of P. gingivalis might contribute to its
resistance to antimicrobial peptides. Also, Altman et al** tested the antibacterial activity
of the amphibian-derived K4-S4(1-15) antimicrobial peptide against oral pathogens as-
sociated with dental caries and periodontitis and compared it with the activities of the
human-derived antimicrobial peptides LL-37 and dhvar4a. The results revealed that P,
gingivalis ATCC 33277 and P. gingivalis W50 were the most resistant strains to the 3
tested peptides among the tested bacteria (Actinomyces viscosus, Lactobacillus paraca-
sei, S. mutans, Streptococcus sobrinus, Fusobacterium nucleatum, A. actinomycetem-
comitans, and E. coli).**

Several factors were considered in the protocol and during interpretation of the re-
sults. Helium LTAPP was tested in vitro on P. gingivalis and not on human subjects;
therefore, one cannot conclude that helium LTAPP is an effective inactivation method of
P. gingivalis—infected periodontal pockets at this time. LTAPP is a new technology that
has the potential to become an effective method to eradicate pathogenic microorganisms
in dental patients.

Studies are needed to investigate the inactivation effects of LTAPP on P. gingivalis,
the mechanism of the inactivation, and the morphological changes that might occur
in the bacterial cell resulting in cell death. This study did not explore either structural
changes at the cellular level or mechanism of inactivation. Future studies are needed
to investigate LTAPP’s mechanism of inactivation on P. gingivalis and to explore and
identify the morphological and the structural changes in P. gingivalis due to LTAPP
exposure, using other measures such as transmission electron microscopy or scanning
electron microscopy. Studies should be conducted using different gases and mixed gases,
voltages, and LTAPP delivery devices to establish more effective protocols to inactivate
P gingivalis. P. gingivalis thrives in an inflammatory environment in the presence of
oxygen radicals, which may also explain why P. gingivalis is not easily inhibited by
LTAPP exposure. Research suggests that oxygen radicals produced by PMNLs during
the periodontal inflammatory process may damage some periodontal pathogens and the
PMNLSs themselves and may correlate with the destruction of periodontal tissue.” These
concepts need laboratory and clinical research evidence if cold plasma is to be applied
as a nonsurgical periodontal therapy.
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