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Abstract. Research on the effectiveness of photo inactivation of C.albicans biofilms led by a-

PDT system mediated by chlorophyll-diode-laser-induced was done. This research was done 

using in vitro technique in order to effectively determine chlorophyll extract of ROS-generated 

Carica Papaya L. using in situ technique. This technique induced laser diode on different dose 

and C. albicans with reduced degree. This research is a preliminary study in efforts to find 

anew sensitizer agent candidate made of chlorophyll extract and antifungal of Carica Papaya 

L. The effectiveness of eradication has been tested with MDA’s content and OD of biomass 

biofilms as well as analyzed using ANOVA and Tukey Test (=0.05).The characteristic of 

chlorophyll extract of Carica Papaya L. has maximum absorptions on blue areas (max= 420 

nm) and red areas (max= 670 nm). The MIC value of Carica Papaya L.’schlorophyll extract 

against C. albicans planktonic and biofilms cell is 63.8 M and 31.9 M respectively. The 

result shows that treatment using laser which was combined with chlorophyll extract is more 

effective than that with laser only or chlorophyll extract only. The treatment using laser 

combined with chlorophyll extract obtained more than 65% (=0.05) (more than that of 

negative control) for P2L1 group with OD595 0.915. The MDA’s content showed that group of 

laser which was mediated with chlorophyll extract had larger values than group of laser or 

chlorophyll extract only.  

1.  Introduction 

Photo inactivation is part of photodynamic therapy (PDT), known as a-PDT (antimicrobial 

photodynamic therapy) [1,2]. Photo inactivation aims to inhibit the growth of pathogenic microbes 

which cause infections in human body. Mechanisms of photo inactivation based on interaction 

between photons of light with molecules of the sensitizer produce some kinds of ROS (reactive 

oxygen singlet). ROS is reactive compounds produced from the reaction of the radical compound 

substrate triplet sensitizer to molecular oxygen, whereas singlet of oxygen molecules formed from the 

reaction of triplet sensitizer to molecular oxygen. Both types of reactive compounds contribute to 

oxidation biomolecule by hydrolysis cell mechanisms (Figure 1.). 
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Figure 1. Photoinactivation mechanisms [3] 

 

While the amount of ROS accumulated in a tissue such as the cell membrane or cell wall of 

microbes, hydrolysis, and ion exchange out and into the cells causes an imbalance of cellular 

metabolism and DNA chain termination, it also causes cell death by necrosis or apoptosis.  

Photons of light absorbed by a molecule or tissue cause multiple interactions depending on the 

power density of photons of light: photochemical interaction (0.01 to 50 W/cm
2
), photothermal (10

0
-

10
6
 W/cm

2
), photoablation (10

7
-10

8
 W/cm

2
), plasma-induced ablation (10

11
-10

18
 W/cm

2
), 

photodisruption (10
16

 W/cm
2
) [4]. The interaction of photo inactivation for C.albicans is expected to 

occur through the transfer of photochemical interaction outer electrons in the molecule guanine group 

so that the electrons become unstable and tend to form free radicals which in turn will induce cell 

death [4]. In order to avoid excessive thermal effects, the power density of 10-100 mW/cm
2
is used [5]. 

C.albicans is microbial pathogens with a high level of virulence, known as triggers infection called 

candidiasis [6]. Candidiasis can occur in the mouth, gastrointestinal tract, and respiratory and genital 

mucosa [7] called systemic candidiasis. Systemic candidiasis can be associated with opportunistic 

nature of C.albicans as likely to be severe if patients experience pathologicalimmune-compromise 

such as HIV-AIDS patients. Pathogenicity degree of C.albicans is caused by several factors: the 

process of adhesion and invasion, toxin secretion of enzymes and metabolites, dimorphism properties, 

and the phenotype of switching from white to opaque and biofilm formation [8]. Biofilms are 

considered as a major mediator of infection, with an estimated 80% incidence of infections associated 

with biofilm formation [9,10]. 

Morphology of C.albicans cell includes the type of eukaryotic organisms with complex structures 

and has a cell membrane with a more rigid and thicker cell structure. The existence of the extracellular 

matrix in the form of a layer biofilm β-1.3 glucan improves the rigidity and thickness of C.albicans 

[11,12]. Eradication of pathogenic microbe photo inactivation C.albicans through a mechanical 

consistent with the wavelength of red light was conducted in order to get deeper tissue penetration. 

Chlorophyll and its derivatives are potential new photosensitizers in cancer therapy [13,14] because 

they have similar structure of Heme blood that they can easily accumulate in the body, select only 

tissue cancer for its hydrophilic properties, and is rapidly cleared from normal tissue because of 

hydrolytic properties. The main properties of chlorophyll in photosynthesis is a high energy absorption 

therefore it is also potential as a photosensitizer in photodynamic therapy. The important characteristic 

of chlorophyll for photodynamic mechanisms is the lifetime of triplet state of a-PDT which is one of 

photo dynamics mechanisms for inhibition growth of microbial pathogen.  

