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ABSTRACT 

Recently a few demonstration on the use of Photodynamic Reaction as possibility to eliminate larvae that transmit 
diseases for men has been successfully demonstrated. This promising tool cannot be vastly used due to many problems, 
including the lake of investigation concerning the mechanisms of larvae killing as well as security concerning the use of 
photosensitizers in open environment. In this study, we investigate some of the mechanisms in which porphyrin 
(Photogem) is incorporated on the Aedes aegypti larvae previously to illumination and killing. Larvae at second instar 
were exposed to the photosensitizer and after 30 minutes imaged by a confocal fluorescence microscope. It was observed 
the presence of photosensitizer in the gut and at the digestive tract of the larva. Fluorescence-Lifetime Imaging showed 
greater photosensitizer concentration in the intestinal wall of the samples, which produces a strong decrease of the 
Photogem fluorescence lifetime. For Photodynamic Therapy exposition to different light doses and concentrations of 
porphyrin were employed. Three different light sources (LED, Fluorescent lamp, Sun light) also were tested. Sun light 
and fluorescent lamp shows close to 100% of mortality after 24 hrs. of illumination. These results indicate the potential 
use of photodynamic effect against the larvae of Aedes aegypti. 

Keywords: Aedes aegypti, dengue,larvae, fluorescence confocal microscopy, fluorescence lifetime imaging, photodynamic therapy, 
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1. INTRODUCTION 

 
Eliminating larvae that causes Dengue and Malaria is a challenge for present scientist. Today, approximately 2.5 billion 
people live at risk of dengue in the world. The World Health Organization points out 80 million cases reported per year 
in 100 countries, affecting every continent except Europe. The problem has grown dramatically in recent decades, due to 
the rapid development of urbanization and expansion of human mobility. In the Americas, Aedes aegypti occurs from the 
United States to Uruguay with the exception of Canada due to environmental and climate differences [1-2]. 
The mosquitoes are found in cities, where they can proliferate, this environment is called breeding environments. 
Breeding arise specifically from artificial containers abandoned by the man outdoor that are periodically filled by 
rainwater. The Aedinis, species of the genus Aedes, in spite of having its population density directly related to rainfall, 
can also maintain its high population during dry periods due to breeding semipermanent and independent water supply 
[3].The Aedes aegypti have a four stages life cycle: egg, larva (four stages), pupa and adult. The vector live into 
adulthood, on average, 30 to 35 days. The oviposition of females occurs 4-6 times throughout his life, and each time, 
about 100 eggs are posted in places with clean water [4]. Aedes aegypti restrict their eating habits to daytime hours, but 
can be opportunistic during the night. The vector has a certain eclecticism as their food source, but the man is his main 
victim [3].  The disease is spread by a virus of the family Flaviridae with antigenically distinct serotypes: DENV-1, 
DENV-2, DENV-3 and DENV-4. Clinically, the manifestations vary from a viral syndrome, and nonspecific benign, 
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with the presentation of sudden onset with high fever, pain in bones and joints, red spots on the skin, nausea and 
vomiting to a syndrome of severe bleeding in small blood vessels or abundant bleeding in internal organs [ 1-4 ]. 
Nowadays, vector population control of Aedes aegypti is undoubtedly one of the most effective strategies available for 
the prevention and containment of disease outbreaks. Currently, several strategies are applied against larvae of insect 
vectors, such as the use of commercial products based on Bacillus thuringiensis H14, the introduction of larvae-eating 
fish (Gambusia affinis and Poecilia spp.) in aquatic environments and application of insecticides as organophosphates, 
carbamates and pyrethroids [5-6].  
With respect to the adult stage vector has been used a technique called ULV (Ultra Low Volume), popularly known as 
"fogging". This technique involves the application of insecticides in areas susceptible to mosquito infestation. However, 
these methods of eradication of the vector are not yet effective and new procedures and technologies are needed. To date, 
there is no appropriate vaccine to combat the four dengue serotypes, however, surveys are already in action [7]. Besides 
the great efforts of public health authorities for the control of the vector, the statistics still shows a great deal of 
increasing on the cases of dengue or equivalent diseases like malaria. Alternatives to the elimination of the vector are 
necessary. In this context that the use of photodynamic reaction appear as an alternative.     
Photodynamic reaction is a concept vastly used for the cancer treatment or microbiological control. In brief, the process 
starts with a photosensitizer (PS), excited by light producing a sequence of reactions ending with the formation of 
reactive oxygen species, as singlet oxygen, which is highly cytotoxic. The idea is to photossensibilize the larvae, which 
can be oxidized under light illumination. 
Various natural and synthetic photosensitizers have been tested for larvae inactivation of flies and mosquitoes, such as 
the porphyrin, hematoporphyrin, xanthenes, chlorin, chlorophyllin, pheophorbid, among others, has presented 
photodynamic effect. The first generation photosensitizers are derived from hematoporphyrin derivatives including: 
Photoheme®, Photocarcinorin®, Photosan®, Photogem® and Photofrin® [8]. These photosensitizer consist of a 
combination of monomers, dimers and oligomers of up to eight porphyrin units linked by ether or ester. They are 
produced according to the original technology defibrillation blood of animals and humans from protoporphyrin IX 
existing in the bloodstream [9-10-11]. Nowadays, studies show certain reliability in the use of porphyrins against larvae 
of insect vectors. The use of some PS is comparatively safer than current synthetic insecticides, their activity is 
dependent on light, is inoffensive in case of ingestion by humans and domestic animals. In addition, the porphyrins are 
degraded as they are exposed to light and products derived from photodegradation are nontoxic to a number of organisms 
[12-13].  
The purpose of this study is evaluate the effect of photodynamic therapy against the larvae of Aedes aegypti using as 
photosensitizer the Photogem. The location and the distribution inside the larvae will be also evaluated. This is part of a 
sequence of systematic studies to develop alternatives for larvae elimination using photodynamic principles and friendly 
used with the environment. 
 

