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The research in the field of the photodynamic therapy of cancer (PDT) is focused on a develop-
ment of photosensitizers exhibiting high quantum yield of singlet oxygen production. Direct time-
resolved spectroscopic observation of singlet oxygen phosphorescence can provide time constants
of its population and depopulation as well as photosensitizer phosphorescence lifetime and relative
quantum yields. In our contribution, a study of time and spectral resolved phosphorescence of singlet
oxygen photosensitized by meso-tetraphenylporphine in acetone together with the photosensitizer
phosphorescence is presented. Time constants of singlet oxygen population and depopulation were
determined at wide range of photosensitizer concentrations. The time constant of singlet oxygen

generation (0.28t 0.01) us is slightly shorter then the lifetime of photosensitizer’s triplet state
(0.324 0.01) us. It is caused by lower ability of TPP aggregates to transfer excitation energy to
oxygen. The lifetime of singlet oxyger-60 us) decreases with increasing photosensitizer concen-
tration. Therefore, the photosensitizer acts also as a quencher of oxygen singlet state, similarly to
the effects observed in [A. A. Krasnovsky, P. Cheng, R. E. Blankenship, T. A. Moore, and D. Gust
(1993).Photochem. Photobioh7, 324-330; H. Kipper, R. &dic, A. Svoboda, J. &4, and P. M. H.
Kroneck (2002)Biochim. Biophys. Acta Gen. Sultp72 107-113]. Moreover, the increasing con-
centraion of the photosensitizer causes a slight hypsochromic shift of the singlet oxygen luminescence
maximum.
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INTRODUCTION photosensitizer molecules undergo intersystem crossing
to their triplet state, which can effectively transfer excita-
Photodynamic therapy of cancer (PDT) is a progres- tion energy to oxygen molecules bringing them into their
sive method of fighting cancer. Basic principle of PDT is singlet excited state.

a photogeneration of highly reactive singlet oxygen via Meso-tetraphenylporphine (TPP) is a hydrophobic

excitation energy transfer from so-called photosensitizer. acetone soluble photosensitizer. It is sometimes consid-

Singlet oxygen is a very strong oxidizer that causes necro- ered to be a common standard for comparing photophysi-

sis of the tumour tissue [1]. After photosensitizer admin- cal properties of other photosensitizers. Its quantum yield

istration to the patient’s body, it is selectively retained of singlet oxygen production is 0.65 [2].

in cancerous tissue. The tumour is then locally irradiated In this contribution, a unique experimental set up for

by light absorbed by photosensitizer molecules. Part of measurement of infrared luminescence with simultaneous

spectral and time resolution was used for in vitro investi-

T _ ' _ ~gation of concentration dependencies of TPP phosphores-
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MATERIALS Measurements of TPP and singlet oxygen phospho-
rescence were performed using the same excitation as in
Meso-tetraphenylporphine was obtained from Fron- fluorescence experiments. IR phosphorescence was spec-
tier Scientific Porphyrine Products. Air saturated acetone trally resolved by monochromator Jobin Yvon H20 IR
was used as a solvent (Lachema, p.a.). Concentration oftogether with two long-pass filters Schott RG 7. Spec-
O, in air-saturated acetone is 2 mM [3]. Concentration of tral width of monochromator’s slit was 16 nm. High IR
TPP in our samples ranged from 1 to 20B!1. sensitivity and time resolution of 5 ns was achieved by
cooled IR sensitive Hamamatsu R5509 photomultiplier to-
gether with Becker-Hickl HF AC-26 dB preamplifier and
METHODS Becker-Hickl MSA 200 photoncounter. Time and spectral
resolved emission of samples was measured between 750
TPP absorption, fluorescence, and phosphorescenceénd 1342 nm with 16 nm step to observe TPP and singlet
together with singlet oxygen phosphorescence measure-0xygen phosphorescence together (2000 accumulations at
ments were carried out. Absorption spectra were mea- €ach wavelength). The detail of singlet oxygen phospho-
sured in standard 1 cm to 0.1 mm spectroscopic cuvettesrescence (Fig. 2) was measured in the region from 1242
using Perkin Elmer Lambda 12 spectrometer with 1 nm to 1306 nm with 4 nm step (4000 accumulations at each
resolution. Fluorescence spectra were measured in 1 crmwavelength). All fluorescence and phosphorescence data
fluorescence cuvettes with optically polished bottom. The were corrected with respect to spectral sensitivity.
samples were excited through cuvette’s bottom by excimer
laser (Lambda Physics LPX 105ICC) pumped dye laser RESULTS AND DISCUSSION
(Lambda Physics FL 3001, Stilbene 3 in methanol). Dye
laser beam was focused to a spot of 0.25 mm diameter. Typical absorption, fluorescence and phosphores-
The excitation energy ranged from 20 to 30 per puls, cence spectrum of TPP together with singlet oxygen phos-
with repetition frequency 40 Hz at 420 nm. Duration of phorescence spectrum is displayed at Fig. 1. Extinction
the laser pulses was approximately 20 ns. Fluorescencecoefficients at 420 nm exhibit linear dependence on TPP
was collected perpendicularly to excitation beam using concentration with a slope of 118000 chmol~!l in the
an optic fibre to multichannel spectrophotometer Avantes whole concentration region (from 1 to 2QaM). This
S2000 (spectral resolution 1 nm). linear dependence excludes any changes in aggregate to
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Fig. 1. Typical spectra of %M TPP in air saturated acetone.
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Fig. 2. Time and spectral resolved phosphorescence of singlet oxygen. Its time [us]
maximum lies at 1280 nm. (8BM concentration of TPP, time resolution
2 us). Fig. 3. A typical kinetics of singlet oxygen phosphorescence: the whole

