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Abstract

Background: Antifungal resistance is increasing, posing a challenge for treating candidiasis. Cold atmospheric plasma (CAP) is a
potential alternative, but its association with traditional antifungals is poorly understood.
Objectives: This study aims to evaluate the effects of dielectric barrier discharge (DBD) plasma on Candida albicans.
Methods: In this in vitro study, C. albicans strains were irradiated with DBD plasma for 5, 10, and 15 minutes, both with and without
nystatin. The number of colonies was counted, and the MTT method assessed Candida’s survival. Data were analyzed with SPSS26.
Results: This study showed that in both experimental groups, with and without nystatin, the lowest C. albicans cell viability was
observed following a 10 minute DBD exposure within the groups subjected to plasma treatment (P < 0.001). The positive control
group (nystatin without plasma exposure) exhibited a diminished count of viable cells in comparison to the group with 10 minute
plasma irradiation without nystatin (P < 0.001). The 10 and 15 minute DBD plasma exposures, along with their positive control
counterparts, demonstrated a statistically significant reduction in colony count compared to the 5 minute DBD exposure and the
negative control groups (P < 0.001).
Conclusions: Nystatin was more effective than DBD plasma irradiation in reducing C. albicans cell viability. When used in
combination, 10 minute DBD plasma irradiation with nystatin was more effective than 5 or 15 minute irradiation times in reducing
the survival rate of C. albicans.
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1. Background

Fungal infections substantially threaten public
health, particularly in developing countries, where they
significantly contribute to mortality rates (1, 2). Among
pathogenic fungi, Candida albicans is a formidable agent
responsible for various manifestations of candidiasis (1). It
exhibits a propensity to form biofilms on diverse surfaces,
including medical devices and human epithelial linings,
presenting challenges in treatment (3-5). This fungus is
a leading cause of oral infections, affecting the mucous
membranes of the mouth and oropharynx. The prevalence
of oral candidiasis is notably higher in vulnerable
populations such as geriatric and immunocompromised
patients. It is known for resisting conventional antifungal
agents like amphotericin B and fluconazole (4, 5).

In the pharmacotherapeutic landscape, the gold

standard for treating oral candidiasis is nystatin
mouthwash, a fungicidal drug with a mechanism of
action that alters the permeability of fungal membranes
by binding to membrane sterols (6). However, the
drawbacks associated with nystatin, including a bitter
taste, frequent administration (four times a day), and
the specific preparation method, contribute to patient
dissatisfaction (7, 8). These limitations underscore the
pressing need for innovative treatment modalities to
address the challenges posed by existing therapies.

Cold atmospheric plasma (CAP) has demonstrated
versatility in dentistry, with applications ranging from
deactivating oral pathogens to treating periodontitis,
wound repair, and teeth bleaching (9-11). The underlying
mechanism of CAP involves the generation of active
oxygen and nitrogen, complemented by electric fields,

Copyright © 2024, Najafi et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License
(https://creativecommons.org/licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original work is
properly cited.

https://doi.org/10.5812/jjm-142236
https://crossmark.crossref.org/dialog/?doi=10.5812/jjm-142236&domain=pdf
https://orcid.org/0009-0002-1106-9495
https://orcid.org/0000-0001-6709-1320
https://orcid.org/0000-0002-1658-8983
https://orcid.org/0000-0001-5939-3185
https://orcid.org/0000-0003-3877-328X


Najafi M et al.

heat, and radiation, collectively reducing the microbial
load in the target area (12-14).

CAP has different subtypes with unique generation
methods and applications (15-17). Non-thermal
atmospheric plasma can treat onychomycosis and
eradicate C. albicans and Trichophyton mentagrophytes
in 12 minutes (15). A 10 - 15 minute plasma jet exposure
can stop mycelial growth with a single exposure (16).
Cold atmospheric microwave plasma can be a novel
antifungal solution against Malassezia pachydermatis,
and it has a synergistic antifungal effect when combined
with chlorhexidine gluconate (17). Dielectric barrier
discharge (DBD) plasma is one of the CAP subtypes being
studied to eradicate microorganisms, including fungal
infections in agriculture and disinfecting seeds (18-20).
Wu et al. (19) showed that a 9-minute treatment with
DBD plasma significantly reduces the spore germination
rate (95.48%) and spore viability (98.82%) of Colletotrichum
asianum. Dielectric barrier discharge plasma treatment
also effectively reduces the microbial population on the
surface of ginseng seeds, which helps mitigate root rot
(20).

