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Abstract: This work describes an experimental setup to evaluate the photodynamictoxicity of 650 nm diode 

laser and 532 nm Frequency-doubled Q-Switched Nd:YAG  laser on  the growth of Candida albicans as 

well as the  potential fungicidal effect when combining  the laser irradiation with specific photosensitizers 

namely methylene blue, toluidine blue, acridine orange and safranin O. In this study the findings showed 

that the number of colony-forming units per millilitre (CFU/ml) of C. albicans decreased with increasing 

exposure time. In particular in the case of the frequency doubled Nd:YAG laser combined with  safranin O, 

the best lethal effect occurred at 11 minutes exposure time with 2.26 J/cm² energy density (89.18% 

reduction) in comparison with the group treated with neither the laser nor with the photosensitizer.  

Irradiation with the frequency doubled Nd:YAG laser in the presence of acridine orange had less effect in 

reducing the number of CFU/ml for C. albicans. The highest reduction (85.88%) was achieved with 2.26 

J/cm
2
 energy density at 9 min exposure time.  On the other hand, the best performance in the case of diode 

laser was when combining with methylene blue at 28 minutes exposure and 0.58 w/cm
2 

 power density 

(45.38%). In the case of diode laser with toluidine blue, the highest reduction of CFU/ml (67.93%) occurred 

at 35 min at the same power density 
 

 

Introduction 

   Candidiasis is one of the most frequent 

mycotic complications encountered for many 

years (Hazan, et al., 1953). Candida albicans is 

the yeast pathogen most frequently isolated 

from patients with vaginitis (2. Heelan, et al., 

1996). There are more than 20 species of 

Candida, the most common being Candida 

albicans. These fungi live on all surfaces of 

human bodies. Under certain conditions, they 

can become so numerous that they cause 

infections, such as vaginal yeast infections, 

thrush (oral infection), skin and nailbed 

infections. 

   A promising therapeutic modality for the 

inactivation of pathogenic microorganisms is 

photodynamic Therapy (Jori, et al., 2006). 

Photodynamic therapy has been presented as a 

new antimicrobial treatment modality (Munin, 

et al., 2007). In this modality light-activated 

drugs are used to treat diseases ranging from 

cancer to age-related macular degeneration and 

antibiotic resistant infection. The 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, promotes the formation of reactive 

species, such as singlet oxygen (Niemz, 2004 

and Stylli, et al., 2004). 

   The phototoxicity of laser light is possible 

with known photosensitizers against the yeast C. 

albicans. The literature is rich in the field of 

laser microbial phototoxicity as 

abovementioned. Nevertheless various 

conditions are still not completely investigated 

regarding the photosensitizer, laser type, and 

dose parameters of the laser light irradiation.  
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The aim of the study was to evaluate the 

combined effect of photosensitization of four 

different photosensitizers  (methylene blue, 

toluidine blue, acridine orange and safranin O) 

and  two different lasers (diode laser and 

Nd:YAG laser) on the viability of C. albicans 

and to compare between them. The work was 

carried out under different experimental 

conditions regarding the two laser parameters.    

      

Materials and Methods 

   The yeast used throughout this study was C. 

albicans. High vaginal swab (HVS) samples 

were taken from women with candidiasis using 

sterile cotton tipped swap. The yeast was 

maintained in sterile10% KOH solution and 

then subcultured on Sabouraud dextrose agar 

(SDA). The materials were incubated 

aerobically at 37ºC for 48 hrs.  

   C. albicans was identified using microscopic, 

cultural and biochemical methods in addition to 

germ tube and chlamedospore formation tests. 

Biochemical tests involved sugar fermentation 

and Api candida tests (Milne,   1996). Specific 

dyes namely methylene blue, toluidine blue, 

acridine orange and safranin O were considered 

in our work as photosensitizers. Standardized 

suspensions (10
6
 viable cells/ml) of C. albicans 

(one isolate) were prepared. Aliquot of 50µl of 

this suspension was mixed with 50µl of each 

dye solution in sterile appendrof tube for 15 min 

and then irradiated. Temperature was measured 

before and during irradiation using non-contact 

infrared thermometer (UT 300 Series).  

   C. albicans samples were treated with 0.1 

mg/ml methylene blue, toluidine blue, acridine 

orange and safranin O solutions and then 

irradiated with two lasers with their specific 

photosensitizers at different exposure times. 

