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Abstract. Infections caused by Candida albicans are of increasing concern, especially considering immunodepressed patients.
The toxicity of most antifungal agents, the great number of cases with recidives, as well as the emergence of resistant samples
has provoked the evaluation of new forms of therapy. In this context, the photodynamic therapy (PDT) presents auspicious
antimicrobial properties, stimulating the development of trials employing several kinds of photosensitizers. In the present work,
the application of different kind of Azure dyes as photosensitizer in PDT against C. albicans was evaluated through instrumental
measurements of electronic spectroscopy. In fact, the values of optical density were a precise indicator of the growth inhibition
of the microorganisms. Indeed, Azures are phenothiazinium derivatives that constitute a very relevant class of compounds with
several biomedical applications, such as photoantimicrobial therapy against local bacterial infection, tuberculosis, trypanosomi-
asis, malaria, Rickettsia, yeasts, viral infection n and cancer. Azure A, Azure B, Azure A thiocyanate, Azure B BF4, Azure A
eosinate are the dyes tested against C. albicans. The results denoted completely distinct behaviors to the different types of
Azure compound evaluated in this work. In fact, Azure A and Azure A eosinate presented significant results when irradiated
with 56 J/cm2, since the growth inhibition of C. albicans reached approximately 60%. This Azure compounds have significant
potential to be employed as photosensitizer (PS) in PDT, especially in cases of mucocutaneous candidosis. The spectroscopic
evaluation was very effective to the detection of slight alterations in the growth of the microorganisms, denoting that this kind
of analysis is an excellent alternative to determine growth inhibition of Candida albicans. The experimental data are discussed
in details in agreement with recent results from literature.
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1. Introduction

C. albicans is commensal yeast present in about 20% of healthy individuals [10]. However, some
factors are predisposing for the development of candidosis, such as immunodeficiencies, malignant dis-
eases, radiotherapy, long-term treatment with antibacterial drugs and age extremes [13]. Moreover, both
cutaneous and mucocutaneous candidosis may appear in healthy individuals with local predisposing
conditions, such as denture wearing, moist wrinkles in skin and altered local pH [14].

Amphotericin B and azolics, such as ketoconazole, fluconazole and itraconazole, have been considered
efficient in the treatment of both systemic and local candidosis. However, the prophylactic use of azolic
drugs in immunodepressed patients led to the selection of resistant strains [16]. Besides, the increase
in the number of infections caused by Candida species other than C. albicans also contributed to the
emergence of isolates that are resistant to amphotericin B and fluconazole [17]. It is also important to
notice that the treatment with antifungal drugs may be prolonged and recidives are very common.

Photodynamic therapy (PDT) is a promising therapeutic treatment for various tumors and nonmalig-
nant diseases. The treatment requires a dye and a light source. The light activates a dye deposited on
the target organism and sensitizes it, transforming the oxygen at molecular level into reactive oxygen
species (ROS), such as singlet oxygen, which is cytotoxic to microorganisms [2,6,8,9,24]. Photodynamic
therapy has been originally developed for the treatment of malignant diseases. However, other applica-
tions have emerged. Photodynamic antimicrobial chemotherapy (PACT) is an alternative modality of
treatment for microbial infections. The therapy consists in applying a photosensitizer and a light source,
causing selective microbial death [11]. PACT has been successfully employed against leishmaniasis [1,
4], trichomoniasis [18], as well as in the destruction of gram-positive and gram-negative bacteria [22,
24]. PACT has been also tested against yeasts and dermatophytes [3,15].

In this context, the development of new or coadjutants treatments for superficial candidosis has a great
relevance. It is important to notice that infections produced by C. albicans, mainly those that occur in
immunodepressed patients, constitute a focus of interest to several groups. In fact, the development of
new treatments is a point of great relevance due to the appearance of resistant biological samples. Several
works have evaluated the use of photosensitizers and light to kill yeasts and molds [7]. However, there
are few studies regarding the physicochemical properties necessary in a photosensitizer to be effective
in photodynamic antifungal chemotherapy.

The present work evaluated the employment of Azures (Azure A, Azure B, Azure A thiocyanate,
Azure B BF4 and Azure A eosinate, see Fig. 1) as photosensitizers to be employed in PDT against C. al-
bicans. Azures are phenothiazinium derivatives that constitute a very relevant class of compounds with
biomedical applications. The phenothiazinium dyes are known to localize in the plasma membrane of
yeasts. Consequently, this is the cellular structure damaged upon illumination and it has been proposed
that the increased permeability resulting from such damage is the reason for cell death [7]. These com-
pounds have also been recently employed in a great number of studies with biological and chemical
relevance, such as development of new analytical methodologies aiming to detect compounds of envi-

Fig. 1. Structures of Azures A and B.
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ronmental importance [12] as well as evaluations focused on the biochemical mechanisms of Alzheimer
disease [20]. Phenothiazinium salts offer more scope in terms of the therapy of disease states than other
dye types, including that employed as photosensitizers (PS). Thus, dyes as methylene blue and tolui-
dine blue O have been lead compounds in drug research against local bacterial infection, tuberculosis,
trypanosomiasis, malaria, Rickettsia illness, yeast infection, viral blood colonization and cancer [23]. In
this work, instrumental measurements of optical density were employed in order to determine the level
of growth inhibition of C. albicans. Indeed, the electronic absorbance in the spectral region of visible
was quite able to identify modifications in the presence of the microorganism. The results obtained in the
present article indicate that these compounds present significant potential to be used as photosensitizer
agents in PDT. The data are evaluated and discussed in details in agreement with recent reports from
literature.

