
Introduction
Anticancer therapy uses carbon ions because their use show good
results in the inactivation of cells in a Bragg peak area (Kraft, 2000).
Additionally, neon ions are another type of ions that has been used in
cancer therapy in the past and is now indicated as a good candidate for
hypoxic problems of carcinogenicity (Tommasino et al., 2015). From a
physical point of view it is very likely that the process of fragmentation
of heavy ions such as neon will occur in human body and after that ions
such as carbon and oxygen will appear (Stelzer, 1998). For this reason,
the aim of these studies is to estimate the influence of a mixed ion beam
containing carbon and oxygen ions on live cells and to describe of what
kind of effect is observed: additive, synergistic or antagonistic (Streffer
et al., 1987).
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Experimental setup

Petri dish with cells (diameter of 4.8 cm) was irradiated using a sliding
table moving according to a route switched by the number of counts
registered by the 200 silicon detector determining the absorbed dose
(see Fig.3).
Typical spectra of mixed beams containing 12C3+ and 16O4+ measured by
20o and 0o detectors after the calibration procedure (Fig.4).

Fig. 1. Scheme of 
experimental setup.

Fig.2. Experimental setup: Petri

dish (no. 1), tile (no. 5), sliding
table (no. 2), webcam (no. 4),
Havar foil (no. 3), detector place
(no. 6).

Fig.3.  Outline of cell
irradiation.

The radiobiological experiment was done using experimental setup
situated in the Heavy Ion Laboratory at University of Warsaw, Poland.
The components of experimental system are:
• cyclotron U-200P where carbon (q=3+) and oxygen (q=4+) ions were
accelerated together because charge to mass q/m ratio for these ions
has identical value (Kanai et al. ,1997)

• ions were scattered in the vacuum chamber by gold foils with
thickness of 20 mg/cm2

• part of the ions were recorded by a detector at an angle of 200 placed
in the vacuum chamber and part of them passed under small angles
centered around 00 through a 233 cm long beamline

• the shape of the exit ion beam was determined by a collimator of size
of 1 cm x 1 cm

• before cell irradiation the ion beam passed through Havar foil
(diameter: 1.6 cm and thickness: 2.3 mg/cm2), air gap and Mylar foil
(thickness: 12 mm) and another air gap and Mylar foil as Petri dish
bottom (thickness: 6 mm)
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Intensity distribution of ion beams

Survival fraction in relation to dose

Isobologram charts

The intensity distribution of the ion beam was determined using
counts N0 and N20 registered by two detectors located at 0° and 20°,
respectively. The 0° detector was placed in a special holder on the
sliding machine and moved to scan the surface of the ion beam.

Fig. 5. Intensity distribution for mixed and single ion beams. 

Fig. 6. Survival fraction after irradiation by the mixed
beam containing carbon plus oxygen ions and the single
beam with carbon or oxygen ions. Error bars are
standard deviations. The experimental data were fitted
by linear-quadratic equations.

Fig. 7 shows the isobologram charts for
various survival fractions (SF). Modes I
and II were calculated based on the
fitted survival curves for single ion
beams (Streffer et al., 1987). We
conclude that the effect of irradiation by
a mixed ion beam on CHO-K1 is additive.
A synergistic effect is observed for high
values of survival curves equal to 0.6
and 0.9 but it requires further study.

Fig. 7. . Isobologram charts for various
survival fractions.
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Dosimetry

The absorbed dose (Gy) for mixed beam D12C+16O was calculated as the
sum of absorbed doses D12C and D16O of constituent ions:

j - energy channel of scattered ion measured at angle of 20o during cells
irradiation; k is a cell sublayer in which stopping power can be
assumed as constant; LET- linear energy transfer for beam ion with
energy corresponding to a particular ‘j’ channel of energy spectra,
is the number of ions registered by 20o detector in j channel of energy
spectrum during cell irradiation process, while the symbols with the
prim define the calibration coefficient Rj by the ratio of number of
detected ions by 0o and 20o detectors registered before cell irradiation;
r - water density (g/cm3)

Fig. 4. Registered spectra of mixed beam by detector under 00 and 200 relative 
to the incident beam direction.

Biological response of CHO-K1
cells were estimated by the
clonogenic survival test. Survival
curves after cobalt -rays from
Czub et al., 2008 and mixed and
single ion beams irradiation are
presented in Fig.6. Irradiation by
single beams is comparable with
irradiation by mixed beam using
the same type of radiations and
their energy.

At each measuring
point the count rates
of the two detectors
were calculated and
ratio of counts was
estimated. Fig.5.
shows results with
relative error: 4%.
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