measured dependence and a detail of initial rise after excitatiop.NBO
. o . . concentration of TPP, wavelength: 1278 nm, 5 ns time resolution).
monomer concentration ratio in the studied concentration

region. This fact is further confirmed by fluorescence. Re- ;.\ tpp phosphorescence measurementdpes not de-
absorptionin optically dense samples was observed at flu- end on photosensitizer concentration with average value
orescence spectra but no other changes in spectral posiy¢ ( 78+ 0,01) us. This value is slightly lower than TPP
tions and shapes of two main fluorescence bands (649 andyiy et ifetime. The explanation of this difference assumes
717 nm) were found. _that aggregates have lower ability to transfer energy to
~ Concerning TPP phosphorescence, no concentration,yyqen and thus the effective TPP triplet lifetime is longer.
induced shifts were observed. Time dependence of phos-gjngjet oxygen lifetime, exhibits decrease with increas-
phorescence intensitypg(t) was fitted by monoexponen- ing concentration of TPP. Corresponding rate constant

tial decay curve. _It proyided th_e I_ifetime of TPP triplet k, = 1/t, depends linearly on TPP concentration (Fig. 4)
state, which exhibits neither emission wavelength nor TPP which fits well with bimolecular quenching of singlet oxy-

concentra'tion depen_der)ce. Averaging of obtained valuesgen by TPP described by Stern Volmer equation [5]:
leads to triplet state lifetime (824 0.01) us.

Figure 2 contains time and spectral resolved singlet ko(crpp) = k2(0) + Kq - Crpp, (2
oxygen phosphorescence. Wavelength of singlet oxygen
emission maximum was reported to occur at 1270 nm
[2,3]. Nevertheless, in this study all emission maxima
were found to lie at slightly longer wavelengths (about
1280 nm). Moreover, hypsochromic shift of singlet oxy- 21000
gen emission bands with increasing TPP concentration
was observed (from 1286 to 1274 nm). Our value is
more accurate thanks to substantially better experimental
equipment (in sense of spectral resolution and detection
sensitivity).

After excitation pulse singlet oxygen emission inten-
sity Iso(t) follows time evolution described by Eq. (1) [4]

Iso(t) = lo(—e /" 4 e7®), 1)

wherek;(0) is the rate constant of singlet oxygen deexci-
tation in pure acetone (without TPH, is a quenching

20000 -

-1
1 [s7]

19000

wheret; is the lifetime of singlet oxygen in acetontg,

is singlet oxygen generation time constant. Equation (1) 180004 ; . ; . ; .
embodies singlet oxygen emission rise and decay after the 0 50 100 150 200
excitation pulse (See Fig. 3). concentration of TPP [uM]

_Fitting of Eg. (1) to measured singlet oxygen kinetics Fig. 4. Linear dependence of rate constapt.lindicates quenching of
providedt; andt, values for each TPP concentration. As singlet oxygen by TPP.
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constant andcypp is the concentration of TPP. Linear ACKNOWLEDGMENTS
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