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Introduction
In recent decades, the prevalence of fungal infections 
has increased in many countries. Due to the emergence 
of resistance to antifungal agents, developing an effective 
strategic program is crucial for treating fungal infections 
in clinical mycology.1,2 Oral candidiasis is an opportunistic 
fungal infection that typically affects the oral mucosa.3,4 

The primary causative agent is Candida albicans 
(responsible for 60-70% of cases isolated from the mouth), 
with other Candida species such as Candida glabrata, 
Candida parapsilosis, Candida krusei, and Candida 
tropicalis also being involved.5 Candida albicans is a highly 
diverse organism well-adapted to its human host and is 
the most common fungal species in human microbiota, 
colonizing about 50% of healthy individuals. It can 
become pathogenic under favorable conditions, usually 
involving a disruption in the anatomical barrier function 

or a microbial flora imbalance. The occurrence of infection 
depends on the complex interaction between fungal 
virulence factors, such as surface adhesion, proteolytic 
enzymes, morphological changes, and drug resistance, 
along with the host’s immune system.3,6 Traditionally, 
various antifungal drugs, including miconazole, 
fluconazole, clotrimazole, ketoconazole, and nystatin, 
are used topically or systemically to treat candidiasis. 
Despite their effectiveness, these drugs have numerous 
side effects, such as anemia, hypokalemia, fever, and 
nausea. Additionally, the treatment duration for fungal 
infections can be prolonged.1 The increasing resistance 
to antifungal drugs like amphotericin B and fluconazole 
poses further challenges.7 Alternative therapeutic methods 
being used include tea tree oil,8 lemon oil,9 oregano oil,10 
colloidal metal nanoparticle solutions (silver, gold),11 
ozone therapy,12,13 photobiomodulation,14,15 antimicrobial 
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Abstract
Introduction: The increasing occurrence of antifungal resistance agents poses a significant 
challenge in the field of dentistry, necessitating new therapeutic alternatives for treating fungal 
infections. This study compares the effect of photodynamic therapy (PDT) using two wavelengths 
of diode lasers and cold atmospheric plasma (CAP) on Candida albicans cultures.
Methods: A standard 0.5 McFarland suspension of C. albicans was prepared and transferred to a 
96-well microplate. These samples were divided into 10 groups as follows: 1- Positive control, 
2- 450 nm laser, 3- PDT with 450 nm laser + curcumin, 4- 660 nm laser, 5- PDT with 660 nm 
laser + methylene blue, 6 and 7- Cold plasma for 180 and 210 seconds, 8- Nystatin, 9- Curcumin, 
10- Methylene blue. Then the colony counts of C. albicans (CFU/mL) were recorded. Data 
analysis was performed using SPSS software, One way ANOVA, and Tamhane’s test (P < 0.05).
Results: The mean reduction in the number of C. albicans colonies in the nystatin group was 
significantly higher than all other groups (P < 0.05). The 660 nm laser group showed significant 
reduction in the colony count compared to the positive control, 210-second cold plasma, and 
450 nm PDT groups (P < 0.05). The 180-second cold plasma group had significantly higher 
reduction in the colony count compared to the positive control and 450 nm PDT groups 
(P < 0.05). The methylene blue, 450 nm laser, and 210-second cold plasma groups also showed 
significantly higher reductions compared to the positive control (P < 0.05).
Conclusion: Cold plasma with the feeding gas of helium for 180 seconds exposure and the low-
power 660 nm laser showed inhibitory effects on C. albicans colonies and were more effective 
than PDT. Nystatin application significantly reduced the number of C. albicans colonies and was 
more effective than cold plasma, laser irradiation, and PDT.
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photodynamic therapy (aPDT),16,17 and cold atmospheric 
plasma (CAP).1 Photodynamic therapy (PDT) is a new 
therapeutic strategy based on the interaction of a non-
toxic photosensitizer (PS) and a harmless light source, 
which, in the presence of oxygen, produces reactive 
oxygen species (ROS), leading to biological events 
culminating in apoptosis and microorganism death.18 
PSs have minimal cellular toxicity but, when activated by 
appropriate light wavelengths, generate ROS.19 Therefore, 
PDT has been successfully used to treat C. albicans.19,20 
On the other hand, CAP has emerged as a promising 
and innovative technology for biomedical applications in 
recent years. Although the precise microbial inactivation 
mechanism of CAP is not fully understood, it is attributed 
to the synergistic action of reactive oxygen and nitrogen 
species (RONS) which is generated by the ionization of 
a noble gas and therefore has an antimicrobial effect.6 
CAP’s inhibitory effect on planktonic Candida cultures 
and biofilms has been reported, and it enhances the 
effectiveness of conventional antifungal drugs.21-24 
However, its application has not been evaluated alongside 
PDT. Therefore, the present study aims to compare the 
effect of PDT with two wavelengths (660 nm and 450 nm) 
of diode lasers and CAP on C. albicans under laboratory 
conditions at Tehran Islamic Azad University of Medical 
Sciences.

