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INTRODUCTION 

DNA is thought to be the major target for the mutagenic, carci
nogenic and lethal effects of ionizing radiations. However our knowledge of 
the damages produced by ionizing radiation in DNA itself is rather limited. 
Among the various c; emical effects due to ionizing radiation, double strand 
breaks and single strand breaks have been extensively investigated during 
past years. Procedures combining sedimentation on alkaline gradient and 
gentle lysis of the s.elis made it possible to analyse high molecular weight 
DNA and to investigate the formation and repair of DNA single strand breaks 
(Me GRATH and WILLIAMS, 1966). Many researchers have now studied the double 
strand breakage induced by gamma or X rays using neutral sucrose gradients 
(BONURA et al, 1975). A considerable amount of data is now available on this 
subject. 

The biological importance of damages other than strand breaks 
has been evidenced for bacteria and bacteriophages (BLOK and LOMAN, 1973). 
The nature of the damage of the DNA heterocyclic bases is mostly unknown. 
The defects induced on these bases arise at least partly as the result of the 
reaction with the biopolymer of the primary species provided by water radio-
lysis. Experiments with radical scavengers showed that the indirect action of 
OH radical would account for about 60 % of the total damage in vivo for 
mammalian cells, (CHAPMAN et al, 1973) under air-saturated conditions. The 
radiolysis of the free nucleic acid bases in solution has been studied in 
some detail. The thymine fragment damage has been well determined for the 
nucleic acid constituents : free base (TEOULE and CADET, 1971) free nucleo
side (CADET and TEOULE) and free nucleotide (CADET, DUCOLOMB and#TEOULE, 1974). 
Fewer studies are available for DNA and concern hydrogen release (DRASIL et al, 
1970) peroxide formation (SCHOLES et al, 1956 and 1960) (Mo SCHWEIBERT and 
DANIEL, 1971) and UV absorption. The most noticeable achievement in this 



field is probably the development of two sensitive procedures (ROTI ROTI 
et al, 1974 ; HARIHARAN and CERUTTI, 1972 ; SW1NEHART, U N and CERUTTI, 
1974) which are useful in vivo conditions. The first assay determines 
the radiochemical reactivity of the thymine methyl groups of DNA. DNA is 

3 . . . 
labeled in mammalian cells with thymine methyl ( H) and the radioactivity 
released measured a. 3H 20. Thi. second type of assay using borohydride 
reduction or alkaline reaction involving the opening of the saturated 
pyrimidine ring measures a bulk of products termed t by the authors. These 
methods appear to be of great interest in the study of DNA lesions formation 
and in repair investigations. However, they are indirect methods and this is 
the reason why the nature of the radiation products termed t is not well 
known. 

We wish to report here a study of the nature of the DNA thymine 
fragment damage induced by ionizing radiation in vitvo conditions by a new 
method involving hydrolysis in mild conditions. A satisfactory balance 
(more than 95 %) is obtained and the occurence of these damages i^ highly 
probable in vivo conditions. 

EXPERIMENTAL CONDITIONS 

The experimental conditions may be summarized as follows : DNA 
labeled with 1!*C on C-2 or methyl groups was irradiated at doses ranging 
from 10,000 to 300,000 rads. The radiation products spontaneously released 
from the DNA chain were separated by thin-layer chromatography, characterized 
by microreactions and the amount counted by scintillation. The lesions retained 
or the polynucleotide chain were liberated by formic hydrolysis at 90°C prior 
to analysis. 

RESULTS 

Attack of the sugar fragment, leading to the rupture of the N g^ycosidic bond 

Thymine was released at the first stage of the irradiation. It 
r 

resulted from the rupture of N glycosidic bond subsequent to chemical 
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modifications of the sugar component (VON SONNTAG and SCHULTE-FROHLINDE, 
1975). It is worth noting that no thymidine could be detected at any irra
diation doses used. When thymidine is found in experiments performed 
in vivo conditions it must be due to enzymatic reactions and it is not a 
consequence of the chemical action of the irradiation. 

Fig. I •* 

The following compounds : .-is and trans thymine glycdl, 
5,6-dihydroxy-5,6-dihydrothymine, 5-hydroxy-5-methylhydantoin, formylurea, 

1 2 
urea and N -formyl-N -pyruvylurea which are found among, the products spon
taneously released cannot be considered as primary products. Their formation 
involves two steps and they result either from free thymine previously 
released or from the damages previously produced on the DNA at the first 
stage of the irradiation. 

Peroxidation of the pyrimidine 5,6 double bond in DNA 

When DNA is irradiated under aerated conditions in aqueous solu
tions, peroxides are produced. It was suggested that the peroxides were 
formed on the pyrimidine ring (SCHOLES et al, 1956). There are two possibili 
ties for the OH radical attack on thymine either in 5 or 6 position (ORMEROD 
and SINGH, 1966) and both types of thymine and thymidine peroxides have been 
identified (CADET and TEOULE, 1973). 

