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Abstract. – OBJECTIVE: Human candidiasis 
is typically treated with antifungal drugs, but the 
rise of drug-resistant strains of Candida spp. 
poses a serious problem, making treatment dif-
ficult. At the same time, photodynamic therapy 
(PDT) has drawn increasing attention from re-
searchers for its potential to effectively inhib-
it multidrug-resistant pathogenic fungi and for 
its low tendency to induce drug resistance. This 
study’s goal was to examine how a multidrug-re-
sistant oral isolate of Candida albicans respond-
ed to a PDT that used a curcumin/H202 formula-
tion as a photosensitizer and was exposed to 
various light sources.

MATERIALS AND METHODS: A commer-
cial product containing curcumin/H2O2 3% was 
used as a photosensitizer and evaluated in a 
PDT treatment that can use two different light 
sources: traditional irradiation with 7 W light at 
λ = 460 nm or a new, never evaluated, polarized 
light source of 25 W with a wavelength range of 
λ = 380-3,400 nm. The antimicrobial activity of 
these procedures was assessed on a clinical 
oral isolate of Candida albicans, in terms of agar 
susceptibility test, growth curve behavior, and 
biofilm inhibition.

RESULTS: Both light sources were able to ac-
tivate the photosensitizer formulation, suggest-
ing a fungistatic activity vs. this C. albicans MDR 
strain. An interesting difference was observed in 
the cell-generation-time (CGTOD) after PDT treat-
ment, where the polarized light was more active 
compared to the source of 460 nm. In fact, CGTOD 
was 16 and 8 hours, respectively.

CONCLUSIONS: The PDT evaluated here pre-
sented an inhibition window time, a crucial point 
for clinicians, who could activate an additional 
prophylactic treatment to resolve the clinical man-
agement of Candida infections in the oral cavity.
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Introduction

Candidiasis is an opportunistic infection due 
to Candida spp., which can affect the oral cavity, 
vagina, penis, or other parts of the body1. Candida 
is the only fungal genus that unequivocally con-
tributes to the aetiology of the most common in-
fections of the oral mucosa2. Oropharyngeal can-
didiasis (OPC) can affect the skin and the mucous 
membranes, with a very different clinical mani-
festations (pseudomembranous, erythematous, 
hyperplastic), responsible for local symptoms 
such as dysgeusia, dysphagia, odynophagia, glos-
sodynia, burning sensation3,4. Pseudomembranous 
candidiasis is common in chronically ill patients 
and infants. It is presented as white, soft, slightly 
elevated plaques, most commonly on the tongue 
and buccal mucosa1. Plaques are composed by 
desquamated epithelium, debris of necrotic tis-
sue, keratin, leucocyte, fibrin, and bacteria. This 
plaque can be wiped away and, when it happens, 
leaves an erythematous area in the tissues affect-
ed1. Erythematous candidiasis often occurs after 
the use of antibiotics or corticosteroids for pro-
longed therapy. It presents as painful erythema-
tous areas (red lesions without plaques) and can 
involve the tongue with central papillary atrophy, 
and the palate5. Chronic hyperplastic candidiasis, 
also called candidal leukoplakia, presents with 
white plaques that are not scrapable, and can in-
volve the lips, tongue, and buccal mucosa. These 
plaques could be homogenous or nodular, it is a 
potentially malignant lesion1. Candida associated 
clinical lesions include denture stomatitis (overall 
on the hard palate), angular cheilitis, and median 
rhomboid glossitis, linear gingival erythema5. 

Species of oral Candida include C. albicans, 
the most frequent, in 30-50% of healthy patient’s 
mouths and 60% of patient’s mouths over the age 
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of 60 years, then C. glabrata, C. guillermondii, 
C. krusei, C. parapsilosis, C. pseudotropicalis, C. 
stellatoidea, and C. tropicalis1,5. 

Although Candida albicans is the most com-
mon cause of candidiasis, non-albicans species 
have significantly increased over the past ten 
years. Understanding the type of yeast that is 
causing the infection is crucial since it affects the 
course of treatment; for instance, some non-albi-
cans isolates may be inherently resistant to azoles, 
particularly fluconazole6. 

In immunosuppressed patients (for example, 
people with diabetes or other autoimmune diseas-
es, oncologic patients), if not treated effectively, 
candidiasis can spread throughout the body, caus-
ing systemic infections with a high rate of mor-
bidity and mortality7-10. 

Candida infections are treated with antifun-
gal medications such as nystatin, clotrimazole, 
amphotericin B, miconazole11. In recent decades, 
the increase in antimicrobial resistance to conven-
tional antimycotics has become a major health 
problem that requires the development of new 
drugs12-15. This is hugely affecting clinical and 
hospital environments around the world12,16. The 
main factors associated with this resistance are 
global demographic changes, the ageing popu-
lation, the increase in invasive anticancer thera-
pies, as well as long-term antifungal treatments17. 
Therefore, the lack of effective antifungal agents, 
the high toxicity of the drugs on the market, espe-
cially in liver and kidney patients, and the emer-
gence of resistance have prompted researchers 
to experiment with alternative therapies, one of 
which is represented by photodynamic therapy 
(PDT)18. Photodynamic therapy requires three 
components: molecular oxygen, the photosensi-
tizer (PT) and light at the wavelength correspond-
ing to the absorption peak of the PT19,20. In fact, the 
light-activated PT initiates a cascade of process-
es that lead to the formation of reactive oxygen 
species (ROS) responsible for the destruction of 
pathogenic microorganisms19. PDT’s undeniable 
advantages include its lack of side effects, low-
er drug resistance, ease of use, and patient safety 
(PDT acts with a high therapeutic index between 
infected and uninfected cells21,22. 

