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Stable nitroxide radicals have been previously shown
to function as superoxide dismutase (S0D)* mimics and
to protect mammalian cells against superoxide and hy-
drogen peroxide-mediated oxidative stress. These unique
characteristics suggested that nitroxides, such as 4-hy-
droxy-2,2,8,6-tetramethylpiperidine-1-oxyl (Tempol},
might protect mammalian cells against ionizing radia-
tion. Treating Chinese hamster cells under aerobic con-
ditions with 5, 10, 50, and 100 mM Tempol 10 min prior
to X-rays resulted in radiation protection factors of 1.25,
1.30, 2.1, and 2.5, respectively. However, the reduced
form of Tempol afforded no protection. Tempol treatment
under hypoxic conditions did not provide radioprotec-
tion. Aerobic X-ray protection by Tempol could not be
atiributed to the induction of intracellular hypoxia, in-
crease in intracellular glutathione, or induction of intra-
cellular SOD mRNA. Tempol thus represents a new class
of non-thiol-containing radiation protectors, which may
be useful in elucidating the mechanism(g) of radiation-
induced cellular damage and may have broad applications
in protecting against oxidative stress. © 1891 Academic
Press, Inc.

The deleterious effects of ionizing radiation include cy-
totoxicity, mutagenesis, and carcinogenesis. The discovery
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in the late 1940s that sulfhydryls (thiols), such as cysteine
and cysteamine, provide radiation protection to animals
ushered in an era of research aimed at elucidating the
mechanism(s) of radiation-induced cytotoxicity and de-
velopment of more effective protective agents (1, 2). Ra-
diation damages biomolecules, in large part (approxi-
mately 80%), through its interaction with water to produce
free radicals (H", OH, e.;) and Hy0s, or through inter-
action with oxygen to produce the superoxide anion
("03). Thiols, which function by donation of a hydrogen
atom to damaged molecules or by “scavenging” radiation-
produced free radicals, afford significant protection to
animals against whole body radiation (1); however, their
use is limited by toxicity. Despite extensive testing and
synthetic efforts, no thiol-based radioprotector has been
found to be significantly better than cysteamine.

Stable nitroxide radicals are useful as NMR imaging
contrast agents, EPR epin labels, and pH or oximetry
cellular probes (3-7). As part of our studies investigating
the chemical and biochemiecal characteristics of nitroxide
radicals, we recently found that they exhibit superoxide
dismutase mimetic activity (8, 9) and are capable of pro-
tecting mammalian cells from damage by superoxide gen-
erated by hypoxanthine/xanthine oxidase and by hydro-
gen peroxide (10). These findings encouraged us to test
if stable nitroxide radicals could protect mammalian cells
against ionizing radiation, since approximately 80% of
the damaging effects of ionizing radiation is thought to
occur through indirect damage caused by radiolysis prod-
ucts of water or through oxygen reacting with radiation-
induced carbon-centered free radicals (11). We have found
that Tempol does protect against ionizing radiation and
is the prototypical radiation protector of this group of
chemical compounds and, moreover, may provide insight
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