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Abstract The antimicrobial effects of the cold plasma for the dental pathogenic
microorganism propose a promising approach to the Denture Stomatitis (DS) treatment.
However, it is crucial to understand that the complexity of the biofilm microenvironment
may compromise the efficiency of the therapy. As one of the major issue for DS, Candida
albicans biofilms (ATCC10231) formed on denture base resins were treated by cold Ar/O,
(2 %) plasma jet. Spatial viability of the biofilms was investigated with confocal scanning
laser microscopy through evaluating their inside cross-section properties. Results showed
Candida albicans biofilms with thickness of ~ 100 pm was completely inactivated by
8 min plasma treatment. Morphology change of the fungi was also observed by the
scanning electron microscopy. Drug susceptibilities, the sessile minimum inhibitory con-
centration (SMIC50) of the biofilm for amphotericin B and fluconazole were decreased
from >32 and >256 pg/mL to 8 and 64 pg/mL after 1 min’s plasma treatment, respec-
tively. The reactive species produced from plasma were monitored by optical emission
spectroscopy. The successfully inactivation of Candida albicans biofilms and the signifi-
cant enhancement of its drug susceptibilities induced by the plasma released reactive
species propose a promising strategy for the treatment of DS caused by drug-resistant
Candida albicans biofilms.
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Introduction

Denture stomatitis (DS), an inflammatory process that may cause severe health damage,
happens to 60 % of the denture wearers [1]. DS is highly associated with Candida in saliva
and deficient denture hygiene. Accumulation of Candida albicans biofilms on dentures,
mucous surface and acrylic resins may cause serious inflammation [2]. Although method
has been proposed for DS such as physical cleaning, it is suffering from low efficiency and
high failure rate. Pharmacotherapy including chlorhexidine, amphotericin B and flucona-
zole has also been introduced for DS treatment [3]. However, antifungal drug resistance is
observed for the treatment of denture stomatitis in the denture wearers [4]. Thus, the urgent
requirement for effective treatment of the Candida albicans biofilms is more than obvious.

During the last few years, cold plasma has attracted a great deal of attentions to the medical
fields, attributing to its merits including room temperature, containing rich reactive oxygen
species (ROS) and reactive nitrogen species (RNS) [5, 6]. Its dental applications, including oral
microorganism inactivation [7—14], tooth whitening [15-19], dental material modification [20—
22] and oral cancer treatment [23] have been reported. Its efficacy in inactivating microor-
ganisms reminds us of its potential application in dealing with oral inflammatory process.

As polymethyl methacrylate (PMMA) is the most important raw material for denture base
production, formation of the oral Candida albicans biofilms on the PMMA denture base
resins is a critical issue for the patients especially those suffering from HIV, diabetes and
cancers after chemotherapy and radiation [24]. Studies explore the surface modification
effect of cold plasma on PMMA. Liebermann et al. [21] found the surface energy of PMMA
had been improved after plasma treatment. Meanwhile, few reports have attempted to
inactive Candida albicans related oral pathogen by cold plasma [25-27]. Hiromitsu Yama-
zaki et al. [26] foud the pH dependent inactivation effect of cold plasma on planktonic
Candida albicans. Tim Maisch et al. [27] found that plasma at room temperature can lead to
an3 ~ 5log;oreduction on 24-h Candida albicans biofilms formed on 6-well plates, which
is comparable to 70 % ethanol treatment. Successful treatment of Candida albicans by cold
He/O, plasma has been demonstrated both in petri dish and liquid environment [25, 28].
However, it is crucial to understand the complexity of the biofilm microenvironment on
PMMA may compromise the efficiency of the therapy [29]. The complexes of microenvi-
ronments provide a perfect shelter for the surviving of the biofilm. Until now, few studies
focus on the oral Candida albicans biofilms formed on PMMA denture base resin and their
drug susceptibility, which is believed analogous to the pathological condition of the DS.

In this study, we reported the treatment of the Candida albicans biofilms formed on the
PMMA denture base resin and their drug susceptibility influenced by Ar/O, cold plasma.
Fungus viability, morphology changes as well as the drug susceptibility of the biofilm were
investigated. Optical emission spectroscopy (OES) was employed to probe the reactive
species produced by plasma. Possible mechanisms in terms of the biofilms inactivation and
enhancement of the drug susceptibility were proposed.

