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ABSTRACT. DNA is a critical cellular target for oxidative processes induced by physical and chemical stresses. It is known that the direct effect of ionizing radiation on DNA results mainly in base ionization and may lead to mutation, carcinogenesis and cell death. The degradation of DNA induced by laser and ionizing radiation (photon beam), is analyzed in this paper. The laser degradation of DNA is a singlet oxygen process, while the ionizing radiation degradation is a radicalic one. A series of lesions among the major bases degradation product has been measured in isolated DNA (8-OxodGuo) exposed to gamma radiation in aerated aqueous solution. Degradation can be accounted for by the formation of hydroxyl radicals upon radiolysis of water (indirect effect). The relative contribution of the two mechanisms in damaging DNA depends on the type of radiation. Single strand breaks and base damage seem to be mainly produced by the attack of hydroxyl radicals on DNA, whereas double strand breaks result predominantly of direct energy deposition. The four bases are degraded in high yield. When DNA is irradiated in solution, single strand breaks are mainly due to the abstraction of an H atom from the 4’ position of 2’-deoxyribose by the attack of OH radicals produced by water radiolysis. Quantification of the modified bases showed the guanine is the preferential target. Ionizing radiation produces very low quantities of degradation products of DNA if compared with photochemical pathway. When absorb the light, the photosensitizers reach an excited state able to abstract one electron from the DNA bases, producing the related radical cation, guanine being the preferential target. Ionizing radiation induce several types of DNA modifications, including chain breaks, DNA-protein cross-links, oxidized DNA bases. A high value for 8-OxodGuo degradation observed in control cells treated with either MB or AO by comparison with the others conditions. Ionizing radiation produces very low quantities of 8-OxodGuo, if compared with photosensitizers.

1. INTRODUCTION


The photodynamic therapy of cancer is a fascinating method for cancer diagnosis and treatment of various types of tumors by the combined action of oxygen, light and sensitizer [1].


Under irradiation with light (laser) and/or ionizing radiation, in the presence of a photosensitizer (porphyrinic type), DNA support several modifications including chain breaks, DNA-protein cross-links, abasic sites and oxidized DNA bases, which have been shown to be able to induce point mutations [2-5].


The production of DNA damage by ionizing radiation involves two mechanisms, direct and indirect effects. Direct effect lead to ionization and excitation of DNA molecules, while indirect effect is due to the interaction of reactive species, in particular of OH. radicals produced by water radiolysis, with targets in DNA. Single strand breaks and base damage seems to be mainly produced by the attack of hydroxyl radicals on DNA, whereas double strand breaks result predominantly of direct energy deposition [6,7]. Base damage may also occur from the formation of radical cation of purine and pyrimidine components when DNA is irradiated with photon beam in solution, single strand breaks are mainly due to the abstraction of an H atom from the 4' position of 2'-deoxyribose by the attack of OH. radicals produced by water radiolysis.


Ionizing radiation produces very low quantities of degradation products of DNA if compared with photochemical pathway. When absorb the light, the photosensitizers reach an excited state able to abstract one electron from the DNA bases, producing the related radical cation, guanine being the preferential target.

2. EXPERIMENTAL PART


A solution of calf thymus DNA was either exposed to the photon beam of a          7 MeV accelerator, or photosensitized in a photoreactor irradiated with an wavelength greater than 350 nm in the presence of few sensitizers: riboflavin (RB), benzophenone (BF), acridine orange (AO), methylene blue (MB) and tetra-p-sulpho-phenyl-porphyrin (TSPP).

Except TSPP which was synthesized in tha lab, the other sensitizers have been used as delivered from Fluka. Continuous air bubbling was mentained during all experiments. Then, DNA was digested into nucleosides and 8-OxodGuo and 5-OHdCyt were analyzed by reverse phase HPLC associated with an UV detector and also by IR spectroscopy.

The electron and photon radiation beams were supplied by the 7.0 Mv Linear Accelerator of the National Instituted for Laser, Plasma and Radiation Physics, Romania. 
All the irradiation processes with light were achieved with a medium-pressure 250-W mercury lamp (Romlux-Romania).

The visible absorption spectra were recorded on a SPECORD M400 Carl Zeiss Jena spectrophotometer. All spectroscopic studies were performed in the porphyrin concentration range of 8 x 10-5 to 1 x 10-8 M.


IR spectra (for KBr pellets)  were run on a SPECORD M80 Carl Zeiss Jena spectrometer with a computer command.