2. Materials and methods

Initially, a standardized suspension (106 viable cells ml−1) of C. albicans ATCC 10231 was prepared
as described in the literature [19]. A Candida suspension ((1–5) × 105 cells ml−1) was seeded and
incubated in the dark for 5 min at room temperature in the presence of different concentrations of phe-
nothiazinium derivatives Azure A, Azure B, Azure A thiocyanate, Azure B BF4

− and Azure A eosinate,
ranging from 0.01 to 0.5 mg · ml−1, in a final volume of 0.2 ml. Cells incubated in sterile physiologi-
cal solution alone were included as a control. After this period, the covers of the 96-well plates were
removed, and the plates were illuminated with the appropriate light at room temperature, according to
the method described by Souza et al. [19]. The light source used was a diode laser InGaAlP (Photon
Laser, DMC, São Carlos, Brazil), with output power of 35 mW and wavelength of 684 nm. The energy
dose was of 28 or 56 J/cm2, varying the time of irradiation. Aliquots of 50 µl were taken before and
after illumination so that we could determine both the number of colony forming units (CFUs). The
contents of the wells were properly homogenized before being sampled. To determine the number of
CFUs, we diluted aliquots 1000-fold in sterile physiological solution and spread them evenly on a Petri
dish containing Sabouraud dextrose agar medium. The colonies were incubated at 37◦C for 48 h, and
the number of colony forming units per milliliter (CFUs ml−1) was determined. The experiments were
performed in the dark and under aseptic conditions. In the spectroscopic analysis, it was evaluated the
optical density at 570 nm, which is an interesting wavelength as function of the absorption of the several
species of aggregates, such as dimmers, trimers and oligomers that present wavelength of maximum ab-
sorption blue-shifted in relation to the monomeric form. In this way, even with significant aggregation,
a representative excitation of the photosensitizers would occur, favoring a higher photodynamic action.
Furthermore, in this wavelength (570 nm), the absorption of dyes inherent to the biological medium,
such as hemoglobin and melanin, is significantly low, implying that the competition by the photons
in the excitation process between Azures and biological dyes would be decreased. For consequence,
a suitable excitation would be obtained independently of the level of aggregation of the Azures. All the
experiments were made in triplicate, being that it was considered the medium value between the three
analysis.

3. Results and discussion

Figure 2 presents the results regarding the effect of Azure B on Candida yeasts. It is possible to note
that Azure B does not present an effective inhibition of C. albicans growth.
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Fig. 2. Azure B effect before (◦) and after the diode laser irradiation with DE of 28 J/cm2 (•) and 56 J/cm2 (⊗). Candida
albicans suspensions ((1–5) × 105 cells ml−1) were irradiated with diode laser (684 nm).

Fig. 3. Azure A effect before (◦) and after the diode laser irradiation with DE of 28 J/cm2 (•) and 56 J/cm2 (⊗). Candida
albicans suspensions ((1–5) × 105 cells ml−1) were irradiated with diode laser (684 nm).

Figure 3 demonstrates the data related to the Azure A effect on C. albicans cultures. Differently of the
Azure B behavior, it is detected an effective action of Azure A, when submitted to the radiation. In fact,
Azure A reduced the growth of C. albicans yeasts in approximately 30% after an irradiation 28 J/cm2

and near 50–60% subsequently to the irradiation 56 J/cm2.
Figure 4 presents the behavior of Azure A thiocyanate. Interestingly, this compound demonstrates

an intermediary action, when compared with Azures A and B, since an irradiation 28 J/cm2 does not
precludes the growth of C. albicans, which only occurs with 56 J/cm2.

Similarly to Azure B, Azure B TF4 does not inhibit the growth of the yeasts with both radiation
conditions evaluated in the present work, in agreement with the respective plot (Fig. 5).
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Fig. 4. Azure A thiocyanate effect before (◦) and after the diode laser irradiation with DE of 28 J/cm2 (•) and 56 J/cm2 (⊗).
Candida albicans suspensions ((1–5) × 105 cells ml−1) were irradiated with diode laser (684 nm).

Fig. 5. Azure B tetrafluoroborate effect before (◦) and after the diode laser irradiation with DE of 28 J/cm2 (•) and 56 J/cm2

(⊗). Candida albicans suspensions ((1–5) × 105 cells ml−1) were irradiated with diode laser (684 nm).

On the other hand, the Azure A eosinate behavior, presented in Fig. 6, is very close to that obtained
with Azure A, being characterized by 20% of growth inhibition with 28 J/cm2 and around 50–60% with
56 J/cm2.