Experimental Set Up and Methods
PMMA Denture Base Resin Preparation

PMMA denture base resin samples with diameter of 1.2 cm and thickness of 2 mm
cylinder shape were prepared according to the manufacturer’s instructions (Vertex Rapid
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Simplified, Vertex-Dental BV, Zeist, Netherlands). The samples were randomly distributed
into the following groups: control group without plasma treatment and treatment groups.
The treatment groups were composed of 1, 2, 4, 6 and 8 min plasma treatment. Each of the
treatment has three replicates. All samples were prepared with the sequence of sterile
water, ultrasound, and warm water (60 °C) for three times, then dipped into a citrate buffer
for 10 min and washed with deionized water for 5 times. Finally saliva coating for 90 min
was applied [30].

Biofilms Formation

Single colony of Candida albicans strains (ATCC 10231) grown on SDA (1 % yeast
extract, 2 % peptone, 2 % glucose, 2 % agar) plate was selected to 30 mL YPD (1 % yeast
extract, 2 % peptone, and 2 % glucose) [31] overnight at 37 °C. Candida albicans cells
which were most viable (in logarithmic growth phase) were collected and centrifuged at
3000g for 10 min, then the collection was diluted with phosphate buffer solution (PBS,
pH =7.4) to 1 x 107 colony formation unit (CFU)/mL. Suspension with volume of
1.5 mL was added to a pre-prepared PMMA denture base resin, which was placed in a
sterile 24 well plate. The plate was then incubated at 37 °C for 90 min at 100 rpm agitation
for initial adhesion of cells, and the un-adhered cells were removed through 2 mL of PBS
washing. Finally the denture base resins were loaded to a new 24-well plate with 1.5 mL
fresh YPD medium and incubated at 37 °C for 48 h at 100-rpm agitation in order to form a
robust biofilms.

Plasma Treatment of Candida albicans Biofilms

Geometry structure of the cold plasma device and treatment set up are presented in Fig. 1.
The plasma was produced in a Teflon tube (Daxiang Inc, Beijing, China) with inner and
outer diameters of 7 and 10 mm respectively. An outer copper foil with a thickness of
2 mm attached to the Teflon tube was served as the high potential electrode and placed at
5 cm above the end of the Teflon. The plasma was driven by a 10-kHz sinusoidal alter-
native voltage source with 18 kV (peak-to-peak). Argon (Ar) and oxygen (O,) mixture (Ar
98 %, O, 2 %) was used as working gas. Plume length was measured ~5 cm from end of
the nozzle and injected into the atmospheric pressure air. The distance from the end of the

Fig. 1 Representative drawing F Gas input
of the plasma treatment set up for = L
the denture base resin. Plasma
dev1cle is fixed at 1 cm above the AC Power supply U
sample
P ie————————Teflon tube

Resistor —>

L— Outer electrode

lcm | Plasma
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nozzle to the sample was fixed at 1 cm, while the sample temperature was measured as
28 4 3 °C during the treatment period. We have determined the optimum parameters with
the treatment time fixed at 2 min (supplementary Fig. 1). Results showed that when the
input current was fixed at 2.5 A, the 5 slm flow rate achieved the best inactivation rate.
After that, we fixed the flow rate at 5 slm and found that the input current of 2.5 and 3 A
achieved the best inactivation rate. Taking the stability of plasma into consideration, the
input current of 2.5 A and flow rate of 5 slm was chosen for formal experiment. The
PMMA denture base resin samples with 48 h biofilms were exposed to plasma at the
durations of 1, 2, 4, 6 and 8 min. Emission spectrum from 200 to 850 nm was obtained by
multi-channel fiber optic spectrometer (AvaSpec-2048-8-USB2, Avantes, Eerbeek,
Netherlands) with a fiber optics cable placed along the nozzle axis with an end-on view.
The spectral resolution was 0.1 nm. The system was controlled by Avaspec-USB2.0. After
pre-test, the integral time is fixed to 600 ms to avoid saturation. The three repeated data
was averaged and transferred to origin software before it was plotted. Representative
species were assigned according to the database from National Institute of Standards and
Technology. Detailed device geometry and operating parameters are illustrated in the work

[8].

Analysis Procedure
CFU Analysis

The PMMA denture base resin samples with 48 h biofilms were exposed to plasma under
different treatment times. After the treatment, fungal biofilms were collected according to
the protocol described in the previous study [32]. 100 pL of the total 1 ml fungal solution
was spread on agar plate before it was cultivated at 37 °C for 16 h and counted. The
detection limit is 10 CFU/mL. Three samples from each treatment condition were repeated
for statistical analysis.

