
Introduction

Photodynamic therapy (PDT) has lately been involved
in the treatment of oncological, cardiovascular, skin and eye
diseases. PDT is founded on the use of sensitizers, which
have a longer retention time in cancerous cells. During the
photoactivity of sensitizers, using visible radiation of suit-
able wavelength, the generation of cytoxic material is occur-
ed which leads to irreversible damage in cancerous cells. In
contrast to conventional treatment methods (surgery, radio-
therapy and chemotherapy) PDT allows selective removal
of cancerous cells without damaging the surrounding healthy
tissue (1,2,7,8).

Today the quite often used sensitizer is Photofrin II.
This sensitizer is one of the so-called „first generation sen-
tiziers“, which sets the standard for its class. Above all
it’s selectivivity is too narrow. Furthermore, thanks to it’s
narrow extinction coefficient it is necessary to use a large
amount of the sensitizer to achieve a photodynamic re-
action.

The above mentioned problems lead to the creation so-
called „second generation sensitizers“. This includes por-
fyrin, phtalocyanines, naphtalocyanines, chlorins, and also
polypyrrolic sensitizers TPPS4, ZnTPPS4 a PdTPPS4.
„Second generation sensitizers“ are considerably more se-
lective which enhances the effectivity of PDT (3,5,6).
Naturally they are hydrophobic, so they disolve poorly in
water. This problem can be solved by the use of a suitable

sensitizer carrier (polymer particles, liposomes, antibodies,
etc.).

Cyclodextrins (CD) are currently under intensive study
as one of the suitable carriers for this entire class of medi-
cine, and also of photodynamically active materials. Cyclo-
dextrins are cyclic oligosacharades, compounded of 6, 7 a 8
(α, β α γ) a – 1, 4–D – glucopyranose units. Photodynami-
cally active materials are bound in the cyclodextrin cavity
with the help of hydrophobic and van der Waals forces.
This binding with the CD allows a hydrophobic sensitizer
to be transported in a water based medium. CD also has
a significant monomerization effect, which inhibits the
aggregation of sensitizers and increases the quantum yield
and life span of the excited state of the sensitizer (4).

Material and methods

The absorption spectra of the cultivation medium
(DMEM), the selected solution of porfyrin sensitizers
TPPS4, ZnTPPS4 and PdTPPS4 and these sensitizers with
cyclodextrin carriers HP-α-CD, HP-β-CD and HP-γ-CD
were measured with spectrophotometer UNICAM UV 550.
Flourescent spectra were obtained with the use of spectro-
fluorometer HITACHI F4500. The cultivation medium was
used as the solvent. The concentration of the sensitizer was
10 µM, cyclodextrin carrier was 1 mM, thus cyclodextrin
was compared with the sensitizers in hundredfold concentra-
tion excess.
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Results

Fig. 1 shows the absorption spectrum of the polypyr-
rolic sensitizer solution. The wavelength absorption maxi-
mum for sensitizer TPPS4 is 415 nm. The sensitizer ZnTPPS4
expresses a shift in absorption maximum to the short wave
length of 2 nm, thus the level of 413 nm. The absorption
maximum of sensitizer PdTPPS4 is near the wavelength 423
nm. Fig. 2 shows the absorption spectra of the sensitizer
ZnTPPS4 in combination with the cyclodextrin carriers,
which demonstrates that the type of used carrier only
slightly affects the form of the spectrum.

In Fig. 3 the fluorescent emission spectra are obtained
near the wavelength which corresponds to the sensitizer
absorption maximum in the Soret region. The spectra illus-
trate a strong difference in the location of the maxima and
the fluorescence intensity, where as with all of sensitizers
there emerges two distinct fluorescent bands. TPPS4 shows
the highest fluorescence. The fluorescence intensity is near
that of other sensitizers, after which sensitizers ZnTPPS4
a PdTPPS4 diminish along with it, such that it highlights
the longer wavelength maximum with regard to the maxi-
mum short wavelength. Sensitizer PdTPPS4 gains a long
wavelength band with a higher intensity of fluorescence.
Individual sensitizers also differ in the position of their
flourescent maxima. Fluorescent emission spectra of the
sensitizer ZnTPPS4 in combination with the cyclodextrin
carriers, which demonstrates that the type of used carrier
only slightly affects the form of the spectrum. We found si-
milar behavior in the recordings of the spectra for sensi-
tizers TPPS4 a PdTPPS4.

Discussion

The absorption spectra were measured in conditions pa-
rallel to that of the cultivated tumor cells. The spectra were
measured in the cultivation medium; its character can in-
fluence the resulting exposure parameters because a portion
of active radiation will likely be asborbed by the cultivation
medium itself. The absorption spectra of the sensitizer so-
lutions differ in absorption spectra of the cultivation media
only in the region of short wavelength of light. Minor diffe-
rences in the spectra of different sensitizers in this area fit
their individual chemical structure (Fig. 1). The absorption
of the sensitizer solutions in the ultraviolet area of the electro-
magnetic spectrum and the area around the wavelength 560
nm pertains to its cultivation medium, which was used as
the solvent. The cyclodextrin carrier caused a shift in the
absorption maxima of individual sensitizer solutions (Fig. 1
and 2). If we take a sensitizer in a cyclodextrin carrier
then the absorption spectra of these complexes will not
differ from the type of carrier used (Fig. 2). The fluores-
cent spectra of the sentiziters differ in their fluorescent
intensity, in the long wavelength maxima (Fig. 3). These
differences are attributed to their individual chemical
structure.
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Fig. 1: Absorption spectra of 10 µM sensitizers.

Fig. 2: Absorption spectra of 10 µM ZnTPPS4 bound to 1
mM cyclodextrin carriers.

Fig. 3: Fluorescence emission spectra of 10 µM sensitizers.
Exciting wavelengths are the same like wavelengths of ab-
sorption maxima of sensitizers in the Soret region.



Conclusion

The study of photophysical properties allows the
establishment of irradiation parameters and conditions of
the cultivation of cancer cells for combined studies of the
cytotoxicity and phototoxicity of sensitizers bound in cyclo-
dextrin carriers in vitro methods.
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