Among the various photosensitizers, perhaps 
the most studied against Candida species reported 
different photosensitizer such as toluidine blue23, 
methylene blue24, malachite green25, indocyanine 
green26, photodytazine27, chlorella, chlorophyllin, 
phycocyanin, 5-aminolevulinic acid and ribofla-
vin28.

In spite of numerous articles on PDT that use a 
wide range of source lights and further PTs, some 
questions and doubts remain open: 1) the presence 
of PT resistant strains, 2) whether PDT acts as a fun-
gicide or fungistatic, and 3) if there is a time window 
in which the majority of cells are in metabolic shock, 
a phenomenon caused by PT-induced radicals un-
der PFT. This period of no growth may provide an 
opportunity for oral clinicians to implement, at the 
same time, a new antimicrobial strategy29.

PDT is widely used in oral medicine and den-
tistry, however the search for new PTs effective 
against the most common oral pathologies is still 
remarkable. Curcumin (CUR), extracted from 
the rhizomes of the Curcuma longa L. plant, is 
gaining attention in the scientific literature for 
its anti-inflammatory, antibacterial, antiviral, 
and anticancer properties30,31. Furthermore, nu-
merous studies in the literature have highlighted 
the immunomodulating properties of CUR in pa-
tients with HIV, Alzheimer’s disease and multi-
ple sclerosis32,33.

A key property for its use as a photosensitizer 
is that the CUR shows the light absorption in the 
visible spectra peak, around 400-500 nm. Cur-
cumin’s antimicrobial property as a PT in PDT 
against Candida albicans has been demonstrat-
ed in numerous in vivo studies, but no compar-
ative in vitro studies with different wavelength 
lights using different PTs have been reported in 
the literature yet. The aim of our in vitro study 
is to evaluate the effectiveness of a commercial 
chemical formulation (curcumin + 3% hydrogen 
peroxide) with two light sources: (i) A clinical 
isolate of a multidrug-resistant strain (MDR) of 
Candida albicans was exposed to 460 nm stan-
dard light or 380–3400 nm high irradiation po-
larized light. This approach could be interesting 
and useful for oral clinicians to predict, by lab-
oratory evaluation, the times and ways to treat 
infections due to C. albicans MDR strains. 

Materials and Methods

A clinical Candida albicans multidrug-resistant 
isolate, CA97, was used to perform the antimicro-
bial test. This strain was previously characterized 
for its response to different antifungal drugs. We 
have characterized it in our previous studies both 
by cultural and molecular procedures34. In fact, it 
was found to be resistant to three different azoles 
(Fluconazole, Voriconazole, and Ketoconazole), 
especially due to a mutation in the ERG11 gene26,27.
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Photodynamic Devices Used in This Work 
Two different commercial devices were used 

in these experiments:

(i) Bioptron AG (Wollerau, Switzerland) 
Polarized light, λ= 380-3400 nm, power = 25 W;

(ii) FlashMax®P7, CMS Dental, Elmevej 8, Glyngøre, 
7870 Roslev, Danmark, = 460 nm, power = 7W.

These apparatuses are usually described for 
photodynamic therapy for a variety oral illness or 
for oral composites polymerization35,36, moreover 
the emitted λ 460 nm light is normally suggested 
in the clinical protocols to stimulate curcumin as 
Photosensitizers37. 

In all experiments, the photosensitizers were 
light stimulated by a 1-minute as FlashMax®P7 
manufactured instructions. 

Photosensitizer
We used Curcumin plus hydrogen per-

oxide 3 % v/v (FlashMax®P7 QroxB2®). All 
compounds were used following the manu-
facturer’s instructions (light irradiation time, 
light wavelength, Photosensitizer concentra-
tion). Curcumin, bis(4-hydroxy-3-methoxy-
phenyl)-l,6-heptadiene-3,5-dione, is a natural 
yellow-orange dye derived from the rhizome 
of Curcuma longa L.

Curcumin Base Formulation Absorption 
Spectrum

The spectral properties of the Curcumin/
H2O2 base product were studied by using a UV–
visible spectrophotometer JASCO V600 – Bio, 
(JASCO Europe, Cremella, Italy) in the range of 
200-700 nm, by using an optical path L = 10×10 
and mm glass cuvette (Hellman Analytics, Mu-
nich, Germany), following the manufacturer’s 
instructions. We have investigated the absorp-
tion spectra of commercial formulation as such, 
and concentrations diluted in water 1/10-fold. 
Calculating the UV-vis spectra was required 
to assess the perfect assonance between light 
emission profiles and photosensitizer excitation 
motifs for use optimally in photodynamic ther-
apy.