Confocal Scanning Laser Microscopy (CSLM) Analysis

In order to evaluate the viability of the biofilms before and after plasma treatment, spec-
imens were prepared for CSLM analysis. The biofilms after treatment were incubated with
the reagents of the LIVE/DEAD Viability Kit (Invitrogen, Carlsbad, CA) for 15 min to
stain according to manufacture instructions. The viability of the fungi can be distinguished
by the stains. Live cells are stained green, while dead cells are stained red. An argon ion
laser (A = 488 and 543 nm) excitation source equipped with laser-scanning microscope
(with an LSM 5 Exciter laser module; Zeiss, Oberkochen, Germany) was employed to
analyze the results under a dry objective lens (x20). Images for CSLM were generated by
software ZenLightEdition.

Scanning Electron Microscopic (SEM) Analysis
The sample from each treatment condition was chosen and fixed with 2.5 % glutaraldehyde
for 24 h, and dehydrated with alcohol in the concentration orders of 10, 30, 50, 70, 90 and

100 %. Subsequently, the samples were cleaned with double distilled water and dried for
24 h before imaging. Finally, all the samples were mounted on aluminum stubs, sputtered
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with gold—palladium (30 mA, 60 s) and analyzed under SEM (Hitachi S-4800, Japan).
Images were captured at different magnification (x2000, x5000, and x10,000).

Drug Susceptibility Test

Drug susceptibility test was adapted the protocol [33]. Biofilms from control group and
plasma-treated group were collected and adjusted to the same starting cells concentration
(107 cells/mL) before the drug susceptibility test. Fluconazole (FLU) (F4682, LKT, USA)
and amphotericin B (AMB) (A2942, Sigma, USA) at the double-diluted concentrations (from
1024 to 1 pg/mL and to 0.125 pg/mL, respectively) were added to the biofilm samples and
incubated for 24 h at 37 °C. Negative controls were set as empty wells and positive controls
were set as wells without antifungals. The metabolic activities of the biofilms were analyzed
by XTT assay: add 100 pl of the XTT/menadione solution to each well containing biofilm as
well as to negative control wells (for the measurement of background XTT-colorimetric
levels). Then the plates were incubated in the dark for 2-3 h at 37 °C. The results of optical
density (OD) were measured from a SPECTROstar Omega absorbance plate reader with a
Rapid UV/Vis spectrometer (BMG, Germany) at 490 nm. The sessile minimum inhibitory
concentration (SMIC50), which is the lowest concentration of drug that reduces the OD of the
biofilm by 50 %, was calculated. Each treatment was repeated for three times.

PMMA Surface Properties Evaluations

Surface morphology and peak-to-valley surface roughness of PMMA denture base resin
was measured and tested by a 3D laser scanning confocal microscope (LSCM) (VK-X200;
KEYENCE, Osaka, Japan). First, typical location was selected and pictures of surface were
taken before and after treatment. Then the surface roughness average (Ra) of the specimen
was determined in transverse length (0.8 mm). The travelling speed of probe is 0.5 mm/s.
Ra is calculated by Eq. (1):

1 L
Ra :7/ 1Y ()] (1)

L Jo
where Ra = the arithmetic average deviation from the mean line, L = the sampling length
and y = the ordinate of the profile curve. Five sites of each sample were randomly
selected, and the mean Ra values (um) were calculated. There were three samples in each
condition.
Statistical Analysis
Statistically significant differences were determined by analysis of two-tailed ¢ test. Dif-

ferences were considered statistically significant at P < 0.05. The values were expressed as
mean =+ standard error (s.e.).

Results
Plasma Components Analysis

As shown in Fig. 2a, plasma optical emissions were recorded between 250 and 850 nm.
The spectrum is dominated by the Ar emission at 750 nm, O emissions at 777 and 844 nm,
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Fig. 2 a Optical emission spectrum of Ar/O, (2 %) plasma at gas flow rate of 5 standard liter per minute
and input current of 2.5 A. Results were recorded from 200 to 850 nm, with dominant emissions Ar
(750 nm), N, (337 nm), O (777, 844 nm) and OH (A-X); b Normalized intensity of reactive species with
current and gas flow rate change. Results were recorded from optical emission spectrum from 300 to
800 nm, including Ar (750 nm), N, (337 nm), O (777 nm) and OH (308 nm) (Color figure online)

