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ABSTRACT 

 
This study evaluated the in vitro susceptibility of C. albicans, C. dubliniensis, C. tropicalis and C. krusei to 

photodynamic therapy (PDT) induced by Photogem® and light emitting diode (LED). Suspensions of each 

Candida strain were treated with three photosensitizer (PS) concentrations (10, 25 and 50 mg/L) and 

exposed to 18.0, 25.5 and 37.5 J/cm2 LED light fluences (� ~ 455 nm). Control suspensions were treated 

only with PS concentrations, only exposed to the LED light fluences or not exposed to LED light or PS. 

Sixteen experimental conditions were obtained and each condition was repeated three times. From each 

sample, serial dilutions were obtained and aliquots were plated on Sabouraud Dextrose Agar. After 

incubation of plates (37 °C for 48 hours), colonies were counted (cfu/mL) and the data were statistically 

analyzed by ANOVA and the Tukey test (�=0.05). Complete killing of C. albicans was observed after 18.0 

J/cm2 in association with 50 mg/L of PS. C. dubliniensis were inactivated after 18.0 J/cm2 using 25 mg/L 

of PS. The inactivation of C. tropicalis was observed after photosensitization with 25 mg/L and subsequent 

illumination at 25.5 J/cm2. For C. krusei, none of the associations between PS and light resulted in 

complete killing of this species. PDT proved to be effective for the inactivation of C. albicans, C. 

dubliniensis and C. tropicalis. In addition, reduction in the viability of C. krusei was achieved with some 

of the PS and light associations. 
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INTRODUCTION 

 

 Species of the Candida genus are frequently isolated from 

the oral cavity in the majority of healthy individuals (24, 34), 

living normally in a relationship of commensalism. 

Nevertheless, these microorganisms can act as opportunist 

pathogens, invading tissues and setting off infectious processes 

(10, 23). Candida albicans is considered the most prevalent 

and pathogenic species (27), being present in around 70% of 

the cases of oral infections (28). Other species are also 

frequently associated with the development of infections, such 

as Candida glabrata, Candida tropicalis, Candida 

parapsilosis, Candida krusei and Candida guilliermondi (31). 

In addition to these, there is C. dubliniensis, a more recently 

described species. It has been reported that this species has a 

virulence similar to that of C. albicans, due to their genomic  
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similarity (36), and it is frequently isolated in HIV-positive 

patients (25). 
Infection of the oral cavity by Candida spp. is 

denominated oral candidiasis, and is considered the commonest 

fungal infection among humans (1, 3). For the treatment of this 

pathology, topical (2, 13) and systemic antifungal agents (8, 

21) can be used. Nevertheless, some studies have demonstrated 

that the use of these medications could lead to the development 

of resistance by the Candida species (17, 39). Moreover, some 

species, such as C. krusei, are more resistant to fluconazol, in 

comparison with C. albicans (39). 

 In view of the difficulties found in treating oral candidiasis 

(17, 39), many researches have been conducted to seek 

alternative therapies for the treatment of these infections. A 

promising therapeutic modality for the inactivation of 

pathogenic microorganisms is Photodynamic Therapy (PDT) 

(9, 15, 16, 29, 40, 41). The photodynamic process requires the 

use of a chemical compound denominated photosensitizer (PS), 

the application of a light that corresponds to the absorption 

band of PS and the presence of oxygen (19, 38), promoting the 

formation of reactive species, such as singlet oxygen (38). The 

antimicrobial effect of PDT begins when the molecules of PS 

are irradiated with visible light and the photons are absorbed by 

the PS. Thereby, an electron is excited from the fundamental 

state to the singlet state (electrons with paired spins). This 

electron can return to the fundamental state emitting 

fluorescence or go on to the triplet state (parallel spins). PS in 

the triplet state has a relatively long life time, which allows an 

increase in the number of collisions, still in the excited state, 

with other molecules (for example, with oxygen). This 

interaction with neighboring molecules can lead to the 

formation of the singlet oxygen (1O2), which is highly reactive 

in the biological system and can interact with proteins and 

lipids promoting cell inactivation (18). 