   The two laser systems used in the experiment 

were 650 nm CW diode laser and 532 nm 

frequency-doubled Q-switched Nd:YAG laser. 

After irradiation, serial dilutions 10
-1

-10
-4

 were 

prepared, and then an aliquot of 100µl of the 

irradiated suspension was spread over the 

surface of agar plates for each dilution. Plates 

were then incubated aerobically at 37° C for 

48hrs until the growth was visible. Ten 

replicates were used for each assay. The 

irradiation experiments were done in dark room.                                              

  A total of 2000 assays were carried out, 400 

assays for diode laser and 1600 assays for 

Nd:YAG laser.  For each laser, the irradiation 

experiments involved the following four groups:                                                                             

- Group I (L-P-): this group was considered as a 

control group.  It was not     subjected   to laser 

irradiation or treated with a photosensitizer.  

-Group II (L-P+): this group was treated with  

0.1mg/ml of each photosensitizer with no laser 

irradiation. 

-Group III (L+P-): this was the one that treated 

with laser radiation only without adding  

photosensitizer. 

-Group IV (L+P+): this group was irradiated 

with laser light in the presence of a 

photosensitizer. 

   The number of colony forming units per 

millilitre (CFU/ml) were analysed using the 

SPSS statistical software package and Microsoft 

Office Excel, The results were log-transformed 

and analyzed by Analysis Of Variance 

(ANOVA) followed by post-hog Tukey test. P 

values < 0.05 were considered significant (Negi,   

2008).   

 

Results 

   Fig.1 shows the results in the case of the diode 

laser with methylene blue. Group L+P+ 

(irradiated with laser in the presence of 

methylene blue) showed a significant reduction 

(p<0.05) in the value of log CFU/ml compared 

with those of  groups L-P- and L-P+ where no 

statistical significance differences were 

detected. The result mentioned was consistent 

throughout various exposure times of 21, 28 & 

35 minutes. This indicates that the irradiation 

with diode laser in the presence of methylene 

blue was able to reduce the viability of C. 

albicans.  

   For toluidine blue,   Fig. 2 shows the 

combined effect of diode laser irradiation with 

toluidine blue on the viability of C. albicans.  It 

is clearly shown that the mean number of log 

CFU/ml is decreasing with increasing exposure 

time; significant reduction (p<0.05) in log 

CFU/ml was achieved at 35 min. exposure time 

in relation to 7,14 and 21 minutes exposure 

time.   

    In the case of the combination of frequency 

doubled Nd:YAG laser and acridine orange, Fig. 

3A shows the mean value of log CFU/ml of C. 

albicans for the four experimental groups (L-P-, 

L-P+, L+P- and L+P+) at different exposure 

times (3, 5, 7,9 and 11min) under 1.41J/cm
2  

energy density. Considering the case where both 

the laser irradiation and the photosensitizer 

(group L+P+) are involved in the interaction, the 

findings indicate significant (p<0.05) reduction. 

The maximum reduction throughout all trials 
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recorded the best value of log CFU/ml of 7.08 at 

11 minutes. 

   Fig. 3B shows the mean value of log CFU/ml 

of C. albicans for the four experimental groups 

(L-P-, L-P+, L+P- and L+P+) at different 

exposure times (3, 5, 7, 9 and 11min) under 1.69 

J/cm
2 

energy density. In the case where both the 

laser irradiation and the photosensitizer (group 

L+P+) are involved in the interaction, the 

findings indicate significant (p<0.05) reduction. 

The maximum reduction throughout all trials 

recorded the best value of log CFU/ml (6.79) at 

7 minutes. We think that no saturation is being 

reached with the addition of the photosensitizer 

within our exposure times range. We may 

conclude with reasonable certainty that an 

optimum exposure time is arising and above or 

below that time the performance deteriorates. 

Statistically comparing this irradiation Fluence 

with previous one we found significant 

difference (p<0.05) indicating better 

performance with 1.69 J/cm
2
.  

    Fig. 3C shows the mean value of log CFU/ml 

of C. albicans for the four experimental groups 

(L-P-, L-P+, L+P- and L+P+) at different 

exposure times (3, 5, 7, 9 and 11min) under 1.98 

J/cm
2 

energy density. Group L+P+ showed a 

clear significant reduction (p<0.05) with 

increasing exposure time. The maximum 

reduction in log number of CFU/ml reached 

6.54 at 11 minutes. 