2. Objectives

Regrettably, there are insufficient studies analyzing
the antifungal potential of DBD plasma applications in
human candida species. Given the increasing prevalence
of drug-resistant strains, especially the common
antifungal drug-resistant C. albicans, and the limited
number of investigations into the effects of DBD on the
oral strain of C. albicans, the need for this study has become
evident. This study aims to comprehensively investigate
the effects of DBD plasma radiation on C. albicans, a
prevalent oral fungal pathogen. The investigation will
be conducted under carefully controlled laboratory
conditions to gain a deeper understanding of this
radiation’s potential impact and applications on the
targeted microorganism.

3. Methods

3.1. Sample Size

The sample size of this study was determined to be
eight in each subgroup using the one-way ANOVA power
analysis option in PASS 11 software (α = 0.05, effect size =
0.51, β = 0.2, and mean standard deviation = 12%). Three
times CAP irradiations were performed for each strain. The
total sample size was 226 (9 × 3 × 8 + 10), considering
eight sensitive and one standard strain of C. albicans, one
positive, and one negative control group.

3.2. Preparation of Candida albicans Strain Suspension

The standard strain of C. albicans (ATCC 10231) was
obtained from the American Type Culture Collection.
Eight clinical C. albicans strains were collected from the
inner surface of dentures belonging to individuals
diagnosed with denture stomatitis who had been
subjects of prior research initiatives. These specimens
were archived and accessible in the repository of the
Department of Medical Mycology in Iran. The yeast was
subcultured from vial stocks onto Sabouraud dextrose
agar (SDA; Merck, Germany) under aerobic conditions
at 37°C. Then, a pure colony on the SDA medium was
isolated using a glass loop and transferred to a tube
containing 2 mL of physiological saline solution (0.9%). A
suspension was prepared with a density of 0.5 McFarland.
The turbidity of the cell suspensions was measured
using a spectrophotometer at 540 nm to achieve a
concentration equivalent to 1.5 × 108 CFU / mL. This
suspension was used for the DBD plasma treatment and
MTT (3,4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) assay.

3.3. Dielectric Barrier Discharge Plasma Device

This study utilized a DBD device (Sepid Jamegan Fan
Avran, Iran). The device’s power was set at 100 KHz and
operated with the HVRF power input of 8kW. To generate
plasma, neon gas was injected into the device with a flow
rate of 4 L/min. For plasma treatment, 100 µL of the C.
albicans suspension was poured into a 96-well plate and
divided into 8 groups (Table 1). Then 64 µg/mL nystatin
(NYS; Sigma-Aldrich, USA) was added in some groups. Then,
the wells of the plate were subjected to DBD plasma for 5,
10, and 15 minutes at a distance of 2 mm from the surface
of the culture medium.

Table 1. The Studied Groups

No. Groups

1 5-min DBD plasma irradiation

2 The combination of nystatin and 5-min DBD plasma irradiation

3 10-min DBD plasma irradiation

4 The combination of nystatin and 10-min DBD plasma irradiation

5 15-min DBD plasma irradiation

6 The combination of nystatin and 15-min DBD plasma irradiation

7 Positive control (Candida albicans and 64 µg/mL nystatin without DBD
plasma irradiation)

8 Negative control (C. albicans without DBD plasma irradiation)
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3.4. Measurement of Candida albicans Viability

3.4.1. Colony Numbers

After DBD plasma treatment, approximately 100 µL of
the C. albicans irradiated suspension (1.5 × 108 CFU/mL)
were seeded on SDA plates. Using a glass spreader, the cells
were evenly distributed on the plates. The plates were then
incubated at 37°C for 24 hours, and the number of colonies
on each plate was counted. This process was repeated 8
times, and the mean number of colonies was reported.

3.4.2. MTT Colorimetric Assay

Following the exposure period (5, 10, and 15 minutes),
100 µL of the suspensions per well were transferred to a
96-well plate. Subsequently, 15 µL of MTT (Sigma-Aldrich,
USA) was added to each well at a concentration of 5
mg/mL in water. The plate was then incubated at room
temperature for 3 hours. The contents in each well were
transferred to 1.5 mL microcentrifuge tubes, which were
then centrifuged for 2 minutes at 10,000 rpm. After
removal of the liquid, cells were washed once with 100 µL
of water. Then, 70 µL of dimethyl sulfoxide (DMSO) was
added to each tube. The tubes were incubated at room
temperature for 3 minutes, and then the contents in each
tube were transferred to a new 96-well plate. The plate
was read at 540 nm using an ELISA reader device (Anthos
company, Austria).

