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ARTICLE INFO ABSTRACT

Keywords: Background and aim: Candida albicans (C. albicans) causes oral fungal infections. Considering the high prevalence
Photodynamic therapy of candidiasis, the toxicity of antifungal drugs, and the fungistatic property which develops drug-resistant
Curcumin

species, the present study aimed to assess the effect of photodynamic therapy (PDT) with curcumin (CUR) and
methylene blue (MB) photosensitizers and lasers with different exposure parameters on C. albicans colonies.
Materials and methods: In this in-vitro experimental study, 150 samples of C. albicans standard strain (ATCC
10231) were examined using different combinations of CUR and MB photosensitizers with and without 460-nm
and 660-nm laser irradiation with different exposure parameters in 15 groups of 10 samples each. The samples
were cultured in microplates containing Sabouraud Dextrose Agar (SDA) medium, and the colony-forming units
(CFU) were counted after 24 h of incubation at 37 °C. Data were analyzed using one-way analysis of variance
(ANOVA) and Tukey’s test.

Results: The maximum number of colonies was noted in the positive control group (CFU = 201,500 + 42,093),
while the minimum number was detected in the 460-nm laser +10.2% CUR group (CFU = 10,100 + 2558),
followed by the nystatin group (CFU = 22,300 + 5578). There was a significant statistical difference between
the 460-nm laser + CUR group and other studied groups (P < 0.0001).

Conclusion: The 460-nm laser in combination with CUR has the maximum antifungal efficiency against C. al-

Methylene blue
Candida albicans
Lasers

bicans.

1. Introduction

Candida albicans (C. albicans) causes opportunistic oral fungal in-
fections and comprises approximately 80% of microorganisms isolated
from oral lesions [1]. C. albicans is found in the normal flora of the
gastrointestinal system and genitourinary tracts and causes a spectrum
of superficial to systemic mucocutaneous infections whenever there is
an imbalance between the host and this microorganism due to drugs,
antibiotics, estrogen, prostheses, xerostomia, or poor oral hygiene
[2,31.

The current and conventional treatment for oral fungal infections
includes the recognition, diagnosis, and elimination of risk factors such
as tobacco, long-term corticosteroids, poor oral and prosthesis hygiene,
radiotherapy and chemotherapy (causing long-term xerostomia) as well
as prescription of local and systemic antifungal drugs [1,4]. Never-
theless, in patients affected by human immunodeficiency virus (HIV),
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the treatment is extremely difficult and complicated due to frequent
recurrences [5].

Several Candida species release proteinases, phospholipases, acidic
metabolites, and toxic elements causing damage to the structure and
function of cells. Also, antifungal drugs can be toxic to the host and can
develop drug-resistant species due to the fungistatic property. They can
also induce hepatotoxicity in the elderly. In patients with a suppressed
immune system, this microorganism can penetrate into the underlying
tissues and blood vessels, causing life-threatening systemic infections.
The morbidity and mortality rate associated with systemic candidiasis is
approximately 30%-50% [2,4-6].

Photodynamic therapy (PDT) is a novel therapeutic strategy based
on the interaction between a nontoxic photosensitizer and a safe source
of visible light at a low intensity; the combination of these two factors
in the presence of oxygen leads to the development of reactive oxygen
species (ROS) which are toxic and cause oxidative damage to
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Fig. 1. Preparation of Sabouraud Dextrose Agar (SDA) culture medium in
Erlenmeyer flasks.

microorganisms and tumor cells [1,2]. Cells treated with photo-
sensitizers in PDT are susceptible to eradication by exposure to light.
Photosensitizers lack cytotoxicity but are activated following laser ir-
radiation at a proper wavelength, leading to the development of ROS
[7,8].

Curcumin (CUR) is activated by blue light and has antitumor, an-
ticancer, anti-inflammatory, and antioxidative pharmacological prop-
erties as well as antimicrobial activities [9,10]. Since blue lasers have
been recently introduced into the market and have several implications
in soft tissue surgeries and since the effect of PDT mediated with blue
laser and CUR extract on C. albicans has not yet been evaluated, the
present study aimed to assess the effect of CUR- and MB-mediated PDT
in combination with different laser exposure parameters on C. albicans
colonies.

2. Materials and methods

In this in-vitro experimental study, 150 samples of C. albicans
standard strain (ATCC 10,231) were prepared in 15 groups of 10
samples each in suspension form and were cultured in Sabouraud
Dextrose Agar (SDA) medium (Fig. 1). After ensuring the purity of the
culture, a new suspension with 0.5 McFarland turbidity (containing
1.5 x 10% CFU. ml™ %) was prepared (Fig. 2).

The aqueous extract of CUR at 10.2% concentration (Adonis Gol
Darou Co., Alborz, Iran) and MB (Merck KGaA, Darmstadt, Germany) at
0.01% and 0.02% concentrations were diluted using a physiologic
serum (Figs. 3 and 4). Next, 0.1 ml of C. albicans suspension was placed
inside the wells of a 96-well microplate using a sampler; based on the
sample, the same amount of photosensitizer or sterile physiologic serum
was added. All these stages were performed under a laminar flow hood
to provide a dark and sterile environment.