    Fig. 3D shows the mean value of log CFU/ml 

of C.albicans for the four experimental groups 

(L-P-, L-P+, L+P- and L+P+) at different 

exposure times (3, 5, 7, 9 and 11min) under 2.26 

J/cm
2 

energy density. Same behaviour as above 

cases was observed regarding group L-P- and 

group L-P+. The same is applied with laser only 

(group L+P-). The minimum log CFU/ml value 

6.71 reached at 9 minutes exposure time. As for 

the case where both the laser irradiation and the 

photosensitizer (group L+P+) are involved in 

the interaction, the findings indicate significant 

(p<0.05) reduction with values significantly 

better than the previous cases. The overall 

minimum value of log CFU/ml reached 6.48 at 9 

minutes exposure time.    The results of the 

combination of 532 nm frequency doubled laser 

and safranin O are shown in Fig. 4A at different 

exposure times 3, 5, 7, 9 and 11minutes at 1.41 

J/cm
2 

energy density. In the case of both the 

laser irradiation and the safranin O 

photosensitizer (group L+P+) the findings 

indicate significant (p<0.05) reduction at 5, 7, 9 

and 11 minutes exposure times compared with 

other groups. The maximum reduction 

throughout all trials recorded the best value of 

log CFU/ml (6.45) at 11 minutes exposure times 

(Fig. 4A).     Fig. 4B shows the mean value of 

log CFU/ml of C. albicans for the four 

experimental groups (L-P-, L-P+, L+P- and 

L+P+) at different exposure times (3, 5, 7, 9 and 

11min) under 1.69 J/cm
2 

energy density. The 

group L+P- showed significant difference 

(p<0.05) at 7 and 9 minutes exposure time 

compared with first two groups. Combining 

both effects (group L+P+) the findings indicate 

significant (p<0.05) reduction at 5, 7, 9 and 11 

minutes exposure time with the maximum 

reduction  recorded (log CFU/ml 6.58) at 11 

minutes exposure time.     Fig. 4C shows the 

mean value of log CFU/ml of C. albicans for the 

four experimental groups (L-P-, L-P+, L+P- and 

L+P+) at different exposure times (3, 5, 7, 9 and 

11min) under 1.98 J/cm
2   

energy density. Once 

more Group L+P+ showed a clear significant 

reduction (p<0.05) with increasing exposure 

time. The maximum reduction in log CFU/ml 

reached 6.54 at 11 minutes. 

    Fig. 4D shows the mean value of log CFU/ml 

of C. albicans for the four experimental groups 

(L-P-, L-P+, L+P- and L+P+) at different 

exposure times (3, 5, 7, 9 and 11min) under 2.26 

J/cm
2 

energy density. Group L-P+ showed 

significant differences (p<0.05) as well as 

Group L+P+ compared with other group 

throughout all time exposure at 2.26 J/cm
2  

energy density. In addition to that group L+P+ 

showed significant difference (p<0.05) in 

comparison with group L+P- recording the best 

performance in particular at 11 minutes 

exposure time corresponding to 6.39 in there 

absolute scale.  

 

Discussion and Conclusion 

       In our study the highest reduction in log 

CFU/ml after PDT was observed in the presence 

of toluidine blue, followed by methylene blue. It 

could be noticed that the photo activation of 

methylene blue by the red laser radiation at 650 

nm at 7 and 14 minutes presented lower 

fungicidal effect against C. albicans under 

study. It is worth noting that despite the 

different irradiation conditions in our trials the 

results are in reasonable agreement with those of 

various studies (Munin, et al., 2007, Souza , et 

al., 2009 and Nikawa, et al., 2003). The latter  

investigated the effect of red light-emitting 

diode on cell growth of C. albicans, 

Staphylococcus aureus, Escherichia coli and  



Maki A. M. & Kazem I. K., Iraqi J. Laser B, 12, 21-27 (2013) 

 

24 

 

