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Abstract

The biological effect of K-electron removal in C, N, O atoms of the DNA needs to be systematicly
studied. A calculation of the RBE of X-rays around K-edges was performed to test experimental feasibility.
Results obtained motivated an experimental study of the lethal effectiveness of C-K ionizations and experiments
were performed with monochronized synchrotron radiation. Cell survival was studied with a V79 Chinese
hamster cell line, using cells grown as monolayers on mylar foil. The linear quadratic shape survival curves
obtained for 250 eV and 340 eV radiation are discussed.

INTRODUCTION.

Recent questions on the possible role of K-ionization in the biological effect of heavy ions
(Chetioui et al, 1994) show that there is a strong need of a systematic study of the biological
effect of a K-electron removal in C,N,0 atoms of the DNA.

A method to study selectively the effect of a K-ionization, consists in comparing biological
effects of X-ray irradiations at energies before and after the K-ionization threshold. X-ray
induced K-ionizations have probably a less severe effect than ion-induced ones since the latter
are usually accompanied by multiple outer shell ionizations in the same atom and additional
ionizations along the ion-track. Nevertheless, the lethal effectiveness of X-induced K-
ionizations provides a lower limit of that of ion-induced ones.

To test the feasibility of experiments at the K-threshold of the various atoms and to determine
an appropriate range of irradiation energies, we have performed a simple calculation of the
RBE of X-rays around K-edges, assuming the same lethal effectiveness for the K-ionizations
of C,N and O atoms of DNA.( For a first trial a uniform 1% value has been chosen ) This
calculation is performed in the framework of the model of critical size events of Goodhead et
al ( 1979 ) : track clusters ( clusters of more than 100 eV in 2nm-size volumes occuring at the
track end of secondary electrons) and clusters from K-ionization are both considered to
contribute to the lethal effect.

The results of the calculation ( Du Penhoat et al, submitted to Radiation Research -1997 )
display a strong increase of RBE ( by a factor of ~ 2 ) just above the C-K threshold , followed
by a less pronounced increase above the N-K threshold and then a decrease above the O-K
threshold since O-K ionizations occur mostly outside the DNA.These results have motivated
an experimental study of the lethal effectiveness of s C-K ionizations ( Threshold energy : 284
eV)
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EXPERIMENT and METHODS.

Because of the strong absorption of ultrasoft X-rays, a comparison of the effect of two
radiations at different energies can only be significant if their attenuation in the cell is the
same. The isoattenuation criteria has been fullfilled by using radiations of well defined
energies: 250 and 340 eV respectively. The experiment was performed with monochromatized
synchrotron radiation at the LURE facility in Orsay close to the super ACO storage ring.

The entrance dose to a cell was evaluated from the X-ray fluence. Two separate measurements
of the intensity were performed by an X-ray Si photodiode with a 20 mm active area, and by
a commercial parallel plate extrapolation chamber with modified window.

When comparing radiations with isoattenuation, the mean dose within the cell nucleus is an
appropriate parameter to correlate with the cell survival. Consequently the attenuation within
the cell must be known. For this purpose measurements of the thickness of cytoplasm and
nucleus of cells under study have been performed using confocal microscopy.

Study of cell survival was performed with a V79 Chinese hamster cell line. Cells were grown
as monolayers on 0.9 um thick mylar foil and allowed to attach to the film and flatten for 48
hours. In these conditions, the mean dose inside the nucleus was about 15% of the entrance
dose

RESULTS and DISCUSSION.

The survival curve for the 250 eV radiation display a linear quadratic shape. When plotted
against the average dose, the coefficients of the quadratic fit are : a = 0.40 Gy" , p = 0.54 Gy"
,very near those obtained in the experiment of Goodhead et al ( 1979 ) with carbon K-X rays
(278 eV): a = 0.43 Gy"1, p = 0.62 Gy'2.

At 340 eV, the survival curve present a much steeper decrease as a function of dose: at 250
eV, the dose for 10% survival is about twice the one at 340 eV. This enhanced lethality is the
consequence of the production of concentrated energy depositions around the C-K
ionizations which mostly take place on the DNA.

In the framework of the calculation described in the introduction, one can extract from the
survival curve at 250 eV a 1.8% value for the lethal yield of track clusters overlapping DNA,
close to that -1.9%- which can be extracted from the survival curve of Goodhead et al (1979).
From the survival curve at 340 eV, a lethal yield of the order of 2% is obtained for C-K
ionization clusters overlapping DNA.

This value is high since it is comparable to the yields measured for major events such as K
disintegrations of incorporated I2>I nuclides .

The knowledge of the RBE of X-rays at various energies provides - in the frame of the above
model- some information about the lethal yield of C,N,0 K-vacancies generated by heavy
ions and their role on the overall ion lethality.
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