One of the plants which contain high levels of chlorophyll content is medicinal plant [15] with 

antifungal substances such of flavonoids, saponins, tannins, and papain. Chlorophyll extract of Carica 

Papaya L. has a molecular structure similar to the porphyrin, and it has two characteristic wavelength 

of maximum absorption in the region: blue and red areas. 
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This study aims to analyze characterization and effectiveness chlorophyll extract of Carica Papaya 

L., related to reduction of OD values and MDA’s values on photo inactivation mechanisms against C. 

albicans biofilms growths.  

 

2.  Method 

2.1.  Isolation of chlorophyll from Carica Papaya L.. 

The mixtures for isolation of chlorophyll by maceration methods were made of methanol and 

petroleum ether in a 2:1 ratio, and they were also re-extracted with petroleum ether and diethyl ether in 

1:1 ratio. The chlorophyll fraction used column chromatography step gradient polarity methods with 

silica gel with the adsorbent and n-hexane/acetone mixture as the eluent with ratio from 1:0 to final 

1:1 [16]. 

2.2.  Characterization of extract chlorophyll of Carica Papaya L.. 

This step included several tests such as stability test absorbs spectrum in different temperature of 

storage (4
0
C, 27

0
C, 60

0
C)  and pH of solutions(pH 4.5 – 7.5) [17], phytochemical test on the content of 

flavonoids, saponins, and tannins, the MIC and MFC test to determine the optimal concentration in 

photo inactivation treatment. The concentration series was made of 4.3, 8.5, 21.3, 31.9, 42.5, 63.8, and 

170 M (mixture of chlorophyll extract 2% and 20% distilled water).Purity test was done using TLC 

(thin layer chromatogram) compared to standard chlorophyll TLC 6%chl-a [16]. 

2.3.  Culture and biofilms preparation. 

C. albicans was reactivated by cultivation in PDA media incubation for one night with 37
0
C 

temperature before experiment. One dose of a culture was inoculated into 10 mL of BHI-B and was 

grown aerobically at 37
0
C for one night and shaken at 160 rpm. The aliquot was harvested after 

centrifugation at10000 rpm and 4
0
C for 15 min, washed twice with PBS (sterile pH 7.4), and re 

suspended in PBS for concentration of 0.5 McFarland (10
7
 CFU/mL) with Densichek Calibration 

Standard. 100 L of aliquot was next transferred into 96-well microtiter plate (the well number filled 

aliquot was three times of the number of all treatment groups) and incubated for 1.5 hour for adhesion 

phase at 37
0
C and shaken at 160 rpm. After adhesion phase, the supernatant was removed from the 

well plate and gently washed twice with 150 L of PBS to remove non adherent cells. Next, 200 L of 

BHI-B, containing 8% glucose, was transferred to each well and incubated and shaken at 160 rpm and 

37
0
C for 48 hours. Then, biofilms were grown on well plate and washed twice with PBS to remove 

nonadherent cells [18,19]. For treatment group of chlorophyll extract alone, 100 L of PBS for both 

concentrates prepared was transferred into well filled with biofilms and was incubated at room 

temperature for 2 hours before irradiation with time of illuminating difference. It is the same 

procedure for positive control group using fluconazole. After all treatment groups had been finished 

(including illumination), all of biofilms on each well were washed twice with PBS then staining was 

conducted with 200 L of crystal violet0.1%. It was next incubated at room temperature, washed twice 

again with PBS, and added 200 L of ethanol 98%. 100 L of aliquot which had been through staining 

phase was then transferred into new 96-well microtiter plate and measured for its turbidity using Elisa 

reader595. 

All of treatment groups should be processed separately to avoid difference of start treatment, 

especially on time of biofilm incubation. It can also be overcome by creating a biofilm in 96-well 

separately for each treatment group such as the photosensitizer group alone and the combination of 

laser-sensitizer group, which was added to chlorophyll extract and incubated simultaneously before 

the irradiation can be done in parallel. Then other treatment groups (laser alone, positive and negative 

controls) were stored at refrigerator to slow down the growth of biofilms before all of treatment groups 

proceeded through phases of staining and reading of their OD.  
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2.4.  Parameters of light and photo inactivation methods 

The distance of illuminating of 450 nm of Blue Laser diode with 53.880 mW of output power was 3 

cm, whereas its irradiation durations were 60, 30, and 15 seconds (marked as treatment L1, L2, and L3 

respectively). Concentration of chlorophyll extract based on MIC biofilms values (P2 = 31.8 M)was 

then compared to another concentration (P1 = 42.5 M). The treatment group as much as 13 each in 

triple namely: (P1-P2) photosensitizer only (2 groups), (L1-L3) laser only (3 groups), (P1L1-P2L3) laser 

combine photosensitizer (6 groups), (F+) positive control groups with antifungal only, and (B-) 

negative control groups with no biofilms. 

