RSU International Research Conference 2023 3
https://rsucon.rsu.ac.th/proceedings 28 APRIL 2023

Effects of Photodynamic Therapy Using Bisdemethoxycurcumin Combined with
Melatonin on Candida albicans.

Maria Margarita D. Duterte™, Doosadee Hormdee?, Waranuch Pitiphat?, and
Teerasak Damrongrungruang® *

IDivision of Periodontology, Department of Oral Biomedical Sciences, Faculty of Dentistry,
Khon Kaen University, Khon Kaen, Thailand

2Division of Dental Public Health, Department of Preventive Dentistry, Faculty of Dentistry,
Khon Kaen University, Khon Kaen, Thailand

3Division of Oral Diagnosis, Department of Oral Biomedical Sciences, Faculty of Dentistry,
Khon Kaen University, Khon Kaen, Thailand

4Melatonin Research Program, Khon Kaen University, Khon Kaen, Thailand
*Corresponding author, E-mail: mariamargarita.d@kkumail.com

Abstract

Photodynamic therapy (PDT) involves exposure of a photosensitizer (PS) to a harmless visible light with
promising results against C. albicans. This study aims to determine whether bisdemethoxycurcumin (20, 40, and 60 pM)
alone, melatonin (20 and 100 pM) alone or a combination of both as PS can inhibit C. albicans biofilm. Biofilm culture
of C. albicans (ATCC 10231) was done on 96 glass coverslips at 37° C for 48hrs. The coverslips were divided into 11
test and 5 control groups. Test photosensitizers were added to the coverslips placed in a dark 6-well plate and incubated
for 20 minutes. In a dim environment, groups containing BDMC alone were irradiated with blue LED light (A=430nm)
cm? while those containing melatonin alone were irradiated with red LED light (A= 630 nm) both with a power density
of 250mW/cm? and an energy density of 37.5J/cm?. Groups with both photosensitizers were irradiated with blue and
subsequently red LED light. The groups were incubated for 0 and 1 hour with the photosensitizers after irradiation prior
to performing drop plate technique. Colony counting was performed 48hrs after. Controls include phosphate buffer saline
(PBS), Nystatin and light only groups. Results showed that the median logi0CFU/ml/biofilm weight of groups treated
with 40 uM BDMC (5.8 + 3.58), 60 uM BDMC (5.5 + 2.9), 60 uM BDMC+20 uM MLT (5.8+0.43), 20 uyM BDMC+20
UM MLT (5.78+3.14), and 20 pM BDMC + 100 pM MLT (5.88 + 3.54) at 1hr had higher biofilm reductions compared
to PBS and were not significantly different from Nystatin(p=0.05)
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1. Introduction

Candida albicans occurs naturally in the normal flora. However, it is also an opportunistic pathogen
and is the causative organism of oral candidiasis. Oral candidiasis presents as white plaques that can be rubbed
off in the oral mucosa, tongue and the oro-pharynx. Studies have also shown that C. albicans is present in
subgingival plaque and in relatively high numbers in patients with aggressive and chronic periodontitis (Slots
et al., 1988). Denture wearers may also be affected by oral candidiasis (Zomorodian et al., 2011). When left
untreated, it can lead to discomfort and compromised nutrition. In a study among adolescent Thai subjects in
2012, oral candidiasis was present in about 30% of the subjects, with C. albicans being the most prevalent
specie in 88.5% of the patients (Santiwongkarn et al., 2012). Several antifungal drugs are commercially
available. However, according to the Center for Disease Control, the overexposure and improper use of
antifungal drugs contribute to drug resistance. This necessitates the discovery of alternatives that would not
contribute to drug resistance. In a host with robust immune responses, C. albicans are able to survive through
its ability to self-regulate in an environment with varying pH levels (Mayer et al., 2013).

Photodynamic therapy (PDT) is a novel approach in the treatment of candidiasis. The procedure has
been used in cancer treatment, fungal and bacterial treatment. The mechanism of PDT involves the irradiation
of a photosensitizer (PS) with a harmless visible light matching its absorption spectrum. This process
produces either Type | or Type Il reactive oxygen species (ROS). Type | produces superoxide anion (Oy),
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hydroxyl (*OH), and hydrogen peroxide radicals (H.O2) while Type Il produces singlet oxygen (*O). These
ROS play an important role in cellular hemostasis and key molecular functions such as metabolism, signaling
and gene transcription (Dai et al., 2012). It is also involved in the host cells’ protective functions against
bacterial and viral growth. ‘OH radicals are utilized in the antimicrobial function of antibiotics while singlet
oxygen, on the other hand, can inactivate enzymes, proteins and peroxidation of lipids that lead to the lysis
of cell membrane, lysosomes and mitochondria (de Souza et al., 2006). There is also no known enzyme that
specifically targets singlet oxygen (Dias et al., 2020).