Methods
Fungal Strain and Culture Conditions
In this experimental study, C. albicans strain ATCC 14053 
was obtained from the Iranian Biological Resource Center 
and cultured as a suspension in Sabouraud dextrose 
agar (SDA). After ensuring culture purity, a standard 
0.5 McFarland suspension (CFU/mL 1.5 × 10^8) was 
prepared and transferred to a 96-well microplate (0.1 mL 
per well).19,25

Curcumin aqueous extract with a concentration of 
10.2% (Adonis Gol Daru Company, Alborz, Iran) and 
methylene blue (Merck KGaA, Darmstadt, Germany) with 
a concentration of 0.02% were diluted using physiological 
serum. Then, 0.1 mL of C. albicans suspension was placed 
inside a 96-well microplate using a sampler. Based on 
the type of sample group, the same amount of sterile 
physiological serum or PS was added. All these steps were 
performed under a laminar hood to provide a dark and 
sterile environment.25

Cold Atmospheric Plasma Device
Plasma application was performed using the PlasmArt 
device (NariaTech, Tehran, Iran). In this device, gas flow 
is ionized in a dielectric chamber to produce cold plasma. 
Helium was used as the feeding gas at an inlet pressure of 
4.5 bar, with an outlet pressure of atmospheric pressure 
and a gas flow rate of 3.8 L/min and intensity of 4 (0.780 
kV). The device had an 8-watt power output and a 100 

kHz handpiece frequency. The plasma jet length was 21 
mm with a diameter of 2.5 mm. Plasma irradiation was 
conducted by positioning the plasma jet nozzle on the 
surface of the well samples. 

Sample Volume and Groups
Using one way ANOVA analysis and PASS 11 software, 
with α = 0.05, β = 0.1, a standard deviation of 2.08 for the 
log of C. albicans colonies, and an effect size of 0.64, the 
minimum sample size for each of the 10 study groups was 
8 samples. Candida albicans samples were divided into 
following 10 groups:

1. Positive control: No treatment was performed in this 
group. The wells had 0.5 McFarland C. albicans without 
using any type of therapeutic intervention.

2. 450 nm laser irradiation: The samples were irradiated 
with a 450 nm diode laser (Sirona, Germany) at 100 mW 
power and 12 J/cm2 energy density for 60 seconds without 
a PS (PS), using sterile saline instead.25 The diameter of 
the low power head in all laser groups was 0.8 cm. Also, 
the laser was irradiated perpendicular to the surface 
of the suspension in the opening of the wells. In each 
sample well, two empty wells were considered and these 
empty wells were also covered with foil paper in order to 
minimize the effect of radiation on the adjacent sample 
wells.

3. 450 nm PDT: Curcumin (10.2 mg/cc) was added, and 
the samples were irradiated with a 450 nm diode laser 
at 100 mW power and 12 J/cm2 energy density for 60 
seconds.25

4. 660 nm laser irradiation: The samples were irradiated 
with a 660 nm diode laser (Sirona, Germany) at 100 
mW power and 20 J/cm2 energy density for 100 seconds 
without a PS, using sterile saline instead.25

5. 660 nm PDT: Methylene blue (0.02%) was added, 
and the samples were irradiated with a 660 nm diode laser 
at 100 mW power and 20 J/cm2 energy density for 100 
seconds.25

6 and 7. Cold atmospheric plasma: 10 μL of cell 
suspension was poured into the selected wells of 96-
well microtiter plates. Cold plasma was irradiated to 
each group of samples for 180 and 210 seconds with the 
mentioned conditions.1,26