In Vitro Antimicrobial Protocol
A set of different laboratory procedures were 

used to evaluate the antifungal activity by using 
modified standard protocols adapted for photody-
namic treatment. The base procedures were car-

ried out using the disk diffusion method, which 
was determined in accordance with the European 
Committee for Antimicrobial Susceptibility Test-
ing (EUCAST). At the same time, the behavior 
of the C. albicans growth curve in the absence or 
presence of photodynamic treatment was evaluat-
ed. In addition, the biofilm inhibition activity was 
evaluated by the protocol described by Montana 
University’s Center for Biofilm Engineering38,39. 

The Disk Diffusion Method (Kirby-Bauer)
An initial evaluation was performed by using 

a modified Kirby-Bauer procedure following the 
operative scheme described in Figure 1. 15 mL 
of agarized medium (Sabouraud agar Microbiol, 
Uta, Cagliari, Italy) at 55°C was put into a Ø 90 
mm Petri dish and, prior to agar solidification, 
five sterile iron rivets, Ø 10 mm in diameter and 
2 mm thick (Firm, Milan, Italy), were put into 
the agar hot solution and then removed from the 
medium when it solidified (about 30°C). A C. al-
bicans suspension in Sabouraud Broth in the lag 
phase, about 15 hours after growth, was used as 
an inoculum with a microbial concentration of 
5*106 (CFU/mL). The yeast was inoculated onto 
the plate surface using a sterile swab using the 
already mentioned standardized inoculum. 0.05 
mL of photosensitizer solution was put in each 
well positioned inside the agar thickness. At this 
point, the light was irradiated on the well surface 
by using the strict conditions suggested by the 
manufacturing instructions. Petri dishes were in-
cubated in air at 37°C for 48 h. After incubation, 
the diameter of the possible inhibition alone was 
measured. The final value was represented as the 
geometrical mean of three different experimental 
repetitions.

Susceptibility Tests in Liquid Media

C. Albicans growth curves
This procedure was useful for monitoring the 

growth and proliferation of Candida in real time, and 
any antimicrobial activity could be explained with 
high sensitivity by a growth curve motif. In this con-
text, different growth curves, considering the strain 
under or without photodynamic treatment, were per-
formed by using a classical microplate technique40. 
The positive control was performed by using an ali-
quot of 5 µl of 107 C. albicans mL–1 cell suspended 
in Sabouraud broth (Microbiol Cagliari, Italy). Each 
well was then overlayed with 245 ul of liquid media 
for a total volume of 250 µl. This corresponded to a 
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final concentration of 2*105 Candida cells mL-1 per 
well. On the test wells, the photodynamic procedure 
was applied after 5 ml inoculum deposition on the 
well bottom, by using the times and conditions pre-
viously described. After treatment, each well was 
overlayed with 245 ul of Sabouraud broth media. 
Different tests were performed: (a) complete photo-
dynamic treatment, (b) only light, and (c) only H2O2, 
all determinations were performed in triplicate. The 
negative control was performed by using 250 ul of the 
growth medium, without any fungal inoculum. The 
microplates were incubated at 37°C for 72 hours and 
monitored for absorbance at 660 nm using a BMG 
LABTECH microplate-reader (Allmendgrün 877799 
Ortenberg, Germany). Data was recorded for 72 hours 
every 10 hours after 1 minute of shaking at 355 rpm.

Growth Curves Analysis
The data mean obtained from three different ex-

periments was used to calculate the standard devia-

tion, and each experimental point was used to predict 
the Candida OD generation time (CGTOD) considering 
that an OD of 0.125 corresponded to approximately 
1.5 *107 cells/ml. Obviously, the positive effect of a 
photodynamic treatment can determine an increase in 
CGTOD. In this work, periodic sampling was done to 
calculate the generation time using the equation:

 tCGTOD = ––––––––
 3,3 log (b-B)

were:
CGTOD is generation time of C. albicans cells 

evaluated as optical density;
t is the time interval between measurements b 

and B (in the exponential (log) growth curve phase);
B is the OD measured at the start of log growth 

curve phase;
b is the OD at the end of log growth curve phase.

Figure 1. Graphical representation of the modified Kirby-Bauer antimicrobial susceptibility test by using curcumin photody-
namically light activated, λ = 460 nm or Polarized light, λ= 380-3,400 nm.
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Biofilm Assessment
The ability of PDT to inhibit biofilm formation was 

evaluated by using a set of microplates prepared with 
the same culture conditions and photodynamic treat-
ments already described in the previous steps. For the 
biofilm evaluation, we used the protocol described by 
Montana University’s Centre for Biofilm Engineer-
ing41. In brief, the microplates were incubated at 37°C 
for 96 hours in air, to permit the biofilm formation. 
The plate samples were subsequently washed three 
times with Phosphate-buffered saline GIBCO®PBS 
(Thermo Fisher Scientific, Waltham, MA, USA) 
to eliminate planktonic cells; the biofilm was then 
stained with 100 μl of 0.1% w/v of crystal violet solu-
tion (Microbial, Uta, Italy) for 10 min at 25°C. After 
three washes with PBS solution, 200 μl of 30% v/v 
acetic acid was added in every well to solubilize the 
dye from the bacterial biomass. The biofilm amount 
was measured with a plate reader spectrophotometer 
BMG LABTECH (Allmendgrün 877799 Ortenberg 
Germany). The percentage of the biofilm inhibition, 
in comparison with the C. albicans positive control, 
was evaluated by using the following formula: 

