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Photodynamic therapy procedures 
in the microfl uidic system
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Evaluation of the effi  ciency of photodynamic therapy (PDT) in a hybrid microfl uidic culture system was studied. Th e geometry 
of the utilized microsystem for PDT procedures consists microchambers for cell culture and microchannels, which create 
a concentration gradient generator (CGG). 5-aminolevulinic acid (ALA) as a precursor of the photosensitizer was used. Th e 
geometry of the microchip allowed to test diff erent concentrations of ALA in a single assay. Evaluation of the effi  ciency of 
photodynamic therapy was determined 24 hours after PDT procedure (irradiation with light which induced accumulated in 
carcinoma cells). Th e performed microsystem contained two independent micropatterns, that enables examination simultaneously 
various cell lines (carcinoma and normal) or various photosensitizers.
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Introduction
Photodynamic therapy (PDT) is one of many methods 
of cancer treatment [1]. Th is therapy requires using 
simultaneously three factors: a photosensitizer, light of 
a wavelength that is absorbed by the photosensitizer, and 
intracellular oxygen. Th e specifi c wavelength induces 
a photosensitizer acumalated in carcinoma cells. Next, 
the induced photosensitizer reacts with oxygen present 
in the cells and produces reactive oxygen species (ROS), 
which cause death of tumour cells [2–3]. 5-aminolevulinic 
acid (ALA) is a precursor for photosensitizer — 
protoporphyrin IX (PPIX) and it was used in many 
experiments to fi nd the best conditions for cell killing 
during PDT procedures. Th e concentration of PPIX 
(accumulates in the cells after introduction of exogenous 
ALA) in the tumour cells is lower than in the normal 
cells, because the enzyme activity in the carcinoma cells, 
which converts PPIX to heme has been found to be 
reduced [4].

A promising method for evaluation of the effi  ciency 
of photodynamic therapy is utilization of microsystems. 
Lab-on-a-chip provides many advantages such as low 
fl uid volumes consumption, short reaction time, high 
speed of analysis and low fabrication costs [5]. Th e 
microfl uidic devices are playing an important role, 

because they create more realistic cell-cell interaction 
than in a classic cell culture. Moreover, it is possible to 
use small amount of solvents, reagents and cells. Th e 
usage of a microdevice allows for a faster and cheaper 
evaluation of photodynamic therapy procedures for 
various cell lines. Th e aim of our research was performed, 
in the designed hybrid microsystem, PDT procedures 
using ALA, as a precursor of photosentitizer.

Experiments
Microfl uidic system

Th e PDT procedure was performed in the hybrid 
microsystem. PDMS poly(dimethylsiloxane) and glass 
were selected as a construction materials of the 
microdevice. PDMS is nontoxic, biocompatible, 
permeable to gases and simple to handle and manipulate. 
Th e glass plate is hydrophilic, this property assures 
culture adherent cells. Moreover, both materials are 
transparent, so real time monitoring of the cells 
proliferation and viability tests are possible.

Photolithography and replica moulding technique 
were used to fabricate micropatterns into PDMS. Th e 
geometry of the microsystem contains microchambers 
(a diameter of 1mm and a depth of 30 μm) matrix for 



Bi
om

ed
ic

al
 E

ng
in

ee
rin

g

31

Photodynamic therapy procedures in the microfl uidic systemPhotodynamic therapy procedures in the microfl uidic system

cell culture, which were obtained by wet etching of glass 
in buff ered HF. PDMS plate was used for the fabrication 
of microchannels’ network (a width of 100 μm and 
a depth of 50 μm) enabled cells’ suspension introduction 
and provided fl ow of culture medium and tested 
substances. Th is microchanels creats concentration 
gradient generator (CGG) included two inlets and three 
outlets, which allows testing the infl uence of three 
diff erent ALA concentrations in a single assay.

Fig. 1. A stamp with micropatterns for the replication in 
PDMS.

Moreover, the microchip construction reported in this 
paper contains two independent micropatterns, so in the 
future can be used for examination simultaneously 
various cell lines (carcinoma and normal) or various 
photosensitizers. Th e stamp geometry used for the 
replication in PDMS is shown in Fig. 1.