3.5. Statistical Analysis

The data were analyzed using SPSS version 26. The
Kolmogorov-Smirnov test was used to evaluate the normal
distribution of data, and one-way ANOVA, two-way ANOVA,
independent sample t-test, Tukey test, and Tamhane were
used to assess the number of colonies and cell viability.

4. Results

4.1. Evaluation of Candida albicans Viability

Figure 1 shows the results of C. albicans cell viability
evaluation using colony count (Figure 1A) and MTT assay
(Figure 1B).

4.1.1. Colony Numbers

The results showed the lowest mean number of
C. albicans colonies after the 10-minute DBD plasma
irradiation (1238.88 ± 247.52), followed by the 15-minute
DBD plasma irradiation (1243.05 ± 261.83). The negative
control group, without plasma irradiation, exhibited
the highest mean number (2961.11 ± 57.43). Based on the
one-way ANOVA, a significant difference was found among
the studied groups regarding the mean number of C.
albicans colonies (P < 0.001).

4.1.2. MTT Colorimetric Assay

The data indicates that the lowest cell viability
occurred following the application of nystatin, followed
by a 10 minute exposure to DBD plasma. In groups
without nystatin, all plasma irradiation periods resulted
in significantly lower cell viability compared to the control
group (no irradiation) (P < 0.001). A 10-minute plasma
exposure led to significantly fewer viable cells than both
15- and 5-minute exposures (P < 0.001), and 15-minute
plasma irradiation resulted in fewer viable cells than 5
minutes (P < 0.001). In the nystatin group, while the mean
cell viability of C. albicans in all plasma irradiation groups
significantly decreased compared to the control group (P
< 0.001), there were no significant differences among the
10-, 15-, and 5-minute plasma irradiation groups (P > 0.05).

5. Discussion

Oral candidiasis, characterized by opportunistic
infection, is highly prevalent among specific
demographics such as children, the elderly, and
immunocompromised individuals (21, 22). Recently,
there has been a rise in reports of antifungal-resistant
oropharyngeal candidiasis cases (2, 23, 24), posing
significant challenges due to the limited availability
of new treatments and medications (25). A potential
alternative treatment for candidiasis, specifically in the
case of oral infections, could be the use of CAP (1, 24,
26, 27). Wang et al. showed that cold plasma is effective
against oral C. albicans infection (26). Fricke found that
plasma treatment can rapidly remove C. albicans biofilm,
especially when added oxygen (28). Yamazaki et al.
showed that low-frequency atmospheric pressure plasma
jets could be a solution in clinical dentistry for preventing
C. albicans-associated denture stomatitis (29). Also, Avukat
found that helium plasma treatment can effectively
prevent denture stomatitis caused by C. albicans (27).

However, a standard protocol for CAP application
has yet to be established. Prior studies have explored
varying irradiation times, power levels, and plasma types,
yielding conflicting outcomes (1, 5, 30). For instance,
Wanachantararak et al. (30) demonstrated that 15 minute
argon DBD plasma irradiation at 20W was more effective
against C. albicans than in 5- and 10-minute durations. On
the other hand, Ebrahimi-Shaghaghi et al. (5) indicated
that a 180-second cold plasma irradiation using helium
was more beneficial, and Leite found 5-minute DBD plasma
irradiation using helium with 13-watt power to be more
effective (1). Matthes et al. (18) revealed that volume DBD
(VDBD) could help reduce denture-associated candidiasis
for newer biofilms, but older biofilms needed mechanical
pre-treatment for better disinfection. He found that

Jundishapur J Microbiol. 2023; 16(11):e142236. 3



Najafi M et al.

3500.00

3000.00

2500.00

2000.00

1500.00

1000.00

100.00

80.00

60.00

40.00

20.00

9
5%

 C
I o

u
tc

o
m

e
9

5%
 C

I c
el

l.
vi

ab
il

it
y

A

B

Group

Group

Neg. control

Neg. control

Pos. control 5% 10% 15%

Nyst 5.00 10.00 15.00

Figure 1. The mean cell viability of Candida albicans after DBD plasma exposure. (A) C. albicans cell viability was evaluated using colony count. (B) Cell viability was evaluated
using MTT.
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VDBD argon plasma is effective against 2-day-old candida
biofilms but not against 7 or 16-day-old biofilms, and
its combination with chlorhexidine gluconate or sodium
hypochlorite cannot enhance antimicrobial effects (18).