   1–ODPDTBin% =  –––––––– X 100 ODcont 
Bin%: percentage of biofilm inhibition;

ODPDT: 600 nm optical density of dye solution 
after photodynamic treatment;

ODcont: 600 nm optical density of dye solution.

Statistical Analysis
All values with a standard deviation (SD) less 

than 10% of the mean value for the same exper-
imental condition were deemed significant. The 
differences between the tested formulations were 
compared using the Fisher test by using an online 
web calculator, with p set at 0.0514.

Results 

Curcumin Base Formulation Absorption 
Spectrum and Light Devices Suitability

As described in previous works, the photosen-
sitizer has to show suitable optical properties, i.e., 
it must be able to absorb light efficiently at the 
wavelength used for excitation42. In other words, 
it should possess a high extinction coefficient 
(ε)43,44. The used formulation represents a mixture 
of curcumin and other compounds, such as per-
oxides. Thus, ε is a function of the formulation 
composition more than the single curcumin, and 

Figure 2. The absorption spectrum of curcumin/H2O2. This product shows a flat zone of max absorption from λ = 700 to 390 
nm. While pure curcumin spectrum, as described by various studies, exhibits a broad band with a maximum absorbance peak 
at λ= 425 nm, this graph also represents the light emission range of devices used in this work.
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Figure 3. The Inhibition halos were obtained under different treatment conditions. Irradiated curcumin base formulation shows the high-
est inhibition results to demonstrate the synergic activity of Curcumin plus hydrogen peroxide and light.

for this reason, we have analyzed the absorption 
spectrum of the entire commercial product. The 
pure curcumin in water, following previous stud-
ies, Zsila et al45, showed an absorption peak in the 
visible area of about 350 nm to 450 nm45, while 
our compound reflects a continuous absorption 
zone from 350 to 700 nm. This increase in the ab-
sorption wavelength area allows the use of both 
light generators used in this work (Figures 1, 2).

Disk Diffusion Method (Kirby-Bauer)
By using the agar diffusion method, the an-

ti-fungal activity of PDT was assessed against the 
aforementioned C. albicans MDR strain. The re-
sults showed that two PDT treatments were very 
effective against this pathogen; for example, both 
treatments displayed a good level of inhibition (Ø 
= 47 ± 1 mm), whereas curcumin without PDT 
or only hydrogen peroxide 3% were represent-
ed with the lowest levels of inhibition halos, Ø 
= 37 and 22 mm, respectively. This early finding 
revealed the synergy of the PDT components, 
as shown in Figure 3. Despite this, an evaluable 
number of yeast colonies were observed after be-
ing observed inside the inhibition halo area after 
72 hours incubation time. 

C. Albicans Growth Curve Behavior 
Under PDT Treatment 

The decreased rate of cell growth over time, 
with or without PDT therapy, can be represented 
by the growth curve. This strategy might be a sen-
sitive and trustworthy way to assess step-by-step 
this antifungal method’s effectiveness46. 

First, as seen in Figure 4, in the light of fungi-
static assessment, there has been a significant 
difference between the performed experimental 
settings and the antimicrobial activity. Further 
evidence for yeast growth inhibition for this PDT 
treatment, suggests that the biofilm formation rate 
after 96 hours of incubation is the same in all for-
mulations tested; thus, the system was unable to 
inhibit the C. albicans biofilm for an extended pe-
riod of time (Table I). Furthermore, as previously 
assessed through the Kirby Bauer procedure, the 
PDT treatment has suggested a temporal inhibition 
of C. albicans growth in that after 72 hours, some 
yeast colonies have been observed inside the inhi-
bition halo area. In this context, the growth curve 
analysis demonstrated this behaviour again on the 
yeast cell growth under PDT. For both treatments, 
460 nm and polarised light, Figure 4 epitomises an 
inhibition window of about 36 hours. Other vari-
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Figure 4. The behaviour of the C. albicans MDR strain’s growth curves with PDT. The formulation of curcum-
in-H2O2 was tested under two different light sources. Regular light was at 460 nm (A), while polarised light was at 
380-3,400 nm (B).

4A

4B
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Table I. C. albicans growth curve parameters, evaluated under various photodynamic treatment condition.

*Expressed during log phase, considering that at = 0.125 OD, about ~1* 107 C. albicans cells/ml. **Mean of two experiments 
performed in triplicate, SD max = 0.5%. ***Evaluated at 96 hours.

