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Tempol, a Stable Free Radical, Is a Novel Murine Radiation Protector’
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ABSTRACT

Mitroxide compounds are stable (ree radicals which were previously
investigated as hypoxic cell radiosensitizers. The stable nitroxide 4-
hydroxy-2,2.6.0-tetramethyvipiperidine-V-0xy] (Tempol) has recently
been shown o protect serated cells in culture against superoxide gener-
ated from hypoxanthine/xanthine oxidase, hydrogen peroxide, and radia-
tion-induced cytotoxicity and 1o modestly sensitize hypoxic cultured cells.
To extend these observations from the cellular level to the whole animal,
the toxicity, pharmacology, and in vive radioprotective effects of Tempol
were studied in C3H mice. The maximum rolerated dose of Tempol
administered i.p. was found to be 275 mg/kg, which resulted in maximal
Tempol levels in whole blood 5= 10 min after injection. Mice were exposed
to whole-body radiation in the absence or presence of injected Tempol
(275 mg/kg) 5-10 min after administration. Tempol treatment provided
significant radioprotection (P < 0.0001% the dose of radiation ar which
20% of Tempol-treated mice die at ) days was 9.97 Gy, versus 7.84 Gy
for control mice. Tempol represents a new class of /s wive, non-sulfur-
containing radiation protectors, Given the potential for hypoxic radiosen-
sitization and aerobic cell radioprotection, Tempol or other analogues
may have potential therapeutic application.

INTRODUCTION

The search for agents that protect against ionizing radiation
is important to those at risk by virtue of environmenital exposure
or health-related treatment and for scientific study of the mech-
anism of radiation injury and cytotoxicity, Cysteamine, a sulfur-
containing compound, was one of the earliest radioprotectors
identified (1). lts discovery prompted the Department of De-
fense to sponsor the synthesis and systematic screening of over
40,000 compounds to find a useful, more effective, in vive
radiation protector (2). The major finding of this monumental
undertaking resulted in the discovery of a few radiation protec-
tors such as the aminothiol compound, WR-2721 (3-5). Mare
recently, superoxide dismutase, interleukin 1, and granulocyte-
macrophage colony-stimulating factor have been studied and
shown o be radiation protectors (6=8). When the above re-
agents were compared, WR-2721 was the most promising be-
cause it showed the most substantial and selective protection of
normal tissues (3). However, when used to protect patients who
were being treated with radiation for cancer, concern over
inherent toxicity and nonselective protection of the cancer
dampened enthusiasm for the use of WR-2721 (5.

Nitroxides, stable free radical compounds, were found to be
low-molecular-weight, membrane-permeable, metal-independ-
ent superoxide dismutase mimics (9-11) which protect mam-
malian cells (11) and cardiomyocytes (12) from oxidative stress.
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One water-soluble nitroxide, Tempol,' was shown to protect
cultured mammalian cells exposed to ionizing radiation {13).
In this same study, Tempol was also shown 10 modestly sensi-
tize hypoxic cells to radiation {(13) Interestingly. other nitrox-
ides were also investigated in the past as hypoxic cell radiosen-
sitizers (14-16). Much work has been invested to identify
compounds that will selectively sensitize hypoxic cells ar selec-
tively protect oxic cells. The combination of hypoxic cell sen-
sitization and oxic cell radioprotection in one compound is thus
appealing in the field of therapeutic radiation ancology.

It is in this comext that in vivo studies of Tempol were
mitiated. Multiple mechanisms have been proposed for nitrox-
ide protection against oxidative stress and ionizing radiation
{11=-12). In the current study, Tempol was administered 1o C3H
mice, and its toxicity, pharmacology, and in vive radioprotec-
tion were assessed. These findings extend the in virro results
and demonstrate that Tempol is an in vive radioprotector,

MATERIALS AND METHODS

Materials. Tempol was purchased from Aldrich. PBS and Hanks'
balanced salt solution were purchased from Biofuids, Ine, (Rockyille.
MD).

Mice. Female C3H mice were supplied through the Frederick Cancer
Research Center-Animal Production (Frederick. MD). The animuls
were received an & weeks of age and housed 5/cage in climate-conrolled.
circadian rhythm-adjusted rooms and allowed food and acidified water
ad fibitum, The animals were, on average, 60-80 davs old ar the 1ime
of radiation and weighed between 20 and 30 g Experiments were
conducted according 1o the principles autlined in the Guide for the © are
anmd Use of Laboratory Animals prepared by the Institute of Laboratar
Animal Resources, National Research Council.

Determination of Maximally Tolerated Dose and Toxicity, Tempol,
prepared in PBS (pH 7.4), was administered {100-500 mg/kg) by i.p.
injection to female CIH mice. Mice were returned 1o their cages and
observed continuously in the first hour after injection and daily for 30
days for toxicity and survival. For further toxicity studies. Tempal (375
mg/kgh was injected i.p. Control mice received injections of PBS alone
Whaole blood samples were ohtained from 15 mice and pooled 2 and 7
days after injection, The whole blood samples were centrifuged. and
serum was remaoved for determination of electrolytes, creatinine, blood
urea mitrogen, and liver function tests. These tests were performed by
Mid-Atlantic Regional Laboramory (Rockville, MDY and compared 1o
known murine contral values, Tissue specimens were obrained from
the Tempol- and PBS-ireated mice for pathological review. Liver
kidney, brain. lung, and heart specimens were removed and plaved in
formalin 2 and 7 days afier injection. These were secticned. stained
with hematoxylin and ¢osin, and mounted on slides for review | Amer-
ican Histo Labs, Gaithersburg, M D). Blinded evaluation of the sections
was performed by one author (M, 5.).

Determination of Whaole Blood Tempol Levels, Tempaol was dissolved
in PBS (pH 7.4) and injected i.p. (250 mg/kg) inta CIH mice, W1
specified times afier drug administrotion, 0.2-005 ml of whole Blocd
was obained and mixed with 0.2 mi of preservative-free heparnin, S inoe
nitroxides can be reduced in tissues 1o an EPR-silent compound 1175

*The abbreviations used are: Tempol, 4-hvdroxy-2.2.6.6-1trameths|piper-
dine-N-oxyl; PBS, phosphate-buffered saline; EPR, electron paramagne i reso
nance; LDwg, 30% lethal dose; LDy, w. dose of radiation ar which 2070 of moue
die at 30 days,
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