N, emission at 337 nm, and OH radical. The OH radical (oxidation potential of 2.08 eV),
atomic oxygen and reactive nitrogen species observed in the emission spectrum are
believed to play an important role for the biofilms inactivation. Normalized intensity of
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four emissions from optical emission spectrum recorded between 250 and 800 nm was
illustrated in Fig. 2b. Atomic oxygen (777 nm), OH radical, and reactive nitrogen species
have been detected and the relative intensity of atom oxygen and reactive nitrogen species
consist with the inactivation result in supplementary Fig. 1. So these species are believed
to play an important role in the plasma sterilization process [34].

Plasma Inactivation Effect

The inactivation of Candida albicans biofilm by cold plasma was investigated through the
CFU counting. Figure 3 illustrated a clear reduction of the biofilms by increasing the
plasma treatment time. 2—log;o reduction was observed right after 1-min plasma treatment,
and a significant difference was established compared with the gas control group. A steady
increase of the reduction was also noticed as the time increased from 2 to 6 min. When the
plasma exposure time increased to 8 min, the 6—log;( inactivation reduction was recorded.
No detectable CFUs residual in the samples can be measured after 8 min treatment.

Spatial Viability of the Biofilms

Figure 4 3D illustrated the perspective view image of the thickness and 3D morphology of
the biofilms formed on the denture tablet acquired under CSLM. After 48 h of incubation,
the thickness of the biofilms formed on PMMA denture base resin reached ~ 100 um
(Fig. 4 3D). Most of the fungi in biofilms were inactivated after 8 min Ar/O, plasma
treatment, which was shown by the pronounced red area in Fig. 4 (3D-c, f). The biofilms in
control group were shown in Fig. 4 (3D-a, d) while those treated by Ar/O, gas were shown
in Fig. 4 3D-b, e.
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Fig. 3 The inactivation effect of Ar/O, plasma towards the Candida albicans biofilms formed on PMMA
denture base resin. Candida albicans biofilms were treated with Ar/O, plasma at 1, 2, 4, 6, and 8 min. Error
bars indicate the mean standard errors between samples in same group. (asterisk means there is a significant
difference compared with the Ar/O,(2 %) gas group (P < 0.01). The detection limit of CFU analysis in this
study is 10 CFU/mL)
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Due to the nature of the three dimensional structure of the biofilms, it is important to
investigate the fungal viability inside the biofilms. Figure 4 2D illustrated the images of
cross-section scans (single images as well as the merged image) of the Candida albicans
biofilms before and after plasma (Ar/O,) treatment. Images acquired from the cross-section
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«Fig. 4 3D Morphology of the biofilms CSLM images on denture tablet with 3D images. a and d control,
0 min treatment; b and e treatment of Ar/O, gas flow without plasma for 8 min; ¢ and f treatment of Ar/O,
plasma for 8 min. 2D Single (the first and second images) and merged (the third image) CSLM images of 2D
cross-section scan of the biofilms treated by plasma at a O (the control), b 1, ¢ 2, d 4, e 6, and f 8 min. The
white dash lines of merged images indicate the position where the cross-section scan is conducted. The
cross-section layout has been presented by the right side (vertical scan) and bottom (horizontal scan) of each
image with direction indicated by the white arrow as shown in (a). The alive biofilms are stained as green
color while the dead are stained as red. (The scale bar is 100 pm) (Color figure online)

scans, at both vertical and horizontal directions indicated by the white dash line, were pre-
sented in the separated right and bottom side of each frame. As shown in Fig. 4 2D-a, biofilms
in control group was stained in green, which suggests the fungi were alive. The progressive
red areas became obvious when the treatment time increased from 1 to 8 min as shown in
Fig. 4 2D-b-2D-f, which indicates fungi were dead. These results were well synchronized
with the observation from the scans along the vertical and horizontal direction.

Morphology Observation

Figure 5 illustrated series of SEM photographs of the biofilms formed on PMMA denture
base resin before and after plasma treatment under magnifications of x2000, x5000 and
x10,000. As shown in Fig. Sa—c, the control samples cell appeared as integral and round
shape. The biofilm matrix and internal connections of the biofilms on denture base resin are
observed (images not shown here). Meanwhile, ruptures of the cell membrane were
observed after plasma treatment, indicated by the red arrows and red circles as shown in
Fig. 5d-f. Cell shape was deformed after 8 min plasma treatment.