A diode laser (HamerzRad Electronic Industries Co., Iran) was used
at 460-nm and 660-nm wavelengths. The power of the 460-nm laser
was 25 mW, while the 660-nm laser had powers of 10 and 100 mW. The
laser unit was calibrated at the beginning of the experiment. The laser
was irradiated at a distance of 1 cm from the surface of the suspension.
The samples were again cultured in SDA medium 5 min after PDT and
were incubated at 37 °C for 24 h. Afterward, the colonies of C. albicans
(CFUmI ™) were counted (Fig. 5).

The studied groups:

1 Positive control group: the culture medium containing C. albicans
without the use of photosensitizers or lasers (conventional treat-
ment).

2 Negative control group: a pure culture medium without C. albicans.

3 10.2% CUR (102 mg/cc) was added to the suspension without laser
irradiation.

4 A 460-nm laser with a 25-mW power was irradiated for 30 s without
photosensitizers (sterile physiologic serum was added instead of the
volume occupied by the photosensitizer).
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Fig. 2. Candida albicans (C. albicans) suspension with 0.5 McFarland turbidity.

Fig. 3. Preparation of 10.2% aqueous extract of curcumin (CUR).

5 A 460-nm laser (25 mW) was irradiated for 30 s in combination with
10.2% CUR.

6 A 460-nm DC laser (25 mW) was irradiated for 60 s in combination
with 10.2% CUR.
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Fig. 4. Removal of methylene blue (MB) using a sampler for the preparation of
0.01% and 0.02% concentrations.

7 A 660-nm laser (100 mW) was irradiated for 100 s without photo-
sensitizers (sterile physiologic serum was added instead of the
photosensitizer).

8 A 660-nm laser (10 mW) was irradiated for 60s without photo-
sensitizers (sterile physiologic serum was added instead of the
photosensitizer).

9 A 660-nm laser (100 mW) was irradiated for 100 s in combination
with 0.02% MB.

10 A 660-nm laser (100 mW) was irradiated for 100 s in combination
with 0.01% MB.

11 A 660-nm laser (10 mW) was irradiated for 60 s in combination with
0.01% MB.

12 0.02% MB without laser irradiation.

13 0.01% MB without laser irradiation.

14 Dental light-curing (Foshan Rixi Medical Equipment Industry Co.
Ltd., China) at a 460-nm wavelength was performed for 120s in
combination with 10.2% CUR.

15 0.1 ml of nystatin (100,000 IU; Emad Darman Pars Co., Tehran,
Iran) was added to 0.1 ml of C. albicans suspension.

After therapeutic interventions and PDT, the samples were cultured
in SDA medium and were incubated at 37 °C for 24 h. The colonies
(CFUm1™ 1Y) were again counted [2].
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Data were analyzed in SPSS 25 software (IBM Co., Chicago, IL,
USA). Central dispersion indices of the number of C. albicans colonies
related to different therapeutic protocols were determined. The differ-
ences in the number of colonies among different groups were analyzed
using one-way analysis of variance (ANOVA), while Tukey's test was
applied for pairwise comparisons (due to the distribution of the para-
meters). The rate of type I error was considered 0.05 in the present
study.

3. Results

The central dispersion indices of C. albicans colonies are presented
in Table 1. The experiment involved 15 groups including 13 experi-
mental groups, one positive control group, and one negative control
group (a total of 150 samples). The numbers of CFU according to the
studied groups are presented in Table 1 which shows that:

-No colonies were detected in the negative control group (CFU = 0).

-CFU was equal to 201,500 + 42,093 in the positive control group.

-The maximum number of colonies was associated with the positive
control group (CFU = 201,500 + 42,093) followed by CUR
(CFU = 12,087 = 92,900), while the minimum number of colonies
was detected in the group irritated for 30s by the 460-nm laser
(25mW) in combination with 10.2% CUR (CFU = 10,100 + 2558);
this difference was statistically significant (P < 0.0001).

ANOVA showed a statistically significant difference between the
group of 460-nm/25-mW laser (30s)+10.2% CUR and other groups
(P < 0.0001). Table 2 shows the results of pairwise comparisons of P-
values in different therapeutic groups.

4. Discussion

The results of the present experimental study indicated that the
maximum number of C. albicans colonies was detected in the positive
control group (Mean CFU = 201,500 = 42,093), while the minimum
number of colonies was detected in the group of the continuous 460-nm
laser +10.2% CUR (mean CFU = 10,100 = 2558). In other words, the
highest therapeutic efficacy was achieved with diode laser irradiation at
a 460-nm wavelength and a 25-mW power for 30 s in combination with
CUR, which was significantly more efficient than the standard treat-
ment with nystatin. Moreover, there were significant differences among
different therapeutic groups in terms of the number of C. albicans co-
lonies.