2.5.  Measurement levels of ROS formation,  

In order to measure the levels of ROS formation, this study used MDA-TBA (Malondialdehyda-

2Thiobarbituric acid) method. MDA is the number of radicals formed in the sample due to a particular 

treatment. MDA test aims to detect how much free radical compound accumulated in animal tissues 

after extreme treatments whereas in the system photo inactivation radical compounds are formed 

through a photochemical process after the photosensitizer absorbs the light in photophysics process. 

Radicals formed from a chain of chemical reactions can be assumed as a result of free radicals 

oxidative stress that it can be measured by MDA method. Chlorophyll extract was made in several 

rows of isolated and irradiated concentration with a laser diode which has been characterized 

previously by the length of irradiation time(irradiation dose determination). 0.5 L of sterile PBS was 

mixed with 0.05 gr of test samples vortex and centrifuged drying (20 minutes, 10000 rpm, 4
0
C) 

obtained filtrate (f1). 250 L of f1 was mixed with 4.75 mL of sterile PBS vortex and centrifuged (15 

minutes, 3000 rpm)obtained f2. 4 mL of f2 was mixed with 1 mL TCA vortex and centrifuged (15 

minutes, 3000 rpm) obtained f3. Finally, 4 mL of f3 was mixed with 1 mL TBA vortex, incubated 

twice (80
0
C for 15 minutes than room temperature for 60 minutes), and centrifuged (15 minutes, 3000 

rpm) obtained f4. The last filtrate determined the absorbance with UV-Vis spectroscopy whose 

absorbance value was detected as MDA’s content on test sample.     

2.6.  The analysis 

The data treatment was analyzed with ANOVA test to significantly determine the difference among 

treatments and with Tukey test whose degree of confidence was above 90%. 

3.  Results 

The isolation of Carica Papaya L.’schlorophyll extract showed that chl-a, chl-b, and chl-total with 

Argon formula(1949) were 4.431 mg/L, 4.631 mg/L, and 14.058 mg/L. The characteristic of 

chlorophyll is similar to porphyrin as a dye with an absorbance spectrum with two major absorption 

bands in the visible range, namely Q band (red area) and Soret band (blue area) [20]. The maximum of 

absorption obtained two peaks at blue and red areas which could be viewed from the wavelength. The 

absorbance value at blue areas on 414 nm of wavelength was 0.233 au and in red areas on 670 nm of 

wavelength was 0.123 au. These were higher than the chlorophyll standard which are 420 nm, A= 

0.123 au (blue areas) and 670 nm, A=0.093 au (red areas) (Figure 2.). The literature shows that 

maximum absorption wavelength for acetone solution were Chl-a with 662, 430, Chl-b with 645.5, 

and 456.9 nm [16,21]. 
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Figure 2. Chlorophyll Absorption Spectrum  

 

 HPLC analysis, when starting the retention time of Carica Papaya L.’schlorophyll extract is 2.8 

minutes (Area=186.9 mAU.s) compared to the standard which is 3.0 minutes (Area=388.5 mAU.s) 

(flow rate 1 mL/minutes, pressure 35 bar, ref 220 nm). In a study was mentioned for chl-a and chl-b 

had 13.6 minutes and 9 minutes of retention time [16]. 

The stability properties of chlorophyll extract of Carica Papaya L. have been tested with different 

storage temperature and pH conditions against maximum absorption wavelength. Acid of conditions 

had nosignificant effect to changes of maximum absorption spectrum. However, absorbing values 

relatively decreased because the acid condition made more dilute solution. Despite storage 

temperature stability, the solutions of chlorophyll extract was not stable for thermal storage above 

60
0
C because the solution changing color became clear, and it meant there was degradation. Even so, 

maximum absorption wavelength did not change. The absorption values of Carica Papaya L.’s 

chlorophyll extract storage against temperature of 4
0
C, 27

0
C, and 60

0
C are 0.717, 0.697, and 0.731 (for 

m=668 nm), and 2.824, 2.523, and 2.340 (for m=415 nm) respectively. A study by Araujo(1995) 

mentioned the value of molar absorption coefficient against room temperature and refrigerator storage 

with the dark condition after 84 days with the value are 82.29 L.mmol
-1

.cm
-1

 (refrigerator) and 80.73 

L.mmol
-1

.cm
-1

 (room temperature) at 665 did not change significantly [22]. 