8. Nystatin: 0.1 mL of nystatin (100,000 units) (Jaber-
ebn-Hayan Pharmaceuticals, Tehran, Iran) was added to 
the samples.25

9. Curcumin: Curcumin (10.2 mg/cc) was added to the 
samples.

10. Methylene blue: Methylene blue (0.02%) was added 
to the samples.

Evaluation
In the next step, suspensions in each well were cultured 
on SDA, and the results were reported after 24 hours 
of incubation at 37 °C. Colony counts (CFU/mL) were 
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performed post-incubation. In the nystatin group, 
the pour plate technique was used to count C. albicans 
colonies in dilute suspension. For this purpose, 0.1 mL 
of the suspension was poured into an empty sterile plate 
by a sampler. 25 mL of cooled sterile SDA was added, 
and after closing the lid, the plate was slowly rotated to 
mix the sample and culture medium. Then the plate was 
transferred to the incubation device. Colonies (CFU/mL) 
were counted in all samples after 24 hours of incubation 
in the SDA culture medium at 37 °C.19,25

Data Analysis
Data were analyzed using SPSS version 26. The 
Kolmogorov-Smirnov test was used for normality 
assessment. One way ANOVA and Tamhane’s test 
were used for data analysis. Values less than 0.05 were 
considered significant. 

Results
The number of C. albicans colonies (CFU/mL) in the ten 
groups was evaluated. Table 1 shows the mean colony 
counts in the groups after intervention, so the difference 
between before and after the intervention of each group 
is considered by P value. The lowest colony counts were 
observed in the following order: Nystatin, 660 nm laser, 450 
nm laser, methylene blue, 660 nm PDT, 180-second cold 
plasma, 450 nm PDT, 210-second cold plasma, curcumin, 
and positive control. According to the one-way ANOVA 
test, there was a significant difference in the mean colony 
counts between the groups (P < 0.05). Also, Figure 1 shows 
the mean and standard deviation of the number of C. 
albicans colonies (CFU/mL) in the studied groups before 
and after the intervention. According to the Tamhane 
test, pairwise comparisons showed that the mean colony 
counts in the nystatin group were significantly lower than 
those in all other groups (P < 0.05). The mean colony 
count in the 660 nm laser group was significantly lower 
than in the positive control, 210-second cold plasma, and 
450 nm PDT groups (P < 0.05). However, no significant 

difference was found between this group and the 450 nm 
laser, 660 nm PDT, 180-second cold plasma, curcumin, 
and methylene blue groups (P > 0.05) (Table 2). As we 
showed in table 3, the mean percentage reduction in 
colony counts for the 180-second cold plasma group was 
significantly higher than the positive control and 450 nm 
PDT groups (P < 0.05). The mean percentage reduction in 
colony counts for the methylene blue, 450 nm laser, and 
210-second cold plasma groups was significantly higher 
than the positive control (P < 0.05). However, the mean 
percentage of colony reduction in the positive control 
group was not significantly different from curcumin, 
PDT with 450 nm, and PDT with a 660 nm wavelength 
(P > 0.05). PDT with a wavelength of 450 nm and PDT 
with a wavelength of 660 nm had the same effect as the 
positive control (P > 0.05). Other group comparisons were 
not significant (P > 0.05). The mean percent reduction 
in the number of C. albicans colonies (CFU/mL) in the 
studied groups is presented in Table 3. The highest mean 
percentages of C. albicans colony reduction (CFU/mL) 
across the groups were respectively as follows: nystatin, 
laser radiation with a wavelength of 660 nm, cold plasma 
radiation for 180 seconds, methylene blue, laser radiation 
with a wavelength of 450 nm, cold plasma radiation for 
210 seconds, curcumin, PDT with a wavelength of 450 
nm, PDT with a wavelength of 660 nm, and positive 
control. Based on the One-way ANOVA test, the mean 
percentage of C. albicans colony reduction (CFU/mL) in 
the studied groups had a significant difference (P < 0.05).