2. MATERIALS AND METHODS 
 
2.1 Aedes aegypti Larvae 
 
We used specimens of Aedes aegypti, from the laboratory Bioagri (Charqueada, São Paulo, Brazil). Bioassays and 
creations were conducted in the laboratory of Biophotonics at Institute of Physics of São Carlos - USP associated with 
the Aquatic Entomology Laboratory of the Federal University of São Carlos – Department of Hydrobiology. The egg 
carton of Aedes aegypti were placed on plastic containers with 4 liters of deionized water at a temperature of 23ºC for 
hatching larvae. This procedure allow an easy viewing of the first instar larvae after hatching. The larvae were fed daily 
with fish food (alcon BASIC, Alcon Pet, Brazil).  
 
2.2 Photosensitizer 
 
In these studies, we used the first generation photosensitizer Photogem® (Photogem LLC Company, Moscow, Russia), a 
hematoporphyrin derivative. Photogem® consists of a mixture of monomers, dimers, and oligomers of hematoporphyrin 
derivatives; it is water soluble, amphiphilic and with neutral charge. The light absorption spectrum shows a strong band 
around 400 nm (Soret band) and four absorption bands in the lower region of the green/ red, known as Q - band.  
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2.3 Fluorescence images 
 
To determine the optimal incubation time and location of the Photogem within the larva was used a fluorescence inverted 
confocal microscope (Zeiss - LSM780, Zeiss, Jena, Germany) with excitation at 405 nm. For fluorescence lifetime 
imaging (FLIM) was used a 405 nm laser pulsed at 20 MHz. The method used to detect the fluorescence was the time 
correlated single photon counting (TCSPC, PicoQuant, Berlin, Germany) using avalanche detectors, which has a time 
response limited at about 100 ps. The optical setup was adjusted to the best signal-to-noise ratio and fixed when different 
samples were compared in both fluorescence and FLIM modes. 
 
