


In such a situation, initial inducers of the bystander factors would be more affected
and, possibly, would undergo apoptosis. As a result, a functionally active pool of the cells
will be devastated, and tissue or organ activity will be decreased. A similar picture was
observed already during ageing processes and recently it was found that rapid ageing
syndrome can be also observed for Chernobyl liquidators [Melnov, 2004].

These two possible approaches could be useful in possible interpretation and
understanding of the cytogenetic effects observed in analysis of the populations affected by
the Chernobyl accident even 20 years after the disaster.

In this case one of the most important problems is the investigation of the RIBE
nature and its factors and their effects on germ cell populations. After such investigations
we will be able to make prognosis of the possible risk for future generations.

A very interesting question in the field is the pathophysiological relevance of the
radioprotectors study. Clastogenic and bystander factors, spreading through the body, may
reach the most critical organs and tissues, which are the most vulnerable and on the border
of sickness (for example, liver, kidney, heart, endocrine glands, pancreas, etc). As a result,
increased level of ROS and other harmful factors in these organs will be observed, and
pathologic processes will start. Radioprotectors, used in present research, are able to
neutralise some of these factors. This may be essential for avoiding illness.

On the hypothesis that bystander factors from irradiated donor culture medium and
from serum samples are the same, it is possible to conclude that only factors of the “second
type” persist in the blood serum samples, as they cannot be neutralised by radioprotectors.
A possible reason for this may be that all the radioprotectors used in present research are

natural and found in human organisms under normal conditions. Possibly, the factors of the
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“first type” were already neutralised in vivo in the blood stream, and only factors of the
“second type” were left. To confirm this hypothesis, it is necessary to perform joint
experiments for medium-derived bystander effect and bystander effect induced in vivo by
serum samples and to see which factors induce stronger cellular damage.

The most sensitive ionising radiation phase of the cell cycle is S-phase [Alberts et
al., 1998] — dividing and proliferating cells. Almost all mutations happen in dividing cells
[Vogel, 1956]. At the same time, any metabolically active cell may counteract the harmful
effects of mutant cells, cells with modified metabolism and surface receptors. It is well
known that different cells have very wide spectra of differences in mutation frequency
[Neel ef al., 1978] and different responses to mutation [Vogel and Motulski, 1986]. That is
why the bystander effect may be hypothesised as one of the forms of adaptive reactions of
biological systems to radiation influence. The influence of laser, ionising radiation or any
other xenobiotics induces in this system damages of any level or character, Small doses of
ionising radiation provoke not only gene mutations, but also physiological (metabolic)
damage, some of which become self-maintained [Emerit ez ¢/, 1996). In such conditions
RIBE may be an adaptive attempt of the transfer of the external effect to other cells, like
“request for help” as a response for radiation influence, i.e. an attempt for integration and
generalisation of the response, which is not on the cellular, but on tissue, organ or organism

level. The mechanism of this response may be something similar to interferon induction as

a response o virus infection.

Chapter 4 describes the experiments on a laser-induced bystander effect in HPV-G

cells using the clonogenic assay. The results clearly show that laser irradiation is able to
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induce bystander factors in cells. The wavelength used in the cuirent study is not used in
medicine, so there is a need for a further study of laser effect using therapeutic lasers. Also,
it is unknown if laser-induced bystander factors are identical to radiation-induced bystander
factors.

Today laser irradiation is becoming more and more popular and is used in different
areas of medicine. According to the present study, not all effects of laser irradiation are
enough studied and taken into consideration.

Possible coincidence of the bystander data induced by laser irradiation with data
induced by ionising radiation and UV light may be possible evidence of the universality of
its mechanisms at least in relation to mutagenic factors of physical nature.

The nature of this factor seems to be very similar to the one induced by ionising
radiation. This factor is also able to pass through a 0.22 pm filter and does not lose its effect
after freezing. But it is necessary to perform special study comparing these two factors.

For the further study of the effects of laser irradiation on the development of the
bystander effect, a more profound study of the processes occurring in cells after absorption
of the energy is required. It is important to reveal biologically active molecules which are
the most sensitive to laser irradiation according to their light absorption spectra. In the
present study the laser irradiation with UV A wavelength has been used. The absorption of
the light energy of such wavelength may stimulate the formation of a triplet state of the

molecules and the vibration of the atomic nuclei and increase of the rotational mobility of

the molecules as a whole.

The aim of this study was to study the bystander effects and to find a potential

universal radioprotector, able to decrease the damaging effect of these factors. Such a wide-
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reaching mission statement is very difficult to be completely accomplished during the
course of this work. Bystander effects, which have generated much interest since their
discovery, have massive implications for radiation protection. This study has presented
evidence that bystander effects are not limited only to ionising radiation and couid be
partially prevented using radioprotective substances. Further work in the area is warranted
to determine whether the nature of such laser-induced effects is similar to those induced by

ionising radiation.

In general, the following conclusions can be made:

1. A medium-derived bystander effect was induced by y-radiation in vitro and was
partially modified (decreased) by radioprotective substances.

1.1. Melanin was able to neutralise bystander factors induced by vyradiation in
vitro when added to culture medium before and after irradiation of bystander donor cells.
As melanin is able to adsorb all types of physical energy, it is possible that bystander
factors have physical nature or component.

1.2. Melatonin also had the ability to decrease the bystander effect, induced by y-
radiation in vitro when added to culture medium after irradiation of HPV-G cells.
Melatonin had the best protective effect. This is possibly the result of the ability of
melatonin to enter all cells in the organism, to cross all biological membranes and rapid
receptor-dependent and independent transport into cells and their subcellular compartments.
As melatonin is highly lipid and somewhat aqueous soluble, it may perform the protective
effect in both the lipid and aqueous environments of the membrane. Another possible
reason is that melatonin may act directly as a free radical scavenger, or it may activate

enzymes involved in antioxidant defence.
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1.3. a-Tocopherol compared to melanin and melatonin showed the least (slightly
significant) protective effect from bystander factors in vitro. a-Tocopherol has a completely
different chemical structure from melanin and melatonin, and its mechanism is mainly
based on the effect on repair processes.

2. Serum samples from the blood of the victims of the Chernobyl accident were
shown to contain damaging factors, induced in vivo and after filtration to transfer damage
to HPV-G cells in vitro, similar to bystander factors. These factors persisted in the blood
stream for 19 years (in Chernobyl liquidators cohort) and were not neutralised by melanin
or melatonin.

3. For the first time it was shown that laser irradiation was able to induce
bystander effects in vitro into the medium of irradiated cells, which were able to affect non-
irradiated cells.

Further research in the field will include possible understanding of mechanisms
by which radioprotective substances can neutralise bystander factors and thus, lead to a
possible understanding of mechanisms and nature of radiation-induced bystander effects.
Also it is necessary to compare factors from serum samples and those induced by ionising

and by laser radiation in order to understand if they have a similar or different nature.
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