Discussion
Oral candidiasis is an opportunistic infection caused by 
the overgrowth of C. albicans and other Candida species, 
common in elderly individuals, denture wearers, and 
immunocompromised patients, and it can be a sign of 
systemic diseases.27 The rise in antifungal resistance 
agents necessitates new therapeutic approaches against 
Candida infections to achieve better treatment outcomes 
without systemic side effects.26 This study compared the 
effects of PDT with two wavelengths (660 nm and 450 

Table 1. Mean Colony Counts of Candida albicans (CFU/mL) Post-intervention

Groups Number
CFU/mL Post-
Intervention 
(Mean ± SD)

P value

Nystatin 8 65.75 ± 20.852  < 0.001

660 nm Laser irradiation 8 162.38 ± 9.288  < 0.001

450 nm Laser irradiation 8 168.88 ± 7.568  < 0.001

Methylene blue 8 175.50 ± 39.042  < 0.001

660 nm PDT 8 192.38 ± 43.782  < 0.001

180-Second cold plasma 8 192.63 ± 42.285  < 0.001

450 nm PDT 8 211.38 ± 22.129  < 0.001

210-Second cold plasma 8 225.13 ± 13.799  < 0.001

Curcumin 8 230.50 ± 48.000  < 0.001

Positive control 8 233.50 ± 11.637  < 0.001
Figure 1. The Mean and Standard Deviation of the Number of Candida 
albicans Colonies (CFU/mL) in the Investigated Groups



Azizi et al

Journal of Lasers in Medical Sciences. 2025;164

Table 2. Pairwise Comparison of the Mean Colony Counts of Candida albicans (CFU/mL) in the Studied Groups After the Intervention