Drug Susceptibility

Drugs susceptibility of the biofilms was investigated to study the plasma effect on the drug
resistance of the biofilms. SMIC50 of Candida albicans biofilms for both AMB and FLU
were illustrated in Table 1. The AMB and FLU SMIC50 of the biofilms decreased from
>32 and >256 pg/mL to 8 and 64 pg/mL after 1 min plasma treatment. A smooth
decrease was observed when the treatment time increased from 2 to 6 min, while the
SMIC50 dropped to 1 and 16 pg/mL for AMB and FLU respectively after 8 min plasma
exposure. The significant decrease of the SMIC50 suggested that the sensitivity of the
biofilms to the antifungal drugs is dramatically increased after plasma treatment.

PMMA Surface Properties Evaluations

The surface properties are of great importance for denture base resin and studies have
found that rough surfaces on denture-base materials promote the adhesion of Candida
albicans in vitro [35] Thence, the plasma influence on denture base resin needs to be
addressed before the further consideration of its possible applications. Ra, which is known
as the arithmetic mean roughness value, is universally recognized parameter for evaluating
the surface roughness. As shown in Fig. 6c, statistical analysis illustrated that no signifi-
cant changes of surface roughness of PMMA denture base resin were observed after
plasma treatment (P > 0.05), which consist with the study of Anja Liebermann [21].
Because a direct comparison of different profilometric techniques are hard to accomplish,
to offer a better understanding of the surface change of denture base resin before and after
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Fig. 5 SEM photographs of the biofilms in the control groups (a)-(c), and plasma treatment group (d)—
(f) under magnifications x2000, x5000 and x10,000. Red arrows and circle indicate cell membrane
damage. The integral cell and round shape were observed in the control group, while the ruptured and
deformed cells were observed in the plasma treatment group (Color figure online)

Table 1 SMIC50 (pg/ml) of the
biofilms for different plasma
treatment conditions AMB FLU

Treatment time SMIC50 (pug/mL)

Control  Ar/O, plasma Control  Ar/O, plasma

0 >32 >32 256-512  256-512
1 >32 8 256-512 64
Sessile minimum inhibitory 2 ~32 4 256-512 32
concentration (SMIC50) means
the lowest concentration of drug 4 >32 4 256512 32
that decreased the viability of the 6 >32 2 256-512 32
biofilm by 50 %. Each treatment g =32 1 256-512 16

was repeated for three times

treatment images of the denture surface acquired from 3D laser scanning confocal
microscope were shown in Fig. 6a, b. No significant difference was observed. In order to
perform the clinical applications, further investigation will be conducted in terms of
detailed surface property changes with biofilms under different thickness.

Discussions
The antimicrobial effects of the cold plasma for the dental pathogenic microorganism

propose a promising approach to the clinical DS treatment. Although a few studies have
reported the successful treatment of dental microorganism in root canal cavity [8, 12], the
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Fig. 6 a and b Images of PMMA denture base resin surface acquired from 3D laser scanning confocal
microscope. a Before plasma treatment; b after plasma treatment (the scale bar is 20 um) ¢ quantitive
analysis of surface roughness of PMMA before and after plasma treatment

fungi biofilms are still a big challenge in clinical therapy. In our previous study, successful
treatment 10 strains of Candida biofilms (4 strains of Candida albicans, 3 strains of
Candida glabrata, and 3 strains of Candida krusei) in vitro were demonstrated within
1 min’s treatment [25, 28]. However, it is important to realize the complex of the envi-
ronment can compromise the efficiency of the therapy [29]. For here, Candida albicans
(ATCC 10231) biofilm cultivated on denture base resin was employed to study the plasma
inactivation effect as one step forward when complex environment is involved to mimic
the clinical realistic. Bearing this idea in mind, the 48-h Candida albicans biofilms
developed on PMMA denture base resin was employed to analogue the Candida albicans
related DS. The inactivation of Candida albicans by cold plasma was investigated through
the CFU counting. Figure 3 illustrated a clear reduction of the Candida albicans by
increasing the plasma treatment time. When the plasma exposure time increased to 8 min,
no detectable CFUs residual in the samples can be measured. And the log;( reduction value
for 8 min was above six, which satisfies the requirement of the US Food and Drug
Administration for sterility assurance level of implantable medical devices [36].