The MIC values were needed in determining optimum concentration of Carica Papaya L.’s 

chlorophyll extract (sensitizer) for a-PDT. They were needed to streamline the mechanism of photo 

inactivation in a-PDT that when applied as a sensitizer, they only act as alight absorber which then 

produced ROS compound. The result of MIC test showed that the MIC values against C. albicans 

planktonic and biofilms cell are 63,8M and 31.9 M respectively. There was reduction about 50% of 

biofilms concentration compared to that of planktonic cell which was applied to a-PDT mechanisms in 

which MIC value of biofilms was (31.9 M) combining with another concentration.  

Photo inactivation mechanisms which were applied against biofilms’ growth showed effective 

combination between blue light of laser diode and Carica Papaya L.’s chlorophyll extract.  
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Figure 3. a-PDT mechanisms compared to control 

 

The low turbidity means treatment was done more effectively than in high turbidity. The value of 

higher OD595 showed much biomass which was detected using crystal-violet staining. In this study, the 

turbidity was impacted by surviving cell in biofilms. The turbidity of negative control (B- treatment 

group) was 2.632 au, for positive control with antifungal conventional by fluconazole (F+ treatment 

group)which was 2.515 au (4.46% reduction), for treatment chlorophyll extract only treatment group 

P2 (31.8 M) was 1.899 au (48.97% reduction), for treatment lower than P1 (42.5 M) was 1.965 au 

(27.86% reduction), for treatment laser only treatment group L2 (30 s) was 1.070 au (59.35% 

reduction), for treatment lower than L1 (60 s)was 1.343 au (48.97% reduction), and for treatment 

group L3 (15 s)was 1.294 au (50.84 % reduction). For combination treatment of laser and chlorophyll 

extract (a-PDT mechanisms), the turbidity for P2L1 treatment group with 0.915 (65.22 % reduction) 

was lower than other treatment groups on combination laser with exogenous photosensitizer.  

The MDA’s value had not shown variability which was significant among groups. The MDA’s value 

of photosensitizer only and laser only groups showed similar value of 6.4906 nmol/mL. However, for 

laser-mediated chlorophyll group showed higher value than that of photosensitizer only or laser only 

groups which was about 7.2134 nmol/mL. Based on MDA’s value, in this study was noted that radical 

compound can be detected using MDA’s content test, and it can also be proven that there was an 

interaction between light and a sensitizer in order to produce a radical compound.   

4.  Discussion 

The clinical application of photodynamic therapy with in vitro technique on wound infection was 

carried out. In some microorganisms, it has been proven effective in reducing gram-positive and gram-

negative bacteria using a blue light with or without the addition of exogenous photosensitizer [20,23]. 

In contrast to bacteria in general, microbial C.albicans with more complex and thick structures is more 

effectively inactivated by red light [5] because it has a strong penetrating power. MB dye induced by 

660 nm of diode laser for 98 seconds could more effectively reduce C.albicans biofilm formed in 

association with other microbes compared to TBO dye [24].Something similar was also reported that 

630 nm of LED with a dose of 30 J/cm
2
was no less effective photosensitizers to kill planktonic cells of 

C.albicans [25]. MB dye with 660 nm of Laser diode capable of producing the type of ROS sodium 

dodecyl sulphate, caffeine, and hydrogen peroxide [26] and 660 nm of the low-power laser 100 mW 

are more reactive against gram-positive bacteria rather than against yeast and gram-negative bacteria 

[27]. 

The next stage of further research, that the relation with one of the characteristics of the biofilm is 

limited zone of oxygen in the layer [28], which is the resistance of photodynamic therapy such as 

photo inactivation [29]. Limitations of oxygen in suspension and biofilm have been investigated 

inrelevance to the viability reduction of cells in applications of photo inactivation [20,30] which was 



7

1234567890

International Conference on Physical Instrumentation and Advanced Materials  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 853 (2017) 012026  doi :10.1088/1742-6596/853/1/012026

 

 

 

 

 

 

allegedly affected by the lack of effective ROS, where the availability of sufficient oxygen into 

research opportunities especially for applications against C.albicans biofilm. 

5.  Conclusion 

Carica Papaya L.’s chlorophyll extract has been isolated with antifungal active substance content, and 

absorbent molecules with specific characteristics of the two intensities are Soret band and Q band 

which area potential photosensitizers in photo inactivation specifically for eradication against 

C.albicans biofilm. Furthermore, combining 450 nm of laser diode L1 27.84 J/cm
2
 (60 s) with Carica 

Papaya L.’s chlorophyll extract P2 (31.875 µM) is more effective in inhibiting 65% growth of C. 

albicans biofilms. 
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