The peroxides were shown to be attached to the polynucleotide 
chain because they were precipitable by trichloroacetic acid. From measure
ments of the thermal decay rate constants and activation energies obtained 
for free bases and DNA it was shown that the peroxides were probably located 
on cytosine and on thymine base components (Me SCHWEIBERT and DANIEL, 1971). 
The nature of the products formed on the polynucleotide chain as described 
below confirms completely the hypothesis of thymine peroxidation. 

Fig. 2 •* 
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Decomposition of thymine fragment peroxide in DNA 

There are two routes of thymine peroxide decomposition in DNA. 
The first route is the formation of thymine fragment glycol with retention 
of the initial configuration of DNA peroxide. In ether words, <jis thymine 
hydroxyhydroperoxide gave rise ro ois thymine glycol and trans thymine 
hydroxyhydroperoxide generatad trans thymine glycol. 

The second route is the opening of the pyrimidin.e ring giving 
I 2 rise to the very unstable N -formyl-N pyruvylurea DNA damage. This compound 

could not be isolated because it decomposed during the irradiation in air-
saturated solutions. This decomposition gave rise to different lesions as 
shown in fig. 2. 

5-hydroxy-5-methylhydantoin DNA defect resulted from the defor-
mylation and cyclisation of this intermediate compound. Urea DNA defect and 
formylurea DNA defect appeared only as traces. The major route of decomposi
tion led to the formation of pyruvamide and carbon dioxide. 

Pyruvamide was obtained and measured (TEOULE, B0N1CEL et al, 
1975) among the radiation products released in the irradiated solution. It 
appeared labeled only when DNA thymine ^CF^ was used. Carbon dioxide was 
found labeled when DNA thymine ll*C-2 was irradiated. Both compounds were 
formed during the irradiation. The curve of the formation of carbon dioxide 
versus the dose applied has an upward bent form. 

From these results and the study of thymidine as the model 
compound (CADET and TEOULE, 1975) it is suggested that the DNA defect remai
ning on the polynucleotide chain was a l'-[K formamido] deoxyribose DNA defect 

Irradiation of DNA in deaerated solutions 

A similar study was carried out with DNA in deaerated solutions 
and the main DNA lesions were : 5,6-dihydro thymine, 5-hydroxy-5,6-
dihydrothymine, 5,6 dihydroxy-5,6-dihydrothymine. Furthermore by other 
methods the presence of 6-hydroxy-5,6-dihydrothymine was demonstrated. 

Fig. 3 -> 



J film 

- 5 -

In conclusion 

It is highly probable that the main lesions observed in vitro 

on the DNA polynucleotide chain, namely thymine glycol, 5,6-dihydroxy-5,6-
dihydrothymine and l'-[N fonnaaido] deoxyribose, are formed in vivo conditions. 
They are likely to le the major defects of the thymine fragment in cells. However, 
in vivo they are produced in lesser quantities because of the shielding due 
to the chronosomal proteins. Sensitive and simple techniques arc now studied 
to allow their quantitative and easy measurement. 
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LEGENDES 

Fig. 1 : Gamma i r r ad i a t i on of DNA in aeiated solutions. Proiucts resul t ing 
from the rupture of the N-glycosidic bond 

Thymine \_ Thymine peroxides 2_ 
5,6 dihydroxy-5,6-dihydrothymine 3_ 2 

5-hydroxy-5-methylhydantoin 4_, N'-formyl-N -pyruvylurea _5 
Foray1urea 6, urea 7 

Fig. 2 : Gamma i r r ad i a t i on of DNA in aerated solutions 
Products resul t ing from the peroxidation of the 5,6 pyrimidine 
double bond of the thymine fragment \_ 
a) Peroxides formed on the chain 2_ and 3_ 
b) Stable products borne by the polynucleotide chain resu l t ing 

from thymine peroxides decomposition ; 

5,6-dihydroxy-5,6-dihydrothymine DNA defect 4̂  
5-hydroxy-5,6-dihydrothymine DNA defect 5_ 

f *—fit formamido] deoxyribose DNA defect 
c) Products released from the polynucleotide chain : 
pyruvamide _7 and carbon dioxide 8_ 

Fig. 3 : Main defects produced on polynucleotide chair, under gamma i r r ad ia t ion 
of DNA in deaerated solutions 
5,6 dihydrothymine DXA defect I 
5,6-hydroxy-5,6-dihyùrothymine~DNA defect 2^ 
6-hydroxy-5,6-dihydrothymine DNA defect 3 
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