The ROS may also damage normal cells especially when there is chronic exposure to the radicals.
However, in PDT, the PS is only taken up by target cells and the ROS produced are very short- lived as the
production ceases when the source of the light is removed (Dias et al., 2020). It mainly targets the cell wall
structures of the pathogen and does not necessarily have to be engulfed by the cell. Therefore, developing
resistance against the treatment is unlikely (Winckler, 2007). Therefore, the damage it may cause to normal
cells is negligible (Sheng et al., 2015). This short life spans of ROS, existing only during illumination, makes
it unlikely for the C. albicans to develop resistance as they are not continuously exposed to it as compared
with conventional antifungal drugs. And because the treatment using PDT is localized on the affected
surfaces, the ROS does not travel to other areas of the body and thereby further reduces the likelihood of
resistance (Donnelly et al., 2008). As far as the author knows, there have been no reports of resistance of C.
albicans to PDT. However, in PDT cancer treatment, mechanisms of resistance may be related to different
uptake rate or efflux, altered cellular trafficking of the drug, and decreased drug activation and increased
inactivation of the drug (Casas et al., 2011).

In literature, PDT when compared with nystatin has different results. Alrabiah et al., in 2019
compared the efficacy of PDT against Nystatin in patients with denture stomatitis and found that PDT was
equally effective as nystatin in decreasing colony counts. However, a more recent systematic review and
meta-analysis found that although PDT is effective in reducing Candida colony counts, it does not seem to
be more effective than conventional nystatin (Firoozi et al., 2021).

Several photosensitizers have been found effective Phenothiazines is one example that includes
methylene blue and toluidine blue. It has been found to be effective against Candida albicans in murine
models at concentrations of 400-500 pg/mL when irradiated with red light achieving reductions of 2.5 logao
and 2. 74 logio respectively. Phenothiazines are also toxic to non-target cells such as red blood cells. These
dyes also cause discoloration on teeth, dental restorations and prosthesis (Dias et al., 2020). Porphyrins are
also another type of PS. However, porphyrins are hydrophilic and has limited ability to penetrate into deeper
layers of biofilms (Santezi et al., 2018).

Curcumin, a natural photosensitizer, was also explored in more recently. It is isolated from the root
of a plant called Curcuma longa and has been shown to have anti-oxidant, anti-inflammatory, anti-microbial
and wound healing capabilities. Curcumin produces mainly hydroxyl radicals upon irradiation with blue light.
A study that used 80-120 uM curcumin irradiated with blue LED light with a wavelength of 440-460 nm,
power density of 22mW/cm? for 29 minutes producing energy density of 37.5J/cm?resulted in approximately
0.5 logso reduction of C. albicans (Quishida et al., 2016). For in vitro studies, Pfaller et al. in 2004 suggested
that a log CFU/ml reduction of at least 3 logio or 99.9% is the most stringent criterion for determining
fungicidal activity. The approach to inactivating biofilm forms of C. albicans is more complex due to the
presence of extracellular matrix, among other factors, which acts as both a physical barrier to drug penetration
or to immune responses and stabilizes the architecture of the biofilm. Therefore, significantly more effort and
higher concentrations are needed to treat C. albicans in biofilm form (Dias et al., 2020). However, it has also
been observed that concentrations of curcumin greater than 100 uM completely hindered light penetration
and therefore inhibited ROS production (Chan & Wu, 2004). Curcumin is the stronger antioxidant compared
to its derivatives. It could be possible that the ROS produced by curcumin are negated by its antioxidant
capabilities (Nardo et al., 2011). Due to the limitations of curcumin, its derivatives have also been explored
as photosensitizer. One of these derivatives is bisdemethoxycurcumin ( BDMC) which has the least
antioxidant capability among the derivatives. It has also been found to produce higher amounts of ROS with
light absorption ranging from 348 nm to 423 nm (Nardo et al., 2011). Therefore, considering the advantages
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of bisdemethoxycurcumin, it can be used as an alternative PS to curcumin. However, the use of
bisdemethoxycurcumin on C. albicans has not been extensively studied.

These single PS are incapable of producing both types | and 11 ROS. Theoretically, the production
of both types of ROS may enhance the microbicidal effect of PDT. The search for the combination of PS that
can produce both types | and 1l ROS still continues. Melatonin (MLT), an indole-based hormone produced
by the pineal gland and is a strong antioxidant particularly in larger concentrations. Melatonin possesses both
hydrophilic and lipophilic characteristics that enables it to penetrate all biological membranes (Reiter et al.,
1997). 100 uM Melatonin was also found to produce detectable singlet oxygen upon exposure to Nd: YAG
laser at a wavelength of 672 nm and a power density of 97 mW that resulted in a quantum yield of 1.14
(Mahargj et al., 2005). The use of melatonin in cancer therapy has been extensively studied but its application
to antimicrobial PDT leaves more to explore. Glutaryl- melatonin, a derivative of melatonin, have been
reported to inhibit C. albicans at concentrations of 14.2 mM without light. It was found that it was not
significantly different from nystatin (Damrongrungruang et al., 2020).