 The compounds derived from hematoporphyrin (HpD) are 

PSs widely used in PDT for the treatment of cancer (12), 

especially Photofrin®, Photogem® and Photosan®. Some in 

vitro studies have demonstrated that the topical use of these 

compounds could also be effective for the photoinactivation of 

bacteria and fungi (4, 12). LED light (42) appears to be a 

promising light source for PDT because it emits cold light in a 

narrow band of the spectrum, but at one predominant 

wavelength. Moreover, it provides spontaneous, non coherent 

light emission with a certain scattering, the appliance costs less 

and the technology is simpler in comparison with that of laser 

appliances (7). 

 Although studies have analyzed the susceptibility of 

Candida spp. to PDT (4, 5, 12, 35), the effectiveness of this 

therapy when associated with Photogem® and LED remains 

poorly investigated. Therefore, this study evaluated the in vitro 

photodynamic activity of Photogem® associated with blue LED 

for inactivating C. albicans, C. dubliniensis, C. tropicalis and 

C. krusei. 

 

MATERIAL AND METHOD 

 

Preparation of Photogem® and Light Source 

The Photogem® (High Chemical Technology, Moscow, 

Russia) solution was prepared by dissolving the powder in 

sterile saline solution. The concentrations of 10, 25 and 50 

mg/L were evaluated. The light source used was an 

illumination diffusion table, composed by blue LEDs 

(predominantly 455 nm), called Bio Table (Instituto de Física 

de São Carlos, São Carlos, SP, Brazil). The output power was 

maintained constant at 12.5 mW/cm2, and the variation in the 

fluences of light evaluated was obtained by means of different 

illumination times (50, 34 and 24 minutes) which resulted in 

37.5; 25.5 and 18.0 J/cm2, respectively.  

 

Microorganisms and growth conditions 

 Cell suspensions of reference strains of the species C. 

albicans (ATCC 90028), C. dubliniensis (ATCC 7987), C. 

tropicalis (ATCC 4563) and C. krusei (ATCC 6258) were 

used. To obtain the cell suspensions, aliquots of 10 µL were 

removed from frozen cultures and inoculated individually in 5 

mL of Tryptic Soy Broth (TSB; Acumedia Manufactures, Inc. 

Baltimore, Maryland 21220, EUA) contained in test tubes. The 

test tubes were incubated at 37 °C for 16 hours. After the 
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incubation period, the cells were collected by centrifugation 

and resuspended in sterile saline solution until the cell 

concentration inside the test tube was equivalent to 106 

cells/mL (McFarland scale). 

 

Experimental conditions  

 For each microorganism, nine experimental conditions 

were tested, obtained by crossing the three concentrations of 

PS and three doses of light. These experimental conditions 

were denominated P+L+. Thus, using a 96-well plate, aliquots 

of 100 �L of the cell suspensions of each species were 

photosensitized with the same volume of Photogem® (100 �L), 

at one of the concentrations evaluated. The well plate 

containing the resulting suspensions was left to rest in the dark 

for 30 minutes, and after this was placed on the Bio Table 

illumination surface. These procedures were performed to 

evaluate the three fluences of light proposed in this study (37.5; 

25.5 and 18.0 J/cm2). 

Furthermore, the effect of the isolated application of each 

concentration of Photogem® (P+L-) and of each light fluence 

(P-L+) was also evaluated. Additional samples of the control 

group were not photosensitized with Photogem® or illuminated 

with LED (P-L-), totaling 15 experimental conditions and 1 

control conditions for each Candida species.  

 For all the conditions evaluated, serial dilutions from 10-1 

to 10-3 were obtained from the samples contained in the wells. 

These serial dilutions were plated on Sabouraud Dextrose Agar 

with 5 �g/mL of gentamicin (SDA; Acumedia Manufactures, 

Inc. Baltimore, Maryland 21220, EUA). In addition, aliquots of 

25 µL were removed from the cavities of the well plates and 

transferred directly to the SDA, without being diluted. After 48 

hours of incubation at 37 oC, the Petri plates were submitted to 

colony counting and the numbers of colony forming units were 

calculated. 