Groups Groups P Value

Nystatin

Positive control 0.000*

Laser irradiation with a wavelength of 450 nm 0.000*

Photodynamic therapy with a wavelength of 450 nm 0.000*

Laser irradiation with a wavelength of 660 nm 0.000*

Photodynamic therapy with a wavelength of 660 nm 0.001*

Cold plasma irradiation for 180 seconds 0.001*

Cold plasma irradiation for 210 seconds 0.000*

Curcumin 0.000*

Methylene blue 0.001*

Laser irradiation with a wavelength of 660 nm

Positive control 0.000*

Laser irradiation with a wavelength of 450 nm 1.000

Photodynamic therapy with a wavelength of 450 nm 0.012*

Photodynamic therapy with a wavelength of 660 nm 0.996

Cold plasma irradiation for 180 seconds 0.992

Cold plasma irradiation for 210 seconds 0.000*

Curcumin 0.234

Methylene blue 1.000

Laser irradiation with a wavelength of 450 nm

Positive control 0.000*

Photodynamic therapy with a wavelength of 450 nm 0.038*

Photodynamic therapy with a wavelength of 660 nm 1.000

Cold plasma irradiation for 180 seconds 1.000

Cold plasma irradiation for 210 seconds 0.000*

Curcumin 0.364

Methylene blue 1.000

Methylene Blue

Positive control 0.179

Photodynamic therapy with a wavelength of 450 nm 0.920

Photodynamic therapy with a wavelength of 660 nm 1.000

Cold plasma irradiation for 180 seconds 1.000

Cold plasma irradiation for 210 seconds 0.370

Curcumin 0.757

Photodynamic therapy irradiation with a 
wavelength of 660 nm

Positive control 0.845

Photodynamic therapy with a wavelength of 450 nm 1.000

Cold plasma irradiation for 180 seconds 1.000

Cold plasma irradiation for 210 seconds 0.988

Curcumin 0.999

Cold plasma for a duration of 180 seconds

Positive control 0.810

Photodynamic therapy with a wavelength of 450 nm 1.000

Cold plasma irradiation for 210 seconds 0.982

Curcumin 0.999

Photodynamic therapy irradiation with a 
wavelength of 450 nm

Positive control 0.814

Cold plasma irradiation for 210 seconds 1.000

Curcumin 1.000

Cold plasma for a duration of 210 seconds
Positive control 1.000

Curcumin 1.000

Curcumin Positive control 1.000

* Significant difference at the 0.05 level based on the Tamhane test.
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nm) of diode lasers and CAP on C. albicans. Results 
showed a significant reduction in C. albicans colonies 
with different exposure times to cold helium plasma 
compared to the control. But the effect of 180-second cold 
plasma was similar to 210-second exposure. Various 
studies have reported the effectiveness of cold plasma on 
C. albicans. Borges et al found that 300-second helium 
plasma exposure could eliminate C. albicans biofilm.28 
Also, in another study, by making changes in CAP (plasma 
jet with amplitude modulated voltage signal (AM-
CAPPJ)), these researchers investigated its effect in vivo 
on the mouse model and found that the application of 
CAP for 5 minutes caused the survival of C. albicans 
decrease compared to the non-irradiated group.6 Rahimi-
Verki et al also observed a reduction in C. albicans 
colonies with 180-second CAP exposure.1 Ebrahimi-
Shaghaghi et al reported that the application of DBD with 
helium gas after 180 and 210 seconds inhibited the growth 
of C. albicans (planktonic cells) compared to the control 
group.26 Leite et al found that 5-minute DBD helium 
plasma exposure inhibited C. albicans biofilm.2 
Wanachantararak et al observed a significant colony 
reduction in C. albicans with 10-minute DBD argon 
plasma exposure, with 15-minute exposure showing 
results similar to the control.29 Despite differences in 
devices, gases, and exposure times, these studies align 
with the current study’s findings. However, it should be 
kept in mind that toxic effects usually appear after longer 
exposure periods.6,30,28 A previous study showed that after 
5 minutes of cold plasma application, the viability of 
microbial cells is less than 45%.30 In addition, another 
study reported that cell viability was less than 5% after 5 
minutes of exposure to a helium plasma jet operated with 
a sine wave voltage signal.28 The mechanism of plasma 
effect against fungi was investigated by Misra et al. These 
researchers found that the mechanisms of CAP effect for 
the inactivation of fungi include the following: inhibiting 
the function of cell membrane due to the structural 
changes and increasing its permeability resulting severe 

morphological changes and finally apoptosis, in addition, 
production of ROS by cold plasma causes the oxidation of 
intracellular organelles and cell death.31 Ebrahimi-
Shaghaghi et al also observed changes by the SEM 
microscope, the upward trend of damage to cell membrane 
structure, change in cell wall thickness, and mitochondrial 
structure swelling, after CAP radiation. Also, an increase 
in the number of vacuoles and acidification due to the 
external leakage of the cell cytoplasm was observed in the 
treatments of 180 and 210 seconds.26 The effect of cold 
plasma on the pathogenic factors of C. albicans such as 
filament formation,32 adhesion and reduction of ergosterol 
production, and reduction of biofilm production has also 
been reported.1,32 The present study showed that PDT 
with a 660 nm laser with methylene blue (0.02%), 660 nm 
laser alone, and 450 nm laser alone had similar effects on 
reducing C. albicans colonies. Also, PDT with a wavelength 
of 450 nm with curcumin had the same effect as the 
positive control. Unlike the present study, Daliri et al 
found that PDT with a 460 nm laser with curcumin was 
more effective than PDT with a 660 nm laser with 
methylene blue in reducing C. albicans colonies.25 Ma et al 
reported that PDT with a 455 nm laser inhibited C. 
albicans biofilm at various energy densities (13.2, 10.56, 
7.92, 5.28 and 2.64 J/cm2).33 Also, in the study of Marques 
Meccatti et al, a further reduction in CFU/mL was 
observed using a PDT protocol with curcumin (110 mW/
cm2; 25 J/cm2 for 228 seconds) with a long-term dose, 
especially in C. albicans.34 Considering that the laser acts 
with a dose-dependent behavior in causing changes in the 
fungus C. albicans, the difference in dosimetry between 
these studies and the present study can be the reason for 
obtaining different results in this field.35 The concentration 
of methylene blue can be one of the influential factors 
regarding the ineffectiveness of PDT. In the present study, 
the concentration of 0.02% methylene blue was used,19 
while Heidari et al evaluated the effect of three 
concentrations of 0.1, 0.01 and 0.001 g/L of methylene 
blue and found that only the concentration of 0.001 was 
effective in reducing the C. albicans colony.35 On the other 
hand, fungi are generally less sensitive to aPDT than 
bacteria, which may be due to their larger cell size and 
lower ROS target sites.36 According to studies, curcumin 
absorbs light in the entire blue visible spectrum, in the 
range of 300 to 500 nm, and its maximum absorption, 
depending on the solvents used, is on average in the range 
of 418 nm. Also, curcumin, as a lipophilic molecule, 
directly interacts with the membrane and membrane 
proteins.34 The results of the present study showed that 
660 nm laser irradiation alone effectively reduced C. 
albicans colonies. In the study of Daliri et al, the use of 660 
nm diode lasers (with power of 10 mW, 100 mW) and 460 
nm (with power of 25 mW) at times of 30 and 60 seconds 
caused a significant reduction in the standard C. albicans 
colony compared to the control group.25 In the study of 