The use of dual photosensitizers has been explored with the aim of achieving a significant reduction
in Candida colony counts using the least concentration of PS. Studies on bisdemethoxycurcumin on C.
albicans are scarce unlike curcumin. As a derivative of curcumin, it was deemed logical to use the effective
concentrations of curcumin as concentrations of BDMC for this study. Based on a study by Dovigo et al., in
2013 using blue LED light with energy density of 37.5J/cm? and curcumin as PS on C. albicans-inoculated
mice, the most effective dose of curcumin ranged from 20-80 UM, yielding up to 4 logo reduction of Candida
albicans colony count for groups treated with 80 uM BDMC. Another study by Ma et al. in 2019 using 60
MM curcumin alone, also using blue LED was able to reduce C. albicans viability by 90.87%. However, their
study used a considerably lower energy density with only 13.2 J/cm? in 2020, a study by one of the authors
using 20, 40 and 60 UM BDMC in combination with 100 uM potassium iodide (K1) irradiated with blue LED
light with an energy density of 90J/cm? found that a combination of 40 uM BDMC with 100 uM Kl could
yield 3.5 logso reduction in C. albicans colony counts. (Damrongrungruang et al., 2022) This indicates that
lower concentrations of BDMC may be enhanced by a second PS. In study, we hypothesize that the addition
of melatonin will also enhance the effects of BDMC and thus limited the concentrations of BDMC to 20, 40
and 60 uM using an energy density of 37.5 J/cm?2. Melatonin, on the other hand, has not been studied as a
photosensitizer in PDT. As far as the author knows, data on the effective concentrations of melatonin when
used as PS for PDT on C. albicans is non-existent. Maharaj et al., 2005 was able to detect singlet oxygen
using 100 M melatonin. Roberts et al. 2000, however, also determined that melatonin can moderately quench
singlet oxygen and higher concentrations. Therefore, an extreme of 20 UM melatonin and a maximum of 100
UM melatonin will be used for this study.

One of the limitations of PDT is the cost of equipment that prohibits its wide use. The use of light
emitting diodes (LED) stands as a good alternative as these are less expensive and more versatile (Sorbellini
et al., 2018). In the dental field, blue LED light is commonly used as the light source to cure restorative
materials. Earlier studies using blue LED light with different combinations of photosensitizers has also shown
that blue LED is capable of promoting the production of ROS (Kanpittaya et al., 2021). Blue light is able to
reach superficial layers of the epidermis and is thus useful in treatment of superficial conditions. Red LED
light, on the other hand, has been extensively used in the field of dermatology for the treatment of conditions
such as actinic keratosis (Szeimies et al., 2009).

In this study, we aimed to determine the effects of combining bisdemethoxycurcumin that mainly
produces hydroxyl radicals and melatonin that produces singlet oxygen upon irradiation of light with their
respective absorption wavelengths on C. Albicans.

2. Objectives

1) To test the anti- fungal ability of photodynamic therapy using 20, 40 and 60 uM
bisdemethoxycurcumin, 20 and 100 uM melatonin or a combination of the 2 photosensitizers activated by
blue, red LED and blue + red lights, respectively, on C. albicans biofilm in-vitro.

[325]

Proceedings of RSU International Research Conference (2023)
Published online: Copyright © 2016-2023 Rangsit University



RSU International Research Conference 2023

https://rsucon.rsu.ac.th/proceedings 28 APRIL 2023

2) To compare the log reduction of C. albicans colony forming units/ml biofilm weight among
groups after PDT.

3. Materials and Methods (Flow of the methods shown in Figure 1)
Candida albicans Biofilm Preparation

The present procedure has been developed based on the study of Jin et al. in 2003 and Thein et al.
in 2007, with some necessary modifications. Candida albicans ATCC 10231 was grown in Sabouraud
dextrose broth. The culture was then blended using a high-speed blender to ensure a homogenous mixture
and then centrifuged at 3000 x g for 10 minutes at 25°C. The culture was then washed with phosphate buffer
saline (PBS). The optical density of the washed culture was then adjusted to 0.380 using an absorbance
spectrophotometer at a wavelength of 530 nm to achieve 107 cells/ml in the final solution.

Within a 6-well plate, 1 ml of the culture was placed in each well, containing a pre-weighed glass
coverslip. The plate was then incubated for 1.5 hours at 37°C in an orbital shaker at 75 rpm to promote yeast
adherence. After incubation, the wells were washed twice with PBS to remove any loosely attached cells.
Subsequently, 2 ml of 1 M yeast nitrogen base (YNB) and 50 mM of glucose solution was added to promote
biofilm growth and incubated further in the orbital shaker with the same settings to allow the biofilm to
mature.

On the day of the experiment, the glass coverslips were washed with PBS to remove the
YNB-tglucose solution and any loose cells. These were then re-weighed to determine the weight of the formed
biofilm.