Treatment log phase start time
(hours)

Inhibition windows 
time (hours)

CGTOD*
(hours)

Log phase slope (Φ) 
OD/hours
Y = Φ*X

Bin% 
***

Curcumin/H2O2 + λ 460 nm 60 36 8.90 0.0264 0
Curcumin/H2O2 + λ 380-3,400 nm 60 36 16.36 0.0164 0
Curcumin/H2O2 48 24  8.4**  0.0256** 0
Positive control 24 0 0 0 0
λ 460 nm 24 0 0 0 0
λ 380-3,400 nm 48 0 0 0 0

ants: H2O2, only curcumin/H202, and light treat-
ment alone, resulted in very poor performance in 
terms of antifungal activity. To remark minimal 
changes between two light sources we have high-
lighted the evaluation of the cell generation time 
(CGTOD) and the growth curve slope Φ. Both pa-
rameters, calculated during the log phase, suggest 
that the viability recovery after the PDT inhibition 
stage is different between the two light irradiation 
methods considered in this work. 

Discussion

First for all, this study highlights the good re-
sults of antifungal activity of polarized light in 
PDT. In fact, it was most active in that GTGOD 
and the curve growth slope Φ is about half in the 
comparison with 460 nm treatment (Table I). This 
could be due to various conditions, e.g., the major 
power of polarized light being 25 W vs 7 W of 
460 nm. Another advantageous point could be the 
polarized light apparat’s major irradiation wave-
length range, which is capable of stimulating dif-
ferent molecular status in the photosensitizer for-
mulation, such as the peak around 380 nm (Figure 
2), but also the major ability of polarized light to 
enter the yeast cell wall47. Thus, by surprise, an 
apparatus normally used for oral composite po-
lymerization proved the most performant. This 
study, although we consider it preliminary, sug-
gests other ways to investigate the basilar and 
molecular mechanisms of PDT in the treatment of 
oral candidiasis. First of all, it could be interesting 
to evaluate if various PDT treatments described in 
the literature are indeed fungicides and not fungi-
static. In fact, following the official antimicrobial 

protocols published by EUCAST protocols48, the 
normal observation time ranges from 24 to 48 
hours, while we have observed a candida regrowth 
time of 60 hours. It should, therefore, be necessary 
to extend the time of in vitro analysis to assess the 
effective fungicide activity of a PDT treatment. 
We consider these points extremely significant for 
the transfer of PDT in vitro results to in vivo pa-
tient management48,49. For example, the inhibition 
window is the time range between PDT treatment 
and microbial regrowth during which the immu-
nity response and adjunctive clinical treatments 
are still effective. The inhibition window in oral 
candidiasis could be crucial in-patient manage-
ment, e.g., antimycotics are most effective when 
the cells are under stress due to oxidative injury 
due to PDT. But this advantage could be frequent-
ly overridden before patients can reasonably get 
the drug. However, the study must be considered 
again preliminary for the following reasons: (I) 
it could be interesting to evaluate laboratory for-
mulates with different curcumin concentrations. 
This could highlight a possible minimum inhibi-
tion concentration, thus differences inside clinical 
isolates of C. albicans. In this context, it could be 
necessary to evaluate a large group of strains and 
correlate this with the host clinical status. In the 
second place, curcumin is also associated with 
cancer treatment and could be investigated for its 
activity in C. albicans infection in cancer patients 
by evaluating some biomolecular markers49,50.

Conclusions 
 
In this work, we have observed, with a differ-

ent perspective, an already noted clinical proce-
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dure for antifungal clinical treatment in oral tis-
sues, in infections due to C. albicans. By using 
a commercial formulation of curcumin/H2O2 as 
photosensitizer and two different light sources, 
the work has shown a crucial strongly time-de-
pendent of PDT evidencing this as an effective 
fungistatic agent. This study, even if preliminary, 
indicates a fungistatic activity of curcumin/PDT 
where the oral clinician can operate with adjunc-
tive prophylactic tools during the yeast inhibi-
tion time, for the purpose of better candidiasis 
treatment. 

 
Conflict of Interest
The authors declared no conflict of interest

Funding
Financial support from “Fondi Premialità 2013, Germano 
Orrù Università degli Studi di Cagliari”. 

Ethics Approval and Consent to Participate
Not applicable.

 
Availability of Data and Materials
The data that support the findings of this study are available 
on request from the corresponding author.

Authors’ Contribution
Conceptualization: C.C., G.O., A.S. Formal analysis: C.C., 
G.O., A.S. Funding acquisition: G.O. Investigation: Re-
sources: G.C.S., F.C., G.O. Supervision: C.C., A.S. Writ-
ing – original draft: C.C., G.O. Writing – review & editing: 
C.C., G.O., A.S.

References
  
    1) Arya NR, Rafiq NB. Candidiasis. Treasure Island 

2021; 2: 1-8.
    2) Diaz  PI,  Dongari-Bagtzoglou  A.  Critically  Ap-

praising the Significance of the Oral Mycobiome. 
J Dent Res 2021; 100: 133-140.

    3) Vila T, Sultan AS, Montelongo-Jauregui D, Jabra-
Rizk MA. Oral Candidiasis: A Disease of Oppor-
tunity. J Fungi 2020; 6: 1-28.