 

Statistical analysis 

 For each condition evaluated in this study, three 

repetitions were performed. Sample plating was performed in 

triplicate for better characterization of the value obtained. 

Analysis of variance – ANOVA was performed to evaluate 

only the values obtained under the conditions P-L-, P+L- and 

P-L+ of these species. The results obtained for C. krusei made 

it possible to perform ANOVA to evaluate all the experimental 

conditions (P-L-, P+L-, P-L+ and P+L+), bearing in mind that 

all experimental conditions resulted in colony growth. In all the 

cases, when ANOVA pointed towards the existence of 

statistically significant difference, the Tukey HSD post hoc test 

was performed (�=0.05) (33). 

 
RESULTS 

 
After incubation (48 hours/37°C), the control plates (P-L-) 

of the four Candida species showed abundant growth of viable 

colonies. It was observed that the effect of the isolated 

application of the three concentrations of PS (P+L-) did not 

significantly alter the number of cfu/mL for the four species, in 

comparison with the values obtained in the control groups 

(p>0.05). On the other hand, the isolated application of the 

three light fluences (P-L+) on the four species resulted in 

significantly lower cfu/mL values (p<0.05) in comparison with 

those obtained in the control group (Table 1).  

For all the species evaluated, a significant reduction in the 

number of cfu/mL was observed after the application of PDT. 

The effectiveness of the therapy in reducing cell viability 

varied as a function of the microorganism and the association 

between Photogem® and the fluence of light (Fig. 1). C. 

albicans, C. dubliniensis and C. tropicalis showed no 

microbiologic growth (48 hours/37 ºC) after PDT, indicating 

the complete inactivation of these microorganisms (Table 2). 

Bearing in mind that certain associations of the conditions 

P+L+ for C. albicans, C. tropicalis and C. dubliniensis species 

showed no survival, it was impossible to make statistical 

inference. The minimum fluence of light necessary to achieve 

total inviability of C. albicans was 18.0 J/cm2 associated with 

50 mg/L of PS. In a similar manner, C. dubliniensis was also 

inactivated with illumination of 18.0 J/cm2, but the 

concentration of PS required was 25 mg/L. The inactivation of 

C. tropicalis occurred with illumination of 25.5 J/cm2 

associated with 25 mg/L of PS.  
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Table 1. Mean colony-forming unit (cfu/mL) values of each Candida species obtained under P-L+, P+L- and the control 

conditions. 

P-L-

10 mg/L 25 mg/L 50 mg/L 18.0 J/cm2 25.5 J/cm2 37.5 J/cm2

C. albicans 5.50E+14 a 6.23E+06 a 5.91E+06 a 5.71E+06 a 3.27E+06 b 3.17E+06 b 3.19E+06 �

C. dubliniensis 2.67E+06 a 2.71E+06 a 3.13E+06 a 2.70E+06 a 4.17E+05 b 4.23E+05 b 4.00E+05 �

C. tropicalis 1.77E+06 a 1.75E+06 a 1.60E+06 a 1.70E+06 a 2.52E+05 b 2.97E+05 b 2.75E+05 �

C. krusei 2.29E+06 a 2.13E+06 a 2.34E+06 a 2.36E+06 a 4.19E+05 b 4.18E+05 b 4.63E+05 �

Candida  species
P+L- P-L+

Control conditions

 
E+06 and E+05 = 106 and 105, respectively. Horizontally, identical superscripted small letters denote no significant differences 
among groups (p>0.05). No comparisons were made among Candida species. 