Photodynamic Therapy

A total of 11 test groups and 5 control groups with 6 biofilm cultures each were performed. As an
in-vitro experiments, all conditions are controlled and thus, a higher number of samples than 5 is generally
performed to ensure the reliable results. This sample size is consistent with the study conducted by Jordao et
al. in 2020 on the effect of PDT on gene expression of C. albicans. Individual concentrations of test
photosensitizers, 20 uM, 40 uM and 60 pM of BDMC (MedChem Express, NJ, USA) as well as 20 uM and
100 uM melatonin (Faculty of Pharmaceutical Science, Khon Kaen University, Thailand) and 6 combinations
were prepared using 1% ethanol and phosphate buffer saline (PBS). 1 ml of these test photosensitizer solution
and 1 ml of Sabouraud dextrose broth were added into the 6 well plate containing the glass coverslips with
the Candida albicans biofilm. The plate was then incubated at 37°C for 20 minutes to facilitate photosensitizer
uptake by the biofilm.

The test groups containing BDMC were irradiated for 150 seconds using dental blue light (3M™
Elipar™ DeepCure LED-L Curing Light) with a tip diameter of 1 cm, a wavelength of 430 nm, and a power
density of 250 mW/cm? and an energy density of 37.5J/cm?. The light source was placed at a distance of 5
cm from the bottom of the plates. The procedure was carried out in a dim environment to minimize the impact
of ambient light. The test groups containing melatonin also went under the same procedure but irradiated with
red LED light source (Faculty of Engineering, Khon Kaen University, Thailand) with a wavelength of 630
nm, a similar power density, energy density, distance, duration, mode and environment- using a customized
light box. For the groups containing both BDMC and melatonin were first irradiated with blue LED light and
immediately followed by red LED light with the same light and environment set-up. Nystatin 1:100,000 U/ml
and PBS were used as positive and negative control respectively without light irradiation. In addition, a
separate group that was treated with blue, red, and a combination of both light sources without any
photosensitizer was also performed. After treatment, the wells were incubated for 0 and 1 hour after treatment,
as singlet oxygen production was found to last more than 30 minutes (Santos et al., 2022). After incubation,
the 6-well plates were washed with PBS. Then, 2 ml of PBS was then added and placed in a sonicator at 75
rpm for 15 minutes to separate the cells from the glass coverslips. The cell suspension underwent serial
dilutions of up to 1:1000 and plated in Sabouraud dextrose agar at 37°C. After 48 hours, colonies were counted
and a logarithmic transformation of the CFU/ml/biofilm weight was performed.
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All experiments were conducted in duplicates. Statistical analyses were performed using Kruskal-
Wallis and Dunn’s test with adjusted p = 0.05 through IBM SPSS Statistics (\Version 28)

Addition of 1ml test
PS and 1ml SDB per
well

Incubate for 20
minutes at 37°C

C. albicans biofilm in
6-well plate

Wash with PBS,
Irradiate with light M ncubate forOand 1 M Sonicate 6 well plate
for 150s hour for 15 minutes to
loosen cells

Drop plate on SDA,
Serial dilution incubate for 48
hours

Colony counting at
48 hours

Figure 1 Flow chart of photodynamic therapy. PS= photosensitizer, SDB= Sabouraud dextrose brorth,
SDA= Sabouraud dextrose agar.

4. Results and Discussion

At 0 hour of incubation, most of the groups were able to yield > 3 logl0 CFU/ml/biofilm weight
inhibition of C. albicans. (Figure 2). There was a significant difference in the log CFU/ml reductions among
groups based on the Kruskal Wallis test, ¥?(15) = 56.86, p = 0.05. A pairwise comparison using Dunn’s
(1964) test was performed with a Bonferroni correction for multiple comparisons was made with adjusted p-
values. None of the test photosensitizers were able to significantly inhibit C. albicans when compared to the
controls.

Although several groups were able to obtain the desired reduction levels at O hours of treatment,
statistically significant outcomes may not have been achieved due to the limited sample size (Fig. 2). The
duration of incubation may also be insufficient to result in statistically significant inhibitions of the fungi. In
the studies evaluated by Dias et al. in 2020 where an extensive review on the use of Curcumin in PDT was
done, most of the studies evaluated the inhibitory effects at 0 hour of treatment. ROS production continues
for more than 30 minutes; therefore, the incubation time with the PS after irradiation may not be sufficient
(Santos et al., 2022). In 2021, Kanpittaya et al. combined bisdemethoxycurcumin with erythrosine and nano-
titanium dioxide and blue LED light and was successfully able to produce both types of ROS and resulted in
approximately 1.1logso reduction of C. albicans in biofilm form compared to controls treated with only PBS.
However, the test groups in this study were not statistically significant from nystatin (median = 8.9 logao
CFU/ml/biofilm weight). This may be attributed to the small sample size.
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Figure 2 Comparison of median logio CFU/ml/biofilm weight reductions from baseline values after 0 hours of
incubation among 20 and 100 UM melatonin irradiated with red light (A = 630 nm, 250 mW/cm?, 37.5 J/cm?), 20, 40
and 60 puM bisdemethoxycurcumin irradiated with blue light (A = 430nm, 250 mW/cm?, 37.5 J/cm?), and different
combinations of photosensitizers irradiated with blue and subsequently red light with the same wavelength, power
density and energy densities. Error bars represent interquartile range computed from 6 measurements. *= significant
difference at (p < 0.05) from PBS. PBS = phosphate buffer saline (negative control), MLT = melatonin, BDMC =
bisdemethoxycurcumin, NYST=nystatin, REDLO=red light only, BLUELO=blue light only,