    4) Swidergall M, Filler SG. Oropharyngeal Candidia-
sis: Fungal Invasion and Epithelial Cell Respons-
es. PLoS Pathog 2017; 13: e1006056.

    5) Raesi  Vanani  A,  Mahdavinia  M,  Kalantari  H, 
Khoshnood S, Shirani M. Antifungal effect of the 
effect of Securigera securidaca L. vaginal gel on 
Candida species. Curr Med Mycol 2019; 5: 31-35.

    6) Casalinuovo IA, Di Francesco P, Garaci E. Fluco-
nazole resistance in Candida albicans: a review of 
mechanisms. Eur Rev Med Pharmacol Sci 2004; 
8: 69-77.

    7) Ferreras-Antolin  L,  Sharland M, Warris A. Man-
agement of Invasive Fungal Disease in Neonates 
and Children. Pediatr Infect Dis J 2019; 38: S2-S6

    8) Nami S, Mohammadi R, Vakili M, Khezripour K, 
Mirzaei H, Morovati H. Fungal vaccines, mecha-
nism of actions and  immunology: A comprehen-
sive  review.  Biomed  Pharmacother  2019;  109: 
333-344.

    9) Sakagami  T,  Kawano  T,  Yamashita  K,  Yamada 
E,  Fujino  N,  Kaeriyama  M,  Fukuda  Y,  Nomura 
N, Mitsuyama J, Suematsu H, Watanabe H, Asai 
N,  Koizumi  Y,  Yamagishi  Y, Mikamo H.  Antifun-
gal susceptibility trend and analysis of resistance 
mechanism  for  Candida  species  isolated  from 
bloodstream at a Japanese university hospital. J 
Infect Chemother 2019; 25: 34-40.

  10) Cheng MF, Yang YL, Yao TJ, Lin CY, Liu JS, Tang 
RB, Yu KW, Fan YH, Hsieh KS, Ho M, Lo HJ. Risk 
factors  for  fatal  candidemia  caused  by  Candi-
da  albicans  and  non-albicans Candida  species. 
BMC Infect Dis 2005; 5: 1-5

  11) Fang  J,  Huang  B,  Ding  Z.  Efficacy  of  antifun-
gal drugs  in  the  treatment of oral  candidiasis: A 
Bayesian network meta-analysis. J Prosthet Dent 
2021; 125: 257-265. 

  12) Pristov KE, Ghannoum MA. Resistance of Candi-
da  to azoles and echinocandins worldwide. Clin 
Microbiol Infect 2019; 25: 792-798.

  13) Lachowicz JI, Szczepski K, Scano A, Casu C, Fais 
S, Orrù G, Pisano B, Piras M, Jaremko M. The Best 
Peptidomimetic Strategies to Undercover Antibac-
terial Peptides. Int J Mol Sci 2020; 21: 7349. 

  14) Nardi GM, Fais S, Casu C, Mazur M, Di Giorgio R, 
Grassi R, Grassi FR, Orru G. Mouthwash Based 
on  Ozonated  Olive  Oil  in  Caries  Prevention:  A 
Preliminary In-Vitro Study. Int J Environ Res Pub-
lic Health 2020; 17: 1-9.

  15) Naureen Z, Capodicasa N, Paolacci S, Anpilogov 
K,  Dautaj  A,  Dhuli  K,  Camilleri  G,  Connelly  ST, 
Gasparetto A, Bertelli M. Prevention of the prolif-
eration of oral pathogens due to prolonged mask 
use based on alpha-cyclodextrin and hydroxyty-
rosol  mouthwash.  Eur  Rev  Med  Pharmacol  Sci 
2021; 25: 74-80.

  16) Arendrup MC, Patterson TF. Multidrug-Resistant 
Candida:  Epidemiology, Molecular Mechanisms, 
and Treatment. J Infect Dis 2017; 216: S445-S451.

  17) Wiench R, Skaba D, Stefanik N, Kepa M, Gilowski 
L, Cieslar G, Kawczyk-Krupka A. Assessment of 
sensitivity of selected Candida strains on antimi-
crobial  photodynamic  therapy  using  diode  laser 
635 nm and toluidine blue - In vitro research. Pho-
todiagnosis Photodyn Ther 2019; 27: 241-247.



C. Casu, G. Orrù, A. Scano

8850

  18) Prazmo EJ, Kwasny M, Lapinski M, Mielczarek A. 
Photodynamic  Therapy  As  a  Promising  Method 
Used in the Treatment of Oral Diseases. Adv Clin 
Exp Med 2016; 25: 799-807.

  19) Kwiatkowski S, Knap B, Przystupski D, Saczko J, 
Kedzierska E, Knap-Czop K, Kotlinska J, Michel O, 
Kotowski K, Kulbacka J. Photodynamic  therapy  - 
mechanisms, photosensitizers and combinations. 
Biomed Pharmacother 2018; 106: 1098-1107.