The present results demonstrate that the photodynamic action of distinct types of Azure (Azure A,
Azure B, Azure A thiocyanate, Azure B BF4 and Azure A eosinate) compounds is quite different regard-
ing the inhibition of C. albicans growth. Indeed, some phenothiazinium derivatives, such as Azure B and
Azure B BF4, are not effective to inhibit C. albicans growth under both conditions of irradiation analyzed
in this work. However, Azure A and Azure A eosinate presented auspicious results when irradiated with
56 J/cm2. These Azure compounds have significant potential to be employed as PS in PDT, especially
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Fig. 6. Azure A eosinate effect before (◦) and after the diode laser irradiation with DE of 28 J/cm2 (•) and 56 J/cm2 (⊗).
Candida albicans suspensions ((1–5) × 105 cells ml−1) were irradiated with diode laser (684 nm).

in cases of superficial Candida infection, such as oral and vaginal candidosis, as well as nail and skin
infections. In fact, it is well known that the accessibility to the biological region affected is a funda-
mental pre-requisite to the effectiveness of PDT. This occurs because the local concentration of excited
species (photosensitizer) depends directly on the quantum yield and this phenomenon is consequence of
the light intensity in contact with the photosensitizer.

The phenothiazinium dyes have simple tricyclic planar structures, typically cationic in nature. The
most widely used compounds are methylene blue (MB) and toluidine blue O (TBO). Both are efficient
producers of singlet oxygen and the maximum absorption wavelength in water is 656 nm for MB and
625 nm for TBO, respectively [7].

According to Wainwright et al. [21], cationic photosensitizers are more efficient than their neutral or
anionic compounds in the photodynamic antimicrobial therapy. This information could be associated to
the fact that Azure A presents effective action against C. albicans in opposite to the Azure B behavior. In
fact, the molecular structure of Azure B presents a methyl radical as substituent group of the hydrogen
found in the position called “R3” in Azure A. Considering that this compound present a cationic charge,
the higher electronic density of Azure B could, through inductive effect, to decrease the intensity of this
positive charge. This fact is plausible due to the higher electronic density of the methyl group when
compared with the hydrogen. fungi present much more complex targets than bacteria. Yeasts possess a
thick external wall composed of a mixture of glucan, mannan, chitin and lipoproteins and separated from
the plasma membrane by a periplasmic space. Uptake of exogenous substances by fungi is generally
adversely affected by lipophilicity and positively affected by hydrophilicity and the presence of charged
groups [7].

In this context, it is relevant to note that the higher polarity of Azure A when compared with Azure B
must to favor the occurrence of higher number of hydrogen bonds with the chemical neighborhood
in aqueous medium. Thus, two important effects can be inferred of this significant physical–chemical
difference. The first one is the lower tendency of aggregation of Azure A in comparison with Azure B,
which is a well-known phenomenon associated to a decrease of the photodynamic efficacy. The second
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one would be the higher tendency of Azure A to interact with the external membranes of Fungi due to its
higher polarity, which must to facilitate the interaction with the polar groups of the Candida membranes.

Donnelly et al. [7] inferred that there should be no difference in susceptibility to PACT between
organisms resistant or susceptible to conventional antifungals. This occurs because the oxidation caused
by the photosensitizer is non-specific and there are no cellular defenses against it. Besides, it is unlikely
that fungi could readily evolve resistance to singlet oxygen and mutagenesis has never been associated
to PDT.

C. albicans, as well as other yeasts are more resistant to PACT than gram-positive bacterial cells, ne-
cessitating higher drug and light doses [26]. This is probably due to the presence of a nuclear membrane,
to the greater cell size and the reduced number of targets for singlet oxygen per unit volume of cell [26].

Several studies have reported the effectiveness of PACT against Candida species [3,5,7]. However,
they are considerably less susceptible to photodynamic killing than several bacteria [25]. In fact, doses
of TBO as high as 2.0 mg · ml−1 have been required to induce high levels of inhibition (499%).

In conclusion, it is possible to infer that it would be plausible to obtain a higher inhibition of C. albi-
cans growth with Azure A and Azure A eosinate employing a more intense source of light or a higher
concentration of these phenothiazinium derivatives. This new trials are being developed and soon will
be published.

4. Conclusions

The present article evaluates a series of Azures compounds in order to identify new prototypes of
photosensitizer (PS). The results demonstrated that the different phenothiazinium derivatives have quite
distinct inhibitory behaviors regarding the C. albicans growth. The more effective results were obtained
with Azure A and Azure A eosinate. On the other hand, it is clear that some phenothiazinium compounds,
such as Azure B and Azure B BF4, do not present real possibilities of application as photosensitizers.
In fact, the higher polarity of the molecular structure of Azure A when compared with Azure B must
be a decisive factor to propitiate this more effective photodynamic result. In this way, new tests are
necessary varying concentration and light intensity to obtain a more complete analysis of the potential
as photosensitizer of Azure A and Azure A eosinate, which were the more effective compounds analyzed
in this manuscript. Furthermore, it is important to notice that the spectroscopic measurements of optical
density was quite capable to determine the growth inhibition of C. albicans, and, in this way, can be
considered an interesting alternative in comparison with conventional methodologies in order to develop
microbiological analyzes.
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