RBL LO=red and blue light only

More test groups had significantly high logio CFU reductions after 1 hour of incubation (Figure 3).
There was a significant difference in the log CFU/mI reductions among groups based on the Kruskal Wallis
test, ?(15) = 58.33, p < 0.05 A pairwise comparison using Dunn’s (1964) test was performed with a
Bonferroni correction for multiple comparisons was made with adjusted p-values presented. The post hoc test
revealed a significantly differently higher reductions in logio CFU/ml/biofilm weight was seen in the 40 uM
BDMC (median = 5.36 + 3.52 log1oCFU/ml/biofilm weight, p = 0.035), 60 pM BDMC (median = 3.82 + 4.36
log10CFU/ml/biofilm weight, p = 0.026), 60 uM BDMC + 20 uM MLT (median = 3.73 + 4.02 logio
CFU/ml/biofilm weight, p = 0.002), 20 uyM BDMC + 20 pM MLT (median = 5.78 + 3.14 logio
CFU/ml/biofilm weight, p = 0.024), 20 uM BDMC + 100 pM MLT (median = 5.88 + 3.54 logio
CFU/ml/biofilm weight, p = 0.036) when compared to PBS (median = 0.67 + 3.14 logio CFU/ml/biofilm
weight) group. The 60 uM BDMC + 20 uM MLT group was also significantly differently higher than the red
light only group (p=0.021). While 40 uM BDMC + 20 puM MLT (median =5.81 + 3.28 log:o CFU/ml/biofilm
weight, p=0.031), and 40 pM BDMC + 100 pM MLT (median = 1.63 + 3.46 logio CFU/ml/biofilm weight,
p = 0.031) were statistically significantly lower than groups treated with nystatin (median = 8.9 logio
CFU/ml/biofilm weight). Other test groups were not statistically significant when compared to nystatin.
(median = 8.9 logio CFU/ml/biofilm weight).

Several studies have reported the use of curcumin at concentrations of 20-80 uM against planktonic
fungi, which resulted in reductions ranging from < 1 logio — 4 logio CFU/ml. However, in the present study,
using 40 uM BDMC, 60 uM BDMC, 60 uM BDMC + 20 uM MLT, 20 uM BDMC + 20 uM MLT, 20 pM
BDMC + 100 uM MLT against C. albicans biofilm, higher reductions were achieved than with curcumin.
Interestingly, the combination of 60 uM BDMC + 20 uM MLT produced slightly higher reductions than 60
UM BDMC alone, although this difference was not statistically significant (p = 1.00). The same trend was
observed when comparing the efficiency of 20 uM BDMC alone and when combined with MLT.
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Figure 3 Comparison of median logio CFU/ml/biofilm weight reductions from baseline values after 1 hour of
incubation among 20 and 100 uM melatonin irradiated with red light (A = 630 nm, 250 mW/cm?, 37.5 J/cm?), 20, 40
and 60 UM bisdemethoxycurcumin irradiated with blue light (. = 430nm, 250 mW,/cm?, 37.5 J/m?), and different
combinations of photosensitizers irradiated with blue and subsequently red light with the same wavelength, power
density and energy density. Error bars represent interquartile range computed from 6 measurements. *= significant
difference at (p < 0.05) from PBS. # = significant difference at (p < 0.05) from red light only. O = significant difference
at (p < 0.05) from nystatin. PBS= phosphate buffer saline (negative control), MLT = melatonin, BDMC =
bisdemethoxycurcumin. NYST=nystatin, REDLO= red light only, BLUELO=blue light only,

RBL LO=red and blue light only

A study also found that PDT using curcumin was able to downregulate the expression of genes
associated with biofilm formation (Jordao et al., 2020). It may be possible that melatonin was able to produce
singlet oxygen after irradiation with red LED light which complementing the hydroxy! radicals produced by
BDMC. It may also be possible that BDMC, was also able to inhibit gene expression associated with biofilm
formation and therefore making the Candida albicans more susceptible to the singlet oxygen produced by
MLT. This is despite the fact that melatonin is also a strong hydroxyl radical scavenger particularly in much
higher concentrations (10x-100x) (Poeggeler et al., 1993). In contrast, BDMC, when combined with 100 uM
of melatonin not only resulted in insignificant amounts of inhibition of C. albicans but also reduced the
efficacy of 40 uM BDMC and 60 uM BDMC. In a study by Roberts et al. in 2000 that used perinapthenone,
a derivative of melatonin, the singlet oxygen lifetime decreased with increasing concentrations of the
melatonin derivatives. However, the same could not be said when 100 uM MLT was added to 20 uM BDMC.
The chemical interaction between melatonin and BDMC has not been extensively studied. Perhaps the
effectiveness of the combination may be influenced by the ratio of these combinations. This may also be
attributed to the limited sample size and a high variation in the values of some test groups Higher reductions
found after 1 hour of treatment may also be attributed to the prolonged production of ROS (Santos et al.,
2022).

