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Abstract—Tempol, a stable nitroxide free radical compound, is an in vitro and in vivo radioprotector. Previous
studies have shown that Tempol protects C3H mice against whole-body radiation-induced bone marrow failure. In
this stady, the radioprotection of tumor tissue was evaluated. RIF-1 tumor cells were implanted in female C3H mice
10 d prior to radiation. Groups of mice were injected intraperitoneally with Tempol (275 mg/kg) or PBS followed
10} min later by a single dose of radiation to the tumer bed. Tumor growth curves generated after 10 and 33.3 Gy
doses of radiation showed no difference in growth between the Tempol- and PBS-treated animals. A full radiation
dose-response experiment revealed a tumor control dose in 50% of the animals in 30 d (TCDuga0} value of 36.7 Gy
for Tempol-treated mice and 41.8 Gy for saline-treated mice suggesting no protection of the RIF-1 tumor by Tempol.
Tumor pharmacokinetics were done to determine why Tempol differentially protected bone marrow and not tumaor
cells. Differential reduction of Tempol in the RIF-1 tumor and bone marrow was evaluated with EPR spectroscopy
10, 20, and 30 min afler injection. Bioreduction of Tempol to its comesponding hydroxylamine (which is not a
radioprotector) occurred to a greater extent in RIF-1 tumor cells compared 1o bone marrow. We conclude that the
differences in radioprotection may result from enhanced intratumor bioreduction of Tempol to its nonradioprotective
hydroxylamine analogue. The nitroxides as a class of compounds may provide a means to exploit the redox differ-

ences between normal tissues and tumors. €@ 1997 Elsevier Science Inc.
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INTRODUCTION

Nitroxides are a class of stable free radical compounds
that have been used as biophysical probes in electron
paramagnetic resonance (EPR) spectroscopy.'” Several
of the nitroxides have also been studied as contrast
agents for magnetic resonance imaging.™* More re-
cently, the nitroxides were found to have in vitro an-
tioxidant activity, protecting mammalian cells against
the cytotoxicity induced by hydrogen peroxide, super-
oxide, and t-buty] hydroperoxide.™ These studies led
to the investigation of the nitroxides as radioprotectors.
One water-soluble nitroxide, Tempol, was shown to
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protect mammalian cells against asrobic radiation cy-
totoxicity.” Possible mechanisms of Tempol radiopro-
tection include oxidation of reduced transition metals,
SOD-like activity, and scavenging of oxy- and carbon-
based free radicals. Aerobic radioprotection was not the
result of induced hypoxia, an increase in intracellular
glutathione concentration, or the induction of intracel-
lular SOD mRNA.® Other water-soluble nitroxides
were subsequently found to be in vitro radioprotec-
tors.'® Tempol was later shown to be an in vivo radi-
oprotector.” The maximally tolerated dose (MTD),
whole-blood  pharmacology, and  radioprotective
properties of Tempol were evaluated in C3H mice."
The MTD was 275 mg/kg, with a peak concentration
seen 510 min after an intraperitoneal (IF) injection.
When administered 5—10 min prior to whole-body ra-
diation Tempol provided radioprotection. The LDsgsn
dose (the dose of radiation that caused 50% lethality



gation of 1is effect upon local WMor control 15 1Mpor-
tant. Two lines of evidence suggest a differential effect
of Tempol upon tumor tissue compared to normal tis-
sues. First, several nitroxides, including Tempol, are
reported to be modest hypoxic cell sensitizers.'*'®
Many tumors contain a high hypoxic fraction, and it is
theoretically possible that Tempol might enhance -
mor control via sensitization of hypoxic tumor cells.
Secondly, Tempol and other nitroxides are readily bio-
reduced in tissues and cells to the hydroxylamine
form." Bioreduction is felt to be, in part. enzyme me-
diated'” and is affected by the proximity of nitroxides
to reducing equivalents within the cell. Tumaors, espe-
cially in hypoxic regions, contain larger amounts of
reducing equivalents than corresponding normal tis-
sues.'** The hydroxylamine form of Tempol, Tempol-
H, is not an aerobic radioprotector in vitro.” Therefore,
it might be expected that tumors would reduce the ni-
troxides to a greater extent than euoxic tissues and,
thus, not be protected from radiation damage.

In the present study, we investigated the effect of
Tempol administration on tumor radiosensitivity of a
transplantable RIF-1 tumor placed in C3H mice. In ad-
dition, the concentration and extent of bioreduction of
Tempol in RIF-1 and bone marrow were determined.
The studies were performed in C3H mice, the same
strain in which in vivo radioprotection was previously
demonstrated. Our findings suggest that Tempol does
not compromise local tumor control of the RIF-1 tu-
maor. Differential tissue bioreduction of Tempol may
account for the differential radioprotection of bone
marrow and tumer.

MATERIALS AND METHODS
Chemicals

Tempol (4-hydroxy-2,2.6.6-tetramethylpiperidine-
MN-oxyl), was purchased from Aldnch (Milwaukee,
W1, All solutions of Tempol were prepared in phos-
phate buffered saline (PBS), pH 7.4, Biofluids, Inc.
(Gaithersburg, MD). The Tempol solution was filtered

between LU-3U g. Mice were welghed 1n groups ol nve
to determine the drug dose to be administered, Exper-
iments on mice were conducied according to the prin-
ciples outlined in the **Guide for the Care and Use of
Laboratory Animals’” prepared by the Institute of Lab-
oratory Animal Resources, National Research Council.

Preparation of RIF-T transplantable imor

The RIF-1 tumor was a gift from Dr. Theodore L.
Phillips. RIF-1 tumor cells were grown in monolayered
culture until injection into mice. The cells were tryp-
sinized, washed, and counted, and 10° cells were in-
jected into the hind leg of at least five C3H mice. Tu-
mors were allowed to grow Lo a size of 1-2 cm in the
greatest dimension. The mice were sacrificed and the
tumors were excised. Each tumor was then macerated,
placed in a flask with digest media (0.02% DNase I,
0.2% collagenase in HBSS, pH 7.2), and gently shaken
for 30 min at 37°C. The supernatant was collected and
centrifuged for 10 min. The supernatant was removed
and 10 ml of HEPES buffer (pH 7.2) with 5% fetal calf
serum was added to the pellet. The pellet was then vor-
texed, and 10 ml of ACK lysing buffer {ammonium
chloride, 135 mM; potassium bicarbonate, 10 mM;
EDTA, 0.12 mM) was added to the suspension. After
3 min at room temperature, the solution was centri-
fuged. The pellet was rinsed with 10 ml of HEPES/5%
fetal calf serum and again centrifuged. The pellet of
cells was then resuspended in PBS without calcium and
magnesium. The cells were counted and adjusted with
PBS without calcium and magnesium to a final con-
centration of 1 % 107 cells/ml, which was then used for
injection into mice.

C3H mice were injected subcutaneously in their
right hind leg with a single cell suspension of tumor
cells (10° cells, 0.1 ml) in PBS approximately 10 d prior
to irradiation. The animals were observed closely and
the tumors became palpable approximately 5 d after
injection. The tumors were monitored daily for tumor
erowth with digital calipers in at least two dimensions.
Only those tumors between ((0.5-1.0 cm) in greatest