Artemia saling; their results showed  that 

increasing  red light-emitting diode exposure 

time increased the cytotoxic effect of methylene 

blue against bacteria, yeast and microcrustacean 

growth. The photoinactivation using methylene 

blue and toluidine blue at a concentration of 0.1 

mg/ml, followed by low-power GaAlAs laser 

irradiation at energy densities of 15.8 J/cm2, 

26.3 J/cm2 and 39.5 J/cm
2
, reduced the number 

of log CFU/ml of C. albicans. The results of our 

study are in agreement with the results of 

various studies (Souza, et al., 2006, Giroldo, et 

al., 2009 and Usacheva, et al., 2001). Giroldo 

and et al. in 2009 reported a significant decrease 

in the growth of C. albicans when the 

photosensitizer methylene blue was combined 

with a diode laser (684 nm and 28 J/cm
2
) 

(Usacheva, et al., 2001).                                                                                               

    In Fig. 5B   the absorption peaks in the case 

of  toulidine blue are stronger than the ones of 

methylene blue. We believe that this may 

interpret the higher killing rate compared with 

that of methylene blue. As a matter of fact 

looking at the numbers in that case we found the 

same ratio as in the case of absorption relative to 

the rate of killing. The higher absorption leads 

to more transformation of optical energy into the 

PS material causing possible biostimulation and 

probable bond breaking causing higher effect 

via photochemical interaction processes. . 

Usacheva and et.al. in (2001) evaluated the 

bactericidal efficacy of the photosensitizers 

methylene blue and toluidine blue combined 

with argon (630 nm) and diode (664 nm) lasers 

against different bacteria. The results 

demonstrated that toluidine blue showed higher 

bactericidal activity than methylene blue for the 

two lasers used. Complete inactivation of 

bacteria was achieved with toluidine blue at 

concentrations 1.5-times to 7-times lower than 

those of methylene blue. The authors suggest 

that the solubility of toluidine blue should be 

higher in the hydrophobic region of the 

membrane, and, thus, toluidine blue could 

interact more easily with the bacterial 

membrane than methylene blue. As a result, the 

toluidine blue concentration within the 

microorganism cell should be significantly 

higher than that of methylene blue.  

   The frequency doubled Nd:YAG laser showed 

the best results in reducing the number of 

CFU/ml of C. albicans at  9 minutes exposure 

time  at energy density of 1.98 J/ cm² (74.45% 

reduction). Irradiation with energy density of 

2.26 J/ cm² gave 68.3% reduction at 9 minutes 

exposure time. No significant reduction was 

found at low energy densities of 1.41 and 1.69 J/ 

cm². The second important conclusion drawn 

from the present work is that combining the 

laser radiation with photosensitization led to a 

very noticeable effect compared with that with 

laser irradiation alone. The absorption spectra of 

the four photosensitizers (methylene blue, 

toluidine blue, acridine orange and safranin O) 

are given in Fig. 5. The behaviour of the curves 

showed good absorption peaks at 650 nm in 

both methylene blue and toluidine blue as 

indicated by the arrows in Figures. 5A & 5B. 

However, in the case of toluidine blue the 

absorbtion peak at 650 nm shows a slightly 

higher value by an amount around 15%.  

   In the case of acridine orange and safranin O. 

Strong absorption peaks are obvious at 532 nm 

as indicated by the arrows on Figure. 5C& 5D. 

It is noteworthy to indicate that safranin O 

exhibits stronger absorption peak at the 

frequency doubled Nd:YAG laser wavelength, 

i.e. at 532 nm.      This fact was applicable to 

both lasers combined with photosensitizer. The 

best reduction in the number of CFU/ml of C. 

albicans was obtained by Nd:YAG laser 

combined with Safranin O with energy density 

of 2.26 J/ cm²  at 11 minutes exposure time 

(89.18 %). The best % reduction with energy 

density of 1.98 J/ cm², 1.69 J/ cm²   and 1.41 J/ 

cm²   were 84.67%, 82% and 87% respectively 

at 11 minutes exposure time.  Combination of 

Nd:YAG laser with acridine orange gave less % 

reduction in the CFU/ml of  C. albicans. The 

best reduction were 85.88% at 9 minutes 

exposure time with energy density of 2.26 J/ 

cm² followed by 84.67% with energy density of 

1.98 J/ cm² at11 minutes exposure time.                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Mean and standard deviation log CFU/ml 

obtained for  Photosensitization of C. albicans with 

methylene blue using  650 nm diode laser.      
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Fig. 2: Mean and standard deviation log CFU/ml 

obtained for  photosensitization of C. albicans with 

toluidine blue using  650 nm diode laser.  