In literature, the effectiveness of photodynamic therapy in comparison conventional therapy varies.
A systematic review of 5 randomized controlled trials (RCTs) involving a total of 168 participants with
denture stomatitis showed that PDT was comparable to conventional treatment (Roomaney et al., 2021).
Another systematic review by Firoozi et al., 2021 on 3 RCTs with a total of 141 participants showed that
PDT is an effective treatment against fungal infections, however, it was not more effective compared to
conventional nystatin treatment. The authors suggest several factors including the lack of standardization of
the methods used and small sample sizes. The optimal treatment parameters for PDT have also not been

[329]

Proceedings of RSU International Research Conference (2023)
Published online: Copyright © 2016-2023 Rangsit University



RSU International Research Conference 2023

https://rsucon.rsu.ac.th/proceedings 28 APRIL 2023

established and therefore treatment parameters vary significantly across studies. The strains of fungi also have
an effect. Fluconazole-resistant strains are found to be less susceptible to PDT compared to naive strains
(Dovigo et al., 2013). The effect of local factors for each patient such as smoking, nocturnal denture wearing,
oral hygiene, presence of systemic diseases such as HIV and diabetes mellitus affect the fungal load and
thereby might reduce the effectiveness of PDT (Roomaney et al., 2021).

Based on this study, it may also be possible that the red LED light at 630 nm and with a power
density of 250 mW/cm? may be sufficient to induce production of ROS by melatonin, similar to the study of
Maharaj et al. in 2005 where singlet oxygen was produced after the exposure of 100 uM melatonin to 675
nm Nd: YAG laser.

5. Conclusion

In this study, we conclude that 40 uM BDMC, 60 uM BDMC irradiated with blue LED light and 60
pM BDMC+20 MLT, 20 uM BDMC + 20 uM MLT and 20 uM BDMC + 100 uM MLT irradiated with blue
LED light and subsequently red LED light after 1 hour of incubation were the effective combinations to
inhibit Candida albicans in biofilm form achieving reductions ranging from approximately 5.5 + 2.9 logio -
5.8 + 3.58 logio CFU/ml/biofilm weight and were significantly higher compared to PBS.

Although the photosensitizers used in this study may seem promising, it is also important to assess
its toxicity on normal cells before considering their use in a clinical setting. It may be ideal to test C. albicans
cultured from patients with ongoing candidiasis. It is recommended that more samples be included to the
groups to ascertain the effectivity of the treatment. As the ideal protocol for photodynamic therapy has not
been established, different combinations and concentrations of the photosensitizers may also be explored to
determine the best protocol. Further studies to determine the types of ROS produced by this protocol should
also be done to ascertain the contribution of ROS to the treatment. Although there are no reports on the
resistance of C. albicans to PDT, further research may be done to determine such occurrence.

6. Acknowledgements

This study would like to acknowledge Miss Porada Phetsuk and Mr. Piboon Nagonee for their
valuable assistance and input in conducting this experiment. The authors are also eternally grateful for the
financial support provided by the Fundamental Fund 2022 of the Melatonin Research Program and the
National Science Research and Innovation Fund from the National Research Council of Thailand.

7. References

Alrabiah, M., Alsahhaf, A., Alofi, R. S., Al-Aali, K. A., Abduljabbar, T., & Vohra, F. (2019). Efficacy of
photodynamic therapy versus local nystatin in the treatment of denture stomatitis: A randomized
clinical study. Photodiagnosis and Photodynamic Therapy, 28, 98-101.
https://doi.org/10.1016/j.pdpdt.2019.08.028

Casas, A., Di Venosa, G., Hasan, T., & Batlle, Al. (2011). Mechanisms of resistance to photodynamic
therapy. Current Medicinal Chemistry, 18(16), 2486-2515.
https://doi.org/10.2174/092986711795843272

Chan, W.-H., & Wu, H.-J. (2004). Anti-apoptotic effects of curcumin on photosensitized human epidermal
carcinoma A431 cells. Journal of Cellular Biochemistry, 92(1), 200-212.
https://doi.org/10.1002/jch.20059

Dai, T., Fuchs, B. B., Coleman, J. J., Prates, R. A., Astrakas, C., st. Denis, T. G., Ribeiro, M. S., Mylonakis,
E., Hamblin, M. R., & Tegos, G. P. (2012). Concepts and principles of photodynamic therapy as
an alternative antifungal discovery platform. Frontiers in Microbiology, 3, 120.
https://doi.org/10.3389/fmich.2012.00120

Damrongrungruang, T., Panpitakkul, P., Somudorn, J., Sangchart, P., Mahakunakorn, P., Uthaiwat, P.,
Daduang, J., Panyatip, P., Puthongking, P., & Priprem, A. (2020). Glutaryl Melatonin Niosome gel
for topical oral mucositis: anti- inflammatory and anticandidiasis. Current Drug Delivery, 17(3),
195-206. https://doi.org/10.2174/1567201817666200122162545

[330]