 

 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 18.0 25.5 37.5

lo
g 

(c
fu

/m
L)

Light fluence (J/cm2)

A

0 mg/L 10 mg/L 25 mg/L 50 mg/L

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 18.0 25.5 37.5

lo
g 

(c
fu

/m
L)

Light fluence (J/cm2)

B

0 mg/L 10 mg/L 25 mg/L 50 mg/L

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 18.0 25.5 37.5

lo
g 

(c
fu

/m
L

)

Light fluence (J/cm2)

C

0 mg/L 10 mg/L 25 mg/L 50 mg/L

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 18.0 25.5 37.5

lo
g 

(c
fu

/m
L)

Light fluence (J/cm2)

D

0 mg/L 10 mg/L 25 mg/L 50 mg/L

 
 

Figure 1. Graphic representation of the values from logarithmic of survival counts (cfu/mL) of C. albicans (A), C. dubliniensis (B), C. 

tropicalis (C) e C. krusei (D).  
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Table 2. Minimal Photogem® concentration (mg/L) for photoinactivation of C. albicans, C. dubliniensis and C. tropicalis. 

Light fluence

(J/cm2) C. albicans C. dubliniensis C. tropicalis
18.0 50 25  - 

25.5 10 10 25

37.5 10 10 10

Minimal lethal concentration   (mg/L)

 - : complete inactivation was not observed  
 

 
For C. krusei, the results showed a significant reduction in 

cell viability (Fig. 1D). No association of PS and light resulted 

in complete inactivation of C. krusei (Fig. 1D). When the 

fluence of 18.0 J/cm2 was evaluated, the use of PS at the 

concentrations of 50 and 25 mg/L resulted in similar cfu/mL 

values, which were statistically lower than the value obtained 

in the control group (p<0.05). Whereas, when the samples were 

illuminated at 25.5 or 37.5 J/cm2, the three concentrations of 

FS (50, 25 and 10 mg/L) resulted in cfu/mL values that were 

statistically lower than those of the control group (p<0.05).  

 

DISCUSSION 

 

This study evaluated the in vitro susceptibility of four 

Candida species to PDT by means of the association of three 

concentrations of Photogem® and three fluences of LED light. 

One of the most significant findings was the complete 

inviability of the suspensions of C. albicans, C. dubliniensis 

and C. tropicalis. For the three species, the use of high fluences 

of light promoted photoinactivation with low concentrations of 

Photogem®. These results were considered relevant, since a 

few investigations observed the total elimination of C. albicans 

after PDT (22, 37), while the photoinactivation of C. 

dubliniensis and C. tropicalis is a completely new result. In the 

study of Lambrechts et al. (22), the in vitro use of a cationic 

porphyrin (25 µM) associated with 12.6 J/cm2 of halogen light 

resulted in the absence of viable colonies of C. albicans after 

48 hours of incubation. In another study, methylene blue dye 

was also effective in photosensitizing C. albicans, promoting 

the complete elimination of this microorganism from the oral 

cavity of immunosuppressed rats after illumination with 275 

J/cm2 of diode laser (37). Although the authors used higher 

concentrations of PS (450 mg/L to 500 mg/L) for the total 

inactivation of C. albicans, the above-mentioned study was 

conducted in vivo (37). This fact could justify the need for the 

use of high concentrations of PS and fluences. In the present 

study, a similar inactivation behavior was also observed 

between C. albicans and C. dubliniensis. The latter is a more 

recently described species of Candida that has greater 

incidence in patients with AIDS and is not always eliminated 

with the use of antifungal agents (36). The two species have 

almost identical phenotypical characteristics, as well as genetic 

similarities (36) which could explain the similar result obtained 

with the application of PDT. 

Bearing in mind that the photodynamic action requires an 

association of PS and light, the application of light without the 

presence of a PS is not capable of promoting the formation of 

singlet oxygen. It is fundamental to have the presence of a 

substance to intermediate the process of reactive species 

formation. However, the results of condition P-L+ showed 

statistically significant differences, when compared with the 

control group, suggesting a possible toxic effect of the light. 

Souza et al. (35) observed that the isolated application of laser 

also caused a reduction in the cfu/mL values of C. tropicalis. It 

has been reported that cell irradiation with visible light and its 

consequent absorption by the tissue molecules could cause both 

a proliferative and inhibitive effect, and is elucidated by two 

processes that involve electronic excitation. One of the 

processes is the transfer of energy to oxygen, since the 

cytochrome works as photosensitizer, enabling the 
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photodynamic damage to occur without the presence of an 

external photosensitizer (20). 
For C. krusei, no results similar to those of the other 

species were obtained, once this microorganism was not 

completely inactivated under any experimental condition. 