3. RESULTS AND DISCUSSION


The five photosensitizers were found to degrade DNA bases with different efficiencies for each type of irradiation. This was explained first of all by the difference in the UV-Vis absorption spectra of each photosensitizers and by their variation in electron abstraction quantum yield.  The yields were expressed with respect to that of 8-OxodGuo which was normalized to 100 (Table 1).

Table 1. 

Relative yield of formtion of modified bases within DNA either exposed to photon beam (800 R) in aerated solution or photosentized by light in the presence of different photosensitizers a

Lesion
photon beam
BF
RB
MB
AO
TSPP

8-OxodGuo
100
100
100
100
100
100

5-OHCyt
26.2
0.7
1.3
75.6
71
80

a Yields expressed in % with respect to 8-OxodGuo

Also, by measuring the tail moment (through the alkaline single-cell gel electrophoresis) was possible to detect in a.u. (arbitrary units of tail moment)/ Gy for 8-OxodGuo, Table2.

Table 2. 

DNA lesions by photon or light exposure, measured by means of  8-OxodGuo degradation 

Lesion
photon beam
BF
RB
MB
AO
TSPP

8-OxodGuo
0.26
0.7
0.65
0.60
0.6
0.5


It's difficult to explain the high value of the tail moment observed in control cells treated with either MB or AO. Ionizing radiation produces very low quantities of 8-OxodGuo, if compared with photosensitizers.


The processes involving DNA are affected by photodynamic therapy. The damage is mediated by singlet oxygen and this specie can travel only about 0.1 m in a cell before it is deactivated. The capacity for singlet oxygen generation is different for different kind of photosensitizers used in this paper, Table 3.

Table 3. 

The quantum yields for singlet oxygen generation for the sensitizers used [8]

Photosensitizer
)

MB


AO


TSPP


RB


BF



The SSB (single strand breaks) are mainly formed through the attack of OH radicals. OH radicals react with DNA to remove an H atom, most often the H4' or the H5' of the 2'-deoxyribose located in the minor groove, leading to strand rupture. The kinetics for DNA degradation was observed by means of A 270 nm (absorption of DNA extracted from mice as previously reported), Fig.1.

Porphyrins and/or metalloporphyrins mediated cleavage of nuclei acids occurs via oxidative attack on the sugar moiety, nucleobase modifications which lead to strand scission or by photoinduced mechanism involving either the porphyrin excited state or singlet oxygen [9,10]. Further, porphyrin-induced changes of DNA conformation could allow for the specific probing of DNA structure. The contribution of the radicalic species and of the singlet oxygen is under work and will reported subsequently.
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Fig.1. The kinetic of DNA degradation in different conditions

1 - BF; 2 - AO; 3-RB; 4 - AO; 5 - photon beam; 6 - TSPP


It's difficult to explain the high value for 8-OxodGuo degradation observed in control cells treated with either MB or AO by comparison with the others conditions. Ionizing radiation produces very low quantities of 8-OxodGuo, if compared with photosensitizers.

Selective degradation of the guanine residues might be the primary damage responsible for the formation of both alkali-labile bounds and strand scission. Acridine produces not only thymine dimers but also other lessions. DNA synthesis is inhibited by AO or MB in the presence of light. In the light, MB, RB, AO all decreased the melting temperature of DNA, suggesting that the DNA had been degraded [9]. Photosensitization has been shown to destroy deoxyguanosine and deoxyadenosine. Kinds of DNA damage that happens under the influence of light include altered or missing bases, single-strand breaks, and cross-linking. 

When the DNA backbone is broken by PDT by the ionizing radiation, the ends contain 3’ terminal phosphoglycolaldehydes or 3’ terminal phosphates which cannot act as substrates for DNA polymerase I or DNA ligase.

4. CONCLUSIONS

Studies on the photodynamic effect coupled with ionizing radiation have concentrated on singlet oxygen. A major target attacked by toxic oxygen species is likely to be DNA. Also, the attack of singlet oxygen on DNA will give rise to either single stranded breaks or alkali-labile bonds. Kinds of DNA damage that happens under the influence of light include altered or missing bases, single-strand breaks, and cross-linking.

From this paper a high value for 8-OxodGuo degradation was observed in control cells treated with either MB or AO by comparison with the others conditions. Ionizing radiation produces very low quantities of 8-OxodGuo, if compared with photosensitizers and with TSPP especially. 
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