Proceedings of RSU International Research Conference (2023)
Published online: Copyright © 2016-2023 Rangsit University



RSU International Research Conference 2023

https://rsucon.rsu.ac.th/proceedings 28 APRIL 2023

Damrongrungruang, T., Panutyotin, N., Kongjun, S., Thanabat, K., & Ratha, J. R. (2022). Combined
Bisdemethoxycurcumin and Potassium lodide-mediated anticandidal photodynamic therapy.
Heliyon. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4382866

de Souza, S. C., Junqueira, J. C., Balducci, I., Koga-Ito, C. Y., Munin, E., & Jorge, A. O. C. (2006).
Photosensitization of different Candida species by low power laser light. Journal of
Photochemistry and Photobiology B: Biology, 83(1), 34-38.
https://doi.org/10.1016/j.jphotobiol.2005.12.002

Dias, L. D., Blanco, K. C., Mfouo-Tynga, I. S., Inada, N. M., & Bagnato, V. S. (2020). Curcumin as a
photosensitizer: From molecular structure to recent advances in antimicrobial photodynamic
therapy. Journal of Photochemistry and Photobiology C: Photochemistry Reviews, 45, 100384.
https://doi.org/10.1016/j.jphotochemrev.2020.100384

Donnelly, R. F., McCarron, P. A., & Tunney, M. M. (2008). Antifungal photodynamic therapy.
Microbiological Research, 163(1), 1-12. https://doi.org/10.1016/j.micres.2007.08.001

Dovigo, L. N., Carmello, J. C., de Souza Costa, C. A., Vergani, C. E., Brunetti, I. L., Bagnato, V. S., &
Pavarina, A. C. (2013). Curcumin-mediated photodynamic inactivation of Candida albicans in a
murine model of oral candidiasis. Medical Mycology, 51(3), 243-251.
https://doi.org/10.3109/13693786.2012.714081

Firoozi, P., Farshidfar, N., & Fekrazad, R. (2021). Efficacy of antimicrobial photodynamic therapy
compared to nystatin therapy in reducing Candida colony count in patients with Candida-
associated denture stomatitis: a systematic review and meta-analysis. Evidence-Based Dentistry, 1-
8. https://doi.org/10.1038/541432-021-0208

Jin, Y., Yip, H. K., Samaranayake, Y. H., Yau, J. Y., & Samaranayake, L. P. (2003). Biofilm-Forming
ability of Candida albicans is unlikely to contribute to high levels of oral yeast carriage in cases of
human immunodeficiency virus infection. Journal of Clinical Microbiology, 41(7), 2961-2967.
https://doi.org/10.1128/JCM.41.7.2961-2967.2003

Jordao, C. C., Viana de Sousa, T., Inéz Klein, M., Mendonga Dias, L., Pavarina, A. C., & Carmello, J. C.
(2020). Antimicrobial photodynamic therapy reduces gene expression of Candida albicans in
biofilms. Photodiagnosis and Photodynamic Therapy, 31, 101825.
https://doi.org/10.1016/j.pdpdt.2020.101825

Kanpittaya, K., Teerakapong, A., Morales, N. P., Hormdee, D., Priprem, A., Weera-archakul, W., &
Damrongrungruang, T. (2021). Inhibitory effects of erythrosine/curcumin derivatives/nano-
Titanium Dioxide-mediated photodynamic therapy on Candida albicans. Molecules, 26(9), 2405.
https://doi.org/10.3390/molecules26092405

Ma, J., Shi, H., Sun, H., Li, J., & Bai, Y. (2019). Antifungal effect of photodynamic therapy mediated by
curcumin on Candida albicans biofilms in vitro. Photodiagnosis and Photodynamic Therapy, 27,
280-287. https://doi.org/10.1016/j.pdpdt.2019.06.015

Maharaj, D. S., Molell, H., Antunes, E. M., Maharaj, H., Maree, D. M., Nyokong, T., Glass, B. D., & Daya,
S. (2005). Melatonin generates singlet oxygen on laser irradiation but acts as a quencher when
irradiated by lamp photolysis. Journal of Pineal Research, 38(3), 153-156.
https://doi.org/10.1111/j.1600-079X.2004.00185.x

Mayer, F. L., Wilson, D., & Hube, B. (2013). Candida albicans pathogenicity mechanisms. Virulence, 4(2),
119-128. https://doi.org/10.4161/viru.22913

Nardo, L., Andreoni, A., Masson, M., Haukvik, T., & Tgnnesen, H. H. (2011). Studies on curcumin and
curcuminoids. XXXIX. Photophysical properties of Bisdemethoxycurcumin. Journal of
Fluorescence, 21(2), 627-635. https://doi.org/10.1007/510895-010-0750-x

Pfaller, M. A., Sheehan, D. J., & Rex, J. H. (2004). Determination of fungicidal activities against yeasts and
molds: Lessons learned from bactericidal testing and the need for standardization. Clinical
Microbiology Reviews, 17(2), 268-280. https://doi.org/10.1128/CMR.17.2.268-280.2004

[331]