Pupo et al [11] used PDT as an alternative to antifungal drugs and
achieved positive results. They assessed the effect of MB- and toluidine

Fig. 5. Plates of different groups after 24 h of incubation.
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Fabio et al [15] evaluated the impact of PDT with a 660-nm diode
laser and 0.01% MB on 35 immunosuppressed rats in 7 groups and
observed that the number of C. albicans colonies was equal in all groups
on the third and fifth days, but on the seventh and eleventh days, the
control group showed the highest number of colonies. The PDT group
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chelation. Considering its efficiency, PDT has been used clinically on
oral cancer and on other types of cancer although the difficulty of an-
tifungal therapies is related to the eradication of fungal biofilms which
play a role in virulence and drug resistance [18].

[20].

The present study showed that the effects of CUR and blue laser were greater than the effects of
MB and red laser in eliminating C. albicans. It should be noted that CUR has a greater
penetrability in dental tissues and microorganisms, which makes its antimicrobial properties
greater than that of other photosensitizers. Badaoui Strazzi Sahyon et al [20] showed that CUR

changes the mechanical properties of intradentinal tubules during PDT.

exhibited the lowest number of colonies (log CFU = 3.23 = 0.37); al-
though this group showed better results than nystatin, the difference
was not significant [15], which differs from our results

de Miranda and Colombo [16] demonstrated the positive effects of
PDT in a randomized clinical trial (RCT). Mandibular molars of 32
patients with apical periodontitis were selected and evaluated in two
groups of PDT and mechanical-chemical debridement. After taking 3-
and 6-month follow-up radiographs, they reported a significantly di-
minished periapical repair in both groups, but the PDT group showed a
better repair after 6 months compared to the control group [16].

Alves et al [17] assessed the antimicrobial effect of phenothiazine-
mediated PDT in combination with a 660-nm LED (37.5 J/cm?) on the
virulence factors of fluconazole-susceptible and fluconazole-resistant C.
albicans and reported that PDT decreased the viability of fluconazole-
susceptible and fluconazole-resistant C. albicans. They also stated that the
sensitivity of fluconazole-resistant C. albicans to PDT was lower, and PDT
had no effect on adhesion, biofilm formation, and enzyme synthesis [17].

Hsieh et al [18] used CUR-mediated PDT and a 430-nm blue LED as
an independent treatment and also in combination with fluconazole
and concluded that fluconazole eliminated the yeast form of the fungus,
while PDT eliminated the biofilm. As a result, the combination of flu-
conazole and CUR-mediated PDT can be used for preventing the growth
and virulence of C. albicans; a more efficient result was observed in the
fluconazole + PDT group [18].

As from the beginning of the 1980s, candidiasis has been a huge
problem, especially in immunosuppressed patients, CUR was in-
troduced as one of the alternative treatments [19].

In the study by Dovigo et al [12], CUR-mediated PDT eliminated C.
albicans quite rapidly, while antifungal drugs need to be used for a few
days to act.

Two mechanisms have been proposed for the phototoxicity of CUR
including type I (formation of H202 and 0O2) and II (formation of
singlet oxygen) [12].

The oxidative stress caused by ROS (superoxide, hydroxyl, and
particularly singlet oxygen) damages the integrity of cells through da-
maging the DNA, lipids, proteins, and other cellular macromolecules
and eventually causes cell death through necrosis or apoptosis [17-19].
Yeast cells are aerobic and synthesize ROS through natural metabolism
in the mitochondrial respiratory chain and through peroxisomal me-
tabolism, producing H202 during reactions catalyzed by oxidases.

The endogenous ROS disseminate from the mitochondrial electron
transport chain, diffuse freely from the cell membrane, and attack other
cellular components. The oxidative damage caused by the endogenous
ROS induces an alkaline transition in the DNA, single/double-strand
DNA breaks, and purine/pyrimidine damage, which may be toxic and
mutagenic. The endogenous ROS and the ROS produced by light and
CUR are responsible for the genetic damage of C. albicans cells [13].

In a recent study, CUR has been effective at concentrations lower
than 1 mmol although its bioavailability is lost due to its poor solubility.
The regenerative power of CUR can be improved by increasing its so-
lubility through heat, diffusion, synthesis of nanoparticles, and metal

Another advantage of CUR-mediated PDT is its wide range of ac-
tivity as it involves both type I and type Il reactions; therefore, when the
microorganism is still unidentified, CUR-mediated PDT can be used as
the first-line treatment for a local infection [12].

In the present study, the standard strain of the microorganism has
been used, which is different from the real situation.

In the nystatin group, culturing was performed after 5 min, similar
to other groups; this time period may not have been enough for nystatin
although, from the clinical aspect, patients use nystatin as a mouthwash
and cannot keep it for long in the mouth.

The high number of groups and different treatment protocols are
among the advantages of the present study.

This study was free of bias, and the person responsible for colony
counting was blind to the study procedure.

According to the results of the present study, the lowest efficacy in
the reduction of C. albicans colonies was recorded in the groups of CUR
alone and MB alone. Accordingly, laser irradiation in PDT is necessary
to decrease the number of C. albicans, and the separate use of photo-
sensitizers is not efficient in these cases.

5. Conclusion

The results of the present study showed that a 460-nm/25-mW laser
irradiated for 30s in combination with CUR had the maximum anti-
fungal efficiency against C. albicans.
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