
Introduction

The Comet assay provides a very sensitive method for
detecting strand breaks. It is based on the alkaline lysis of
labile DNA at the damaged sites. Cells are immobilized in
thin agarose matrix and placed on the microscope under-
lying slides and subsequently lysed by alkaline buffer. When
subjected to electrophoresis, the unwound, relaxed DNA
migrates out of the cells. After staining by nucleic acid stain,
we can distinguish between undamaged and damaged cells
using inverted fluorescent microscopy in dependence of the
dose of irradiation.

Photodynamic therapy is new and promising modality
for selective irradiation of malignant neoplasms especially
superficial skin cancer (1). It is based on cytotoxic action
of sensitizers in the oxygen-rich environment. Sensitizers
are organic dyes that bound to a cell and are excited by light
source with a suitable wavelength. The majority of sensi-
tizers are relatively lipophilic and are reported to localize
predominantly in the cytoplasm or cytoplasmatic organelles
(2). The sensitizer molecules lose their energy after ab-
sorption of a quantum of light by transferring to oxygen
forming singlet oxygen (1O2). The singlet oxygen is very re-
active and rapidly reacts with a number of biological mole-
cules, including membrane lipids, proteins and nucleic
acids. The changes in their structure often trigger apoptosis

(programmed cell death). Detection of apoptotic cell death
in the single cells and tissues has become of paramount im-
portance in many fields such as cancer biology. Apoptosis
together with necrosis of tumour cells is expected as a thera-
peutic effect in photodynamic therapy (3). A potential be-
nefit of PDT is that it causes minimal damage to healthy
tissue.

Melanoma cells are cultivated with sensitizer ZnTPPS4
[(zinc(II)-5,10,15,20–tetrakis(4-sulphonatophenyl) porphy-
rine] fixed in cyclodextrin carrier hpβCD. These substan-
ces create complexes with good penetration through the
cell membrane. After sensitizer uptake the cells are excited
by appropriate light and marked by fluorescent dye (4). The
goal of this presented work was investigation of efficiency
of photodynamic therapy by means of comet assay.

Material and methods

About 2 million cells of human melanoma (cell line
G361) were cultivated in DMEM with 10 µM ZnTPPS4
and 1 mM hpβCD for 48 hours at 37 °C. Then the growth
medium was replaced by fresh medium without sensitizer
and cells were irradiated by visible light at room tempera-
ture. The doses of irradiation were 0.1; 0.5; 2.5; 12.5 and 60
J.cm-2. Cells cultivated in medium alone, in medium with
sensitizer and without sensitizer with the maximum dose of
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irradiation were used as the controls. Other cells were culti-
vated in medium with sensitizer and were irradiated by dif-
ferent light dose. After irradiation cells were cultivated for
next 24 hours at 37 °C and after this period their damage was
assessed by comet assay.

On the microscope slides precoated with 1% standard
agarose in H2O were applied 85 µl of 1% standard agarose
in PBS and, while still liquid, covered with a cover slip.
Slides were placed in fridge for at least 5 min to solidify
agarose. Cells were trypsinated, collected by centrifugation
and dispersed in 2ml PBS by vortexing. 20 µl of this solu-
tion (2.104 cells) was added to 85 µl of 1% LMP agarose in
PBS at 37°C. Finally 85 µl of the mixture were transferred
on each slide (Fig. 1) and placed to the fridge for next 5 mi-

nutes. Microscope slides were immersed in lysis buffer (2.5
M NaCl, 100 mM EDTA, 10 mM Tris and 1% Triton X-100;
pH = 10) at 4°C for 1 hour. Slides were gently placed on
platform in electrophoretic tank and immersed in cool elec-
trophoresis solution (300 mm NaOH, 1 mM EDTA) for 40
minutes. Electrophoresis was run 30 minutes at 2.5 V.cm-1.
After electrophoresis the slips were washed 3x5 min with
buffer (0.4 M Tris; pH = 7.5) at 4°C and stained by ethi-
dium bromide (20 µg/ml) for the visualization of DNA
comet.

It is possible to analyse comets representing different le-
vels of DNA damage quantitatively without image analysis
software according to standard method (5). This method
classifies comets into classes from class 0 (undamaged, no
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Fig. 1: Diagram of a comet slide. Fig. 2: DNA breaks represented by comet.

Fig. 3: Typical picture of the undamaged DNA in control
samples (G361 cells).

Fig. 4: DNA breaks represented by comets. (PDT of G361
cells; irradiation dose 0.5 J.cm-2).

Fig. 5: Percentage occurrence of DNA damage in the de-
pendence of the irradiation dose (K = control; S = sensitizer).

Fig. 6: Percentage occurrence of different stages of DNA
damage. (irradiation dose 0.5 J.cm-2).



discernible tail) to class 4 (almost all DNA in tail, insigni-
ficant head) (5). Each comet (Fig. 2) is given based on its
pattern a value according to level of DNA damage. We
worked with fluorescent microscope, CCD camera and
Olympus Micro Image software.

Results

The control samples were used to detect undamaged
DNA (Fig. 3). In Fig. 4 we can see DNA of cancer cells as
comets visualised by ethidium bromide. Belong to great
amount of DNA damage representing by comets from class
1 to 4 was detected at the irradiation dose of 0.5, followed by
0.1 and 2.5 J.cm-2 (Fig. 5). This low radiation dose induce
DNA breaks, which correspond to comets belonging to
class 3, less 2 and 4 (Fig. 6).

Discussion and conclusions

Assessment of cellular damage by comet assay is valu-
able method for detecting DNA breaks. Irradiation of cells
can result in a few kinds of reaction. Very low dose of ir-
radiation have no large damage effect on target cells. On
the other hand high dose of irradiation cause cell death via
necrosis. The major effort of PDT in the field of cancer di-
seases is to induce cell death mediated by apoptosis. The
apoptotic mechanism accompanies DNA fragmentation.
The comet assay seems to be good and mainly rapid me-
thod to detect DNA cleavage. Moreover our results shows

that low radiation dose of visible light (0.1–0.5 J.cm-2) can
be use for PDT of tumour cell line G361 using as the sensi-
tizer molecular complex 10 µM ZnTPPS4 with 1 mM cyclo-
dextrin carrier hpβCD.
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