Proceedings of RSU International Research Conference (2023)
Published online: Copyright © 2016-2023 Rangsit University



RSU International Research Conference 2023

https://rsucon.rsu.ac.th/proceedings 28 APRIL 2023

Poeggeler, B., Reiter, R. J., Tan, D.-X., Chen, L.-D., & Manchester, L. C. (1993). Melatonin, hydroxyl
radical-mediated oxidative damage, and aging: A hypothesis. Journal of Pineal Research, 14(4),
151-168. https://doi.org/10.1111/j.1600-079X.1993.tb00498.x

Quishida, C. C. C., de Oliveira Mima, E. G, Jorge, J. H., Vergani, C. E., Bagnato, V. S., & Pavarina, A. C.
(2016). Photodynamic inactivation of a multispecies biofilm using curcumin and LED light. Lasers
in Medical Science, 31(5), 997-1009. https://doi.org/10.1007/s10103-016-1942-7

Reiter, R. J., Guerrero, J. M., Escames, G., Pappolla, M. A., & Acufia-Castroviejo, D. (1997). Prophylactic
actions of melatonin in oxidative neurotoxicity. Annals of the New York Academy of Sciences,
825(1 Neuroprotecti), 70-78. https://doi.org/10.1111/j.1749-6632.1997.th48415 .x

Roberts, J. E., Hu, D.-N., Martinez, L., & Chignell, C. F. (2000). Photophysical studies on melatonin and its
receptor agonists. Journal of Pineal Research, 29(2), 94-99. https://doi.org/10.1034/j.1600-
079X.2000.290205.x

Roomaney, I. A., Holmes, H. K., & Engel, M. E. (2021). Treatment of oral fungal infections using
photodynamic therapy: Systematic review and meta-analysis. Clinical and Experimental Dental
Research, 7(3), 354-364. https://doi.org/10.1002/cre2.408

Santezi, C., Reina, B. D., & Dovigo, L. N. (2018). Curcumin-mediated photodynamic therapy for the
treatment of oral infections—A review. Photodiagnosis and Photodynamic Therapy, 21, 409-415.
https://doi.org/10.1016/j.pdpdt.2018.01.016

Santiwongkarn, P., Kachonboon, S., Thanyasrisung, P., & Matangkasombut, O. (2012). Prevalence of oral
Candida carriage in Thai adolescents. Journal of Investigative and Clinical Dentistry, 3(1), 51-55.
https://doi.org/10.1111/j.2041-1626.2011.0089.x

Santos, K. L. M., Nunes, A. M. A., de Mendonga y Araujo, S. E. D., de Melo, D. F., de Lima Damasceno,
B. P. G, Sato, M. R., & Oshiro-Junior, J. A. (2022). Photodynamic potential of hexadecafluoro
zinc phthalocyanine in nanostructured lipid carriers: physicochemical characterization, drug
delivery and antimicrobial effect against Candida albicans. Lasers in Medical Science, 37(8),
3183-3191. https://doi.org/10.1007/s10103-022-03594-0

Sheng, H., Nakamura, K., Kanno, T., Sasaki, K., & Niwano, Y. (2015). Microbicidal activity of artificially
generated hydroxyl radicals. In interface oral health science 2014 (pp. 203-215). Springer Japan.
https://doi.org/10.1007/978-4-431-55192-8 17

Slots, J., Rams, T. E., & Listgarten, M. A. (1988). Yeasts, enteric rods and pseudomonads in the
subgingival flora of severe adult periodontitis. Oral Microbiology and Immunology, 3(2), 47-52.
https://doi.org/10.1111/j.1399-302X.1988.tb00080.x

Sorbellini, E., Rucco, M., & Rinaldi, F. (2018). Photodynamic and photobiological effects of light-emitting
diode (LED) therapy in dermatological disease: an update. Lasers in Medical Science, 33(7),
1431-1439. https://doi.org/10.1007/s10103-018-2584-8

Szeimies, R.-M., Matheson, R. T., Davis, S. A., Bhatia, A. C., Frambach, Y., Klévekorn, W, Fesq, H.,
Berking, C., Reifenberger, J., & Thaci, D. (2009). Topical Methyl Aminolevulinate photodynamic
therapy using red light-emitting diode light for multiple actinic keratoses. Dermatologic Surgery,
35(4), 586-592. https://doi.org/10.1111/j.1524-4725.2009.01096.x

Thein, Z. M., Samaranayake, Y. H., & Samaranayake, L. P. (2007). In vitro biofilm formation of Candida
albicans and non-albicans Candida species under dynamic and anaerobic conditions. Archives of
Oral Biology, 52(8), 761-767. https://doi.org/10.1016/j.archoralbio.2007.01.009

Winckler, K. D. (2007). Special section: Focus on anti-microbial photodynamic therapy (PDT). Journal of
Photochemistry and Photobiology B: Biology, 86(1), 43-44.
https://doi.org/10.1016/j.jphotobiol.2006.09.005

[332]

Proceedings of RSU International Research Conference (2023)
Published online: Copyright © 2016-2023 Rangsit University