 
2.4 Photodynamic Therapy 
 
After the larvae having reached the second instar, they were transferred to a multi-well culture plate and incubated to a 
concentration of 20 μg/ml of Photogem during 30 minutes. Next, the multi-well culture plate were coupled to home made 
LED device with wavelength at 630 nm (46 mW/cm²) [14] and irradiated with energy of 15, 20, 25 and 30J/cm². The 
mortality was determined at 24, 48, 72 and 96 hrs after irradiation. The larvae are considered dead when don’t show 
movements when stimulated by touch and the blackening of the head capsule brain happens. The larvae were also 
exposed to other two light sources: fluorescent lamp and natural Sun light. Three concentrations of Photogem (20, 40 and 
80μg/ml) was tested, the larvae were exposed at a distance of 5 cm from the fluorescent lamp (Philips 40 W) with 6 
mW/cm² intensity. These same concentrations was also evaluated in natural light conditions. The fluorescent lamp have a 
total dose of about 500J/cm2, and the Sun light have about 8J/cm²/min of illumination, giving a total dose of about 
6000J/cm2. Toxicity tests using Photogem in the dark conditions were also performed, then it was concluded that the 
absence of light, the FS is not lethal to the samples. Control experiments with only light (LED, fluorescent lamp, 
sunlight) were also performed and no death was observed. While the LED source has a spectral composition centered on 
630 nm, the other two sources are broadband and most part of energy is not used for PDT. Nevertheless, we are 
presenting the total delivered energy density. 
 

3. RESULTS AND DISCUSSION 
 
Porphyrin presents a well-identified fluorescence band localized around 640-670 nm. We have used those bands to 
identify the localization of the photosensitizer within the larvae interior. Figures 1 e 2 shows the typical observed images 
of the while larvae allowing details of the digestive tract, showing abdominal region and its parts. The fluorescence 
indicates with good contrast the localization of the molecules. The interior presence of porphyrin within the digestive 
tract, indicates that the larvae acquire the molecules together with the food/water on the medium staying mostly localized 
an the digestive parts for the applied incubated time of 30 min.  

 

 
Figure 1: Fluorescence images indicating the fluorescence of the PS (red color) in the intestinal tract wall larvae of Aedes aegypti.  

 
The absence of fluorescence at the overall corporal surface indicates that there is no adsorption by the surface. Variation 
for the incubation time (time between exposition to the PS and observation) allow verifying that short times produces 
low fluorescence demonstrating that after some time approximately 30 min there seems to start to occur concentration on 
the middle of abdomen and salivary glands. That result apparently appear as independent of the used environmental 
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concentration of the photosensitizer. During the observation of the Aedes Aegypti for the pupal stage, no fluorescence on 
the interior were detected. That works as a confirmation about the mechanism of digestion as the main channel for the 
photosensitizer inner-taken. During the pupal stage, the main leaving action occur through breathing, which therefore 
does not create pathways for the photosensitizer uptake. Figure 3 shows the observation for the pupal stage. 

 
 

 

Figure 2: (left) Second instar autofluorescence shows a blue emission (450-550 nm); (middle) The red fluorescence refers to 
Photogem (600-700 nm); (right) Image overlay. 
 

 

 
Figure 3: Aedes aegypti pupae after 24 hours in contact with the PS. 

 
The understand that the pathways for introducing the photosensitizer is mainly through digestion will be of fundamental 
importance for future steps towards the implementation of the technique in real open environment. Another important 
observation will be related to the behavior of the PS molecules while in the digestive track of the larvae (figure 4). That 
information is important on the sense that it may quench the fluorescence or shift and decrease the absorption properties 
of the PS modifying the outcome result. Comparison between the lifetime for the excited PS molecule free in solution 
and inside the larvae are presented in figure 5. 
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Figure 4: (A) Fluorescence image (B) Fluorescence lifetime imaging of PS inside larva. 
 