In this study, the effectiveness of neon DBD plasma
irradiation for 5, 10, and 15 minutes at 8 kW power was
evaluated to determine C. albicans viability and colony
counts in 2 groups, with and without nystatin, using MTT.
The MTT assay is a colorimetric test that measures cell
metabolic activity by assessing mitochondrial activity. It
is a simple and easy method for analyzing cell viability.
The test relies on the conversion of yellow tetrazole MTT
dye to purple formazan by living cells. The intensity of
the produced color is measured by spectrophotometric
methods at 570 nm and is proportional to the number
of living cells. During the MTT assay, DMSO should be
added to the wells containing examining cells because this
step is essential for extracting the color from the formazan
crystals, rendering it measurable. DMSO is an organic
solvent capable of dissolving formazan crystals produced
by viable cells (31). The results of our study indicated
that the combined treatment of nystatin and DBD plasma
irradiation was the most effective against C. albicans.

Cold atmospheric plasma functions by inhibiting
cell membrane activity and inducing significant changes
in permeability, enhancing the sensitivity of fungi and
bacteria to antifungal agents like polyene antifungals
(32, 33). Consequently, it synergizes with the effects of
nystatin, causing substantial morphological alterations
in C. albicans’ structure and triggering ROS-induced
apoptosis, leading to the oxidation of intracellular
organelles (5). Laboratory studies have also reported
CAP’s inhibitory impact on adhesion, filamentation, and
ergosterol synthesis of C. albicans (5, 34). The effectiveness
of plasma treatment relies on producing active oxygen
and nitrogen, supported by the electric field, heat,
and radiation (12). Notably, the application of surface
plasma can induce genetic modifications in C. albicans’
genome, impacting the nuclear genome and reducing
hydrolytic enzyme activity (2). While plasma treatment
can decrease the viability and colony numbers of C.
albicans, complete eradication within a short irradiation
time is not achievable (2). In this study, both groups
with and without nystatin showed that 15- and 10-minute
plasma irradiation was more effective than 5 minute
irradiation.

It’s important to acknowledge that the combined
effects of antifungal drugs can vary based on the strains
examined and the types of medications used (35). In
this study, applying DBD plasma for 10 minutes exhibited
the most potent antifungal effects against C. albicans.
However, sole DBD plasma irradiation was less effective

than conventional nystatin treatment. Contrastingly,
Leite et al.s’ research suggested that 5 minute DBD cold
plasma irradiation, either with nystatin or amphotericin
B, did not synergize with C. albicans biofilm and, in fact,
found sole cold plasma radiation to be more effective
than its combination with antifungal medications (1).
These divergent outcomes could stem from using different
plasma types and strains.

Despite the strength of the present study, there were
several limitations as well. Since none of our candida
strains was nystatin-resistant, we could not analyze the
effects of DBD plasma irradiation on the resistant C.
albicans. In addition, it was observed that different strains
responded differently to the DBD plasma treatment. These
variations in each strain’s response to the treatment
procedures could be attributed to genetic differences.
However, we did not analyze each strain’s genotype and
genomic charts. Therefore, we recommend future studies
to focus on this aspect. As our research is primarily
focused on the C. albicans cells in an in vitro condition,
we encounter limitations in assessing both the positive
and adverse events associated with the application of DBD
plasma in animal and human cell subjects. Consequently,
we recommend the implementation of comprehensive
animal and clinical trial studies to provide a more accurate
understanding of the effects of DBD plasma irradiation.

5.1. Conclusions

This study showed that the sole irradiation of DBD
plasma was not as effective as the conventional nystatin
treatment. The DBD plasma irradiation could synergize
the antifungal effects of nystatin, and 10-minute plasma
irradiation accompanied by nystatin treatment is more
effective than in the other groups.

Footnotes

Authors’ Contribution: EL, HE, and SL designed the
experiments; MN and RSH performed experiments and
collected data; and discussed the results and strategy; EL,
HE, and SL Supervised, directed, and managed the study;
MN, RSH, EL, HE, and SL Final approved the version to be
published.

Conflict of Interests: The authors declare no conflict of
interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved by the ethics
committee of Shiraz University of Medical Sciences under
the ethical code of IR.IAU.DENTAL.REC.1400.021.

Jundishapur J Microbiol. 2023; 16(11):e142236. 5

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=197419


Najafi M et al.

Funding/Support: No funding was obtained for this
project.