Nevertheless, under the conditions in which PDT was 

evaluated, significantly lower cfu/mL values were observed in 

comparison with the control group. The susceptibility of C. 

krusei to PDT can be considered an important result since this 

microorganism has frequently been isolated in 

immunocompromised patients, particularly when there were 

reports of previous exposure to fluconazol (11, 26). Its main 

characteristic is intrinsic resistance to various antifungal 

medications, such as fluconazol, which makes it difficult to 

treat infections by C. krusei (30). In the present study, the 

greatest reduction in the viability of C. krusei was obtained 

after the use of 50 mg/L of Photogem®, associated with 37.5 

J/cm2 of illumination. Bliss et al. (5) observed a concentration-

dependent curve when Photofrin® was evaluated for 

photosensitizing C. albicans and C. krusei. These authors also 

found that C. krusei was more resistant to PDT, when 

compared with C. albicans (5). Although it has previously been 

observed that C. krusei was more resistant to being 

photosensitized, the reasons that lead to this behavior have not 

yet been explained. Particularly with regard to C. albicans, the 

photochemical processes mediated by hematoporphyrin 

derivatives, initially appear to promote an alteration in the 

cytoplasmatic membrane of the microorganism (4). This effect 

possibly occurs through oxidative alterations in lipids and 

proteins present in the membrane (6). Afterwards, PS is able to 

penetrate into the cell and cause irreversible damage to the 

intracellular organelles, which leads to cellular inactivation (4). 

According to Jori et al. (19), the increase in the permeability of 

the membrane during the initial photochemical processes is 

fundamental for accentuating the photodynamic effect on 

fungal cells, as inactivation effectively occurs after the uptake 

of PS into the cell interior. It can be supposed that some of the 

peculiarities inherent to C. krusei could act as resistance to cell 

inactivation by photochemical processes, as is the case with 

PDT. It has been suggested that C. krusei has greater 

superficial hydrophobicity in comparison with C. albicans 

(32). This characteristic is responsible for C. krusei cells to 

have a greater tendency to adhere to each other when in the 

yeast form. In order for the photodynamic effect to occur, it is 

necessary for singlet oxygen to be formed close to its target, 

due to its short life time and low diffusion capacity in water 

(6). Therefore, the phenomenon of co-adhesion among the C. 

krusei cells adhering to each other could be associated with 

difficulty singlet oxygen has in attaining the surface of fungal 

cells, thus diminishing the effectiveness of the therapy. 

Nevertheless, no specific information was found in the 

literature. 

It is important to point out that the inactivation of the 

Candida species by PDT could present important advantages 

over conventional treatments considering that antifungal 

medications frequently do not completely eliminate the 

Candida species (2, 8, 14). Therefore, the photoinactivation 

results observed in the present study could suggest PDT as an 

effective method for fungal inactivation, which would 

contribute to overcoming the limitations of conventional 

medications and provide better treatment results. However, the 

experiments of this study were conducted with planktonic 

cultures of the microorganisms, which may not faithfully 

simulate the conditions found in vivo. Clinically, the 

microorganisms are found grouped into complex communities, 

denominated microbial biofilms (13, 42). Chabrier-Roselló et 

al. (12) demonstrated a significant reduction in the metabolic 

activity of C. albicans biofilms after photosensitization with 10 

mg/L of Photofrin® and illumination at 18 J/cm2. The 

elimination of C. albicans present on rat tongues has also been 

demonstrated with the use of methylene blue and laser (37). 

Therefore, the effective use of PDT, in vivo, appears to be a 

promising field of study, and the results of the present study 

may serve as a parameter for future investigations, in which the 

association of Photogem® with LED could be evaluated in 

situations that simulate the conditions found clinically. 

Considering the limitations of the present study, it was 

concluded that PDT presented a fungicidal effect on fungal 
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suspensions, being effective in the inactivation of the C. 

albicans, C. dubliniensis and C. tropicalis species, and in the 

significant reduction in the cell viability of C. krusei. 
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