  20) Elsadek  MF,  Farahat  MF.  Effectiveness  of  pho-
todynamic  therapy  as  an  adjunct  to  periodontal 
scaling  for  treating  periodontitis  in  geriatric  pa-
tients.  Eur  Rev  Med  Pharmacol  Sci  2022;  26: 
1832-1838.

  21) Mesquita  QM,  Idias  CJ,  Neves  GP,  Almeida  A, 
Faustino  MAF.  Revisiting  Current  Photoactive 
Materials  for Antimicrobial Photodynamic Thera-
py. Molecules 2018; 23: 2424.

  22) Cieplik F, Tabenski L, Buchalla W, Maisch T. An-
timicrobial photodynamic  therapy for  inactivation 
of  biofilms  formed  by  oral  key  pathogens.  Front 
Microbiol 2014; 5: 405.

  23) Wiench R, Skaba D, Matys J, Grzech-Lesniak K. 
Efficacy of Toluidine Blue-Mediated Antimicrobial 
Photodynamic Therapy on Candida spp. A Sys-
tematic Review. Antibiotics 2021; 10: 1-17.

  24) Jackson Z, Meghji S, Macrobert A, Henderson B, 
Wilson M. Killing of the Yeast and Hyphal Forms of 
Candida albicans Using a Light-Activated Antimi-
crobial Agent. Lasers Med Sci 1999; 14: 150-157.

  25) Da Silva BGM, Carvalho ML, Rosseti IB, Zamuner 
S, Costa MS. Photodynamic antimicrobial chemo-
therapy (PACT) using toluidine blue inhibits both 
growth and biofilm  formation by Candida krusei. 
Lasers Med Sci 2018; 33: 983-990.

  26) Tavangar A, Khozeimeh F, Razzaghi-Abyaneh M, 
Sherkat  S.  Sensitivity  of  Four  Various  Candida 
Species  to  Photodynamic  Therapy Mediated  by 
Indocyanine Green, an in vitro Study. J Dent 2021; 
22: 118-124.

  27) Alves  F,  Carmello  JC,  Alonso  GC,  Mima  EGO, 
Bagnato VS, Pavarina AC. A randomized clinical 
trial  evaluating  Photodithazine-mediated  Anti-
microbial Photodynamic Therapy as a  treatment 
for Denture stomatitis. Photodiagnosis Photodyn 
Ther 2020; 32: 102041.

  28) Afrasiabi S, Partoazar A, Chiniforush N, Goudar-
zi R. The Potential Application of Natural Photo-
sensitizers  Used  in  Antimicrobial  Photodynamic 
Therapy against Oral Infections. Pharmaceuticals 
2022; 15: 1-11.

  29) Tegos GP, Hamblin MR. Phenothiazinium antimi-
crobial photosensitizers are substrates of bacteri-
al multidrug resistance pumps. Antimicrob Agents 
Chemother 2006; 50: 196-203.

  30) Menon VP, Sudheer AR. Antioxidant and anti-in-
flammatory properties of curcumin. Adv Exp Med 
Biol 2007; 595: 105-125.

  31) Noorafshan A,  Ashkani-Esfahani  S.  A  review  of 
therapeutic effects of curcumin. Curr Pharm Des 
2013; 19: 2032-2046.

  32) Da Silva TAL, de Medeiros DC, da Silva Cunha de 
Medeiros RC, Medeiros RMV, de Souza L, de Me-
deiros JA, Dos Santos RVT, de Alcantara Varela 
PW, Leite-Lais L, Dantas PMS. Influence of cur-
cumin on glycemic profile, inflammatory markers, 
and oxidative stress in HIV-infected individuals: A 
randomized controlled trial. Phytother Res 2020; 
34: 2323-2330.

  33) Ghanaatian  N,  Lashgari  NA,  Abdolghaffari  AH, 
Rajaee SM, Panahi Y, Barreto GE, Butler AE, Sa-
hebkar  A. Curcumin  as  a  therapeutic  candidate 
for multiple sclerosis: Molecular mechanisms and 
targets. J Cell Physiol 2019; 234: 12237-12248.

  34) Scano A, Mereu E, Cabras V, Mannias G, Garau 
A, Pilloni M, Orrù G, Scano A, Ennas G. Green 
Preparation  of  Antimicrobial  1D-Coordination 
Polymers:  [Zn(4,4′-bipy)Cl2]∞  and  [Zn(4,4′-bi-
py)2(OAc)2]∞  by  Ultrasonication  of  Zn(II)  Salts 
and 4,4′-Bipyridine. Molecules 2022; 27: 1-18.

  35) Almeida  R,  Manarte-Monteiro  P,  Domingues  J, 
Falcao C,  Herrero-Climent M, Rios-Carrasco  B, 
Lemos BF. High-Power LED Units Currently Avail-
able for Dental Resin-Based Materials-A Review. 
Polymers 2021; 13: 2-30.

  36) Leguina-Ruzzi A, Raichura KR, Tonks SK, Kwabi 
S,  Leitner C. Treatment  of  non-atopic  dermatitis 
with polarized UV-free polychromatic light: A case 
report. Clin Pract 2019; 9: 1161.