                          

 

 

 

 

 

  

  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3: Mean log CFU/ml obtained for 

photosensitization of C. albicans with  acridine 

orange using 532 nm Frequency-doubled Q- 

switched Nd:YAG  laser using 1.41 (A),1.69 

(B),1.98 (C) and 2.26 (D) J/cm
2 
energy

 
ensities. 
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Fig. 4: Mean log CFU/ml obtained for 

hotosensitization of C. albicans with safranin O 

using 532 nm Frequency-doubled Q- switched 

Nd:YAG laser  using 1.41 (A),1.69 (B),1.98 (C) and 

2.26 (D) J/cm
2 
energy

 
densities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Absorption spectrum of (A) methylene 

blue, (B) toluidine blue, (C)acridine orange and 

(D) safranin O. 
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نانوهتر على نوو  535نانوهتر وليزر النيذيويوم ياك الوفتاحي هضاعف التردد  056تأثير ليزر الذايود 

 بوجود او عذم وجود الوتحسسات الضوئية Candida albicansالوبيضات 
 

أنتصار كرين كاظن
 

 أهل هصطفى هكي                    
 

 

 اٌٍيشر ٌٍذراساث اٌعٍيا، جاِعت بغذاد ، بغذاد ، اٌعزاقِعٙذ 

 
ٔأِٛتز( ٌٚيشر إٌيذيّيَٛ يان  650يصف ٘ذا اٌعًّ ِٕظِٛت تجزيبيت ٌتمييُ اٌسّيت اٌفٛتٛديٕاِيت ٌٍيشر اٌذايٛد) :  الخلاصة

ٚوذٌه لابٍيت اٌتأثيز اٌماتً ٌٍفطزياث عٕذ    C. albicansٔأِٛتز( عٍٝ ّٔٛ اٌّبيضاث  532اٌّفتاحي ِضاعف اٌتزدد) 

دِج اشعت اٌٍيشر ِع اٌّتحسساث اٌضٛئيت اٌّحذدة ٚ٘ي صبغت اٌّثٍيٓ الأسرق ٚاٌتٌٛٛديٓ الأسرق ٚالأوزديٓ اٌبزتماٌي 

 .C( ٌخّيزة  CFU/ml. في ٘ذٖ اٌذراست اظٙزث إٌتائج بأْ عذد ٚحذاث تىٛيٓ اٌّستعّزة في اٌٍٍّتز )Oٚاٌسفزأيٓ 

albicans  ٓتتضائً ِع اسدياد سِٓ اٌتشعيع. عٍٝ الأخص في حاٌت ٌيشر إٌيذيّيَٛ يان ِضاعف اٌتزدد بٛجٛد سفزأي

O(  ًعٕذ سِٓ تشعيع 89.18, ظٙز افضً تأثيز لات )ْجٛي/سُ 2.26دليمت ِع وثافت طالت  11% ٔمصا
2

باٌّمارٔت ِع  

. اْ اٌتشعيع بٍيشر إٌيذيّيَٛ يان ِضاعف اٌتزدد بٛجٛد اٌّجّٛعت غيز اٌّعاٍِت بأشعت اٌٍيشر اٚ اٌّتحسس اٌضٛئي

 تحمك اعٍٝ ٔمصاْ. C. albicansالاوزيذيٓ اٌبزتماٌي واْ ٌٗ تأثيز ألً في اختشاي عذد ٚحذاث تىٛيٓ اٌّستعّزة ٌخّيزة 

جٛي/سُ 2.26بطالت وثافت 
2 

اٌذايٛد  %( في حاٌت ٌيشر 45.38دلائك. ِٓ جٙت اخزٜ تحمك أفضً أداء ) 9بشِٓ تعزيض 

ٚاط/سُ 0.58دليمت ٚوثافت لذرة  28عٕذ دِج صبغت اٌّثٍيٓ اٌشرلاء عٕذ سِٓ تعزيض 
2 

. في حاٌت ٌيشر اٌذايٛد ٚاٌتٌٛٛديٓ 

 دليمت ٚبٕفس وثافت اٌمذرة. 35%( ٌٛحذاث تىٛيٓ اٌّستعّزة عٕذ سِٓ تعزيض  67.93الأسرق تحمك اعٍٝ ٔمصاْ )
 

 

 

 

 

 