 
In a typical data, the lifetime for the molecule while in the digestive track of the larvae is shorter than the solution 
sample. The way that the molecules of the PS are bonded to the living subtract is enhancing the fluorescence emission. 
This results shows strong interaction between PS molecule and the membranes. Another possibility is a dramatic change 
on the chemical conditions (like pH value and presence of other molecules) promoting a change in the aggregation state 
of the PS molecules, resulting modification of over 40% of the lifetime. As we explore many different sites of the 
fluorescence emerging from the larvae and solution, a distribution of lifetimes was extracted as displayed on figure 5. 
 
 

 
Figure 5: Lifetime decay and distribution in solution and inside the larva. 
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In solution, the lifetime distribution is broader and shifted to longer values, and inside the larva the distribution is narrow 
and moved to short values. The distribution profile and shift to lower values of lifetime indicates that the molecular sites 
while inside the larvae are more selective and less heterogeneous. Possible reason for that could be the change in the 
degree of aggregation on the porphyrin caused by the change in pH of the digestive track of the larvae as well as a 
penetration of a larger numbers of monomer compared to oligomers. The accumulation of PS may be a good thing, since 
it results a fast elimination of PS. Detail analysis for the lifetime plot of a figure 5, shows actually the presence of two 
decays, one at shorter range and a second at larger range. Both are shorter values when inside the larvae and may indicate 
different possibilities of fluorescence due to environment and adsorption. Once we have characterized the differences 
between PS in solution and located within the larva we got read to perform PDT illumination measurements. Using a 
device emitting at 630 nm a controlled experiment was performed resulting in the mortality values as disputed in figure 
6, where 20 µg/ml of PS was used, and the effect was observed at the second instars. 
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Figure 6: Mortality in function of time after PDT for second instar with artificial light LED 630 nm at different light doses and 
20μg/ml of PS. 

 
 

Converting the data of figure 6 in a graphic of mortality versus dose (figure 7), one can obtain that the threshold dose is 
about 10 J/cm2 and around 40 J/cm2 presents 100% mortality is obtained for the case of 20µg/mL. 
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Figure 7: Mortality in function of light dose after 72 hrs of PDT for second instar with artificial light LED 630 nm (Concentration of 
PS: 20μg/ml)   

 

This controlled experiment shows that larger light dose (up to 30 J/cm²) increases the mortality without indication of 
saturation with the light dose. As a function of time post PDT, the behavior indicates a faster mortality rate at the 
beginning followed by a slow variation. It seems that most of the killing take place between 24 to 36h after PDT 
illumination.  

As for the use of natural sun light and fluorescent lamp, the results are shows in figure 8. 

 

 
 

Figure 8: Mortality in function of time after PDT for second instar at different light PS concentrations.    
 

 
For exposition to sunlight for a period of 24h, 100% mortality was observed. That is a first choice for environmental 
PDT. One should point out that 12h of exposition to sun light corresponds to a light dose delivery of a total of dose to 
6.000 J/cm². If we try to compare the used light sources, we must do with care. They have very different spectrum of 
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emission with consequently differences for the photodynamic effects. For the sunlight, if we consider that 0.1% of the 
energy is around the band of (630±5 nm), the results of figure 8 shows that 100% mortality would be achieved with 10 
J/cm². This result shows the importance of the whole spectra components of the sun at the PDT effect. A more profound 
analysis for the effect each light source on the killing factor will be the subject of future investigations. At least, sun light 
carries enough wavelengths and intensity to promote efficient killing. At this stage, this is a promising result. 
 

4. CONCLUSION 

The present study proves that photodynamic reaction provides a great potential for the control of urban vectors as 
dengue. We have demonstrated the pathway of photosensitizer incorporation by the larva through the digestive tract. The 
efficiency of mortality under photodynamic reaction using porphyrin as a photosensitizer shows enough killing that 
justify further studies in this direction. The demonstration of sunlight killing efficiency is an important fact for a possible 
implementation of an open environment experiment. There are, however, many challenges to be overcome before a 
definitive answer for the real use of the technique for vector control. They are certainly part of our study plan.      
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