References

1. Leite LDP, Oliveira MAC, Vegian M, Sampaio ADG, Nishime TMC, Kostov
KG, et al. Effect of cold atmospheric plasma jet associated to polyene
antifungals on Candida albicans biofilms. Molecules. 2021;26(19).
[PubMed ID: 34641359]. [PubMed Central ID: PMC8510435]. https://doi.
org/10.3390/molecules26195815.

2. Tyczkowska-Sieron E, Kaluzewski T, Grabiec M, Kaluzewski B,
Tyczkowski J. Genotypic and phenotypic changes in candida albicans
as a result of cold plasma treatment. Int J Mol Sci. 2020;21(21).
[PubMed ID: 33143065]. [PubMed Central ID: PMC7663045].
https://doi.org/10.3390/ijms21218100.

3. Ghasemian Gorji R, Shoorgashti R, Lotfali E, Farhadi S. MIC
determination of silver nanoparticles on nystatin-resistant Candida
albicans in patients with denture stomatitis: An in vitro study. Mid E J
Rehabil Health Stud. 2023;11(1). https://doi.org/10.5812/mejrh-138030.

4. Shoorgashti R, Khalilirad M, Haji Molla Hoseini M, Lesan S.
Evaluation of the relationship between nitric oxide and candida
albicans-associated denture stomatitis: A cross-sectional study. Casp
J Dent Res. 2023;12(2):82–8. https://doi.org/10.22088/cjdr.12.2.82.

5. Ebrahimi-Shaghaghi F, Noormohammadi Z, Atyabi SM,
Razzaghi-Abyaneh M. Inhibitory effects of cold atmospheric plasma
on the growth, virulence factors and HSP90 gene expression
in Candida albicans. Arch Biochem Biophys. 2021;700:108772.
[PubMed ID: 33485850]. https://doi.org/10.1016/j.abb.2021.108772.

6. Bassi RC, Boriollo MFG. Amphotericin B, fluconazole, and
nystatin as development inhibitors of Candida albicans biofilms
on a dental prosthesis reline material: Analytical models in
vitro. J Prosthet Dent. 2022;127(2):320–30. [PubMed ID: 33279153].
https://doi.org/10.1016/j.prosdent.2020.10.018.

7. Ozdal Zincir O, Ozdal U, Unlu O, Demirci M, Katiboglu AB, Egil E, et
al. Synergistic effect of thymoquinone and nystatin in the treatment
of oral candidiasis; an in vitro study. Odontology. 2022;110(2):330–7.
[PubMed ID: 34657217]. [PubMed Central ID: PMC8522115]. https://doi.
org/10.1007/s10266-021-00667-4.

8. Jahantiq AS, Ayatollahi Mousavi SA, Mohamadi N, Sharififar
F. Inhibitory effect of standardized extract and fractions of
Nigella sativa L. on nystatin susceptible and clinically nystatin
resistant Candida albicans. Curr Drug Discov Technol. 2022;19(5).
e120522204695. [PubMed ID: 35549875]. https://doi.org/10.2174/
1570163819666220512164337.

9. Lata S, Chakravorty S, Mitra T, Pradhan PK, Mohanty S, Patel
P, et al. Aurora Borealis in dentistry: The applications of
cold plasma in biomedicine. Mater Today Bio. 2022;13:100200.
[PubMed ID: 35036896]. [PubMed Central ID: PMC8743205].
https://doi.org/10.1016/j.mtbio.2021.100200.

10. Kim GC. Editorials for ’advances in cold plasma in biomedicines’.
Biomedicines. 2022;10(11). [PubMed ID: 36359249]. [PubMed Central ID:
PMC9687218]. https://doi.org/10.3390/biomedicines10112731.

11. Eggers B, Stope MB, Marciniak J, Mustea A, Deschner J, Nokhbehsaim
M, et al. Modulation of inflammatory responses by a non-invasive
physical plasma jet during gingival wound healing. Cells. 2022;11(17).
[PubMed ID: 36078148]. [PubMed Central ID: PMC9454534]. https://
doi.org/10.3390/cells11172740.

12. Bekeschus S, Schmidt A, Niessner F, Gerling T, Weltmann KD, Wende
K. Basic research in plasma medicine - A throughput approach from
liquids to cells. J Vis Exp. 2017;(129). [PubMed ID: 29286412]. [PubMed
Central ID: PMC5755427]. https://doi.org/10.3791/56331.

13. Jablonowski L, Koban I, Berg MH, Kindel E, Duske K, Schröder K,
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