ALA-PDT procedure

Before cell culture, the microsystem was sterilized and 
optimal cell growth conditions were assured. After that, 
the cells were seeded using syringe pump. Th e cell 
suspension density (1 × 106 cells/ml) and fl ow rate 
(20 μl/min) through the microchannels were optimized 
in order to obtain well growth rate of the cells and 

minimal hydrodynamic stress. Th e eff ectiveness of 
photodynamic therapy in the microfl uidic system on the 
human lung carcinoma cells (A549) in microchambers 
was evaluated. ALA-PDT procedure consisted of the 
cells incubation with a solution of ALA and irradiation 
with light. First, 48 hours after seeding of the cells, 
exogenous ALA was introduced with a fl ow rate of 
1.2 μl/min through CGG. Th ree diff erent concentrations 
of ALA were obtained (0, 0.375, 0.75 mM) in CGG 
outlets. Such solution were delivered into microchambers 
(Fig. 2A). After 4 hours of incubation, the cells were 
irradiated trough the PDMS cover using a high power 
LED (λ = 625 nm, t = 60 s, energy dose = 30 J/cm2). 
A viability of the cells was determined 24 hours after 
PDT procedures using an inverted fl uorescence 
microscope in the presence of calceine AM and propidium 
idiode.

Results
Th e fabricated microsystem is shown in Fig. 2B. Th e 
preparation procedure of the microsystem allowed for 
adhesion and proliferation of A549 cells. Th e microsystem 
with the introduced cells was incubated in the 37°C 
temperature and in the 5% CO2 atmosphere. Every day 
culture medium was changed to assure growth and 
proliferation of the cells.

When the cultured cells in the microchambers 
reached 40000 cells/cm2, the ALA-PDT procedures was 
performed, fi rst exogenous ALA was introduced. Th e 
dependence of dead cells and ALA concentration after 
a) incubation with ALA and b) PDT procedure (viability 
test) is shown in Fig. 3. After 4 hours of incubation with 
diff erent concentration ALA proper growth and 
proliferation of the cells was observed, so tested 
concentrations of ALA did not have toxic eff ects on the 
cells. Th en, 24 hours after PDT procedures, viability test 
confi rmed that the toxic eff ect of dead cell was depended 
on the ALA concentration. When the incubated cells 
with ALA were irradiated, the number of the dead cells 

Fig. 2. (A) The ALA concentration obtained in the CGG outlets and microchambers. (B) A photograph of the fabricated 
microsystem.
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was increasing with increasing of concentration of ALA. 
In the case of the microchamber, into 0 mM ALA was 
introduced, the cells still proliferated, grew and 
maintained their basic life functions. Th e cells were still 
attached to the hydrophilic glass substrate. After the 
introduction of fl uorescent dyes into the microsystem 
the cells exhibited green fl uorescence meaning that they 
were alive. However, in the microchambers containing 
0.375 and 0.75 mM of ALA some of the cells were dead. 
Propidium iodide penetrated into the nucleus giving red 
fl uorescence corresponding to the dead cells. 

Fig. 4. The results of ALA-PDT procedure.

Viability assays after PDT process were also performed 
in the 96-well plates as a macroscale reference. Th e results 

obtained in the microfl uidic system as well as in the 
96-well plate were similar (Fig. 4). Amount of the dead 
A549 cells was the same in the 96-well plate as well as 
in the designed microsystem and they were increasing 
along with ALA concentrations. Th is results schowed, 
that the fabricated microsystem can be used in the future 
for evaluation of the effi  ciency of photodynamic 
therapy.

Conclusions
Th e microdevice, which was designed and fabricated, 
allows to test photodynamic therapy procedures in 
tumour cells. Th e results shows that the microsystem 
allows to test diff erent concentration of ALA in single 
assay. Moreover, the cell viability was corresponded in 
micro- and macroscale.

Our results will be useful for further biological and 
medical researches. Application of this type of microfl uidic 
device is expected to have a signifi cant infl uence on 
biological and engineering studies. Our further studies 
will be focused on testing PDT procedures using normal 
cell lines in the microdevice. Moreover, we will test 
simultaneously two diff erent photesentitaizers and cells 
lines. 
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