  37) Mirhashemi A, Janani R, Bahrami R, Chiniforush 
N.  Evaluation  of  the  photodynamic  therapy with 
riboflavin and curcumin on shear bond strength of 
orthodontic bracket: An in vitro study. Photodiag-
nosis Photodyn Ther 2022; 38: 102787.

  38) Barberis A, Deiana M, Spissu Y, Azara E, Fadda 
A, Serra PA, D’Hallewin G, Pisano M, Serreli G, 
Orru G, Scano A, Steri D, Sanjust E. Antioxidant, 
Antimicrobial, and Other Biological Properties of 
Pompia Juice. Molecules 2020; 25: 3186.

  39) 39Podda E, Carla Aragoni M, Arca M, Atzeni G, 
Coles SJ, Ennas G,  Isaia F,  Lippolis V, Orru G, 
Scano A, Orton JB, Pintus A, Scano A. Morpho-
line-  and  Thiomorpholine-Based  Amidodithio-
phosphonato Nickel Complexes: Synthesis, Char-
acterization, P-N Cleavage, Antibacterial Activity 
and Silica Nano-Dispersion. J Nanosci Nanotech-
nol 2021; 21: 2879-2891.

  40) Manca ML, Casula E, Marongiu F, Bacchetta G, 
Sarais G, Zaru M, Escribano-Ferrer E, Peris JE, 
Usach  I, Fais S, Scano A, Orru G, Maroun RG, 
Fadda  AM,  Manconi  M.  From  waste  to  health: 
sustainable  exploitation  of  grape  pomace  seed 
extract  to manufacture  antioxidant,  regenerative 
and prebiotic nanovesicles within circular econo-
my. Sci Rep 2020; 10: 14184.

  41)  Erriu M, Pili FM, Tuveri E, Pigliacampo D, Scano A, 
Montaldo C, Piras V, Denotti G, Pilloni A, Garau V, 
Orru  G.  Oil  Essential  Mouthwashes  Antibacterial 
Activity against Aggregatibacter actinomycetemcom-
itans: A Comparison between Antibiofilm and Anti-
planktonic Effects. Int J Dent 2013; 2013: 164267.

  42) Klausen  M,  Ucuncu  M,  Bradley  M.  Design  of 
Photosensitizing  Agents  for  Targeted  Antimicro-



Fungistatic effect of curcumin in photodynamic therapy against C. albicans

8851

bial Photodynamic Therapy. Molecules 2020; 25: 
5239.

  43) Aires-Fernandes M, Amantino CF, do Amaral SR, 
Primo FL. Tissue Engineering and Photodynamic 
Therapy:  A New Frontier  of  Science  for Clinical 
Application -An Up-To-Date Review. Front Bioeng 
Biotechnol 2022; 10: 837693.

  44) Kittitheeranun  P,  Sanchavanakit  N,  Sajomsang 
W, Dubas ST. Loading of curcumin in polyelectro-
lyte multilayers. Langmuir 2010; 26: 6869-6873.

  45) Zsila F, Bikadi Z, Simonyi M. Circular dichroism 
spectroscopic studies reveal pH dependent bind-
ing of curcumin in the minor groove of natural and 
synthetic nucleic acids. Org Biomol Chem 2004; 
2: 2902-2910.

  46) Lin  MY,  Yuan  ZL,  Hu  DD,  Hu  GH,  Zhang  RL, 
Zhong H, Yan L, Jiang YY, Su J, Wang Y. Effect 
of  loureirin A against Candida albicans biofilms. 
Chin J Nat Med 2019; 17: 616-623.

  47) Casu C, Murgia MS, Orrù G, Scano A. Photodynam-
ic therapy for the successful management of cyclo-

sporine-related gum hypertrophy: A novel therapeu-
tic option. J Public Health Res 2022; 11: 1-6.

  48) Beredaki MI, Arendrup MC, Andes D, Mouton JW, 
Meletiadis J. The Role of New Posaconazole For-
mulations  in  the  Treatment  of  Candida  albicans 
Infections: Data  from an  In vitro Pharmacokinet-
ic-Pharmacodynamic  Model.  Antimicrob  Agents 
Chemother 2021; 65: e01292-20.

  49) Lachowicz JI, Mateddu A, Coni P, Caltagirone C, 
Murgia S, Gibson D, Dalla Torre G, Lopez X, Mel-
oni F, Pichiri G. Study of the DNA binding mech-
anism and in vitro activity against cancer cells of 
iron(III)  and  aluminium(III)  kojic  acid  derivative 
complexes. Dalton Trans 2022; 51: 6254-6263.

  50) Lachowicz JI, Pichiri G, Piludu M, Fais S, Orru G, 
Congiu T, Piras M, Faa G, Fanni D, Dalla Torre 
G, Lopez X, Chandra K, Szczepski K, Jaremko L, 
Ghosh M, Emwas AH, Castagnola M, Jaremko M, 
Hannappel E, Coni P. Thymosin beta4 Is an En-
dogenous  Iron Chelator and Molecular Switcher 
of Ferroptosis. Int J Mol Sci 2022; 23: 1-22.