CSLM results illustrated the perspective view image of the thickness and 3D mor-
phology of the biofilm formed on the denture tablet. When observing the color, we found
that inactivation of the ~ 100 pm biofilm was achieved after 8 min plasma treatment,
while only 1 min was required when the biofilm was grown in the 96-well plate [25]. The
differences between the inactivation efficiency indicate the compromise of the therapy
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because the denture base resin provides a shelter for the biofilm against the environment
pressure [37, 38].

When investigating the fungal viability inside the biofilms, we deduce that the 2-log
reduction after 1 min plasma treatment is believed due to the inactivation of several spots
of biofilms [39]. Because the CSLM images present the results scanned through 2 pm
thickness of the biofilm. The dead cells (red spot) in Fig. 4 2D-b present the cell viability
only on the top layer, which can be convinced through observing the cross-section scans
shown on the images at right and bottom sides. It can be observed the bottom layer of the
biofilm is mostly stained green before 6 min. Meanwhile, a dominated red color was
observed in Fig. 4 2D-f, which indicates the biofilms were nearly inactivated. The cor-
responding cross-section scans also confirmed these results, indicating that cold plasma
could achieve the inactivation of biofilms from points to entire surface. Compared with
previous report, a significant improvement is noticed while only 15 pum inactivation were
observed [40].

SEM results showed that ruptures of the cell membrane were observed after plasma
treatment, indicated by the red arrows and red circles as shown in Fig. 5d—f. Cell shape was
deformed after 8 min plasma treatment, which may cause lethal damage to cell survival.

Drugs susceptibility of the biofilm was investigated to study the plasma effect on the
drug resistance of the biofilm. SMIC50 of Candida albicans biofilm for both AMB and
FLU were illustrated in Table 1. The significant decrease of the SMIC50 suggested that the
sensitivity of the biofilm to the antifungal drugs is dramatically increased after plasma
treatment. Drug resistance is another main issue for the failure treatment of DS [4, 41]. The
drug susceptibility of Candida albicans biofilms prepared on PMMA denture base resin to
both AMB and FLU increased 90 % after only 8 min plasma treatment, while increment of
10 % of the susceptibility to antifungal drugs has been recognized as a breakthrough [42],
which prompts the superiority of cold plasma treatment for the Candida albicans biofilms
formed on denture base resin. According to the widely accepted pharmacological reports,

RN R
AR xm'!'. W

3 O
Cell membrane

peserespnett 3
NRARES BENERRFPRPIN D

Cytochrome p450 on Cytochrome p450 on
endoplasmic reticulum mitochondrial membrane

Y — =Ergosterol

Fig. 7 Representative drawing for illustrating the possible inactivation mechanisms induced by plasma
components
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AMB and FLU are interfering ergosterol on cell membrane and cytochrome P450 in cells
[43], respectively. Kobayashi et al. [44] found that the reactive oxygen species production
is important to the antifungal activity of miconazole, which shares the same pharma-
cophore with FLU. Wink et al. [45] also verified the inhibition of cytochromes P450 by
nitric oxide and a nitric-oxide-releasing agent. Atomic oxygen, OH radical, and strong
excited nitrogen emissions detected in the plasma (Fig. 2a) are believed to play an
important role to the inactivation process [46, 47], which is attributed to activate oxidative
stress pathway and change of the cell cycle pathway [34]. The reaction can be simulated by
Fig. 7, where ROS and RNS were generated by plasma and penetrate the membrane of
Candida albicans biofilms. After that, ROS and RNS can destruct ergosterol on cell
membrane and cytochrome P450 in cells. As a result, the drug susceptibility was increased.
However, the in vivo study is required to support its identity as a promising strategy for
biofilms caused DS treatment.

Conclusions

In summary, Candida albicans biofilms formed on PMMA denture base resin with
thickness of 100 pm are investigated by CSLM. Excellent inactivation is confirmed with
both CFU counting and fluorescence viability test after 8 min cold Ar/O, (2 %) plasma
treatment, while no significant influences on PMMA surface roughness is observed. The
oxidative stress induced by plasma is believed to play an important role for the cell rupture.
Moreover, biofilms susceptibility of AMB and FLU has been increased an order of
magnitude after plasma treatment, which reveals a promising strategy for the treatment of
DS caused by drug-resistant Candida albicans biofilms. However, further study will be
carried out to investigate the biofilms in vivo experiment before clinical applications.
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