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INTRODUCTION

Chemical radioprotection and radiosensitization are
the phenomena induced by the presence of certain chemical
compounds, which reduce or enhance respectively the effect
of ionizing radiation on living organisms. Such substances
are either naturally present or may be artificially intro-
duced in the living cells. When these phenomena occur in
complex biological systems, they are a synthesis of many
processes of physical, chemical and biological nature. The
study of the mecahnisms of chemical radioprotection and
radiosensitization could also aim at a better understand -
ing of how radiation acts on cells and tissues.

Chemical radioprotectors are interesting for the pos-
sible application in health protection of both professional,
ly exposed workers and patients treated by radiation for
diagnostic and therapeutic reasons. Although the initial
enthusiasm has been not paid by the success of findinq
the "anti-radiation pill", the problem is so important that
such studies are still up to date.

Chemical radicsensitization has boomed in the last
years for its potential application in the radiotherapy of
tumours since even a modest increase of radiosensitivity
of neoplastic cells results in a better therapeutic treat-
ment.

The main classes of radioprotective and radiosensiti-
zing drugs incDude compounds with respectively reducing and
oxidizing properties towards the radiation induced radicals
derived from biological molecules. Both processes of radio-
protection and radiosensitization occur by means of compljL
cated mechanism, whose the very early stages correspond to
very fast reactions. The mechanism of action of such sub -
stances can be investigated by means of radiation chemical
techniques, i.e. pulse radiolysis (1). Briefly pulse radio-
lysis uses a short intense pulse of radiation to induce the
initial physical-chemical damage and fast recording techni
que (i.e. absorption kinetic spectrophotometry with oscil-
lographic output ) are used to investigate the short-lived
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chemical species produced, and to follow their subsequent
pathway.

CHEMICAL RADIOPROTECTION.

Chemical radioprotection is still an important field
of research in radiobiology at all levels of biological
complexity. Different types of substances, including ali-
phatic alcohols, sulphur or selenium containing compounds
etc., offer radioDrotection "in vitro" and "in vivo". The
most important class of radioprotective substances inclu-
des the sulphur-compounds. These compounds can act by dif-
ferent mechanisms: protection bv mixed-disulfide formation
protection by radical scavenging and protection by the hy-
drogen transfer mechanism. Of particular interest is th<=
repair model by the hydrogen transfer mechanism, original.
ly proposed by Alexander and Charlesby (2), and further ao
plied to biological systems by Howard Flanders (3). Ac-
cording to this hypothesis, the radioprotection offered by
-SH compounds is due to their ability to repair the radical
damage of the target molecule by hydrogen donation from the
-SH group. This reaction is in competition with the
damage fixation produced by oxygen.

Adams and coll. (4,5) have directly observed by pulse
radiolysis radical repair reactions such as:

. CH_0H + R.9H > CH OH + RS '

In solution containing excess RSH, the radical
ànion RSSR formed from RS" in the equilibrium reaction:

RSSR~

absorbs strongly at 410 nm and can be used to monitor the
reaction.

A great number of rate constant for such repair reac
tions have been determined and they are generally l̂ 'ftr
than rate constants for the reactions of the same radicals
with oxygen. If the previous model is correct, one should
think that the -SH compounds are present at relatively
high concentration in the cell in order to show radiopro-
tection. An important molecule ubiquitously present in the
cells at relatively high concentration is the trineptide
glutathione.

Radiation chemical data obtained in this Laboratory (6,
7) show that the -SH group is responsable of all chemical
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events occurring in the molecule. Moreover the transfer of
hydrogen atom from glutathione to carbon radicals has been
demonstrated in model systems and appears to be the
most probable mechanism of protection.

Repair of nucleic acid radicals by -SH compounds has
not been observed directly by pulse radiolysis and it re-
mains to be demonstrated directly that hydrogen transfer
is a mechanism of protection in cellular systems.

CHEMICAL RADIOSENSITIZAT.TON

The effect of oxygen in enhancing radiation damage
in most biological systems, has been known for many years
and fundamental and clinical work on both animal and
human tumours has demonstrated the importance of anoxic
regions in tumours as limiting factors in radiotherapy.
ANy chemical agent which acts similarly to oxygen on the
biological response to radiation is of potential value in
radiotherapy. Nowdays some strongly electron-affinic com-
pounds have been shown to be the most interesting radioseri
sitizers in view of the large number of investigations at
fundamental level and for the promising pilot clinical
studies still in progress (8) .

They include quinones, dicarbonyl compounds, aroma-
tic ketones/ nitrofurans and nitroimidazoles. The radio-
sensitizing ability of these compounds is related to their
electron-affinity and to their structure, in v/hich the oxi_
dizing property is due to the stabilizing effect of elec-
tron delocalization by resonance. Pulse radiolysis expe-
riments have shown that these compounds are efficient
oxidizing agents and can transfer electron" rapidly and
quantitatively from free radicals derived from different
substrated including purines, pyrimidines, nucleic acids
and amino acids. These experiments demonstrate that such
sensitizers are more electron affinic than target molecu-
les and give support to the electron-trapping model for th*»
sensitization phenomenon proposed by Adams (9). The model
suggests tha.t, following direct ionization in the target
molecule, thermalised electrons migrate to some electron
trapping sites in the molecule. In the presence of electron
affindc compounds, electron transfer reaction from the io-
nized molecule to the radiosensitizèrs could occur in
competition with the internal charge recombination. The
final result is an ii-reversible chemical damage to the cri
tical molecule.

251



- CONCLUSION

The purpose of this communication is to illustrate
some significant examples of the application of radiation
chemistry to chemical radioprotection and radiosensitiza-
tion. The results demonstrate the important role played by
molecular phenomena for the interpretazion of mechanism of
chemical radioprotection and radiosensitization and for
the development of more active substances. Much of the
information concerning the involvement of fast processes
in chemical radioprotection and radiosensitization, deri-
ves from studies of simple model chemical and cellular
systems carried out with fast radiation chemical techniques.
Even though the great complexity of'in vivo" systems exclu
des a unique explanation of chemical radioprotection and
radiosensitization in molecular terms only, the contribution
of fundamental radiation chemical studies is still of great
importance.

REFERENCES

1. Adams G.E., Wardman P., (1977): in Free Radicals in Bio
logy, Vol. Ill, Chapter II, Academic Press Inc,New York
p.53.

2. Alexander P., Cherlesby A. (1954): in Radiobiology Sym-
posium, Butterworth's London, p. 49.

3. Howard-Flanders P. (19 60): Nature 186,485.
4. Adams G.E., Mc Naughton G.S., Michael B.D. (1968):

Trans. Faraday Soc. 64, 1902.
5. Adams G.E., Armstron R.G., Charlesby A., Michael B.D.,

Willson R.L. (1969): Trans-Faraday Soc. 65. 732.
6. Quintiliani M., Badiello R. , Tamba M.., Gorian G. (1976):

Modification of .Radionsensitivity of Biological Systems,
Vienna, IAEA, p. 29.

7. Quintiliani M., Badiello R., Tamba M., Esfandi E., Go-
rin G. (1977): Int. J. Radiat. Biol. 32, 195.

8. Breccia A., Rimondi C , Adams G.E. Eds. (1979): Radio-
sensitizers of Hypoxic Cells, Elsevier/North-Holland
Biomedical Press, Amsterdam.

9. Adams G.E. (1969): in Radiation Protection and Sensiti-
zation, Moroson J.L., Quintiliani M. Eds., Taylor and
Francis Ltd, London, p. 3.

252