Table 3. Mean Percentage Reduction in the Colony Counts of Candida 
albicans (CFU/mL)

Groups Number
CFU/mL 

(Mean ± SD) (%)
P value

Nystatin 8 75.49 ± 7.07  < 0.001

660 nm Laser irradiation 8 47.05 ± 4.45  < 0.001

180-Second cold plasma 8 45.18 ± 10.97  < 0.001

Methylene blue 8 43.08 ± 14.18  < 0.001

450 nm Laser irradiation 8 39.37 ± 6.15  < 0.001

210-Second cold plasma 8 36.90 ± 3.24  < 0.001

Curcumin 8 32.38 ± 14.51  < 0.001

450 nm PDT 8 20.09 ± 11.55  < 0.001

660 nm PDT 8 17.77 ± 20.13  < 0.001

Positive control 8 9.39 ± 5.68  < 0.001
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Wiench et al, they found that 635 nm diode laser radiation 
(400mW, 30s, 24 J/cm2) caused a significant reduction in 
C. albicans biofilm.37 Seyedmousavi et al exposed C. 
albicans cultures to energy levels of 3, 5, 10, and 20 J at a 
wavelength of 685 (50 mW). The researchers concluded 
that the laser at an energy level higher than 10 J at 685 nm 
wavelengths can significantly reduce the growth of C. 
albicans colonies.38 In the study of Souza et al, the effect of 
low-power laser radiation with a wavelength of 660 nm 
(Ga-AL-Ar laser) was investigated and a decrease in 
candida was observed.39 Queiroga et al compared the 660 
nm laser with the energy densities of 60, 120 and 180 J/
cm2 and the power of 40 mW and the times of 1, 2 and 3 
minutes against different species of Candida in 
comparison with the control group, and the results 
showed that the 660 nm laser caused a significant 
reduction in the colony in all three energy densities.40 This 
study was similar to the present study in terms of the type 
of wavelength, and the findings of these studies were in 
line with the present study. The results of this study 
showed that the use of nystatin significantly reduced C. 
albicans colonies by 75%, more effectively than cold 
plasma, laser irradiation, and PDT. This finding was in 
line with the study of Azizi et al who found that PDT with 
a 660 nm laser with methylene blue and a 660 nm laser 
alone were not more effective than nystatin.19 Unlike the 
present study, Leite et al reported that 5-minute DBD 
plasma was more effective than nystatin and amphotericin 
B in C. albicans biofilm.2 Borges et al also reported that 
plasma and nystatin reached similar levels after 48 hours 
of exposure in terms of reducing cell invasion in a mouse 
model of candidiasis.6 Azizi et al found that PDT with a 
460 nm laser with curcumin was more effective than 
nystatin in eliminating Candida.19 Differences in nystatin 
concentration and irradiation parameters could explain 
the varying results. Nystatin’s positive effect on reducing 
C. albicans biofilm has been reported in other studies.2,41 
Nystatin, a topical antifungal, is the gold standard for 
candidiasis treatment.42 Nystatin is obtained from 
Streptomyces noursei and can bind to the ergosterol of the 
plasma membrane of the fungus and create pores that 
make it more permeable and cause the loss of intracellular 
potassium with a fungicidal effect.27 Ergosterol is 
responsible for maintaining the integrity of the cell wall. 
In addition, nystatin causes secondary cell damage by 
autoxidation. The anti-candidacy spectrum of nystatin is 
very wide.26-27,43,44 Therefore, the results of the present 
study indicate that despite the emergence of new and 
various treatment methods for C. albicans, nystatin is still 
used as the first line and the most effective method.

Conclusion
CAP exposure with helium gas for 180 seconds and low-
power 660 nm laser irradiation showed more effective 
inhibitory effects on C. albicans colonies in comparison 

with PDT. Nystatin application significantly reduced 
colony counts and was more effective than cold plasma, 
low power laser irradiation, and PDT. However, it is 
suggested to conduct other studies with more details in 
this field.
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